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We quantify dosimetric differences between 3-dimensional (3D) planning and volumetric modulated arc therapy (VMAT) in breast
cancer patients requiring comprehensive regional nodal irradiation (CRNI). Target volume dose, prescription isodose conformality to
target volumes, plan hotspots, normal tissue dose-volume metrics, and back and shoulder dose were compared for VMAT and 3D
plans of 50 patients. Metrics used to compare VMAT plans with 3D plans included the percentage of primary clinical target volumes
(CTVs) receiving 98% of a prescription dose of 5000 cGy, CTV dose hotspots, the extra treatment volume (ETV), and the portion of
the patient’s body receiving 90% of the CTV prescription dose (excluding the primary target volume). Superior values for these metrics
were found for VMAT plans when compared to 3D plans. The mean percentage of the target volume receiving 98% of the prescription
dose of 3D plans was 95.4% versus 98.9% among VMAT plans (P < .01). The mean target volume hotspot of 3D plans was 7200 cGy
versus 5450 cGy for VMAT plans (P < .01). A mean ETV found for 3D plans was nearly double that found among VMAT plans (5.3%
vs 2.7%, P < .01). VMAT plans resulted in lower doses to the shoulder and back. Mean total body volumes of VMAT plans were lower
for dose thresholds of 100% to 130% of the prescription. VMAT plans generally had superior values for institutional normal tissue dose
constraints. VMAT is superior to 3D planning across multiple metrics for breast cancer patients requiring CRNI. Insurance coverage
for VMAT should not require 3D comparison plans.
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Introduction
Volumetric modulated arc therapy (VMAT) offers
conformal, normal-tissue-sparing radiation therapy.1,2 In
certain scenarios, literature exists to support its superior-
ity over 3-dimensional (3D) techniques.3-14 For breast
cancer patients requiring comprehensive regional lymph
node irradiation (CRNI), radiation therapy planning is
complicated. In addition to the breast or chest wall, axil-
lary, supraclavicular, and internal mammary nodes are
treated.15-18 VMAT and 3D planning are both available at
our institution for this. VMAT is often needed in lieu of
3D planning due to several factors that increase lymph
node depth, namely, the rising prevalence of obesity in
the United States,19 the increased use of tissue expanders
placed post mastectomy20,21 (to preserve skin for breast
reconstruction, which often requires their expansion dur-
ing radiation therapy to optimize skin preservation22-24),
r

http://crossmark.crossref.org/dialog/?doi=10.1016/j.adro.2025.101728&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:rlkendall@mdanderson.org
https://doi.org/10.1016/j.adro.2025.101728
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.adro.2025.101728


Table 1 Patient demographics

Patient age: range/median (y) (30-73)/50

Disease laterality

Left 23

Right 27

Surgical status

Intact breast 19

Mastectomy with tissue expander for
breast reconstruction

19

Mastectomy without tissue expander 12
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and/or the presence of an intact breast during radiation
therapy. When limited to 3D techniques, target volume
dose delivery with adequate normal-tissue-sparing is chal-
lenging. Nevertheless, insurance companies require the
creation of more rudimentary 3D plans to demonstrate
the superiority of a VMAT plan before authorizing use of
the latter to avoid its higher reimbursement (policy specif-
ics vary among providers and often deviate from Ameri-
can Society for Radiation Oncology guidelines25). This is
unfortunate because VMAT’s necessity can usually be
ascertained by anatomic inspection, which is poignant
because it obviates resources consumed by 3D compari-
son plan creation. Such policies are onerous and can delay
treatment, which is problematic not only for patients, but
also for their multidisciplinary care team. Also, it poses a
risk for interval disease progression as well as financial
toxicity for the patient. In summary, insurance policies
requiring the comparison of 3D plans increase health care
costs and put treatment success at risk.

