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Purpose: To evaluate the technique, dosimetry, acute and late toxicity, local control (LC), and overall survival
(OS) with the use of computed tomography (CT)-based postmastectomy electron beam therapy (PMEBT) in
high-risk patients.

Methods and Materials: From 1990 to 2000, 118 patients with pathologic stage I-IIIB breast cancer underwent
PMEBT of the chest wall (CW) (rn = 3), CW and supraclavicular fossa (SCV) (n = 63), CW, SCV, and internal
mammary lymph nodes (IMN) (r = 51), and SCV+IMN (r = 1). Radiation therapy was delivered with an en face
electron beam with a custom cutout. Treatment plans were all CT-based. The plans of 16 patients were
retrospectively reviewed to analyze dosimetry data. A retrospective chart review was conducted to assess acute
and late complications, L.C, and OS.

Results: At a median follow-up of 43 months, 5-year LC and OS were 91% and 61%, respectively. Sixty-one
patients developed acute grade 3—4 skin toxicity, necessitating treatment breaks in 33 patients. Fifteen patients
experienced a worsening of lymphedema, and 2 patients developed cardiac injury thought to be unrelated to
radiotherapy. No patients developed symptomatic pneumonitis. Dosimetric analysis revealed heart and lung
normal tissue complication probabilities of zero. Analysis of other clinically relevant dosimetric parameters
revealed PMEBT to be comparable to previously reported techniques.

Conclusion: Postmastectomy electron beam therapy is an effective way to deliver radiation to the postmastectomy
chest wall and adjacent nodal sites. It offers acceptable acute and late toxicities and a high degree of local control

given the high-risk population to which it is offered. © 2004 Elsevier Inc.

Breast cancer, Postmastectomy radiotherapy, Electrons, Radiotherapy techniques.

INTRODUCTION

Recent randomized trials and a meta-analysis have demon-
strated a survival advantage for high-risk patients who re-
ceive postmastectomy radiation therapy (PMRT) after ad-
juvant chemotherapy (1-3). However, earlier studies
showed that an increase in breast cancer survival was offset
by an increase in other causes of mortality, particularly
cardiovascular, in those patients who underwent radiation
therapy (RT) (4, 5). It is thought that the cardiac events seen
in these trials were likely due to older treatment techniques
and equipment. Given the potential toxicity of treatment, it
is essential to use a radiation technique that optimizes
chest-wall and nodal radiation while minimizing radiation
dose to the heart and lungs. This is especially important with
left-sided breast cancers.

Many techniques exist to treat the postmastectomy chest
wall. In a recent publication, dosimetric comparisons of seven
common techniques were made. No single technique was

found to deliver both the best target coverage and the lowest
heart and lung complication probabilities (6). Because of the
physical characteristics of electron beams, including the abrupt
termination of dose and the controllable depth of penetration,
since the 1950s, Memorial Sloan-Kettering Cancer Center
(MSKCQC) has used high-energy electrons to treat the postmas-
tectomy chest wall. Historically, the electrons were delivered
by a betatron. Treatments were well tolerated and responses
were equal to that of photon irradiation (7, 8). Since 1990,
conformal, computed tomography (CT)-based electron beam
therapy (PMEBT) has been used to treat postmastectomy pa-
tients at MSKCC. The potential practical advantages of CT-
based PMEBT are the accuracy of field design, the ability to
limit radiation dose to critical normal structures, and the ease of
treatment design and reproducibility of setup. In this report, we
describe the technique and dosimetry, the acute and late tox-
icities associated with this technique, as well as disease control
and survival.
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METHODS AND MATERIALS

Patients

An Institutional Review Board—approved review of the
MSKCC prospective database between 1990 and 2000 iden-
tified 118 adult female patients with pathologic Stage I-I1IB
breast cancer who were candidates for PMRT and who
underwent PMEBT. The decision to use PMEBT was based
on clinical assessment of patients’ anatomy; specifically, the
degree of chest wall curvature and potential lung or heart in
the radiation field. In addition, patients who had immediate
breast reconstruction were not treated with PMEBT. The
median age at diagnosis of breast cancer was 50 years
(range, 31-78 years). Fifty percent of the patients were
premenopausal. Sixty-two patients (53%) had left-sided
breast cancers and 56 (47%) patients had right-sided can-
cers.

