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Summary

This prospective phase 2 trial
recruited 32 patients with
locally advanced breast can-
cer to receive neoadjuvant
radiosensitizing chemo-
therapy with concurrent
radiation. Patients were
matched to a concurrent
cohort treated with neo-
adjuvant chemotherapy,
mastectomy, then radiation.
Patients showed significantly
improved pathologic com-
plete response but no statis-
tically significant difference
in survival. A prospective
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Purpose: To evaluate whether concurrent neoadjuvant radiation added to standard
chemotherapy could increase the pathologic complete response (pCR) to treatment
for locally advanced breast cancer (LABC).
Methods and Materials: This prospective phase 2 trial recruited 32 LABC patients
from 2009 to 2011. Patients received neoadjuvant every-3-weekly 5-fluorouracil
(500 mg/m2), epirubicin (100 mg/m2), and cyclophosphamide (500 mg/m2) for 3 cy-
cles, followed by weekly docetaxel (35 mg/m2) for 9 cycles. Regional radiation
(45 Gy/25 plus 5.4 Gy/5) was delivered concurrently with docetaxel, then modified
radical mastectomy. Patients were matched post hoc by a blinded statistician to a con-
current cohort treated with neoadjuvant chemotherapy, modified radical mastectomy,
and adjuvant regional radiation.
Results: Thirty of 32 patients completed treatment. Twenty-seven were successfully
matched by propensity score to 81 control patients by age, stage, and molecular sub-
type. The concurrent chemoradiation produced a significant increase in pCR (14% vs
22%, P<.001) but no statistically significant difference in disease-free and overall sur-
vival at 3 years (respectively, 69% vs 81%, PZ.186, hazard ratio 0.51; and 74% vs
89%, PZ.162, hazard ratio 0.46). Toxicity included 25% of patients with grade 3
pneumonitis and 25% of patients with dermatitis, and 1 death.
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randomized trial is warranted

using another radiosensitizer
to exploit this improved
response with reduced
toxicity.
Conclusions: Concurrent neoadjuvant radiation added to radiosensitizing chemo-
therapy significantly improved pCR. A prospective randomized clinical trial is war-
ranted to exploit the improved response seen with concurrent therapy but using
another radio-sensitizing taxane, to better minimize treatment-related toxicity and
determine its impact on overall survival. � 2017 Elsevier Inc. All rights reserved.
Introduction

Breast cancer is the most common noncutaneous cancer
diagnosis for women in Canada, with approximately 24,400
women diagnosed in 2014 and 5000 dying of the disease
(1). Although newer treatments have improved overall
survival (OS) and progression-free survival for early and
metastatic cancer patients, respectively (2), there remains a
subgroup of women with locally advanced breast cancer
(LABC) who do poorly.

Locally advanced breast cancer is most commonly
defined as stage IIB (T3N0) and stage IIIA/B/C; clinically
these tumors are greater than 5 cm in size and/or extend
into the surrounding skin/muscle, with/without matted
axillary lymph nodes (N2), internal mammary nodes (N3),
or ipsilateral supraclavicular lymph node involvement (3).
Locally advanced breast cancer represents 10% to 15% of
our population-wide breast cancer cases, and the OS has
been estimated at 30% to 42% at 5 years (4), a significant
portion of whom will be living with metastatic disease. A
subset of women receiving neoadjuvant chemotherapy who
achieve a complete pathological response (pCR; no residual
disease following neoadjuvant treatment) have an improved
5-year disease-free survival (DFS) rate of 87% (4), with 5-
year OS rates of 89% (4) and 90% (5). As such, pCR rates
have become the surrogate measure for favorable long-term
outcomes in neoadjuvant therapy trials (6, 7), particularly
because the efficacy of systemic therapy can only be
evaluated with in vivo disease. Neoadjuvant chemotherapy
has become a standard of care for inoperable LABC and
operable LABC for which breast-conserving surgery is
being contemplated (8, 9).

