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A B S T R A C T

Purpose
Anthracyclines and concurrent whole-breast irradiation result in prohibitive cutaneous toxicity. We
hypothesized that anthracycline-based chemotherapy and concurrent partial breast irradiation (PBI)
is safe and conducted a single-arm feasibility trial testing this hypothesis with dose-dense
doxorubicin and cyclophosphamide (ddAC).

Patients and Methods
Women with T1-2, N0-1 breast cancer with � 3 mm lumpectomy margins received PBI (40.5 Gy,
15 daily 2.7-Gy fractions) concurrently with the first two of four cycles of ddAC (60 and 600 mg/m2

of doxorubicin and cyclophosphamide, respectively, every 14 days with colony-stimulating
support). Primary end points were local and systemic toxicity. Additional systemic therapy was
given at the physician’s discretion.

Results
Twenty-seven patients enrolled between November 2004 and January 2007, but two patients did
not receive protocol therapy (one found with additional local disease and one withdrew consent).
Twenty-five women completed all planned PBI. Four (16%) of 25 did not complete all ddAC (febrile
neutropenia [FN], n � 2; diverticulitis and neutropenia, n � 1; and social/economic reasons, n � 1).
Four among the remaining 21 who completed all ddAC had a cycle delayed (FN, n � 1; acute
respiratory illness, n � 1; foot blisters, n � 1; perianal dermatitis, n � 1). There was no grade 3 to
4 anemia or thrombocytopenia. Grade 3 nonhematologic toxicities (none grade 4) occurred in 28%
(seven of 25) of patients (nausea/vomiting, n � 3; stomatitis, n � 2; contralateral breast abscess,
n � 1; fatigue, n � 1; and cough/bronchospasms, n � 1). The observed rate of � grade 2 skin
toxicity was 0% (0 of 25; one-sided 95% CI, 0% to 11%).

Conclusion
PBI with concurrent ddAC is feasible, and local/systemic toxicity is acceptable. Larger studies are
warranted to assess long-term locoregional control and late toxicities.

J Clin Oncol 27:2816-2822. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Standard breast-conserving therapy (BCT) is de-
fined as a lumpectomy followed by whole-breast
irradiation (WBI).1-3 Unfortunately, fear of toxicity
from WBI and the inconvenience of 5 to 7 weeks of
daily radiation often cause women who would oth-
erwise be candidates for BCT to choose mastectomy
and therefore suffer an unnecessary anatomic loss.
Alternative methods are needed to facilitate BCT.
One promising alternative is partial breast irradia-
tion (PBI). The goal of PBI is to deliver a therapeutic
dose of radiation to the lumpectomy bed and sur-
rounding tissue only. Conceptually, PBI is based on

the observation that most local recurrences after tra-
ditional BCT arise in the same quadrant as the orig-
inal tumor, suggesting that WBI may not be
necessary.2,4,5 Treatment to the involved area only,
PBI, may suffice.6-10 Large, randomized trials in
both North America and Europe are assessing the
efficacy of PBI. Small studies suggest that PBI may be
equally effective as WBI.11,12

In BCT, chemotherapy, combined with radia-
tion, improves local control when compared with
radiation alone.2,13 However, controversy exists re-
garding the optimal sequencing of these modali-
ties.13,14 Concurrent chemotherapy and radiation
offer real and potential benefits. Concurrent therapy
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shortens the overall duration of therapy, allows both treatments to
start temporally closer to surgery (theoretically maximizing the bene-
fits of each modality), and potentially improves local control via the
radiation-sensitizing effects of chemotherapy.

