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CASE SUMMARY
A 56-year-old postmenopausal 

woman initially presented in October 
2013 with complaints of intermittent 
left breast pain, redness and a left axil-
lary mass for several months. Clinical 
examination was notable for an edema-
tous and erythematous left breast with 
peau d’orange and a palpable under-
lying 6-cm mass with bulky axillary 
lymphadenopathy. Core biopsies of 
the left breast and left axilla demon-
strated poorly differentiated ductal car-
cinoma, ER-/PR-/Her2-. Skin biopsy 
was negative. Workup was negative 
for metastatic disease, and the cancer 
was staged IIIB cT4d N2a M0. Begin-
ning in December 2013, the patient 
was treated with neoadjuvant chemo-
therapy consisting of 4 cycles of dose 

dense Adriamycin and cyclophospha-
mide (AC) followed by Taxol and car-
boplatin (TC), which consisted of 12 
cycles of Taxol and 3 cycles of carbo-
platin (the last dose of carboplatin was 
held due to electrolyte wasting). Ge-
netic testing was positive for BRCA2 
mutation. The patient subsequently 
developed an Adriamycin-related car-
diomyopathy in which her ventricular 
ejection fraction dropped from 65% to 
45% and did not recover. The patient 
underwent left modified radical mas-
tectomy and prophylactic right mas-
tectomy in June 2014. There was no 
residual carcinoma in the left breast. 
Four of 16 axillary lymph nodes con-
tained metastatic disease. The patient 
then presented in July 2014 for post-
mastectomy radiation therapy (PMRT).

IMAGING, PATHOLOGY 
FINDINGS

A bilateral mammography in Oc-
tober 2013 showed bulky left axil-
lary adenopathy, some of which was 
associated with heterogeneous mi-
crocalcifications, extensive skin thick-
ening, and a 2-cm area of pleomorphic  

calcifications in the upper outer quad-
rant of the breast corresponding to the 
marked palpable abnormality. On ul-
trasound, diffuse skin thickening was 
seen throughout the left breast. There 
were large confluent areas of irregular 
marginated hypoechoic tissue in the 
upper outer quadrant and multiple ab-
normal axillary lymph nodes contain-
ing calcification. The patient underwent 
ultrasound-guided biopsy of the left 
breast lesion in the 2:30 axis and 7 cm 
from the nipple, and of an enlarged left 
axillary lymph node. Pathology from 
the left breast demonstrated infiltrating 
poorly differentiated ductal carcinoma 
and focal intermediate grade ductal car-
cinoma in situ (DCIS), solid type, ER-/
PR-/Her2-. The left axillary lymph node 
contained poorly differentiated infiltrat-
ing ductal carcinoma with associated 
necrosis and calcifications. Punch bi-
opsy of the skin showed chronic inflam-
mation of the dermis. Bilateral breast 
MRI was performed in November 2013 
before initiating neoadjuvant chemo-
therapy. In the left breast, there was 
generalized skin thickening, an irregu-
lar heterogeneously enhancing mass 
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and nonmass enhancement through-
out the entire lateral breast (10 x 10 x 
6.4 cm) extending into the pectoralis 
muscle, with associated tethering and 
irregularity of the pectoralis fascia (no 
enhancement of pectoralis muscle), an 

abnormal subpectoral lymph node (1.5 
cm), and bulky left axillary adenopathy 
with the largest lymph node (4 x 2.5 x 
2.5 cm in diameter). No adenopathy of 
the internal mammary nodes (IMNs) 
was seen. Following chemotherapy, a 

bilateral breast MRI (May 2014) dem-
onstrated near-complete resolution of 
the extensive enhancement in the left 
breast and complete resolution of left 
axillary adenopathy. No suspicious 
findings were noted in the right breast. 
Bilateral mammogram and ultrasound 
in May 2014 demonstrated in the left 
breast 2 new groups of suspicious 
pleomorphic microcalcifications in the 
upper outer quadrant. Biopsy of these 
microcalcifications was not performed 
as the patient elected to proceed with bi-
lateral mastectomy. 