In this study of VMAT and 3D radiation therapy for
patients requiring CRNI to the breast or chest wall, we
provide further evidence supporting a general superior-
ity of VMAT over 3D techniques. We selected patients
requiring CRNI for the breast or chest wall treated with
VMAT. Comparison 3D plans were created using insti-
tutional methods. Metrics to compare techniques
included the primary clinical target volume (CTV) per-
centage receiving 98% of the prescription dose, primary
CTV dose maxima (“hotspots”), “excess/extra treatment
volume” (ETV), body volumes receiving doses in excess
of 100% to 130% of the primary CTV prescription dose,
and organ-at-risk (OAR) dose-volume statistics. Addi-
tionally, dose statistics of the back and shoulder were
compared as their correlation with upper limb function
following radiation therapy has been previously
established.26,27
Methods and Materials
Treatment plans of 50 breast cancer patients who
received CRNI (axillary, supraclavicular, and internal
mammary nodal chain) to the chest wall or intact breast
with VMAT for unilateral disease between 2020 and 2023
were included (IRB number can be provided on request).
All presented with stage II or greater breast cancer with
indications for locoregional postoperative radiation
including the regional lymph nodes). Cases were selected
from only 2 radiation oncologists to minimize interphysi-
cian contouring uncertainties. Patient demographics are
outlined in Table 1.

Patients were simulated supine while holding onto a T-
bar with their arms resting on a “wingboard” (Civco C-
Qual breastboard, CQ Medical); arms were in flexion
overhead. The wingboard angle was set to avoid breast tis-
sue override of the supraclavicular fossa while minimizing
inframammary skin folds. For 49 patients, deep-inspira-
tion breath hold was used during planning; 1 patient was
planned based on free-breathing anatomy. Open face
masks immobilized the head and neck.

CTV contours were per Rad Comp Breast Atlas guide-
lines28 and received peer review. For chest wall patients,
subcutaneous tissue to a depth of 3 mm was not included
in the CTV (CTVCW). The CTV of intact breast patients
(CTVIB) did not include tissue within 5 mm of the skin.
In this study, CTVCW or CTVIB are collectively designated
as CTVTarget. Lymphatic CTVs included axillary node lev-
els I to III (AX), supraclavicular nodes (SCV), and inter-
nal mammary nodes (IMN). CTVSCV did not include any
overlap with the esophagus or thyroid. CTVAX, CTVSCV,
and CTVIMN did not include any tissue within 3 to 5 mm
of the skin surface. All target volumes were contiguous to
avoid the creation of local dose minima resulting from
gaps between target volumes. The CTVTarget to PTV
(planning target volume) margin was 5 mm in all direc-
tions except inferiorly toward the lung. Here, a 3-mm
expansion was used. Chest wall PTVs (PTVCW) did not
extend to within 3 mm of the skin surface. Intact breast
PTVs (PTVIB) did not extend to within 5 mm of the skin
surface. The supraclavicular PTV (PTVSCV) was gener-
ated by expanding CTVSCV by 5 mm in all directions
except medially toward the trachea, thyroid, and esopha-
gus where no margin was used. A 5-mm isotropic expan-
sion of CTVAX and CTVIMN created axillary (PTVAX)
and internal mammary nodal (PTVIMN) PTVs (except
any tissue within 3 mm of the skin surface was excluded).
To avoid ambiguity, for any volume generated by such
expansions in which a higher dose target volume over-
lapped with a lower dose target volume, the former was
subtracted from the latter.

Segmented normal tissues included the ipsilateral and
contralateral lung (each with distinct dose-volume con-
straints as outlined in Table 2), heart, left ventricle, thy-
roid, spinal cord, ipsilateral brachial plexus, contralateral
breast, and esophagus. The stomach and celiac plexus
were segmented for patients with left-sided disease—and
the liver for patients with right-sided disease. The back
and shoulder were segmented based on the anatomic



Table 2 Dosimetric evaluation metrics of treatment planning objectives

Dose evaluation metric Number 3D mean (SD) VMAT mean (SD) P value

Ipsilateral brachial plexus, maximum dose ≤ 5200 cGy 50 5411.3 cGy (528.2) 4951.7 cGy (155.6) <.01