Concurrent therapy has successfully been achieved with
cyclophosphamide, methotrexate and fluorouracil (CMF) and
radiation.14-16 Concurrent use of taxanes and WBI seems feasible.17

Anthracycline regimens offer a survival benefit over CMF in the adju-
vant setting, but available data suggest prohibitive toxicity if combined
with WBI.18 Hoogenard et al19 reported a 30% rate of moist desqua-
mation with the concomitant use of epirubicin and WBI. Fiets et al20

reported a 44% rate of grade 4 radiation dermatitis (RD) when com-
bining an anthracycline with WBI. These authors also reported that
the incidence of severe RD doubled when regional lymph nodes were
included in the treatment portal. The severe toxicity seen in this and
other studies helped to form a core belief in oncology: anthracyclines
and radiation cannot be administered concurrently without exces-
sive toxicity.21-23

However, with the advent of PBI and the resulting decrease in
breast tissue irradiated, the prohibitive toxicity previously associated
with concurrent chemotherapy and breast irradiation may no longer
exist. To test this hypothesis we designed and executed a single-
institution phase I trial to evaluate the feasibility of PBI with concur-
rent dose-dense doxorubicin and cyclophosphamide (ddAC). Our
primary goal was to evaluate the local and systemic acute and late
toxicity of this combination of therapies. This report presents the
clinical results of our trial.

PATIENTS AND METHODS

Study Design and Eligibility

Women with stage I to II breast cancer who had a lumpectomy and
received a recommendation for adjuvant chemotherapy were considered for
trial enrollment. Eligibility criteria included age � 40 years with histologically
proven adenocarcinoma of the breast, a tumor � 4.0 cm, � 3.0-mm negative
lumpectomy margins, and 0 to three involved axillary lymph nodes. Patients
with a positive sentinel node biopsy were required to undergo an axillary
node dissection.

Ineligibility criteria included other tumor histologies (eg, squamous cell
or sarcoma), active neoplastic disease, current pregnancy, prior therapeutic
radiation, or prior malignancy, except for basal cell or squamous cell skin
cancer, in situ cervical cancer, or any other malignancy from which the patient
has been disease-free for 5 years. Extensive intraductal component, extra-
capsular extension, and lymphovascular invasion were not exclusion cri-
teria. The study protocol was approved by the Johns Hopkins institutional
review board. The study was registered at the National Institutes of Health
(www.clinicaltrials.gov No. NCT00278109).

Chemotherapy

Chemotherapy consisted of doxorubicin 60 mg/m2 administered intra-
venously over 15 minutes and cyclophosphamide 600 mg/m2 over 30 minutes
repeated every 14 days for four cycles. On day 2, all patients received a single
dose of pegfilgrastim, 6 mg administered subcutaneously, or began a 7- to
10-day course of filgrastim, approximately 5 �g/kg administered subcutane-
ously. Blood counts were assessed on day 1 of each cycle and not routinely
monitored during a cycle in asymptomatic patients. An absolute neutrophil
count � 1,000/�L and platelet count more than 100,000/�L were required for
continuation of chemotherapy. Decisions about additional systemic chemo-
therapy and endocrine therapy after completion of PBI and ddAC were made
independently by the medical oncologist and the patient.

PBI

PBI began up to 2 days before but no later than day 1 of cycle 1 of ddAC.
All patients underwent three-dimensional conformal or intensity-modulated
radiation treatment planning, using five to seven noncoplanar photon beams
only. The clinical target volume (CTV) was defined by uniformly expanding
the lumpectomy cavity, as defined on computed tomography (CT), by 15 mm
in all directions. The planning target volume (PTV) was defined by uniformly
expanding the CTV by 5 mm. Both the CTV and PTV were limited to 5 mm
from the skin surface and the chest wall lung interface. Patients received 15
weekday fractions of 2.7 Gy (40.5 Gy) to the PTV. The dosimetric limitations
are listed in Table 1.

End Points and Statistical Analysis

The primary end points were acute and late systemic and local toxicities.
Toxicities were defined as acute if they occurred during or less than 6 months
after protocol therapy and late if they occurred � 6 months after protocol
therapy. The secondary end points were local control and cosmetic outcome.
All toxicities were graded according to the Common Terminology Criteria for
Adverse Events version 3.0. The sample size was calculated to estimate the
incidence of acute or late radiation dermatitis. Based on historical estimates
that concurrent anthracycline chemotherapy and breast irradiation resulted in
frequent and severe tissue toxicity, we estimated that the use of PBI combined
with ddAC would lead to acute grade 4 toxicities in fewer than 40% of patients.
A sample size of 42 patients yields 89% power to detect a 50% reduction
between the null hypothesis proportion of 0.40 and the alternative hypothesis
proportion of 0.20 using a one-sided, exact binomial hypothesis test with a
target significance level of .05. Results are demonstrated using a one-sided
exact CI. An interim analysis was planned to assess toxicity. If eight or more of
the first 20 patients were to have grade 4 RD, then the lower 85% confidence
bound would be greater than 20% and thus the study would be terminated.