The patient underwent left modified 
radical mastectomy and prophylactic 
right mastectomy. Pathology of the left 
mastectomy specimen demonstrated 
no residual carcinoma in the left breast. 
There was lobular carcinoma in situ 
with atypical lobular hyperplasia, florid 
duct hyperplasia, radial scar, fibrocystic 
changes and associated calcifications. 
Skin, nipple and deep margin were 
negative. Residual carcinoma was iden-
tified in 4 out of 16 left axillary lymph 
nodes with therapy-related changes, 
the largest measuring 1 cm, without 
extracapsular extension, ER-/PR-/
Her2- on immunohistochemistry and 
fluorescence in situ hybridization. 

DIAGNOSIS
The patient presented with inflam-

matory breast cancer (IBC) and the 
diagnosis was based on the initial 
clinical breast examination, which is 
defined by erythema, edema and peau 
d’orange. The patient was clinically 
staged IIIB (cT4d N2a M0); morphol-
ogy of infiltrating poorly differentiated 
ductal carcinoma, ER-/PR-/Her2-. She 
underwent neoadjuvant chemotherapy 
with a partial radiographic and patho-
logic response. However, there was 
residual disease in the axilla (macro-
metastases). Given her age, pathologic 
findings, and the aggressive nature of 
triple negative inflammatory breast 
cancer, postmastectomy radiation 
treatment was clearly indicated.

FIGURE 1. Dose distribution with PWT in the axial, coronal and sagittal planes. DVHs are 
indicated for the PTV (red), IMNs (cyan), ipsilateral lung (blue), heart (red) and total lung (pale 
blue). Abbreviations: PWT = partially wide tangents, DVH = dose-volume histogram, PTV = 
planning target volume, IMN = internal mammary nodes

FIGURE 2. Dose distribution with 20/80 photon/electron mix in the axial, coronal and sagittal 
planes. DVHs are indicated for the PTV (red), IMNs (cyan), ipsilateral lung (blue), heart (red) 
and total lung (pale blue). Abbreviations: DVH = dose-volume histogram, PTV = planning tar-
get volume, IMN = internal mammary nodes
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LITERATURE REVIEW
A retrospective analysis of 316 

patients with IBC who received tri-
modality therapy consisting of neoad-
juvant chemotherapy, modified radical 
mastectomy and postmastectomy ra-
diation to the chest wall and regional 
lymph nodes, has shown that of all 4 
subtypes of breast cancer (ER+/PR+/
HER2+, ER+/PR+/HER2-, ER-/PR-/
HER2+, ER-/PR-/HER2-), triple nega-
tive (TN/ ER-/PR-/HER2-) breast can-
cer is associated with higher rates of 
distant relapse (DR), locoregional re-
currence (LRR) and worse overall sur-
vival (OS).1 The median OS time was 
40 months for the ER+/PR+/HER2+ 
subtype, 38 months for ER+, 29 
months for HER2+ and 24 months for 
the TN subtype. The median time to 
LRR was 35 months for the ER+/PR+/
HER2+ subtype, 36 months for ER+, 
26 months for HER2+ and 19 months 
for the TN subtype. The median time 
to DR was 31 months for ER+/PR+/
HER2+, 34 months for ER+, 22 months 
for the HER2+ group and 19 months 

for the TN subtype, which, therefore, 
remains a therapeutic challenge. 

The risk of LRR is a greater con-
cern in patients with IBC especially 
in the triple negative (TN) subtype.1 
Patients with IBC undergoing trimo-
dality therapy who received neoadju-
vant therapy were more likely to have 
residual disease in the axilla increas-
ing their risk for locoregional recur-
rence, further emphasizing the need 
for optimal regional nodal manage-
ment.2 Moreover, a large percentage 
of locoregional failures had a regional 
component.2 A nonrandomized study 
found that accelerated hyperfraction-
ated radiation therapy (RT) to a total 
dose of 66 Gy at 1.5 Gy per fraction 
delivered twice daily [vs.] 60 Gy at 2 
Gy per fraction delivered once daily 
had better local control for IBC.3 The 
study also showed that among pa-
tients who were treated twice a day 
to a total dose of 66 Gy vs. 60 Gy, the 
locoregional control (LRC) at 5 years 
was 84.3% vs. 57.8%, and at 10 years 
was 77% vs. 57.8%. A 3- to 5-mm 