Cytotoxic chemotherapy has been shown to have radi-
osensitizing features in other disease sites, as assessed
through improved clinical outcomes with increased
locoregional toxicity. The most notable are fluoropyr-
imidines (10, 11), mitoxantrones (12), taxanes (docetaxel
and paclitaxel) (13, 14), and platinum (15) drugs. However,
limited published data exist for the use of neoadjuvant
chemo/radiotherapy in LABC. The most common reported
use of radiation therapy concurrent with radiosensitizing
chemotherapy is in metastatic disease, in inoperable or
inflammatory breast cancer patients who progress on first-
line anthracycline-based chemotherapy (15-18) in which
5-fluorouracil (5-FU) or capecitabine were used as the
radiosensitizing agent.

Our hypothesis was that concurrent neoadjuvant radio-
sensitizing chemotherapy with regional radiation would
significantly improve the pCR rate. The rationale for this
approach was to avoid compromising on systemic efficacy
for distant relapse with dose reductions, avoiding sandwich
techniques that could create dose delays in the chemo-
therapy delivery, while delivering standard adjuvant doses
of regional radiation to provide optimal locoregional con-
trol in these high-risk patients.
Methods and Materials

Rationale

When this clinical trial began, the only Ontario health
careefunded neoadjuvant chemotherapy regimen for breast
cancer was AC-T (doxorubicin and cyclophosphamide,
followed by paclitaxel). The choice of FEC-D (5-FU
500 mg/m2, epirubicin 100 mg/m2, and cyclophospha-
mide 500 mg/m2 intravenously [IV] every-3-weekly � 3
cycles, then docetaxel 100 mg/m2 IV weekly � 9 cycles)
was based on the superior survival in high-risk patients in
the PACS-01 study (19). Furthermore, epirubicin is asso-
ciated with a lower risk of cardiotoxicity than doxorubicin,
which is important when giving concurrent radiation
(20, 21). Weekly docetaxel is as effective as docetaxel
given every 3 weeks in the metastatic setting (22) but is
associated with less toxicity, which should reduce the
chances of having to reduce or eliminate cycles of
chemotherapy. Therefore, FEC-D was selected.

The weekly docetaxel regimen (35 mg/m2) was selected
to provide constant radiosensitizing during chemotherapy
(22, 23). Special permission was obtained from Cancer
Care Ontario to have this regimen funded through the
Ministry of Health for this trial only. Standard regional
intensity modulated radiation therapy (IMRT) (45 Gy/25
fractions � 5.4 Gy/3 fractions or 9 Gy/5 fractions boost for
gross residual disease) was selected to provide optimal
regional therapy for these patients at high risk of relapse.
Permission was obtained from Health Canada for use of
these regimens concurrently in the neoadjuvant setting.
This study was approved by Western University’s Health
Subjects Research Ethics Board and conforms to the pre-
cepts established by the Helsinski Declaration.

Patient description

Thirty-two patients presenting to the London Regional
Cancer Program with noninflammatory LABC participated
in this single-arm prospective phase 2 clinical trial from
2009 to 2011. Patients were eligible if they had biopsy-
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proven LABC (any T3 or T4 tumor stage or any N2 or N3
nodal stage by American Joint Committee on Cancer [24]
staging). Patients were all female, at least 18 years of age,
and able to give informed consent, with a negative serum
pregnancy test, no prior history of invasive cancer, and
adequate renal, hepatic, pulmonary, and cardiac function.
Patients were staged using physical examination, computed
tomography of the chest/abdomen/pelvis, and bone scan to
rule out metastases. Serial methoxyisobutylisonitrile
(MIBI) single photon emission computed tomography/
computed tomography imaging was used at 3 time points as
an exploratory imaging substudy and is therefore not
described in this study.
Treatment regimen

Patients were treated with 3 cycles of FEC every-3-weekly,
followed by docetaxel weekly � 9 weeks (Fig. 1).

