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ABSTRACT
Background

In cases of locally advanced breast cancer (LABC),
preoperative (“neoadjuvant’) therapy was traditionally
reserved to render the patient operable. More recently,
neoadjuvant therapy, particularly chemotherapy, is be-
ing used in patients with operable disease to increase
the opportunity for breast conservation. Despite the
increasing use of preoperative chemotherapy, rates of
pathologic complete response, a surrogate marker for
disease-free survival, remain modest in patients with
locally advanced disease and particularly so when the
tumour is estrogen or progesterone receptor—positive
and HER2-negative. A new paradigm for LABC patients
is needed. In other solid tumours (for example, rectal,
esophageal, and lung cancers), concurrent chemora-
diotherapy (ccrr) is routinely used in neoadjuvant and
adjuvant treatment protocols alike.

Results

The literature suggests that cCRT in LABC patients
with inoperable disease is associated with response
rates higher than would be anticipated with systemic
therapy alone.

Conclusions

Ongoing trials in this field are eagerly awaited to
determine if ccrT should become the new paradigm.
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1. INTRODUCTION

Locally advanced breast cancer (LABC) was initially
defined as a heterogeneous group of tumours deemed

inoperable either by size or by location!. More re-
cently, the definition has evolved to include tumours
larger than 5 cm (T3NO or T3N1) or the presence
of bulky metastatic lymph nodes on physical exam
(stage nB—111C)?. Although the natural history of LABC
often varies depending on biologic subtype [for ex-
ample, hormone and HER2 (human epidermal growth
factor receptor 2) status], staging criteria are still
based on the anatomic features of tumour size and
lymph node involvement.

Traditionally, preoperative (‘“‘neoadjuvant™) sys-
temic therapy has been used to downstage tumours
in the hope of making inoperable disease operable.
In recent years, neoadjuvant therapy has increasingly
been used in patients with operable disease. The
objectives in this setting include improving surgical
choice (that is, the ability to choose breast-conserving
therapy) and allowing for an assessment of the in vivo
response to systemic treatment. A number of clinical
studies have even made use of the in vivo response
to conduct sequential tissue biopsies and assess a
range of biomarkers of resistance and sensitivity to
neoadjuvant treatment. It had been hoped that earlier
introduction of systemic therapy in the neoadjuvant
setting would be associated with a survival advan-
tage over traditional postoperative adjuvant therapy.
Sadly, however, such an advantage has not been seen
in most studies>7, but its potential remains an area
of great interest for tumours of specific molecular
subtypes such as HER2-positive or triple-negative’.

Several trials assessing neoadjuvant therapy in
predominantly operable patients have shown that
the amount of residual disease in breast and axilla is
inversely related to survival and that pathologic com-
plete response (pcr) is associated with a significantly
better prognosis®’~13. Indeed, pcr is frequently used
in clinical trials as a surrogate endpoint on the as-
sumption that it is predictive of disease-free survival
(oFs)'4. In the setting of operable disease, rates of
pcr range from 3% to 29%'°. Although patients with
HER2-positive or triple-negative breast cancer achieve
the highest rates of pcr (31% and 27% respectively),
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relapse rates in the absence of pcr remain high!¢. In
contrast, patients with estrogen receptor—positive
disease have a better overall prognosis regardless
of pcr!.

Only a handful of large-scale prospective neo-
adjuvant chemotherapy trials in patients with LABC
or inflammatory breast cancer (iBC) have been pub-
lished. An international, multicentre trial of epiru-
bicin and cyclophosphamide in LaBc and 1Bc, which
compared neoadjuvant dose intensification (120 mg/
m? epirubicin and 830 mg/m? cyclophosphamide on
day 1 every 14 days for 6 cycles) with standard dosing
(60 mg/m? epirubicin on days 1 and 8 and 75 mg/m?
oral cyclophosphamide on days 1-14 every 28 days
for 6 cycles), did not show an improvement in the rate
of pcr (14% and 10% respectively)!”. On the other
hand, the sicog trial showed that a weekly regimen of
paclitaxel, epirubicin, and cisplatin improved the pcr
rate in estrogen receptor—negative tumours (27.5%
vs. 5.4%, p = 0.026) and in HER2-positive tumours
(31% vs. 5%, p=0.037)!8. Results of the long awaited
swoa 0012 trial were recently published. It randomly
assigned patients with 1BC or LABC to treatment either
with conventionally-dosed doxorubicin (60 mg/m?)
and cyclophosphamide (600 mg/m?) followed by
weekly paclitaxel, or with metronomic doxorubicin
24 mg/m? weekly and cyclophosphamide 60 mg/m?
daily followed by standard weekly paclitaxel. No
overall differences in the pcr rate or survival were
found between those regimens'®. Clearly, the forego-
ing trials cannot directly compare response rates in
operable and advanced disease, and the lower rates
of pcr observed in patients with a LABC rather than
with an operable breast cancer have therefore been
assumed to reflect the increased bulk of disease.