Contralateral breast/chest wall, mean dose ≤ 500 cGy 50 157.8 cGy (290.9) 505.0 cGy (160.9) <.01

Celiac plexus/gastroesophageal junction, maximum dose ≤ 1000 cGy 23 85.4 cGy (34.6) 240.5 cGy (63.0) <.01

Celiac plexus/gastroesophageal junction, mean dose ≤ 300 cGy 23 59.5 cGy (26.4) 169.9 cGy (51.7) <.01

Esophagus, maximum dose ≤ 4500 cGy 50 3710.9 cGy (1086.8) 3460.0 cGy (570.7) .12

Heart mean dose ≤ 500.0 cGy 50 387.0 cGy (263.4) 383.6 cGy (65.4) .92

Heart, V10 ≤ 15% 50 10.0% (8.4) 2.5% (2.1) <.01

Heart, V20 ≤ 4% 50 4.6% (5.4) 0.1% (0.2) <.01

Left ventricle, V5 ≤ 25% 48 10.2% (14.8) 10.0% (12.6) .89

Liver, mean dose ≤ 1000 cGy 27 269.5 cGy (198.1) 485.8 cGy (165.2) <.01

Contralateral lung, V20 ≤ 8.0% 50 0.4% (1.7) 1.2% (1.1) <.01

Ipsilateral lung, mean dose ≤ 2000 cGy 50 2221.4 cGy (263.3) 1567.2 cGy (144.7) <.01

Ipsilateral lung, V10 ≤ 68% 50 62.6% (10.1) 52.5% (8.1) <.01

Ipsilateral lung, V20 ≤ 33% 50 47.9% (6.9) 28.4% (3.1) <.01

Spinal cord, maximum dose ≤ 2000 cGy 50 2212.1 cGy (1549.8) 1868.6 cGy (140.2) .13

Stomach, mean dose ≤ 500 cGy 23 189.2 cGy (188.0) 284.9 cGy (129.4) <.01

Thyroid, mean dose ≤ 2000 cGy 50 2320.4 cGy (612.6) 1907.2 cGy (255.3) <.01

Abbreviations: 3D = 3-dimensional; VMAT = volumetric modulated arc therapy.
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definitions published by Bazan et al.26 Finally, the
patient’s scanned total body volume was segmented (rep-
resented by VTB). At a minimum, patient computed
tomography simulations encompassed a volume extend-
ing from the skull base and through the liver.

The CTVTarget prescription dose was 5000 cGy. The
minimum prescription dose for the axillary, supraclavicu-
lar, and internal mammary nodal volumes was 4500 cGy.
Multiarc, 6-MV VMAT plans were the baseline for this
study. Start and stop angles of each arc were chosen to
optimize target volume dose delivery. Plans were designed
to fulfill the goal of delivering 95% of each PTVs prescrip-
tion dose to 95% of its volume. Additionally, plans were
optimized so that 98% of the CTVTarget prescription dose
was delivered to 98% of its volume while also respecting
institutional normal tissue treatment planning criteria
shown in Table 2.

A 3D plan complimentary to each VMAT plan was
designed using institutional 3D planning guidelines.
These plans used breast/chest wall tangent fields to treat
the CTVTarget. Gantry angles were chosen so that, in com-
bination with the jaw and collimator settings, a nondiver-
gent match line was formed on the posterior border. The
depth of this match line was chosen so that the target
planning structures could be covered while minimizing
the dose to the ipsilateral lung and heart. Collimator
angles, couch angles, and superior blocks (created with a
multileaf collimator) were chosen so that the superior
edges of the exposed portion of the opposing tangent
fields were coplanar. Field apertures of the tangential
fields were designed to create at least 2 cm of flash from
the projection of the skin surface within the field aperture.