Surgery and pathology

A total of 116 patients underwent modified radical mas-
tectomy (MRM) and 2 patients underwent total mastectomy
(TM) after previous lumpectomy with axillary dissection.
Margins were positive in 7 patients (6%), close in 9 patients
(8%), negative in 62 patients (53%), and not specified in the
specimens of 40 patients (34%). The median number of
lymph nodes sampled was 21 (range, 1-56); the median
number of positive lymph nodes was 9 (range, 0-32).
Thirty-five percent of the lymph node specimens demon-
strated extracapsular extension. Thirty-two patients (27%)
had inflammatory breast cancer (clinically or pathologi-
cally). Pathologic staging (American Joint Committee on
Cancer, 5th edition) was as follows: Stage I, 5 (4%); Stage
IIA, 15 (13%); Stage 1IB, 34 (29%); Stage IIIA, 22 (19%);
and Stage IIIB, 41 (35%). The stage could not be deter-
mined from the records in 1 patient.

Chemotherapy and hormonal therapy

Sixty-seven patients (57%) received adjuvant chemother-
apy, whereas the remainder received either neoadjuvant
chemotherapy alone (7 patients) or with adjuvant chemo-
therapy (41 patients). Three patients did not receive any
chemotherapy. Seventy patients (59%) were treated with
anthracycline-based regimens. Eleven patients underwent
bone marrow transplant. Seventy-three patients (62%) re-
ceived adjuvant hormonal therapy.

Radiation

The chest wall (CW) alone was irradiated in 3 patients;
CW and supraclavicular fossa (SCV) in 63 patients; CW,
SCV, and internal mammary lymph nodes (IMN) in 51
patients; and SCV and IMN in 1 patient. The axilla was not
intentionally treated; at our institution, the policy is to
radiate the axilla only for undissected/inadequate dissection
or gross residual disease. Beginning in 2000, the SCV was
treated with photons for reasons described later in the text.
These patients were not included in this review. The median
dose to the initial target was 50.4 Gy (range, 42-52.2 Gy)

and the median fraction number was 28 (range, 21-29). In
88% of patients, 1.8 Gy fractions were used. The remaining
patients were treated using 2.0 Gy fractions. Twenty-three
percent of patients received a CW scar boost. The median
boost dose was 10 Gy (range, 6-20 Gy). The median
maximal target dose was 50.4 Gy (range, 42-70.4 Gy).
Sixty-four percent of patients were treated with mixed en-
ergy electron beams.

Simulation

The patients were immobilized in the supine position
using customized cradles (Alpha Cradle Molds, Akron, OH)
with the ipsilateral arm raised above the head and the
contralateral arm by the side. Attempts were made to have
the ipsilateral arm lay as flat as possible. This was done to
ensure that a 25 X 25 electron cone could be as close to the
patient as possible without hitting the arm. After the patient
was positioned, the physician marked the outline of the CW
and SCV fields, and wires were placed over the marks and
the mastectomy scar. The medial and lateral borders of the
CW field were determined by the mastectomy incision;
specifically, 1-2 cm beyond the incision. The inferior bor-
der was 2 cm below the contralateral inframammary fold,
and the superior border was the clavicle (junction of the
SCV field). The superior border of the SCV field was 2 cm
above the first rib. The medial and lateral borders were the
pedicles of the spine and humeral head, respectively. A
separate wire was occasionally placed on the junction of the
CW and SCV fields as indicated by the physician. A ra-
diopaque marker was also placed over the SCV field pre-
scription point, as indicated by the physician. For patients
who needed the IMN treated, a separate wire was placed to
outline the IMN field. For some patients, the CW/IMN/SCV
fields were simulated with a single isocenter with a 25 X 25
electron cone encompassing all the wires. For those patients
whose wires extended outside a single 25 X 25 cone, two
isocenters were created: one for the CW/IMN field and the
other for the SCV field. The CW/IMN isocenter was set by
centering the 25 cm X 25 cm collimator in the lateral and
cephalad-caudad directions within the area defined by the
CW/IMN wires. The SCV isocenter was determined by
shifting the table superiorly only from the CW/IMN iso-
center to the CW and SCV junction. The two isocenters
were then tattooed on the patient, along with alignment and
junction points. Figure 1 shows a three-dimensional view of
a patient with the central axis tattoo and alignment tattoos.
Before CT simulation was available (April 1998), all pa-
tients were simulated conventionally and then a treatment
planning CT scan was obtained. All patients treated since
April 1998 were simulated on a CT simulator (Phillips-
Marconi PQ 5000 AcQsim, Picker International, Highland
Heights, OH).