A recent analysis by the GEPAR TRIO group looked
at response rates in patients with operable breast
cancer (n = 1777), LaBc (n = 193), and 1BCc (n = 94).
The pcr rate was observed to be lower in the LABC
and 1BC groups combined than in the operable group
(10.5% vs. 17.7%, p = 0.002)!%. When all patients
were included, young age, non-lobular histologic
type, grade 3 disease, and hormone receptor—negative
status all were independent predictors of pcr. Tumour
stage was not itself an independent predictor of pcr.
The lower response rate seen in the LaBc and 1BC
groups of the GEPAR TRIO trial might therefore be
more reflective of the pathologic characteristics of
LABC and 1BC tumours than simply of an advanced
stage at diagnosis!®.

Amplification of the gene encoding HER2 in breast
cancer is a poor prognostic factor that is associated
with advanced stage. However, the development of
trastuzumab has dramatically changed the natural
history of HER2-positive breast disease in the meta-
static and adjuvant settings. It is not surprising that
three large phase 11 trials—the MD Anderson Cancer
Center neoadjuvant trastuzumab trial, the Neoadju-
vant Herceptin (NoaH) trial, and the GeparQuattro

trial—demonstrated that, compared with chemo-
therapy alone, neoadjuvant trastuzumab plus chemo-
therapy significantly increased pcr rates to as high
as 65%2%22. Improvements in 3-year event-free
survival (76% vs. 56% for the trastuzumab groups)
were also reported in the NoaH trial??.

Clearly, a need to optimize both local and system-
ic care for inoperable LABC remains. Improvements
in chemotherapy regimens, such as the sequential
addition of taxanes, have slightly improved pcr
rates?3-24, For patients with LABC who remain inoper-
able after neoadjuvant systemic therapy, the accepted
approach is to treat with salvage radiation therapy
in an attempt to convert to an operable state. In the
largest reported series in that setting, more than 80%
of patients were found to be able to proceed to mas-
tectomy after moderate radiation doses, and 28% of
them remained disease-free after 6 years of follow-
up?’. Furthermore, in patients entered into trials of
neoadjuvant systemic therapy, adjuvant radiation
appears to confer additional local control and DFs
benefits, even after a pcr?®. Those data suggest that
the effects of radiation are complementary to those
of chemotherapy in LaBc and that combining those
approaches might lead to improved outcomes.

In breast cancer, the approach since the advent
of anthracycline-based regimens has been to sequen-
tially deliver chemotherapy and then radiotherapy
(rT). For other tumour sites (gastric, rectal, and lung
cancers), concurrent treatment with chemotherapy
and rT has improved local control, which has trans-
lated into survival benefits?’3!. In nonoperable LABC,
locoregional control remains a significant problem.
Concurrent chemoradiotherapy (ccrt) might be an
attractive approach to improve outcomes. Significant
improvements in locoregional control and better con-
version rates from a nonoperable to an operable state
might translate into increased survival. The present
review describes an experience of ccrT for inoperable
LABC, addressing the use of ccrT in the adjuvant (that
is, postoperative) setting and the results of completed
and ongoing neoadjuvant trials in patients with LABC.

2. STANDARD ADJUVANT THERAPY

Surgery, systemic chemotherapy, and rt all have
integral roles in the multimodal treatment of breast
cancer. The current standard treatment approach is
surgical excision of the primary breast tumour, if
technically feasible, by lumpectomy or mastectomy.
After surgery, various systemic therapies and radia-
tion are considered based on the pathologic features
of the tumour, with the objective of maximizing DFs
and overall survival (0s). In higher-risk disease the
standard approach is to deliver chemotherapy first,
followed by rT. Although that approach is widely
accepted and practiced, the optimal sequence of
delivery is unclear. In the adjuvant setting, chemo-
therapy and rRT can be given sequentially (that is,
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systemic therapy followed by RrT), concurrently, or in
a sandwich approach (that is, RT sandwiched between
cycles of chemotherapy).