Cosmetic Evaluation

Because cosmetic outcome after BCT is influenced by both definitive
(surgical) and adjuvant therapy (radiation and chemotherapy), we chose to
use a modified Harvard cosmetic scale to delineate the cosmetic consequences
most likely resulting from adjuvant therapy. In the Harvard cosmetic scale, the
untouched contralateral breast serves as a reference. In our modified version,
digital images of the ipsilateral, postsurgical breast, before adjuvant therapy,
serve as a reference (Table 2). Physicians and nurses, who were not part of the
treatment team, scored the cosmetic outcome for each patient by comparing
digital images of the treated breast at baseline to images taken weekly during
concurrent chemoradiation, biweekly during chemotherapy only, and every 3
to 6 months after protocol therapy.

RESULTS

Patient and Treatment Characteristics

Twenty-seven patients signed an informed consent between No-
vember 2004 and February 2007. Two patients did not initiate study

Table 1. Dosimetric Limitations

Structure D(vol) % of Prescribed Dose

CTV D100 100
PTV D100 95
Ipsilateral lung D15 � 30
Heart D10 � 5
Nontarget ipsilateral breast D50 � 50

NOTE. D(vol) is the dose to a volume of tissue as a percentage of the
prescribed dose. For example, heart D10 � 5 means 10% of the heart is
limited to less than 5% of the prescription dose.

Abbreviations: CTV, clinical target volume; PTV, planning target volume.
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procedures: one was found to have residual gross disease during treat-
ment planning, and another withdrew consent. Patient and tumor
characteristics are detailed in Table 3. The median age was 49 years.
The median tumor size was 1.8 cm (range, 0.4 to 3.0 cm). Inverse
treatment planning was used in five of 25 patients. The CTV and PTV
dosimetric limitations were satisfied in 24 of 25 and 25 of 25 patients,
respectively. Nontarget tissue dosimetric limitations were met in all
but one instance. In that patient, 15% of the heart (rather than the
prescribed 10%) received 5% of the dose. The median follow-up is 27
months (range, 9 to 44 months).

As planned, an interim analysis of the first 20 assessable patients
was performed. It revealed that there was no grade 4 RD. In fact, after
an additional five patients, there was no RD � grade 2. Consequently,
the research team concluded that our anticipated estimate of 20%
toxicity was much higher than that observed in the trial and that strong
evidence existed to reject the null hypothesis of 40% toxicity. Specifi-
cally, with 25 patients ultimately enrolled and no toxicities, the (two-
sided) P value for testing the null hypothesis of a 40% RD toxicity rate

is .000004. We then obtained permission from the Johns Hopkins IRB
to terminate accrual to the study.

All patients completed PBI, and 84% (21 of 25) completed all
planned cycles of ddAC; all 25 patients received at least three cycles of
chemotherapy. Reasons for early discontinuation of treatment in-
cluded grade 3 mucositis and febrile neutropenia in cycle 3 (n � 1),
grade 3 nausea/vomiting and febrile neutropenia in cycles 2 and 3
(n � 1), diverticulitis requiring surgical intervention (complicated by
repeated wound infections) and neutropenia after cycles 1 and 2
(n � 1), and social circumstances that precluded additional chemo-
therapy (n � 1).

Of the patients who completed chemotherapy, four patients had
chemotherapy treatment delays. All delays were of cycle 4 and ranged
from 1 to 2 weeks. One patient’s treatment delay was due to a con-
tralateral breast abscess with grade 4 neutropenia. The treatment de-
lays in the remaining three patients were nonhematologic and
included perianal dermatitis (grade 2), foot blisters (grade 2), and
cough/bronchospasms (grade 3). Of the total number of cycles deliv-
ered, 5.3% were delayed.