Anterior-oblique fields were used to deliver the respec-
tive prescription dose to the CTVSCV. The inferior border
of the SCV field was designed so that it was also coplanar
with the superior borders of the tangent fields. In this
manner, a “matched plane” is created between the tangent
fields and the SCV field. The lateral edge of the SCV field
was blocked so that at least a portion of the humeral head
and acromioclavicular joint were shielded from dose
delivery. A medial block was created to shield the spinal
cord. The superior edge of SCV field extended 5 to
10 mm from CTVSCV to exclude it from beam penumbra
and ensure therapeutic dose delivery to CTVSCV. Certain
patients with extensive SCV disease required a posterior
supplemental field to help improve coverage to the poste-
rior aspect of CTVSCV.

To adequately deliver therapeutic dose to the CTVIMN,
some 3D plans employed the well-described use of “wide
tangents.”29 Other plans followed a commonly used tech-
nique employing electron fields to treat CTVIMN.

30 Invari-
ably, when photon beams are juxtaposed with electron
beams, “cold spots” are present within the electron field
while “hotspots” are created within the photon fields. To
mitigate and balance cold spots within the CTVIMN and
“hotspots” in adjacent target volumes, the line of abut-
ment between photon and electron fields was fine-tuned
as needed.



Figure 1 Histogram of CTVTarget
4900 for volumetric modulated

arc therapy and 3-dimensional plans.
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For all plans, the initial photon energy selected in the
design process was 6 MV. Attempts were made to achieve
the same minimum dose delivery criteria for target vol-
umes that were achieved with VMAT plans. High energy
photon beams (15 MV) were employed when necessary to
fulfill this portion of the planning objectives. Dose distri-
bution heterogeneity was mitigated with a manual step
and shoot technique.31 This process involved creating
regions of interest (ROIs) from isodose volumes corre-
sponding to doses in excess of various thresholds above
the prescription dose. Iteratively, control points employ-
ing blocks that obscured these ROIs were created to
achieve an acceptable level of dose heterogeneity within
target volumes. Although fulfillment of institutional nor-
mal tissue dose constraints was attempted, whenever it
competed with sufficient target volume dose delivery, this
latter objective was favored. When electron fields were
used to treat the CTVIMN, an electron beam energy was
selected so that the deep surface of the CTVIMN was
encompassed by the prescription dose so that the paired
VMAT plan’s coverage was matched. As previously men-
tioned, the photon/electron field match line was posi-
tioned to achieve a balance in hot and cold spots on each
side of the match line.

3D and VMAT plan metrics were selected to quantita-
tively compare plans on a variety of axes. Dose heteroge-
neity within the primary CTVsTarget as well as within a
patient’s VTB was assessed. We used the percentage of
CTVTarget receiving 98% of the prescription dose of 5000
cGy (ie, 4900 cGy), hereafter designated as CTVTarget

4900 , as a
measure of sufficient primary target volume dose cover-
age. The CTVTarget dose maximum (“hotspot”) was
defined as the value on the CTVTarget cumulative dose-
volume histogram corresponding to an absolute volume
of 2 cm3. This metric will be referred to hereafter as
CTVTarget

HS . For a global assessment of dose heterogeneity,
the total patient body volumes encompassed by dose
thresholds of 100% to 130% of the CTVTarget prescription
dose were compared (denoted as VBody

5000 , V
Body
5250 , V

Body
5500 ,

VBody
5750 , V

Body
6000 , V

Body
6250 , and VBody

6500 ). These volumes were nor-
malized to VTB and are therefore expressed as a percent-
age of VTB. These parameters were examined in order to
capture and adequately represent plans with volumes
receiving particularly high dose values, or overall “hot-
spots” which can be seen in 3D plans that employ abut-
ting electron and photon beams and/or in patients with a
large tangent field separation.32,33

Additionally, the conformality of a plan’s therapeutic
isodose surface to the volume of the CTVTarget was
assessed by calculating an “excess treatment volume”
(ETV). The ETV was defined as the volume encompassed
by an isodose surface corresponding to a dose equal to
90% of the CTVTarget prescription dose, but not including
the CTVTarget. In this study, the absolute dose threshold
defining this surface was 4500 cGy. Again, this parameter
(ETV) was normalized to the VTB and is therefore
expressed as a percentage.