Data supporting sequential treatment derives
mostly from studies in early-stage breast cancer.
From pooled data of 10 retrospective studies, delay-
ing RT in favour of chemotherapy increased the risk
of local relapse to 16% from 6%32. Furthermore,
RT given more than 8 weeks after surgery has been
shown to double the local recurrence rate3?. The only
prospective trial designed to answer the questions
concerning sequential treatment in early breast can-
cer demonstrated that patients initially given rT had
higher rates of distant relapse; in contrast, patients
initially given chemotherapy had higher rates of local
relapse?3. The differences were no longer apparent
at 10 years of follow-up>*. A major limitation of the
sequential studies is that the systemic treatments in
use at the time are not comparable to modern chemo-
therapy regimens, which typically include taxanes or
targeted agents such as trastuzumab. It is therefore
possible that the differences in local relapse rates
seen in the foregoing studies might overestimate the
clinical reality today.

3. CONCURRENT CHEMORADIOTHERAPY

Chemotherapy concurrent with radiation has the
potential to offer patients the combined benefits of
improved local and distant disease control. In early
breast cancer, cMF (cyclophosphamide—methotrex-
ate—5-fluorouracil)—based adjuvant ccrt has been
studied in several trials. Although that treatment
had an acceptable toxicity profile and a shortened
overall treatment time, clinical benefit in terms
of os or DFs has not consistently been shown3>-38,
Anthracycline-based ccrt has been associated with
serious skin toxicity, including recall reactions
and cardiac toxicities. In the multicentre random-
ized Arcosein trial, cNF (mitoxantrone 12 mg/m?,
in combination with cyclophosphamide 500 mg/
m? and fluorouracil 500 mg/m?) every 21 days
for 6 cycles, with rT starting during cycle 1, was
compared with sequential cNF and RT; concurrent
treatment was shown to improve local control in
lymph-node-positive patients3?4°, Unfortunately,
the concurrent regimen failed to show any benefit
in 5-year prs and os. Similar results were seen in
a French multicentre trial comparing concomitant
cNF and rRT with CeF (cyclophosphamide—epirubicin—
5-fluorouracil) and sequential RT*'. A benefit in local
control and a decline in the local recurrence rate by
a factor of 2.8 was seen in the concurrent treatment
arm, with no significance difference in os and prs
being observed. Unfortunately, mitoxantrone has
been associated with high rates of leukemic trans-
formation; it is therefore now rarely used.
Anthracyclines and taxanes are the backbone of
most modern breast chemotherapy regimens in North

America. Because anthracycline-based ccrt has been
associated with serious skin and cardiac toxicity, the
use of taxane-based ccrt has been investigated in
patients with operable breast cancer. Taxane-based
ccrT has been shown to carry significant toxicity—
for example, pneumonitis when paclitaxel was given
at weekly and every-three-weeks doses of 60 mg/m?
and 175 mg/m? respectively*?. Although other stud-
ies have shown such regimens to be safe, apart from
mild skin toxicities (see Table 1), they are not recom-
mended in the early (operable) breast cancer popula-
tion because of the increased risk of toxicity from
taxane-based CCRT.

In exploring the role of ccrT in breast cancer, the
use of pcr as a surrogate for an increase in survival
has its limitations. The correlation of survival with
pcr achieved after systemic therapy has been well
established. That correlation could be attributable to
the sterilization of micrometastases if the systemic
therapy were capable of achieving a complete re-
sponse in the primary tumour and lymph nodes. In
that setting, pcr would therefore be a reflection of the
effect of the treatment on all cancer cells, including
disseminated disease. The value of achieving a pcr
with ccrt is not known. In fact, if, in a minimalist
fashion, rT is viewed as a locoregional treatment, then
achieving a pcr might not reflect systemic benefit.
However, some authors have proposed an antitumour
systemic effect of local breast radiation'4.

4. CCRTINLABC

Patients with LABC are, by definition, at high risk of
both local and systemic relapse and might therefore
derive greater benefit from the concomitant use of
chemoradiotherapy. The benefit of ccrT has made that
treatment modality the standard of care in a range
of malignancies (Table 11). Surprisingly, in breast
cancer, only a handful of small prospective studies
have addressed the question of benefit from concur-
rent treatment. Small phase 1/11 studies looking at
5-fluorouracil infusion-based chemotherapy in LABC
have shown some benefit in the pcr rate and in local
control without added toxicity>2>33. Capecitabine-
based ccrt has also been shown to be beneficial
in second-line neoadjuvant (salvage) treatment in
anthracycline-resistant LABc>*. Although 5-fluoroura-
cil or capecitabine were shown to potentiate rT with
an acceptable toxicity profile in other malignancies,
those agents are generally not considered the most
active in breast cancer.