thick bolus (tissue equivalent mate-
rial) was used to increase dose to the 
skin/superficial tissue for every frac-
tion during the first week, followed by 
only the first fraction of the day for the 
second week, and then as needed for 
the remaining treatment. However, as 
shown by a study from MD Ander-
son, this accelerated hyperfraction-
ation regimen increased skin toxicity.4 
The LRR rate in patients treated after 
1994 (when taxanes were introduced 
as adjuvant therapy) was 8% for a 
total dose of 66 Gy. Bolus of 3-5 mm 
thickness was placed on the chest wall 
with the same frequency described 
earlier.3 The rate of late skin toxicity 
among patients treated to a total dose 
of 66 Gy was almost twice as large at 
29% compared to 15% among those 
treated to a total dose of 60 Gy.4 This 
study led to the recommendation that 
escalation of postmastectomy radia-
tion dose to 66 Gy appeared to only 
benefit patients with poor response to 
chemotherapy and those who were < 
45 years old. Patients > 45 years old 
and who had achieved good response 
to neoadjuvant chemotherapy should 
be treated with conventional fraction-
ation. In this respect, a later study from 
Memorial Sloan Kettering Cancer 
Center (MSKCC) reported that in pa-
tients treated to a total dose of 50 Gy 
to the chest wall and regional lymph 
nodes in daily fractions of 1.8 Gy or 2 
Gy with skin bolus of thickness 0.5 cm 
– 1 cm applied over the chest wall for 
each fraction, had a LRR rate of 13%,5 
which is slightly higher than that re-
ported from MD Anderson.4 These 
patients were treated after 1995, had 
received taxanes as part of their com-
bined modality therapy and the ma-
jority of them (89%) did not receive a 
scar boost. In our case, our patient was 
> 45 years of age, had received a tax-
ane and had no residual disease in the 
breast following neoadjuvant chemo-
therapy. However, since she had 4 out 
of 16 axillary lymph nodes containing 

FIGURE 3. Dose distribution with VMAT in the axial, coronal and sagittal planes. DVHs are 
indicated for the PTV (red), IMNs (cyan), ipsilateral lung (blue), heart (red) and total lung (pale 
blue). Abbreviations: VMAT = volumetric-modulated arc therapy, DVH = dose-volume histo-
gram, PTV = planning target volume, IMN = internal mammary nodes.
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FIGURE 4. Comparison of DVHs for the PTV, IMNs, heart, ipsilateral lung, total lung and contralateral lung with PWT, 20/80 P/E mix and VMAT. 
Abbreviations: DVH = dose-volume histogram, PTV = planning target volume, IMN = internal mammary nodes, PWT = partially wide tangents, 
P/E = photon/electron, VMAT = volumetric-modulated arc therapy
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metastatic disease, adequate coverage 
of the regional lymph nodes was essen-
tial.2 Therefore, a course of adjuvant 
postmastectomy radiation therapy to 
the left chest wall, axilla, supraclavicu-
lar fossa, and internal mammary nodes 

(IMNs) was recommended to 50.4 Gy 
in 1.8 Gy fractions delivered once daily 
along with a 5-mm thick bolus covering 
the chest wall for each fraction.

Including IMNs during irradiation 
of the left breast is known to increase 

dose exposure to the underlying normal 
tissue such as the heart and lung. This 
patient had exposure to Adriamycin 
and she suffered from cardiomyopa-
thy having a left ventricular ejection 
fraction of 45%. Cyclophosphamide is 
known to cause pulmonary toxicity by 
local inflammation in the lung paren-
chyma affecting gas exchange,6 poten-
tially exacerbating lung injury caused 
by RT. The risk of radiation pneumo-
nitis (RP) post RT in patients who have 
received chemotherapy with taxanes 
is also a concern.7 Given this patient’s 
risk factors for cardiopulmonary tox-
icities, the heart and the lung dose had 
to be minimized as much as possible 
while providing adequate radiation 
dose to the left chest wall and regional 
lymph nodes.