As previously mentioned, the fulfillment of institu-
tional planning objectives for standard normal tissue
structures was assessed (Table 2). To quantitatively com-
pare the performance of VMAT plans with 3D plans in
terms of their fulfillment of these criteria, for each plan
type, mean values corresponding to each objective were
computed. A statistical comparison of these means was
performed for 3D and VMAT plans.

Finally, to evaluate and compare back and shoulder
dosimetry between 3D and VMAT plans, volumes of the
back and shoulder encompassed by isodose surfaces corre-
sponding to dose threshold of 2000, 4500, 5000, and 5500
cGy were computed for each plan. These volumes are
denoted as VBack

2000 , VBack
4500 , VBack

5000 , VBack
5500 and VShoulder

2000 ,
VShoulder
4500 , VShoulder

5000 , VShoulder
5500 , respectively. They were nor-

malized to each structure’s total volume and expressed as a
percentage.

For each metric of this study, statistical significance of
differences in mean values obtained for 3D and VMAT
plans was tested using a paired, 2-tailed Student t test.
Results

The distributions of CTVTarget
4900 values for 3D and

VMAT plans are shown in Fig. 1 which illustrates a nar-
row domain, centered around 98%, for VMAT plans
(mean, 98.9%; §1 SD: §0.6%). In contrast, the 3D plan
domain is broad and includes values as low as 90% reflect-
ing insufficient CTVTarget dose delivery (mean, 95.4%; §1
SD: §2.4%). Clearly, coverage of CTVTarget by VMAT
plans (P < .01) is superior.

The distributions of CTVTarget
HS values for 3D and

VMAT plans are shown in Fig. 2 which illustrates a nar-
row domain clustered close to the prescription dose of
5000 cGy for VMAT plans (mean, 5449 cGy; SD, 88 cGy).



Figure 2 Histogram of CTVTarget
HS for both volumetric mod-

ulated arc therapy and 3-dimensional plans.

Advances in Radiation Oncology: May 2025 VMAT is not the standard of care for locoregional breast cancer. Why? 5
By comparison, the 3D plan domain is broader and
extends to values as high as 10,000 cGy, reflecting signifi-
cantly greater doses within CTVTarget by 3D plans (mean,
7200 cGy; SD, 907 cGy). Hotspot doses this high were
present on some 3D plans of this study because the nodal
fields were prescribed to a percentage of the prescription
isodose to minimize the size of the cold spot present at
the match line. An example is shown in Fig. 3a. This dem-
onstrates the presence of very high hotspots (blue isodose
line in Fig. 3a is 10,000 cGy) of a 3D plan normalized in
this manner. The corresponding VMAT plan isodoses
shown in Fig. 3b reflect a more homogeneous dose.
Clearly, dose uniformity within CTVTarget for VMAT
plans was superior (P < .01).

The distributions of VBody
5000 and VBody

5500 for 3D and
VMAT plans are shown in Fig. 4a, b, respectively. The
Figure 3 Three-dimensional (3D) plan target volume cov-
erage and hotspots of 3D and volumetric modulated arc ther-
apy plans. (a) shows the cold spot at the tangent field and
IMC field junction of a 3D plan. (b) shows improved dose
uniformity and target coverage in this region.
mean VBody
5000 for 3D plans was 56% greater than that found

for VMAT plans. At 5500 cGy (110% of prescription), it
was 1400% greater, reflecting the superior dose uniformity
of VMAT plans. No doses > 5750 cGy present on VMAT
plans. However, substantial volumes encompassed by
doses as high as 130% of the prescription dose were pres-
ent on 3D plans. These data clearly demonstrate global
dose uniformity within VTB (mean values of VBody

5000 , V
Body
5250 ,

VBody
5500 , V

Body
5750 , V

Body
6000 , V

Body
6250 , and VBody

6500 were all statistically
lower in VMAT plans (P < .01).