On the evening before docetaxel chemotherapy, dexa-
methasone (8 mg oral) was taken by each patient. Con-
current radiation therapy was started during the first day of
docetaxel. Radiation therapy consisted of external beam
IMRT for a dose of 45 Gy in 25 fractions. A reduced-
volume boost of 5.4 Gy in 3 fractions to 9 Gy in 5 fractions
was given to residual gross disease in the breast and/or
regional lymph nodes. Treatment planning was performed
on the Philips Pinnacle workstation (Philips, Amsterdam,
The Netherlands), and treatment was delivered on
Locally Advanced Breast Cancer
(excluding inflammatory)

MRI + CT (Chest Abdomen Pelvis) + Pulmona
Baseline Imaging:

Imagin
Chemotherapy:

Chemotherapy: Radiotherapy:

Surgery:

Function Testing + Bone Scan + Wall Motio

5-Fluorouracil + Epirubicin +
Cyclophosphamide (FEC)

PET Sesta
Weeks 1 a

Weeks 1, 3 and 6

Docetaxel
Weeks 9-14
Weeks 15-17

Regional Daily
Radiation (60 Gy)

Weeks 9-14

5 Weeks

Modified Radical Mastectomy

Fig. 1. Schema for the locally advance breast cancer clinical
methoxyisobutylisonitrile; MRI Z magnetic resonance imaging
megavoltage machines using 6-MV energy or greater.
Chemoradiation was followed by modified radical mas-
tectomy (with level 1 and 2 axillary node dissection)
5 weeks after chemotherapy, allowing 8 weeks of radiation
recovery preoperatively. Patients were not offered breast-
conserving surgery because modified radical mastectomy
was considered the standard of care at our institution at the
time of this study, which was aimed at patients with tumors
that were large and inoperable or operable by mastectomy.

Adverse events and toxicity grading were assessed by
the patient’s treating oncologist as per the National Cancer
Institute (25). Patient tolerability was assessed every 3
patients, and any toxicity grade �4 or treatment delays
were reviewed by an independent data safety monitoring
committee (IDSMC). Mid-study the protocol was modified
to require normal pulmonary function tests and nonsmoker
status after the first 3 patients with pneumonitis were
reviewed by the IDSMC.

Women with HER2-positive disease received 1 year of
trastuzumab, initiated concurrently with docetaxel, given
the absence of cardiotoxicity even when administered
concurrently with radiation or taxanes (26, 27). Car-
diotoxicity was monitored using a wall motion study per-
formed every 3 months while on therapy. Dose
modification was made as per international and institutional
guidelines for trastuzumab-associated cardiac dysfunction
(28). Women with estrogen receptor (ER)epositive disease
received postoperative endocrine therapy according to their
menopausal status.
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trial. Abbreviations: CT Z computed tomography; MIBI =
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Table 1 Patient demographics comparing neoadjuvant con-
current chemotherapy and radiation therapy in LABC study
patients with a concurrent matched control cohort

Variable

LABC
chemotherapy
matched cohort
(3:1) (nZ81)

Chemoradiation
LABC study*

(nZ27) P

Mean age at
registration (y)

51.2 49.3 .58

Baseline mean
tumor size (mm),
pretreatment
(baseline
ultrasound)

42.0 43.2 .84

Baseline clinical
node (%)

.29

N0 10.1 28.1
N1-N3c 65.9 68.8
NX 24.0 3.1

Luminal subgroup, n
(%)

.99

Luminal A 29 (34.9) 9 (33.3)
Luminal B 33 (39.8) 10 (37.0)
HER2þ 8 (9.6) 3 (11.1)
Basal 13 (15.7) 5 (18.5)

Abbreviation: LABC Z locally advanced breast cancer.

* The LABC chemoradiation cohort sample size Z 32; 1 patient

excluded because of disease progression before receiving radiation,

therefore changed protocol; 1 patient excluded because of death during

treatment; 3 patients could not be matched, therefore not included in

matched analyses.
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Assessment of pathologic response

Pathological response was subcategorized as follows (29):
pCR: pathologic complete response (no residual invasive
disease in the breast or axilla); pSPR: pathologic significant
partial response (<10 microscopic foci of tumor within
breast); pPR: pathologic partial response (<30% of original
tumor remaining); SD: stable disease (30%-80% of
original tumor remaining); NR: no response (81%-120% of
original tumor remaining). This classification was used to
identify pCR versus non-pCR (which comprised partial
responders because nonresponders were taken off study in
favor of second-line therapies).