Hematologic and Nonhematologic Systemic Toxicity

Hematologic and nonhematologic toxicities are listed in Table 4.
Grade 3 and 4 absolute neutrophil count toxicity occurred in 16%
(four of 25) of the patients. There was no grade 3 or 4 thrombocyto-
penia or anemia. Grade 3 (none grade 4) nonhematologic toxicities
occurred in 28% (seven of 25) of the patients. Nausea and vomiting
were the most common toxicities (three of 25) followed by mucositis
(two of 25), fatigue (one of 25), cough/bronchospasms (one of 25) and

Table 2. Modified Harvard-Harris Cosmetic Scale

Poor Fair Good Excellent

When compared with baseline
image, there is marked
change in the appearance of
the breast involving more than
one quarter of the breast
tissue. The skin changes are
very obvious. There is severe
scarring and thickening of
the breast. In retrospect,
mastectomy would have been
a better option.

When compared with baseline
image, there is moderate
deformity with obvious
difference in the size and
shape of breast. This
change involves one quarter
or less of the breast. There
is moderate thickening or
scar tissue of the skin and
the breast and obvious
color changes.

When compared with the baseline
image, there is mild asymmetry
or slight difference in the size
or shape of the breast. Mild
reddening or darkening of the
breast. The thickening or scar
tissue within the breast causes
only a mild change in the
shape.

When compared with the baseline
image, there is minimal or no
difference in size or shape or
consistency of the breast.
There may be mild thickening
or scar tissue within the breast
or skin, but not enough to
change the appearance.

Table 3. Patient Characteristics

Characteristic No. %

Age, years
� 45 5 20
� 45 20 80

Menopausal status
Pre 15 60
Post 10 40

Tumor size, cm
� 2.0 20 80
� 2.0 5 20

ER status
Positive 12 48
Negative 13 52

Positive axillary nodes
0 17 68
1-3 8 32

Chemotherapy
AC 12 48
AC � paclitaxel 13 52

GCSF
Pegfilgrastim 21 84
Filgrastim 4 16

Abbreviations: ER, estrogen receptor; AC, doxorubicin and cyclophospha-
mide; GCSF, granulocyte colony-stimulating factor.

Table 4. Systemic Toxicity�

Toxicity Grade 3 (No.) Grade 4 (No.)

Absolute neutrophil count 1 3
Platelets 0 0
Hemoglobin 0 0
Nausea/vomiting 3 0
Diarrhea 0 0
Stomatitis 2 0
Fatigue 1 0
Cough 1 0
Infection 1 0

�According to Common Terminology Criteria of Adverse Events version 3.0.
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contralateral breast abscess in the setting of grade 4 neutropenia (one
of 25).

The etiology of the cough/bronchospasms is uncertain. This pa-
tient presented with complaints of cough, shortness of breath, and
fatigue less than 2 weeks after completing PBI. A CT revealed nodular
infiltrates limited to the left lung lingula adjacent to the area that
received PBI. After a failed course of corticosteroids and fluconazole,
the patient was treated with moxifloxacin hydrochloride and had
marked symptomatic improvement with subsequent resolution of the
nodular infiltrates previously seen on CT. It is possible that these

symptoms were due to a unique form of radiation pneumonitis, given
the novelty of the treatment. Because of the patient’s improvement
with antibiotics, the unusual presentation, and the small amount of
lung affected by radiation (� 8% of the ipsilateral lung received more
than 10 Gy), we characterized her illness as an acute respiratory syn-
drome of unknown etiology.

RD and Cosmetic Outcome

Four patients had no skin changes during the course of therapy
and the remaining 21 (84%) exhibited only grade 1 RD in the treated
area. No patient had grade 2, 3, or 4 RD (one-sided 95% CI, 0% to
11%; Table 5).