Figure 5 shows the distribution of ETV found for 3D
and VMAT plans. The mean ETV (§1 SD) for 3D plans
was more than double the value computed for VMAT
plans (ie, 5.3% [§1.3%] vs 2.7% [§0.5%] for VMAT plans
[P < .01]), reflecting a much greater volume of normal tis-
sue receiving substantial dose in 3D plans versus VMAT
plans.

Statistically significant (P < .01) smaller volumes were
found within the shoulder for VMAT plans at all isodose
levels in the 2000- to 5500-cGy range. Within the back,
statistically significant (P < .01) smaller isodose surface
volumes were observed for dose thresholds at or above
4500 cGy. While the mean value for VBack

2000 was slightly
lower for 3D plans (26% vs 32% for VMAT plans), this
difference is not clinically significant.

Table 2 contains mean values (§1 SD) for 3D and
VMAT plans corresponding to institutional treatment
planning goals. Statistically significant differences in dose
13 of 17 planning objectives were observed between
VMAT and 3D plans.
Discussion
This study quantitatively compared VMAT with 3D
planning for breast cancer patients requiring breast/chest
wall radiation therapy with CRNI using metrics that
assess target volume dose homogeneity, plan dose homo-
geneity, target volume dose conformality, and standard
normal tissue dose limits. Additionally, back and shoulder
dose statistics were studied. Superior CTVTarget dose cov-
erage, dose uniformity, and dose conformality were
observed in VMAT plans. VMAT plans also had fewer
hotspots. VMAT plans had comparable or (usually) lower
shoulder and posterior trunk (back) volumes defined by
several dose thresholds. For the latter, significantly less
volume received 2000 cGy with the VMAT plans. Other
normal tissues also had reduced doses among VMAT
plans. The mean ipsilateral lung V20 of 47.9% found for
the 3D plans exceeds dose-volume histogram constraints
used on national protocols for breast treatments, which is
likely 1 of the reasons the patient was treated with
VMAT. Our study found that the only normal tissue dose
metrics that were slightly better among 3D plans when
compared to VMAT plans were the mean contralateral
breast/chest wall dose, mean and maximum celiac plexus/



Figure 4 Histograms of body volumes receiving doses of 100% and 110% of the prescription dose (5000 cGy and 5500 cGy).
(a,b) reflect improved dose conformity of VMAT plans in that the volumes receiving the prescription dose or higher are larger
among 3D plans.

6 R. Kendall et al Advances in Radiation Oncology: May 2025
GE junction dose, mean liver mean dose, and mean stom-
ach mean dose. However, this is to be anticipated due to
the nature of VMAT planning in which a small dose is
delivered to a larger volume of tissue as a compromise
needed to deliver higher therapeutic doses to smaller vol-
umes in a pattern that is more conformal to target vol-
umes.

The potential for VMAT to improve target dose uni-
formity has been well established.12,14,34 Dose uniformity
has also been related to improved outcomes as mentioned
Figure 5 Histogram of ETV metric for both volumetric
modulated arc therapy and 3-dimensional plans.
earlier in the study by Donovan et al.14 In a randomized,
phase 2 clinical trial for patients receiving radiation ther-
apy to the breast and internal mammary chain, Ranger et
al12 also found that, compared to wide tangent field plans,
VMAT improved nodal coverage. The Alliance A011202
protocol specifies several criteria for dose uniformity
within target volumes.34 It stipulates that < 10 cm3 of the
“PTV Eval” is to receive no more than 115% of the pre-
scription dose of 5000 cGy. However, it specifies an
acceptable variation of up to 130% of the prescription
dose. To try to cover 98% of CTVTarget with 98% of the
prescribed dose, our 3D plans had a mean of 144% hot
spots, yet only achieved 95.4% mean CTV coverage with
4900 cGy.