Treatment planning

For the CW/IMN electron field, the gantry angle was
chosen so that the beam direction was approximately per-
pendicular to the skin surface and optimal over the entire
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Fig. 1. Three-dimensional view of patient. Purple = scar wire; blue
= IMN wire; @ = central axis tattoo for CW field; + = alignment
tattoo.

CW/IMN region. Treatment source to skin distance (SSD)
was normally set at 105 cm, even though up to 110 cm SSD
was used for some patients because of clearance issues. An
aperture for the CW/IMN field was created by outlining the
CW/IMN field wire and the CW/SCV junction on the pa-
tient’s skin surface. A single base flap of tissue-equivalent
bolus was placed over the entire CW/IMN field to bring full
dose to the skin. The electron beam energy was selected to
be the lowest electron energy that would allow the depth of
the exiting 90% isodose level to be at least as deep as the
thickest part of CW, including the thickness of the bolus.
The thickness of the base flap bolus was determined to be
the entrance depth of the 90% isodose level of the electron
beam to ensure that the skin would receive full dose for a
prescription level of 90%. Mixed energy electron beams
were used in 64% of the patients, 12 MeV in 20%, 9 MeV
in 15%, and 15 MeV in 1 patient. Because of CW thickness
variation, small pieces of additional bolus were added so
that the prescription isodose line (90%) would follow the
CW interface throughout the entire CW region. Dose dis-
tributions were evaluated on transverse slices every 2 cm
throughout the fields. Custom bolus layers were interpolated
between slices. Because of the obliqueness of the peripheral
contour of the patient, a boost field with the same gantry
angle as the main CW field was often added to improve
coverage. This had a peripheral medial, lateral, or superior
aperture, and the energy was typically the same as or higher
than the main CW field. This boost field typically accounted
for 10% of the prescription dose, with a range of 8-20%.
For those patients whose IMNs were treated, a peripheral
medial boost field with the same or higher electron energy
was often needed.

For the SCV electron field, the beam direction was set to
be anteroposterior for the majority of patients. Treatment
SSD was normally set at 105 cm, even though as much as
110 cm SSD was used for some patients, again because of
clearance issues. An aperture for the SCV field was created
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Fig. 2. Digital composite radiograph of chest wall field. Contours:
red = internal mammary nodes (IMN); green = heart; orange =
custom bolus

by outlining the SCV wire and the CW/SCYV junction on the
patient skin surface. No bolus was used for the SCV field.
The electron beam energy for the SCV field was chosen so
that the depth of the exiting 90% isodose level would be
adequate for the supraclavicular nodes. To improve the
dosimetric match between the CW/IMN and the SCV field,
the junction was shifted by 1 cm daily. Therefore, on an
every-other-day basis, the CW/IMN electron field apertures
were reduced by 1 cm superiorly and the SCV field aperture
was increased by 1 cm inferiorly.

Customized bolus was constructed according to the
beam’s eye-view projection from the treatment planning
system and then attached to the base flap bolus with align-
ment markers relative to the CW/IMN isocenter. The whole
bolus assembly was then placed on the patient reliably on a
daily basis. Figure 2 illustrates a digital composite radio-
graph (DCR) of a CW plan; Fig. 3 illustrates the isodose
distribution for the CW treatment plan.

Treatment verification and daily setup

On setup day, the physician and physicist visually in-
spected the fields, including the moving junctions, on the
patient. Portal films were taken using photon beams for the
purpose of documentation.

For the CW/IMN field, the therapists did the following:
(1) setup SSD to the specified distance on the CW tattoo, (2)
rotated the gantry to the specified angle, (3) shifted the table
laterally only back to the CW tattoo, (4) inserted the CW
aperture, and (5) marked the superior CW field border. For
the SCV photon field, the therapists did the following: (/)
shifted the table longitudinally to the SCV tattoo, (2) setup
SSD to the specified distance, (3) rotated the gantry to the
specified angle, and (4) shifted the table longitudinally if
necessary to match the marked CW superior border.