Molecular subtype was categorized using tumor pheno-
type as a surrogate for genotypic classification, as follows:
luminal A: ER and/or progesterone receptor (PR) positive,
epidermal growth factor receptor ErB2 (HER2) negative, not
high grade; luminal B: ERand/or PRpositive, high grade only
(HER2 positive or negative); HER2þ: ER and PR negative,
HER2 positive; basal: ER and PR negative, HER2 negative.

The proliferation marker Ki67 is not measured at our
institution.

Statistical analysis

This studywas designed to accrue 52 patients, on the basis of a
sample size calculation powered to detect a doubling of pCR
rate (26%-52%) from published clinical trials of neoadjuvant
chemotherapy (9), but the study closed prematurely after a
treatment-related death and high rates of radiation pneumo-
nitis, with 32 patients accrued, at the recommendation of the
IDSMC. The treatment cohort (nZ30) was compared with a
concurrent control cohort of LABC patients off-study treated
at the same institution by other surgeons, who received neo-
adjuvant chemotherapy (FEC-D or AC-T), modified radical
mastectomy, and equivalent locoregional radiation delivered
in the adjuvant setting (50 Gy/25 fractions using IMRT; pa-
tients werematched by a blinded statistician 1:N by stage, age,
and molecular subtype using greedy matching by propensity
score� 0.1 tominimize selection bias). Student t test was used
to compare age and tumor size, whereas c2 analysis was used
to compare nodal status and luminal subtype between groups.
Cox regression analysis was used with a robust sandwich
estimator for paired comparison of pCR rates between the
concurrent chemoradiation cohort and the control cohort.
Kaplan-Meier estimates were generated for disease-free and
OS for matched patients (nZ108) stratified by treatment
group.Cox proportional hazards analysis was used to compare
disease-free and OS, adjusted for matched design (nZ108).
SAS 9.4 (SAS Institute, Cary NC) was used for statistical
analyses, using 2-sided testing with a significance of .05.

Results

Of the 32 patients accrued to the study, 1 progressed during
the FEC portion of the treatment and was taken off study in
favor of second-line chemotherapy. Another patient with
inoperable bilateral LABC received bilateral regional ra-
diation therapy during the docetaxel/radiation portion of the
study and developed pneumonitis-induced acute respiratory
distress syndrome after completion of radiation. This pa-
tient did not receive surgery and died shortly thereafter. The
study was prematurely terminated after this event because
of concerns around that time of high rates of pneumonitis
seen with taxotere both on and off this study. Of the 30
patients who completed neoadjuvant therapy and surgery,
27 were matched to 81 concurrent control patients, because
statistical power was optimized with a 1:3 matching.

No statistically significant difference in patient age,
pretreatment tumor size, pretreatment nodal status, or mo-
lecular subtype was found using Student t test for age and
tumor size and c2 analysis for nodal status and molecular
subtype (Table 1).

A statistically significant difference in post-
chemotherapy tumor size was seen (mean residual tumor
size in the concurrent chemoradiation cohort was 13 mm,
vs 31 mm in the control cohort, P<.001) (Table 2).

The pCR rate was higher in the concurrent chemo-
radiation cohort (22.6% vs 14.9% in the control cohort,
PZ.019) (Table 2). The number of patients in each mo-
lecular subtype group was too small to permit statistical
comparisons of pCR rates by molecular subtype. None of



0
0

20

40

60

80

100

12 24 36 48 60

Di
se

as
e-

Fr
ee

 S
ur

vi
va

l (
%

)

Time (Months)

Neoadjuvant CT
Neoadjuvant CT + RT P=.186

Number at risk:
81
27

71
25

41 30
18

17
8

9
22
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the concurrent chemoradiation cohort patients who
achieved pCR have had a recurrence, whereas 36% of
patients who did not achieve pCR recurred and died of their
disease within 36 months of treatment.