The use of taxanes with concurrent RT is con-
troversial. Two studies, one by Skinner et al.>> and
the second by Kao et al.*®, showed, in phase 1/11
prospective trials in 39 and 33 patients with LABC
and 1Bc respectively, a benefit from concurrent pa-
clitaxel and rt, especially in locoregional control.
Unfortunately, toxicity was seen in more than 41%
of patients (Table ).
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It has been proposed that toxicities can be sig-
nificantly reduced if paclitaxel is administered twice
weekly at 30 mg/m? instead of weekly at 80 mg/m?
or as a continuous infusion at 20-30 mg/m? daily*’.
A recent 5-year update of 105 patients showed high
pcRr rates without any cases of pneumonitis or rate-
limiting toxicities with the use of cCrRT containing
twice-weekly paclitaxel. Overall, the pcr rate was
34%, with the highest rates achieved in the triple-
negative and HER2-positive, hormone receptor—
negative subgroups, at 54% and 50% respectively'4.

A possible explanation for the different toxicity
profile reported by Formenti et al.*’ could be the
timing of the anthracycline chemotherapy relative
to ccrt and the twice-weekly dosing regimen. In the
Formenti study, anthracycline-based chemotherapy
was administered to all patients postoperatively. It
is possible that the high toxicity rates were a result
of synergy between the taxanes, anthracycline, and
rT*, More prospective trials addressing the toxicity
of ccrt and the proper timing and doses of chemo-
therapy relative to rRT are needed.

TaBLET Concurrent paclitaxel and radiotherapy in breast cancer
Reference Pts Paclitaxel Radiotherapy dosing Toxicity
™) (cGy)
Dose (mg/m?) Schedule
Elmongy et al., 19994 32 175-225 Every 3 weeks 5040-6300 Grade 3 skin toxicity: 9
Bellon et al., 2000% 8 20-35x4 days  Every 3 weeks 4680-5040 Acute skin toxicity requiring
9 135-175 Every 3 weeks plus boost delay exceeding 5 days: 6
Taghian et al., 20014 7 175 Every 3 weeks 4000-4600 Pneumonitis: 3 of the 21
14 60-100 plus 600-2000 boost
Hanna et al., 200246 20 175 Every 3 weeks Bcs: 4500 plus 1600 Grade 3 skin toxicity: 7
X3 MAsT: 5040 plus 1000 Pneumonitis: 4
Formenti et al., 20034 44 30 Twice weekly 4500 plus 1800 Grade 3 skin toxicity: 3
Kao et al., 20054 16 20-30x4 days  Every 2 weeks 6000 Greater than grade 3 skin toxicity:
17 80 Weekly 8 of the 33
Burstein et al., 2006%° 16 60 Weekly MAST: 4500 plus 400-1000 Pneumonitis in 3 of 16
24 135-175 Every 3 weeks  BcT: 4500 plus 1000-1600
Chakravarthy et al., 2006°° 38 30 Twice weekly 4500 plus 1400 Skin toxicity: 1
Chen et al., 2010°! 44 175 Every 3 weeks 3960 plus 1400 Grade 3 skin toxicity: 2

Pts = patients; Bcs = breast-conserving surgery; MAST = mastectomy; BCT = breast-conserving therapy.

TABLE I Concurrent chemoradiotherapy with demonstrated survival benefits in solid malignancies

Tumour type Indication Chemotherapy agent or agents Benefit

Head and neck Locally advanced disease Cisplatin, S5ru, cetuximab Improved organ preservation and survival

NSCLC Stage 1B, nonmetastatic Cisplatin, carboplatin, Curative in poor surgical candidates
inoperable disease etoposide, paclitaxel

SCLC Limited stage disease Cisplatin, etoposide Curative in approximately 20%

Esophageal Locally advanced Cisplatin, SFu Increase cure rate, survival, and organ preservation

Glioblastoma Adjuvant Temozolomide Survival benefit

Sru = 5-fluorouracil; NscLc = non-small-cell lung cancer; scLc = small-cell lung cancer.