Postmastectomy CT-based EBR ® M. M. SPIERER ef al. 1185

(d)inferio 6 mplane

Fig. 3. Isodose distribution for a chest wall treatment plan. Isodose
level: magenta = 105%; green = 90% (Rx); blue = 50%; white =
10%. Contours: yellow = internal mammary nodes (IMN); red =
heart; cyan = 1 cm base bolus; yellow = 5 mm custom bolus.

Dosimetric analysis

Dosimetry data were obtained retrospectively for this
study. The simulation CT scans and treatment plans of all
patients scanned after 1997, when archiving was initiated,
were used as representatives of the study group. Of the 18
patients simulated during this time, the scans of 2 could not
be retrieved. Thus, the dosimetry data are based on the 16
patients (8 patients who were treated to their CW and SCV
and 8 patients who were treated to their CW, SCV, and
IMNSs; 12 patients had left-sided tumors) whose scans were
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Fig. 4. Dose—volume histogram for a left-sided chest wall patient
with internal mammary lymph nodes treated. Rx = 50.4 Gy.

archived and evaluable. The internal mammary lymph
nodes were contoured in the fashion described by Pierce et
al.; only those located in interspaces one to three were
included (6). The heart was contoured in two ways: (/)
every CT slice that contained pericardium was included and
(2) the entire heart excluding the great vessels as described
by Pierce et al. was included. The former was done to best
approximate the risk of pericardial toxicity and the latter
was done to assess the risk of ischemic heart disease and to
compare the results with those obtained by Pierce et al. The
patients’ external surface and lung contours were done by
automated density tracking and then edited. One physicist
(L.H.) reviewed the treatment plans of each patient and
calculated all the dose—volume histograms (DVH). DVHs
were calculated for the IMNs, heart, ipsilateral lung, and
bilateral lungs as shown in Fig. 4. The IMN median dose,
volume of heart that received >30 Gy (median V30), vol-
ume of ipsilateral and total lung that received >20 Gy
(median V20), dose that 5% of the heart and ipsilateral lung
received (median DOS5; by convention, a measure of hot
spots), and the normal tissue complication probability (me-
dian NTCP) of the heart and lungs were calculated. Only the
12 left-sided tumors were included in the calculations for
the heart V30, D05, and NTCP. These parameters were
chosen to compare the results with those reported by Pierce
et al.

Follow-up and statistical analysis

The median follow-up time, calculated from the date
radiation was completed, was 43 months (range, 1-143
months). Patients were followed according to National
Comprehensive Cancer Network (NCCN) Clinical Practice
Guidelines (history and physical examination every 4-—6
months for 5 years, then every 12 months) (9), often alter-
nating between their medical, radiation, or surgical oncol-
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ogist. Data on acute and late toxicities were based on the
Radiation Therapy Oncology Group (RTOG) grading scale.
Local recurrence was defined as tumor recurrence in the
irradiated portal. Data on overall survival are irrespective of
cause. Actuarial rates were calculated with the Kaplan-
Meier product-limit method (10).

RESULTS

Dosimetry

For the patients included in the dosimetric analysis, the
IMN median dose was 53 Gy (range, 50-60 Gy). The
median heart V30 was 6.80% (range, 1.29-22.98%). The
median ipsilateral lung V20 was 38.03% (range, 21.68—
59.55%), and the median total lung V20 was 20.39% (range,
9.06-29.77%). The median heart D05 was 34 Gy (range,
0.8-53 Gy), and the median lung D05 was 51 Gy (range,
46-55 Gy). Both the heart and lung NTCPs were zero.

Clinical toxicity

Of the 118 patients treated, 36 patients (31%) required
treatment breaks lasting a median of 7.5 days (range, 1-20
days). In 33 patients (28%), this was due to acute toxicity of
treatment. Sixty-one patients (52%) developed acute RTOG
Grades 3-4 skin toxicity (60 patients, Grade 3; 1 patient,
Grade 4). All other acute toxicities (fatigue, edema, pruritus,
and rash) were Grade 2 or less. One patient developed late
Grade 4 skin toxicity.