There was no statistically significant difference in DFS
or OS between the treatment groups at 36 months, with a
DFS for the concurrent chemoradiation cohort of 81%,
versus 69% for the control cohort (Fig. 2).

The hazard ratio (HR) for DFS in the concurrent
chemoradiation cohort was 0.51 (95% confidence interval
0.18-1.39; PZ.186). Similarly, OS was not statistically
significantly different between the concurrent chemo-
radiation cohort (89%) and the matched control cohort
(74%) (Fig. 3).

The HR for OS was 0.46 in favor of the concurrent
chemoradiation cohort (95% confidence interval 0.16-1.36;
PZ.162).

There was a 25% rate of grade 3 dermatitis and a 25%
rate of grade �3 pneumonitis, which includes 1 death from
acute respiratory distress syndrome. The list of toxicities
seen in the chemoradiation is outlined in Table 3. The
toxicity profile of the control cohort was not collected
prospectively and is therefore not available for comparison.
Table 2 Clinical response to neoadjuvant therapy (primary
chemotherapy for LABC chemotherapy matched cohort vs
concurrent chemotherapy with radiation therapy for LABC
study patients)

Variable

LABC
chemotherapy
matched cohort
(3:1) (nZ81)

Chemoradiation
LABC study*

(nZ27) P

Mean tumor size
(mm),
posttreatment
(pathology)

31.1 13.2y .001

Lymph nodes
positive (%)
after treatment

60.9 53.3 z

Luminal subgroup with pCR (%)
Luminal A 6.0 0
Luminal B 13.9 27.3
HER2þ 30.3 66.7
Basal 18.0 40.0

Total with
pCR (%)

14.9 22.6x .019

Abbreviation: pCR Z pathologic complete response. Other abbre-

viation as in Table 1.

* The LABC chemoradiation cohort sample size Z 32; 1 patient

excluded because of disease progression before receiving radiation,

therefore changed protocol; 1 patient excluded because of death during

treatment; 3 patients could not be matched, therefore not included in

matched analyses.
y P<.05.
z Posttreatment nodal status was not statistically compared. A dif-

ference would be expected from the axillary radiation in the LABC

chemoradiation cohort, whereas the control group had not yet received

axillary radiation.
x Excluded 1 patient who did not complete chemotherapy or have

surgery.
Discussion

This study suggests that the addition of neoadjuvant radi-
ation to anthracycline and taxane-based chemotherapy
significantly improved the pCR rate in LABC patients;
however, the 15% difference in DFS and OS at 3 years was
not statistically significant when compared with a
propensity-matched control group.

Since this trial began, other trials using concurrent
neoadjuvant chemoradiation for breast cancer have been
published. Follow-up data from Formenti et al (13) were
published (30), demonstrating a combined pCR and pPR
rate of 34%, resulting in a significant association with
better DFS and OS for patients achieving a pCR (HR 0.35
for recurrence and HR 4.27 for OS, P<.01) when compared
with nonresponders within the same treatment cohort. In
that study only taxane was given neoadjuvantly, with the
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Table 3 Toxicity profile of LABC patients treated with
concurrent neoadjuvant chemotherapy and locoregional
radiation

Toxicity No. (%) patients*

Dermatitis, grade 3 8 (25)
Pneumonitis
Grade 3 7 (22)
Grade 5 1 (3)

Postoperative seroma, grade 2 1 (3)
Wound infection 0 (0)
Febrile neutropenia 0 (0)

* Number of patients with grade �2 toxicity out of chemoradiation

cohort (nZ31), including the patient with acute respiratory distress

syndrome. Included in the list are toxicities seen by patients within this

study and toxicities expected from this cohort.
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remainder of the chemotherapy being given adjuvantly. It
did not compare concurrent versus sequential chemo-
therapy and radiation, as this trial does.

Trials of neoadjuvant chemoradiotherapy evaluating
regimens without taxane have since been published
(31-34), most using 5-FU as the radiosensitizing agent,
demonstrating feasibility and reasonable toxicity, with pCR
rates of 10% to 29% and an OS of 84%. These were mostly
retrospective studies in highly selected patients.