TREATMENT PLANNING 
TECHNIQUES

The partially wide tangents (PWT) 
technique is considered the most ap-
propriate balance of target coverage and 
normal tissue sparing8,9 and was initially 
used to plan this case. Details on patient 
simulation and contouring have been de-
scribed earlier.10,11 The dose distribution 
with the PWT plan is shown in Figure 
1. The amount of lung incorporated with 
this technique was > 3 cm, the result-
ing mean heart dose (MHD) was 13.6 
Gy, and the ipsilateral lung V20 Gy was 
56.9%. Darby et al have shown that the 
rate of a major coronary event increases 
linearly by 7.4% per Gy of MHD.12 
Moreover, women with preexisting car-
diac risk factors have a higher increase 
in the absolute risk than women without 
these factors. Therefore, there was a need 
to reduce the MHD for this case to as low 
as can be achieved. Short-term pulmo-
nary side effects in breast cancer patients 
after adjuvant RT showed no cases of RP 
in patients whose ipsilateral lung V20 Gy 
was kept at < 30%,13 while exceeding 
this constraint increased the likelihood 
of pulmonary complications.14 Since 
cardiopulmonary toxicity was a concern 

Table. 1. Dosimetric comparison of parameters for PTV coverage, 
IMN coverage and critical organs for PWT, 20/80 P/E mix and VMAT

Structure Parameter PWT 20/80 P/E mix VMAT 

     
PTV D95 (%) 95.2 93.7 96
  V95 (%) 95.2 93.7 96.2
  D05 (%)   116.9   116.7   117.7
  Dmax (Gy) 60.5 66.7 61.2
  HI*    0.2     0.3     0.2
  CI†    2.2     2.4     1.5 

     
IMN Mean (Gy) 51.8 49.3 50.4
  D95 (%) 92.9 88.3 94.7
  V95 (%) 92.1 85.9 93.8 

     
Heart Mean (Gy) 13.6 12.4 6.4
  V25 Gy (%)     22.2 13.3     1.3
  V15 Gy (%)     25     24     5
  V5 Gy (%)   36.9     77.8     49.1 

     
Ipsilateral Lung Mean (Gy) 29.8 31.2 16.3
  V20 Gy (%) 56.9 56.9 27.1
  V10 Gy (%) 62.5 67.1 55.3
  V5 Gy (%) 73.6 96.8 92.6 

      
Total Lung Mean (Gy) 14.3 15.1 9.4
  V20 Gy (%) 26.7 26.7 12.8
  V10 Gy (%) 29.4 31.4 27
  V5 Gy (%) 34.6 45.6 51.4 

  
Contralateral Mean (Gy) 0.5 0.7 3.3
Lung V10 Gy (%) 0 0 2.3
  V5 Gy (%) 0 0 15.8 

*HI = (D2%-D98%)/D50%; 
†CI = (volume of PTV x volume of prescription isodose)/(volume of PTV within prescription isodose)2 
Abbreviations: HI = homogeneity index, CI = conformity index, PTV = planning target volume, IMN = 
internal mammary nodes, PWT = partially wide tangents, P/E = photon/electron, VMAT = volumetric-
modulated arc therapy.
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in this case, given the dosimetric param-
eters, the PWT technique was unable to 
provide a viable plan for treatment. 

The depth of heart and lung included 
in the tangential fields can impact the 
volumetric doses and, therefore, it has 
been shown that a combination of pho-
tons and electrons can reduce the heart 
and lung doses, especially over the use 
of tangential fields when the depth of 
the lung treated is > 3 cm.15 Two pho-
ton/electron (P/E) techniques were 
then planned, namely the 20/80 pho-
ton/electron mix and the 30/70 photon/
electron mix8,15 with 6 MV photons and 
12 MeV electrons. The MHD was com-
parable with both P/E techniques (12.4 
Gy vs. 12.1 Gy, respectively); however, 
the MILD with the former was slightly 
lower at 31.2 Gy compared to 32.7 Gy, 
as was the V20 Gy (56.8% vs. 60.8%). 
Figure 2 displays the dose distribu-
tion for the 20/80 photon/electron mix. 
Although the MHD was comparable 
among the two techniques, no benefit 
was seen with the 20/80 photon/elec-
tron mix in reducing dose to the ipsilat-
eral lung over PWT. 