Lymphedema of the ipsilateral arm developed in 30 pa-
tients (25%). Half of these patients noted their edema had
been unchanged since the postoperative period, before the
initiation of RT.

Two patients developed cardiac injury; both patients had
left-sided cancers. One patient did not have any history of
cardiovascular disease at diagnosis of breast cancer. Post-
operatively, she was treated with eight cycles of cyclophos-
phamide, methotrexate, and fluorouracil chemotherapy. She
was then treated with 50.4 Gy in 28 fractions to the CW and
SCV regions using mixed electron energies and custom
bolus. She developed metastatic disease 1 year and 3
months after completing RT and was treated with several
(nonanthracycline) chemotherapies. She developed a local
recurrence 3 years and 8 months after completing RT, and
at this time was treated with doxorubicin. She had a normal
multiple gated acquisition scan before beginning therapy.
She developed dyspnea 3 months after initiating therapy,
and an echocardiogram done 8 months after initiating ther-
apy revealed global left ventricular dysfunction, supporting
the diagnosis of congestive heart failure. This was thought
to be due to anthracycline-induced cardiomyopathy. The
second patient had a history of hypertension. Postopera-
tively, she was treated with four cycles of doxorubicin,
cyclophosphamide, and paclitaxel chemotherapy. She was
then treated with 50.4 Gy in 28 fractions to the CW and
SCV regions using mixed electron energies and custom
bolus. She developed dyspnea 3 years and 7 months after
completing treatment with doxorubicin (3 years and 4

Volume 60, Number 4, 2004

months after completing RT). An echocardiogram revealed
an ejection fraction of 20% supporting the diagnosis of
congestive heart failure. This was thought to be due to many
years of uncontrolled hypertension. The contribution of
radiation to both patients’ cardiac disease is unknown; how-
ever, the treating physicians felt that it was unlikely to be a
clinically significant factor.

Six patients developed subsequent malignancies (1 acute
myelogenous leukemia; 1 contralateral breast; 1 pancreas; 2
uterus; 1 kidney). All were thought unrelated to PMEBT.

No rib fractures, brachial plexopathies, or symptomatic
pneumonitis were reported.

Local control and survival

The 5-year actuarial local control (LC) was 91%. Seven-
ty-one patients (60%) were alive at the time of analysis. Of
the 47 who died, 40 died from breast cancer, 3 from other
malignancies, and 1 from complications of diabetes. Three
died of unknown causes. The 5-year actuarial overall sur-
vival was 61%. At last follow-up, 53% of patients are
without evidence of disease.

DISCUSSION

For patients who require RT after mastectomy without
reconstruction for locally advanced breast cancer, CT-based
electron beam therapy has been used as adjuvant treatment
at MSKCC since 1990. Merits of PMEBT using CT plan-
ning include individualized, conformal treatment, relative
ease and reproducibility of setup, acceptable acute toxicity,
minimal long-term toxicity, and a high degree of local
control and overall survival given the high-risk population.

Use of electrons has recently been reported in this pop-
ulation; however, CT planning was performed only on a
minority of patients in these series (11). Because of varia-
tion of patients’ CW thickness, we believe that CT-based
planning is necessary for accurate electron beam energy
selection and bolus design to ensure optimal target coverage
while minimizing normal tissue dose.

Treatment with electrons has also been described using
the electron arc technique. This technique requires mechan-
ical modifications of the linear accelerator and additional
dosimetric studies of the collimator systems. With electron
arc treatment, it is also necessary to use tertiary collimation
placed on or near the patient’s thorax to sharply define the
treatment volume and to shield normal tissue outside the
treatment volume (12, 13). In contrast, one of the main
advantages of CT-based electron beam treatment is ease of
setup. For this technique, the therapists follow a few well-
defined steps; subsequently, the possibility for error is small
and setup time and treatment time together take a total of 15
min. In addition, for IMN patients, cold or hot spots are
avoided because of matching of the CW field with the IMN
field; they are treated within one gantry angle.