Baseline images were compared with images during the last week
of radiation. Twenty-four of 25 patients were found to have a good or
excellent cosmetic outcome. One patient was graded as having a poor
cosmetic outcome as a result of hyperpigmentation in the treated area.
(Fig 1A). At 6 months, 24 of 25 (including this one patient) were
scored as having good or excellent cosmesis. A 6-month image was not
available for another patient. However, an image of the treated breast

Table 5. Radiation Dermatitis

Radiation Dermatitis No. %

No skin changes 4 16
Grade 1 21 84
Grade 2, 3, or 4� 0 0

�One-sided 95% CI, 0% to 11%.

A

B

C

End of XRT 6 monthsBaseline

Baseline End of ddAC 17 months

Baseline End of XRT 5 months

Fig 1. (A) Sole patient with poor cos-
metic score at completion of radiation.
Image demonstrates only hyperpigmen-
tation. There is no moist desquamation.
The cosmetic outcome was later scored
as good/excellent at the 6-month follow-
up. (B, C) Representative images of the
majority of patients studied. XRT, external-
beam radiation; ddAC, dose-dense doxoru-
bicin and cyclophosphamide.
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at 10 months was available and scored as good/excellent when com-
pared with baseline.

Postradiation Toxicity

All 25 patients are free of late skin or lung toxicities, with a median
follow-up of 27 months (range, 9 to 44 months). One patient was
hospitalized for nonradiating chest pain 42 days after completion of
protocol therapy and 7 days after cycle 3 of paclitaxel. Her examina-
tion was significant for pleuritic chest pain and “subtle pericardial
rub.” An ECG revealed sinus tachycardia, diffuse ST segment eleva-
tions, PR segment depressions in lead 2, and PR segment elevations in
AVR lead. Cardiac enzymes analysis, echocardiogram, chest x-ray,
and CT scan were all within normal limits. She was diagnosed with
pericarditis and mild myocarditis, possibly related to the paclitaxel
and pegfilgrastim, treated with ibuprofen successfully, then dis-
charged the following day. The final cycle of paclitaxel was discontin-
ued, and the patient has had no other episodes of chest pain. In review
of her radiation treatment plan, and based on the free-breathing
treatment planning CT scan, less than 0.05% of the cardiac tissue
received more than 1 Gy.

DISCUSSION

Prospective randomized trials have established the role of concurrent
chemoradiation in the treatment of head and neck, pancreas, rectum,
lung, and brain malignancies.15,24-28 Unfortunately, our ability to test
the concept of concurrent chemotherapy and radiation in patients
undergoing BCT has been limited because of toxicity.15,19,20 Nonethe-
less, interest remains in this combined modality approach. Two re-
cently published randomized prospective trials examined the role of
concurrent chemoradiation in the management of breast cancer.
Rouesse et al29 randomly assigned 416 women with node-positive
breast cancer to breast and regional nodal irradiation with concurrent
fluorouracil, mitoxantrone, and cyclophosphamide (FNC, 500, 12,
and 500 mg/m2, respectively, every 21 days for four cycles) or sequen-
tial fluorouracil, epirubicin, and cyclophosphamide (500, 60, and 500
mg/m2, respectively, every 21 days for four cycles). In this study, the
5-year locoregional failure rates were 9% and 3% in the sequential and
concurrent arms, respectively (P � .01). In separate trial, Toledano et
al30 randomly assigned 716 women with stage I and II breast cancer to
WBI with concurrent or sequential FNC (500, 12, and 500 mg/m2,
respectively, every 21 days for six cycles). In the node-positive sub-
group, there was a significant difference in locoregional recurrence-
free survival between the sequential and concurrent arms: 91% and
97%, respectively (P � .02). The data suggest that a benefit to concur-
rent chemotherapy and radiation in breast cancer exists. A potential
weakness of both trials is that the chemotherapy regimens, FNC and
fluorouracil, epirubicin, and cyclophosphamide, may be considered
by some to be outdated or nonstandard. The epirubicin dose of 60
mg/m2 in the Rouesse et al29 trial may be considered low. Regimens
using doxorubicin and cyclophosphamide, frequently followed by a
taxane, are currently now more common in the United States.