The use of multibeam intensity-
modulated radiation therapy (IMRT) or 
volumetric-modulated radiation therapy 
(VMAT) in such situations can help im-
prove target coverage, conformity and 
homogeneity while sparing the heart 
and lung from doses ≥ 15 Gy.16-18 This 
approach is known to carve out high-
dose areas around the heart, specifically 
related to the coronary arteries. We then 
planned this case with VMAT using 
2 partial coplanar arcs of range 210° 
(from 300° to 150°). Details of the field 
arrangement and planning have been 
published earlier10 and we closely fol-
lowed those described by Popescu et 
al.18 Dose distribution for the VMAT 
plan is shown in Figure 3. The defini-
tion of homogeneity index (HI) and 
conformity index (CI) are the same as 
in our previous case report.19 Compared 
to both 3DCRT planning techniques, 
the MHD with VMAT was reduced by 

almost 50% to 6.4 Gy. VMAT also re-
duced the mean ipsilateral lung dose 
(MILD) to 16.3 Gy and the V20 Gy 
to 27.2%. Comparison of the DVHs 
for the 3 plans is shown in Figure 4, 
which illustrates the superior heart 
and lung sparing and adequate cover-
age achieved with VMAT compared to 
PWT and 20/80 photon/electron mix 
techniques. Table 1 shows a detailed 
dosimetric comparison of the various 
dosimetric parameters amongst the dif-
ferent planning techniques. Contouring 
of the chest wall clinical target volume 
(CTV) and the nodal CTV was done as 
per the Radiation Therapy Oncology 
Group (RTOG) breast cancer contour-
ing atlas.20 The planning target volume 
(PTV) was CTV + 5 mm margin and in-
cluded the skin in the chest wall region. 
For a uniform basis of comparison, the 
PTV was kept the same in all plans.

DISCUSSION
Exposure of the heart to ionizing 

radiation during RT of the left breast/
chest wall is unavoidable and depends 
on the patient’s anatomy.18 It is known 
to increase a patient’s long-term risk 
of developing ischemic heart disease.12 
This increase is proportional to the 
MHD, and women with preexisting car-
diac risk factors have an even greater 
absolute increase in risk from radia-
tion. The absolute risk for a 56-year-old 
patient who received an MHD of 6 Gy 
with at least 1 existing cardiac risk fac-
tor of suffering from an acute coronary 
event (nonfatal or fatal major coro-
nary event [MCE], or unstable angina) 
within the first 10 years after receiving 
radiation is 2% to 3.1%. The increase 
in rate of an MCE per Gy MHD for a 
patient with at least 1 cardiac risk fac-
tor is 19.6% in the first 4 years after ex-
posure, and death rate from MCE per 
Gy MHD increases 13.6% in the first 4 
years. Compared with 3-D conformal 
planning, VMAT reduced the MHD by 
as much as 7 Gy in this case. Therefore, 
the risk of having an MCE after RT for 

this patient was reduced with VMAT by 
as high as 137.2% compared to the 3D 
conformal plans, and the risk of death 
from ischemic heart disease (IHD) was 
reduced by as much as 95.2%.

A recent study investigated short-
term pulmonary radiation pneumoni-
tis (RP) using changes in pulmonary 
function tests (PFTs) after locore-
gional radiation therapy (LRRT)13 in 
which regional nodal irradiation (RNI) 
included the IMNs. The constraint 
for the ipsilateral lung V20 Gy was < 
30%. Chemotherapy included cyclo-
phosphamide and taxanes and was 
concluded 3-4 weeks before initiating 
RT. By adhering to this constraint, in-
cidence of symptomatic RP was ~6% 
(both grade 1 and 2) and no grade 3 
or 4 pneumonitis was observed. In an 
earlier study by the same group, 475 
patients with breast cancer who had 
received RT were followed for pul-
monary complications at 1, 4 and 7 
months post treatment.14 Patients who 
received locoregional RT that included 
the IMNs while maintaining the ip-
silateral lung V20 Gy around 30%, 
showed 5.5% grade 1 and 11% grade 2 
complication rates. Patients for whom 
the V20 Gy was around 35% showed a 
23% grade 1 and 11.5% grade 2 com-
plication rate. Goldman et al13 con-
cluded that by reducing the V20 Gy to 
< 30% they could reduce the rates of 
short-term RP and changes in short-
term pulmonary function compared to 
patients in the earlier study by Lind et 
al.14 Varga et al21 have shown that use 
of sequential taxane-based chemother-
apy in treating patients for chest wall 
and regional nodes including IMNs 
with adjuvant RT showed no incidence 
of RP or lung fibrosis. In these pa-
tients, the V20 Gy on average was 29% 
± 1.1%.21 The risk of acute and chronic 
RT-induced lung morbidity is influ-
enced by the irradiated lung volume, 
total dose and dose per fraction.22,23 
In this case, we could maintain the 
ipsilateral lung V20 Gy < 30% with 



RADIATION ONCOLOGY CASE

applied radiation oncology

 www.appliedradiationoncology.com                        APPLIED RADIATION ONCOLOGY      n      35September  2017

VMAT, but not with 3-dimensional 
conformal radiation therapy (3DCRT).