To evaluate our dosimetry and the predicted risk of late
toxicity with this technique, we retrospectively reviewed the
plans of 16 patients whose scans had been archived and
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were evaluable. For comparison, we used the data reported
by Pierce et al. as a guideline. However, several factors
limit a direct comparison, including dose consistency and
target volume delineation. In the dosimetric article by Pierce
et al., all the relevant planning parameters were kept con-
stant; the prescription dose for all 20 “virtual” patients was
50 Gy in 2 Gy fractions and the CW planning target volume
was delineated on the axial CT scans by the rib—soft tissue
interface posteriorly, 1 cm lateral to the midline catheter
medially, 1 cm medial to the midaxillary catheter laterally,
and 1 cm inside the superior and inferior catheters (6). In
our study, the median dose for the 16 patients used in
dosimetric analysis was 50.4 Gy (range, 42-50 Gy) using
1.8 Gy fractions in 88% of the cases. Of note, in these
patients, we have excellent target coverage; our CW re-
ceived the full prescription dose, whereas our IMNs re-
ceived more than prescription. Although our median dose
was the same as that described by Pierce et al, our CW
planning target volume was often quite different. In the
majority of our patients, to cover the entire mastectomy
incision, the medial and lateral borders often extended past
midline medially and well past the midaxillary line laterally.

Perhaps the greatest concern with PMRT is its association
with cardiac toxicity. Since the late 1960s, the term radia-
tion-induced heart disease (RIHD) has been used with re-
gard to the clinical and pathologic conditions resulting from
injury to the heart during therapeutic radiation. Pericardial,
myocardial, and accelerated coronary artery disease are all
possible delayed RIHD syndromes. Cardiac toxicity can be
seen months to years after irradiation (5, 14-23). Data have
shown that the favorable effect of radiation therapy on
mortality from breast cancer was offset by an increase in
nonbreast cancer deaths, specifically vascular. It is specu-
lated that the cardiac events seen in these trials were likely
the result of older treatment techniques and equipment (4, 5,
15). However, even with the use of contemporary mega-
voltage treatment for left-sided tumors, the left anterior
descending coronary artery receives substantial doses of
radiation (16, 17). In the analysis of patients treated in the
Danish Trials 82b and 82c, those who were treated with
anterior electron beams to the chest wall and internal mam-
mary nodes did not demonstrate the increased risk of RIHD
at a median follow-up time of 10 years (18, 19). Similarly,
in the Stockholm trial, only patients who received the high-
est doses of radiation (treated with tangential Co60 fields for
left-sided tumors) were found to have a significantly in-
creased risk of death resulting from ischemic heart disease
compared with surgical controls. No increased risk was
observed in patients with right-sided tumors or with patients
treated with electrons (15). Furthermore, the influence of
chemotherapy is very important; doxorubicin is a well-
known cardiotoxin whose principal effects are on the myo-
cardium. Patients who receive doxorubicin and RT to their
hearts are at an increased risk of developing cardiac damage
(20, 21). In our series, 59% of the patients in this series were
treated with anthracycline-based regimens. Only 2 patients
suffered clinically identifiable cardiac injury; 1 was thought

to be due to doxorubicin and the other to long-standing
hypertension.

In terms of our heart dose, the median V30 was 6.80%
and our NTCP was zero. Our V30 is similar to the electron
plan described by Pierce ef al. and slightly higher than the
other techniques, whereas our NTCP is the lowest of all the
methods. Our relatively high V30 may be explained by the
fact that, in contrast to Pierce et al.,we contoured every slice
that included pericardium to best approximate the risk of
pericardial toxicity as well as ischemic heart disease. How-
ever, even when we contoured in the fashion described by
Pierce et al. (whole heart excluding great vessels), the
median V30 was only slightly lower than the median V30
calculated with every slice that included pericardium. The
incongruity between the NTCP and the V30 can be ex-
plained by the shape of our DVH (see Fig. 4). Although
6.8% of the heart received a low dose, very little of the heart
received a high dose; the median heart DO5 was only 34 Gy.
V30 was chosen as an important parameter based on the
work of Gagliardi et al., whose data suggested that a dose of
30 Gy or more correlated to an increased risk of RIHD (22).
Importantly though, data from Ericksson et al. in an analysis
of Hodgkin’s patients found that not only was the V30
important, but also that the risk of RIHD increased as the
volume irradiated to higher doses increased (23). Therefore,
although a larger area of the heart received RT, a much
smaller area got what is likely to be a clinically significant
dose; this explains our low NTCP. Longer follow-up and
prospective assessment of cardiac function are needed to
fully quantify long-term cardiac morbidity. Improvements
in imaging techniques may also help to better identify the
impact of radiation therapy on both the small and large
vessels of the heart.