CURRENT ONCOLOGY—VOLUME 22, NUMBER 1, FEBRUARY 2015

Copyright © 2015 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).



CONCURRENT CHEMORADIOTHERAPY FOR LOCALLY ADVANCED BREAST CANCER

"9]qe[IBAR J0U = VN ‘osuodsar 9301dwoos o15ojoyjed = ¥od osuodsar 930[dwoo = ¥d {[1ovINoIONY-G = NG DAV A[qeI0dsaIun = ogavin ‘Aderoyjorper = 1y ‘sjusnjed = s1q

%t € ur asuodsar o130011eg VN 1 snid ¢ S01 AP{ooMm 901M) Jw/SW ()¢ [OXBIO’J —4il #1010T “Ip 72 swepy
(9%1€) €1 ur¥od I :A)191X0) UTYS ¥1 snid ¢ 8¢ AP{oom 901M) Jw/SW ()¢ [OXBI[I’ 11 0900 “1v 12 AypreaeIyey)
Aderoyyowoyo
d[qerado auwresaq 9,78 QUI-)SIY
1 ur¥od JUOU :f—¢ SOpeID) 0S 8T sAep [ 10j ;w/3uw (6§ duiqejrade) poqre) oavin #cL00T “IP J2 IMeD
%TT 9 pue [ sAep ,w/3w G dUIQ[IOUIA
%Lz ut ¥aod :0130[0)BWIAY { OpBID) 0S 09 pue ‘G—[ sAep A[rep ;wy/Sw (g N4g 11 269002 “Iv 12 19[[10g
(s&ep pxAJrep ;wy/3u 0¢-07)
uorsnjur snonunuod snjd (] Aep ;wy/Sw (g) (o—am)
G Jo L uryod g :uonewenbsap IS10N 09 91 QUIQ[AIOUIA UOISNJUI SNjOg oavIn 4$S00T “1p 12 0By
%91 “¥D %L :A}10IX0) UIYS ¢ dpeID) 81 snid ¢§ i A[Po9M 901M) W/Iw ()¢ [OXeI[OR] 1I—4Ir #€00T “IP 12 JUSWLIO]
S)ooM § 10
%68 9181 asuodsay %I suoneorjdwod [earsing St 6T APpoom 201my (uySw (€) [9xXeI[ord -4l «000T “v 12 1DUUS
¥od & Surouarradxd ¢ [e yium Aderoyyowoyo
‘AW0109)SBW JUIMIOPUN € 7 :K3101X0) UIYS 7 9peID) (A]3[oom 901M) G—) QuI-1SIY
Sur I :snruowrnaud 1y 7 9peID 06-SL L1 AYoam 201M] wy/Sw ()OS NAg pojIey oavin ccL661 IV 12 BWSOY
auloo1n() A7101x0] (AD) asop 1y (u) s3d Adp.ayjouay) 23p1s aspas1q 20U212J2Y]

I90UBD }SBAIQ AJOJRWWRUI JO (D8VT) PIOUBAPE A[[€00] Ul AdRISYIOIPRIOWAYD JUSLINJIUO)) I ATEVL

CURRENT ONCOLOGY—VOLUME 22, NUMBER 1, FEBRUARY 2015

Copyright © 2015 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).




MANDILARAS et al.

Two phase 1/ Canadian studies of concurrent
neoadjuvant radiation with weekly docetaxel in pa-
tients with locally advanced noninflammatory breast
cancer (otc 1159 and orc 1202) are underway, but
have yet to report results. In one study using preop-
erative weekly dose-escalated docetaxel with 6 weeks
of daily radiation, followed by postoperative doxo-
rubicin and cyclophosphamide, early indications are
that weekly doses of 30 mg/m? docetaxel for 8 weeks
given with standard radiation treatment are well
tolerated (Spayne J. Personal communication). In the
second study, administration of every-three-weeks
5-fluorouracil, epirubicin, and cyclophosphamide
in standard adjuvant dosing, followed by weekly
docetaxel at 35 mg/m? with 6 weeks of concurrent
daily radiation administered preoperatively is also
reasonably well tolerated and appears to be associated
with an increased pcr rate (Brackstone M. Personal
communication). Both single-arm studies aim to
evaluate whether the addition of concurrent radiation
to a taxane in the neoadjuvant setting for LABC is as-
sociated with an increase in the rate of pcr. Longer-
term objectives include evaluating whether patients
who achieve a pcr experience a higher 5-year DFs
rate than do their non-pcr counterparts. Ultimately, a
randomized controlled trial will be designed to evalu-
ate whether the pcr rate is significantly higher with
concurrent neoadjuvant chemotherapy and rt than
with sequential therapy and to determine definitively
whether the relationship between pcr and survival
persists with the addition of regional therapy modali-
ties such as RrT. It will be important to determine the
reliability of pcr as a surrogate measure of DFs or 0s
in patients treated with combined modalities in breast
and other cancer sites.