VMAT, however, increased the vol-
ume of the heart and the lung covered 
with low dose. For this case, the heart 
V5 Gy was 37% with PWT, 48% with 
VMAT and 78% with photon/electron 
mix technique. The influence of low 
dose—specifically the volume of the 
heart covered by 1 to 2 Gy with RT on 
heart disease—has been investigated in 
the literature.24 No correlation was found 
between low dose and cardiac perfu-
sion defects or function, and there was 
no worsening of these defects within a 
short-term follow-up (1 year) after ex-
posure. However, the MHD for all pa-
tients in the Chung study was < 6.1 Gy 
(6.4 Gy in this case study). Hence, even 
though PWT best spared the volume 
of the heart covered with low dose, the 
MHD was more than double that with 
VMAT due to increased volume of 
the heart covered by higher doses with 
MHD. The study cautioned that a dose-
response relationship in the short term 
might exist at higher doses. A combi-
nation of VMAT and deep inspiration 
breath hold (DIBH) can provide a cumu-
lative benefit in further minimizing heart 
exposure for patients treated with locore-
gional RT of left-sided breast cancer.25 
Compared with VMAT alone, a combi-
nation of VMAT and DIBH can reduce 
the MHD on average by 2.9 Gy (1.5 Gy 
– 4.3 Gy).26 The volume of the lungs re-
ceiving low dose is also increased with 
VMAT compared to standard 3D con-
formal techniques. However, no grade 
3 or higher pneumonitis rates have been 
observed, even when the ipsilateral lung 
V5 Gy was 100%.27 Moreover, inci-
dence of secondary cancers after RT has 
a latency of onset ≥ 10 years after initial 
treatment,28 and is unlikely to manifest in 
this case. 

FOLLOW-UP
The patient developed progressive 

hyperpigmentation and erythema of the 
irradiated left chest wall, and dry des-

quamation was noted at a dose of 3420 
cGy. On Sept. 2, 2014, the patient suc-
cessfully completed RT as planned, and 
during the last week of treatment she 
developed patchy areas of moist desqua-
mation (NCI CTCAE v4.0 Grade 2-3), 
most pronounced in the region of the 
mastectomy scar. The skin reaction was 
managed with topical emollients and 
petrolatum gauze dressings. Discomfort 
was managed effectively with over-the-
counter analgesics, and she completed 
treatment without interruption. 

At follow-up 2 months later (delayed 
due to interval surgery for prophylactic 
bilateral salpingo-oophorectomy), she 
reported feeling well overall. She denied 
any specific chest wall complaints other 
than a sensation of tightness in the left 
upper extremity and lateral chest wall. 
Physical examination was notable for 
mild residual hyperpigmentation of the 
left chest wall with no overt desquama-
tion. The left chest wall skin and subcu-
taneous tissue appeared mildly thickened 
and indurated but without discrete pal-
pable lesions. There was no upper ex-
tremity lymphedema. She was referred 
to physical therapy for management of 
the upper extremity symptoms, which 
improved with range of motion exer-
cises. No evidence of lymphedema was 
noted in follow-up visits at 9, 12 and 15 
months post treatment. At 9 months post 
treatment, she was diagnosed with meta-
static disease (brain, bone and contralat-
eral internal mammary nodes), and was 
treated with further chemotherapy and 
palliative irradiation of brain and osse-
ous metastases. She returned for follow 
up in April 2016 and had no symptoms 
suggesting cardiovascular or respiratory 
compromise. No evidence of chest wall 
or ipsilateral regional nodal recurrence 
was present.

CONCLUSION
We present a case of a patient di-

agnosed with IBC of the TN subtype, 
which is an aggressive disease. Multi-
modality treatment included chemother-

apy, surgery and radiation. The need to 
cover the chest wall and regional nodes 
combined with unfavorable anatomy re-
quired the use of advanced RT planning 
and delivery techniques other than stan-
dard 3D conformal methods. In this case, 
VMAT was able to best spare the heart 
and the lung without sacrificing target 
coverage, outweighing the risk of sec-
ondary cancer.
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