Radiation pneumonitis is a well-defined clinical syn-
drome associated with lung irradiation that typically devel-
ops up to 6 months after completion of therapy. One con-
tributing risk factor to the development of pneumonitis is
the volume of lung irradiated (24, 25). The median ipsilat-
eral lung V20 in our series was 38.03% and median total
lung V20 was 20.39%. The NTCP was zero. The total lung
V20 was chosen as an important parameter based on the
work of Graham et al., which showed it to be a significant
predictor of Grade 2 or greater pneumonitis. In that series,
a V20 of <22 carried with it a 0% risk of Grade 2 or greater
pneumonitis. The authors stated in their discussion that in
clinical practice, as long as the V20 is <25%, dose escala-
tion is possible due to the very low risk of pneumonitis (25).
In our series, we did not have any patients who had symp-
tomatic pneumonitis, which corroborates the data by Gra-
ham et al. Our relatively high ipsilateral lung V20 but low
NTCP may be explained by two factors. First, and most
important, the shape of our DVH is characteristic of electron
beam therapy. Although at low doses (V20), a relatively
large volume of lung is irradiated, at higher doses, very little
of the lung is irradiated. Second, our CW target area, as
defined medial-to-lateral by the mastectomy incision plus
1-2 cm, was typically larger than that described by Pierce et
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al. It was common for our medial border to extend to the
contralateral CW and for our lateral border to be posterior to
the midaxillary line. It is probable that these larger target
volumes resulted in a larger volume of lung being irradiated.

The predominant acute toxicity in our series was skin-
related. Fifty-two percent of the patients in our series de-
veloped RTOG Grades 3 and 4 skin toxicity; 28% required
treatment breaks because of this toxicity. This is higher than
expected with tangents; however, the clinical implications
of these treatment breaks are unknown; although 28% re-
quired breaks, our LC was excellent. Many previous reports
on PMRT do not report on acute skin toxicity (1, 2, 11, 26).
Moist desquamation occurred in 22% of the patients using
the electron arc technique (11). Data concerning toxicity
necessitating treatments breaks were not reported in any of
the series. Much of the skin toxicity developed in the SCV
field because of the contour of the clavicle and the resultant
electron scatter. For the past 3 years, we have treated the
SCV with photons (with the gantry angle 10° off antero-
posterior to be off cord) and our skin toxicity in this area has
been markedly reduced. In our series, all other acute toxic-
ities (fatigue, edema, pruritus, and rash) were Grade 2 or
less and are to be expected.

Upper extremity lymphedema is a well-known complica-
tion of axillary lymph node dissection. In the surgical liter-
ature, the incidence ranges from 1% to 38% depending on
whether or not a full dissection was completed (27). The
axilla was not intentionally treated in this group of patients,
despite the fact that 35% had extranodal extension. At our
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institution, the policy is to radiate the axilla only for undis-
sected/inadequate dissection or gross residual disease. This
is based on data that suggest extranodal extension is a
predictor for distant disease rather than local failure (28,
29). With an adequate axillary lymph node dissection, the
rate of local failure is low, whereas morbidity is high.
Despite this, lymphedema was the predominant late toxicity
occurring in 25% of our patients. However, half of these
patients reported having the same degree of lymphedema
before initiating radiation. Other series report incidences of
10-46% after axillary lymph node dissection and radiation
therapy (12, 18, 30).

The 5-year actuarial local control and survival rates were
91% and 61%, respectively. These are comparable to other
techniques (1, 2, 11, 12), given that 83% of our patients
were Stage IIB or higher.

CONCLUSION

CT-based electron beam therapy is an effective way to
deliver RT to the postmastectomy chest wall. In selected
patients, it significantly decreases the volume of normal
tissue receiving high doses of radiation. To date, it appears
to offer acceptable acute and late toxicities and a high
degree of local control and survival given the high-risk
population to which it is offered. Further study is needed to
define both the long-term impact of this technique and the
impact of increasing use of anthracycline-based chemother-
apy in conjunction with radiation therapy on long-term
cardiac morbidity and mortality.
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