Radiation therapy planning often focuses on target
coverage and dose to normal tissues. Nationally published
standards35 do not consider dose to the musculoskeletal
regions such as the posterior trunk and the shoulder. We
know from clinical experience and published data that
radiation-induced fibrosis is correlated with total dose,
fraction dose, and volume of tissue treated.36 Minimizing
exposure of posterior trunk soft tissues and the shoulder
to radiation can limit the incidence and severity of fibro-
sis. This both facilitates and simplifies the potential use of
the posterior trunk tissues for future reconstruction, par-
ticularly in thin patients who may be more dependent on
this region for subsequent reconstruction. Additionally,
patients are routinely counseled on the need for lifelong
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daily range of motion exercise of the arm and shoulder to
minimize the effects of fibrosis of the shoulder girdle lim-
iting range of motion, causing pain, and affecting activi-
ties of daily living. Often, physical therapy is necessary to
help maintain full function. The less volume of back and
shoulder musculature treated to doses above 4500 cGy
would be expected to lessen the long-term effects of radia-
tion on the function of the arm and shoulder. Bazan et
al26 evaluated the impact of intensity modulated radiation
therapy to the shoulder dose. In patients receiving
regional nodal irradiation, the QuickDASH27 instrument
was used to evaluate shoulder dose in a study of 410
patients. They found that in a subset of these patients,
lower QuickDASH scores were observed following inten-
sity modulated radiation therapy when compared to plans
delivered using a 3D technique. Our study demonstrated
a reduction in dose of 2000 cGy or more to the shoulder
and 4500 cGy or more to the back. This reduction in dose
is expected to reduce the risk of fibrosis of the shoulder
and back musculature.

Questions on secondary cancer risk associated with
VMAT treatments have been raised because at the low
dose levels, there is an increased volume of normal tissue
receiving a dose when compared to 3D treatments. How-
ever, in a study by Fogliata et al,37 it was found that when
treating the whole breast, VMAT may have the same risk
of second cancer induction as 3D radiation therapy for
contralateral OARs and may even lower acute and late
normal tissue complication probabilities for ipsilateral
OARs. They concluded that VMAT might be considered
a safe technique for breast cancer treatment for those
aspects. It must be pointed out that our 3D plans in fact
did have excess volume of nontarget tissue treated to 4500
cGy or greater than our VMAT plans, and in fact the low
dose to the ipsilateral lung as defined as volume receiving
1000 cGy or more (ipsilateral lung V10) was higher in our
3D plans as well. Therefore, it becomes less clear which
plan may be safer in terms of risk of secondary malig-
nancy related to radiation.

VMAT offers not just dosimetric benefits, but also greater
efficiency of planning and delivery. An important conse-
quence is a reduction in patient wait times for patients
before and during their treatment course. The time required
during each treatment session is significantly lower with
VMAT, particularly when compared with multifield setups
required by 3D plans. This is not due to setup simplicity.
Three-dimensional plans invariably require multiple isocen-
ters. This adds extra setup time as patients are aligned
patients to various isocenter locations.
Conclusions
Despite data in support of dosimetric advantages of
VMAT for breast cancer patients requiring CRNI, com-
parative 3D plans are required for reimbursement
authorization by many healthcare insurance policies.
Unless heart or lung doses exceed national guidelines
with the 3D plan, some insurers may still not approve
VMAT reimbursement even though a simple anatomic
review can predict how problematic 3D planning would
be. Questions regarding the impact of such requisites on
overall treatment outcomes are also valid.

Congruent with prior studies, our study of 50 breast
cancer patients requiring CRNI illustrates that VMAT
provides a dosimetrically superior therapy as compared to
3D techniques. Although prior studies evaluated VMAT
in specific clinical scenarios, eg, patients with left-sided
disease only and/or smaller populations, this study
strengthens support for the superiority of VMAT inde-
pendent of disease laterality, particularly for those requir-
ing more complicated external beam planning. It is a
reasonable conclusion therefore that VMAT should be
covered by insurance plans as a standard planning option
for such patients. Why should they be denied this?
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