Other trials evaluated neoadjuvant concurrent chemo-
radiotherapy as a rescue for LABC patients who progressed
on first-line neoadjuvant chemotherapy, using 5-FU as the
radiosensitizer (35, 36), with reasonable pCR rates and
resultant operability. Long-term outcomeswere not reported.

Ours is the first clinical trial evaluating concurrent
neoadjuvant chemoradiation with a taxane as part of a
modern chemotherapy regimen (FEC-D), delivered with
locoregional radiation in LABC patients. Our findings
support those of the Formenti group (30), whereby pCR
rates increased with concurrent delivery of radiation and
taxane chemotherapy.

This regimen had high rates (25%) of grade 3 dermatitis
(moist desquamation of chest wall skin), which may be
clinically acceptable, though the 25% rate of grade �3
pneumonitis was concerning. Patients presenting with
clinical pneumonitis had the diagnosis confirmed on
computed tomography scan and were treated with a
tapering regimen of corticosteroids. One patient suffered
acute respiratory distress syndrome shortly after comple-
tion of chemotherapy with bilateral regional radiation and
died. None of the 30 patients proceeding to surgery
required a delay in surgery due to pneumonitis. The
pneumonitis experienced by the patients in this study
behaved clinically like acute interstitial pneumonitis and
not radiation pneumonitis, in that the symptoms resolved
acutely and did not lead to long-term impairment; however,
the radiation likely exacerbated its presentation (37).

Capillary leak and interstitial pneumonitis from taxane
chemotherapy is well known, and pretreatment with 8 mg
of dexamethasone (used here) is thought to reduce this risk.
The typical rate of pneumonitis (1%-5% for every-3-
weekly docetaxel) (38) increases when administered
weekly, reportedly to 27% (comparable to our study) (39).
Rates of pneumonitis are also elevated in patients with pre-
existing lung disease (40). However, with the weekly
regimen no patients suffered other toxicities commonly
associated with docetaxel, such as febrile neutropenia or
peripheral neuropathy. No patients developed postoperative
wound infections or dehiscence, although 1 patient had a
protracted seroma requiring multiple aspirations.

One main limitation of this study was its sample size,
which limits the strength of any conclusion. Additionally,
as a matched-cohort phase 2 trial, there was no randomi-
zation to a control arm to correct for unanticipated bias, and
a matched design to a control cohort may have inadver-
tently introduced selection bias. A randomized design was
not selected for this trial given the small population of
patients with nonmetastatic locally advanced breast cancer
seen in each institution and the prohibitive cost associated
with a multi-centered randomized trial at the time of this
study, as well as the lack of clinical equipoise between
concurrent versus sequential therapy. To minimize bias
with the matched cohort design, a blinded statistician per-
formed the matching to our patient population database by
all variables thought to affect the outcomes of interest,
using propensity score (41). Generally, propensity scoree
matched studies are ranked by level of evidence to typically
fall below randomized trials but to be superior to traditional
matching and observational or review studies. This method
is well established in the literature (42, 43). Matched pa-
tients were selected from patients treated in the same time
period as the study patients, to create a concurrent control
cohort and avoid historical bias from unequal follow-up
duration. Nevertheless, unanticipated confounders could
have influenced our results.

The 15% difference in DFS and OS at 3 years was not
statistically significant. We cannot know the impact that
premature termination of the study had on its findings.

Conclusion

The use of concurrent neoadjuvant chemoradiotherapy in
LABC significantly improved the pCR rate. Use of doce-
taxel seems to be associated with a high rate of pneumo-
nitis, therefore a future large, multi-center trial should be
undertaken in which the radiosensitizing benefit of taxanes
can be exploited, using for example paclitaxel (30)
concurrently with locoregional radiation as part of a full
neoadjuvant chemotherapy regimen.

Key Message/Synopsis

Neoadjuvant radiosensitizing chemotherapy with concur-
rent radiation in locally advanced breast cancer signifi-
cantly improved pathologic complete response but did not
show a statistically significant difference in overall survival
at 3 years in this phase 2 trial.
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