A possible disadvantage of ccrr is that it might
preclude concurrent reconstructive surgery if skin
toxicity is more pronounced (no data are yet avail-
able to clarify this concern). In contrast, simultane-
ous administration of chemotherapy and rt limits
the duration of treatment and the required hospital
visits, without compromising quality of life>®. The
cost-effectiveness of the approach also makes it an
attractive alternative in developing countries, where
a reduction in hospital visits improves compliance
and access to care and reduces the financial burden
of cancer care to the country.

5. CONCLUSIONS

When used in LABc, neoadjuvant therapy does not
yield the high response rates seen and frequently
cited in patients with operable tumours. Although
PCR rates can be impressive in patients with triple-
negative and HER2-positive disease, poor outcomes
are likely for patients who achieve less than a pcr.
Furthermore, for most patients whose tumours are
not among those high-proliferative subtypes (that
is, the estrogen receptor—positive group), pcR might

not be an appropriate surrogate for outcome. In in-
operable LABC, cCRT can offer a valuable opportunity
to improve outcomes. The optimal chemotherapy
agent, and its dose and administration schedule,
is not known. Promising results with concurrent
twice-weekly paclitaxel and rRT emphasize the need
for larger prospective studies.

6. CONFLICT OF INTEREST DISCLOSURES

The authors have no financial conflicts of interest
to disclose.

7. REFERENCES

1. Haagensen CD, Stout AP. Carcinoma of the breast. 1-Criteria
of operability. Ann Surg 1943;118:1032-51.

2. Hortobagyi GN. Comprehensive management of locally ad-
vanced breast cancer. Cancer 1990;66(suppl):1387-91.

3. Fisher B, Bryant J, Wolmark N, ef al. Effect of preoperative
chemotherapy on the outcome of women with operable breast
cancer. J Clin Oncol 1998;16:2672—-85.

4. van der Hage JA, van de Velde CJ, Julien JP, Tubiana—Hulin
M, Vandervelden C, Duchateau L. Preoperative chemotherapy
in primary operable breast cancer: results from the European
Organization for Research and Treatment of Cancer trial
10902. J Clin Oncol 2001;19:4224-37.

5. Fisher B, Brown A, Mamounas E, et al. Effect of preoperative
chemotherapy on local-regional disease in women with oper-
able breast cancer: findings from National Surgical Adjuvant
Breast and Bowel Project B-18. J Clin Oncol 1997;15:2483-93.

6. Mamounas EP. nsaBp protocol B-27. Preoperative doxo-
rubicin plus cyclophosphamide followed by preoperative
or postoperative docetaxel. Oncology (Williston Park)
1997;11(suppl 6):37-40.

7. Rastogi P, Anderson SJ, Bear HD, et al. Preoperative che-
motherapy: updates of National Surgical Adjuvant Breast
and Bowel Project Protocols B-18 and B-27. J Clin Oncol
2008;26:778-85.

8. Hortobagyi GN, Ames FC, Buzdar AU, et al. Management of
stage 111 primary breast cancer with primary chemotherapy,
surgery, and radiation therapy. Cancer 1988;62:2507-16.

9. Feldman LD, Hortobagyi GN, Buzdar AU, Ames FC, Blumen-
schein GR. Pathological assessment of response to induction
chemotherapy in breast cancer. Cancer Res 1986;46:2578—81.

10. Sataloff DM, Mason BA, Prestipino AJ, Seinige UL, Lieber
CP, Baloch Z. Pathologic response to induction chemotherapy
in locally advanced carcinoma of the breast: a determinant of
outcome. J Am Coll Surg 1995;180:297-306.

11. Honkoop AH, van Diest PJ, de Jong JS, et al. Prognostic
role of clinical, pathological and biological characteristics
in patients with locally advanced breast cancer. Br J Cancer
1998;77:621-6.