In our trial, we chose to combine one of the most commonly used
and potentially radiation-sensitizing chemotherapy regimens, ddAC,
with PBI. Also, we chose a PBI fractionation scheme that differs from
that in the ongoing National Surgical Adjuvant Breast and Bowel
Project B-39/Radiation Therapy Oncology Group 0413 PBI trial. In

our trial, patients received 40.5 Gy (2.7 Gy � 15) in external-beam
radiation to the lumpectomy bed plus margin. This regimen was
initially based on the results of a trial by Whelan et al and later
supported by the results of the United Kingdom national Standard-
ization of Radiotherapy (START) trial B.31,32 Both trials showed, in a
randomized controlled fashion, that 2.67 Gy � 16 and 2.67 Gy � 15,
respectively, were equivalent to the current WBI standard of 2.0 Gy �
25 with respect to local control. The fractionation scheme in National
Surgical Adjuvant Breast and Bowel Project B-39/ Radiation Therapy
Oncology Group 0413 (3.85 � 10 twice a day) has not been evaluated
in a like manner.

One potential criticism is that our dose of 40.5 Gy (2.7 Gy � 15),
which is based on the WBI dose of 50 Gy (2.0 Gy � 25), is insufficient
for PBI. In the Boost–No Boost trial, 5,318 patients were randomly
assigned to additional radiation (boost) or not after completing 50 Gy
of WBI. The authors originally reported a local control benefit in
patients who received a boost.33 However, a recent subset analysis on
more than 1,700 patients, who underwent central pathologic review
revealed that there was no local control benefit associated with a boost
in patients with surgical margins � 2 mm.34 Given the results of this
subset analysis and the fact that participation in our trial required
� 3-mm surgical margins, we remain confident that our fractionation
regimen is sufficient.

Our trial results show that PBI with concurrent ddAC has an
acceptable hematologic and nonhematologic toxicity profile. The like-
lihood of RD � grade 2 is � 11% (one-sided 95% CI, 0% to 11%).
Our results not only stand in stark contrast to those reported by
Fiets et al,20 but also call into question one of the most strongly held
oncologic beliefs, that radiation and anthracyclines cannot be admin-
istered concurrently without excessive toxicity. These findings have
significant implications. They suggest that we can, perhaps for the first
time, safely evaluate concurrent versus sequential therapy in early-
stage breast cancer using both modern chemotherapy and modern
radiation techniques.

Although promising, there are several reasons why this regimen
should not be offered outside of a clinical trial. First, PBI has not yet
been shown to be equivalent to WBI. Those studies are ongoing.
Second, although the toxicity profile in our trial seems to be accept-
able, the results are preliminary and based on a small sample size.
Finally, 8% to 12% (two to three of 25) of the patients did not com-
plete chemotherapy because of treatment-related toxicities. This per-
centage may seem higher than expected at first, but review of the
literature suggests otherwise. In Cancer and Leukemia Group B 9741,
a trial that established the benefit of ddAC, the authors do not explic-
itly state the percentage of patients who did not complete all four cycles
of chemotherapy.35 However, Citron et al35 report that 31% of the
patients who received ddAC had at least one cycle delayed and 6% of
all cycles were delayed. This compares favorably with 32% and 5.6% in
our patients, respectively.

Our trial shows that anthracyclines and PBI can be administered
concurrently without acute toxicity. However, verification in a larger
trial and longer follow-up are necessary to determine the ultimate
cosmetic outcome and late toxicity profile. Presently, we are conduct-
ing a feasibility trial evaluating the toxicity of concurrent PBI, with
taxane as well as longer anthracycline-based chemotherapy regi-
mens. Our preliminary findings support the development of a larger-
scale randomized trial of PBI with concurrent or sequential
chemotherapy. This proposed trial will compare not only the safety
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and cosmetic outcomes of these two schedules but will also test the
hypothesis that concurrent chemotherapy and PBI will result in im-
proved breast cancer outcomes.
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