12. Kuerer HM, Newman LA, Smith TL, et al. Clinical course
of breast cancer patients with complete pathologic primary
tumor and axillary lymph node response to doxorubicin-based
neoadjuvant chemotherapy. J Clin Oncol 1999;17:460-9.

13. Guarneri V, Broglio K, Kau SW, et al. Prognostic value of
pathologic complete response after primary chemotherapy in

CURRENT ONCOLOGY—VOLUME 22, NUMBER 1, FEBRUARY 2015

Copyright © 2015 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).



14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

CONCURRENT CHEMORADIOTHERAPY FOR LOCALLY ADVANCED BREAST CANCER

relation to hormone receptor status and other factors. J Clin
Oncol 2006;24:1037—44.

Adams S, Chakravarthy AB, Donach M, ef al. Preoperative
concurrent paclitaxel-radiation in locally advanced breast
cancer: pathologic response correlates with five-year overall
survival. Breast Cancer Res Treat 2010;124:723-32.

Rustogi A, Budrukkar A, Dinshaw K, Jalali R. Management of
locally advanced breast cancer: evolution and current practice.
J Cancer Res Ther 2005;1:21-30.

Costa SD, Loibl S, Kaufmann M, et al. Neoadjuvant chemo-
therapy shows similar response in patients with inflammatory
or locally advanced breast cancer when compared with oper-
able breast cancer: a secondary analysis of the GeparTrio trial
data. J Clin Oncol 2010;28:83-91.

Therasse P, Mauriac L, Welnicka—Jaskiewicz M, et al. Final
results of a randomized phase 11 trial comparing cyclophos-
phamide, epirubicin, and fluorouracil with a dose-intensified
epirubicin and cyclophosphamide + filgrastim as neoadjuvant
treatment in locally advanced breast cancer: an EORTC-NCIC-
sakk multicenter study. J Clin Oncol 2003;21:843-50.

Frasci G, D’Aiuto G, Comella P, et al. Weekly cisplatin, epi-
rubicin, and paclitaxel with granulocyte colony-stimulating
factor support vs triweekly epirubicin and paclitaxel in locally
advanced breast cancer: final analysis of a sicoc phase 111 study.
Br J Cancer 2006;95:1005-12.

Ellis GK, Barlow WE, Gralow JR, ef al. Phase 111 comparison
of standard doxorubicin and cyclophosphamide versus weekly
doxorubicin and daily oral cyclophosphamide plus granulocyte
colony-stimulating factor as neoadjuvant therapy for inflam-
matory and locally advanced breast cancer: swoc 0012. J Clin
Oncol 2011;29:1014-21.

Buzdar AU, Valero V, Ibrahim NK, ef al. Neoadjuvant
therapy with paclitaxel followed by 5-fluorouracil, epiru-
bicin, and cyclophosphamide chemotherapy and concurrent
trastuzumab in human epidermal growth factor recep-
tor 2—positive operable breast cancer: an update of the
initial randomized study population and data of additional
patients treated with the same regimen. Clin Cancer Res
2007;13:228-33.

Untch M, Rezai M, Loibl S, ef al. Neoadjuvant treatment with
trastuzumab in HER2-positive breast cancer: results from the
GeparQuattro study. J Clin Oncol 2010;28:2024-31.

Gianni L, Eiermann W, Semiglazov V, et al. Neoadjuvant
chemotherapy with trastuzumab followed by adjuvant trastu-
zumab versus neoadjuvant chemotherapy alone, in patients
with HER2-positive locally advanced breast cancer (the NoaH
trial): arandomised controlled superiority trial with a parallel
HER2-negative cohort. Lancet 2010;375:377-84.

Smith IC, Heys SD, Hutcheon AW, et al. Neoadjuvant che-
motherapy in breast cancer: significantly enhanced response
with docetaxel. J Clin Oncol 2002;20:1456—66.

Bear HD, Anderson S, Brown A, et al. The effect on tumor
response of adding sequential preoperative docetaxel to pre-
operative doxorubicin and cyclophosphamide: preliminary
results from National Surgical Adjuvant Breast and Bowel
Project Protocol B-27. J Clin Oncol 2003;21:4165-74.
Huang E, McNeese MD, Strom EA, et al. Locoregional treat-
ment outcomes for inoperable anthracycline-resistant breast
cancer. /nt J Radiat Oncol Biol Phys 2002;53:1225-33.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

McGuire SE, Gonzalez—Angulo AM, Huang EH, et al.
Postmastectomy radiation improves the outcome of patients
with locally advanced breast cancer who achieve a pathologic
complete response to neoadjuvant chemotherapy. /ntJ Radiat
Oncol Biol Phys 2007;68:1004-9.

O’Rourke N, Roqué I Figuls M, Farré Bernad6 N, Macbeth F.
Concurrent chemoradiotherapy in non-small cell lung cancer.
Cochrane Database Syst Rev 2010;:CD002140.
Stinchcombe TE, Gore EM. Limited-stage small cell lung
cancer: current chemoradiotherapy treatment paradigms.
Oncologist 2010;15:187-95.

LvJ, Cao XF, Zhu B, Ji L, Tao L, Wang DD. Effect of neoadju-
vant chemoradiotherapy on prognosis and surgery for esopha-
geal carcinoma. World J Gastroenterol 2009;15:4962-8.

Ng K, Meyerhardt JA, Fuchs CS. Adjuvant and neoadjuvant
approaches in gastric cancer. Cancer J 2007;13:168—74.
Meyer J, Balch G, Willett C, Czito B. Update on treatment
advances in combined-modality therapy for anal and rectal
carcinomas. Curr Oncol Rep 2011;13:177-85.

Huang J, Barbera L, Brouwers M, Browman G, Mackillop W1J.
Does delay in starting treatment affect the outcomes of radio-
therapy? A systematic review. J Clin Oncol 2003;21:555—-63.
Recht A, Come SE, Henderson IC, et al. The sequencing of
chemotherapy and radiation therapy after conservative surgery
for early-stage breast cancer. N Engl J Med 1996;334:1356—61.
Bellon JR, Come SE, Gelman RS, ef al. Sequencing of che-
motherapy and radiation therapy in early-stage breast cancer:
updated results of a prospective randomized trial. J Clin Oncol
2005;23:1934-40.

Arcangeli G, Pinnaro P, Rambone R, Giannarelli D, Benassi
M. A phase 1 randomized study on the sequencing of radio-
therapy and chemotherapy in the conservative management
of early-stage breast cancer. Int J Radiat Oncol Biol Phys
2006;64:161-7.

Bellon JR, Shulman LN, Come SE, et al. A prospective study
of concurrent cyclophosphamide/methotrexate/5-fluorouracil
and reduced-dose radiotherapy in patients with early-stage
breast carcinoma. Cancer 2004;100:1358—64.

Livi L, Saieva C, Borghesi S, et al. Concurrent cyclophos-
phamide, methotrexate, and 5-fluorouracil chemotherapy and
radiotherapy for early breast carcinoma. /nt J Radiat Oncol
Biol Phys 2008;71:705-9.

Isaac N, Panzarella T, Lau A, et al. Concurrent cyclophos-
phamide, methotrexate, and 5-fluorouracil chemotherapy and
radiotherapy for breast carcinoma: a well tolerated adjuvant
regimen. Cancer 2002;95:696—703.

Toledano A, Garaud P, Serin D, et al. Concurrent administra-
tion of adjuvant chemotherapy and radiotherapy after breast-
conserving surgery enhances late toxicities: long-term results
of the Arcosein multicenter randomized study. Int J Radiat
Oncol Biol Phys 2006;65:324-32.

Toledano A, Azria D, Garaud P, ef al. Phase 11 trial of concur-
rent or sequential adjuvant chemoradiotherapy after conserva-
tive surgery for early-stage breast cancer: final results of the
Arcosein trial. J Clin Oncol 2007;25:405-10.

Rouesse J, de la Lande B, Bertheault—Cvitkovic F, ef al.
on behalf of the Centre René Huguenin Breast Cancer
Group. A phase 11 randomized trial comparing adjuvant
concomitant chemoradiotherapy versus standard adjuvant

CURRENT ONCOLOGY—VOLUME 22, NUMBER 1, FEBRUARY 2015

Copyright © 2015 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).




42.

43.

44,

45.

46.

47.

48.

49.

50.

51,

MANDILARAS et al.

chemotherapy followed by radiotherapy in operable node-
positive breast cancer: final results. Int J Radiat Oncol Biol
Phys 2006;64:1072—-80.

Ellerbroek N, Martino S, Mautner B, Tao ML, Rose C, Botnick
L. Breast-conserving therapy with adjuvant paclitaxel and
radiation therapy: feasibility of concurrent treatment. Breast
J2003;9:74-8.

Elmongy M, Stolier A, Linares L, Seiler M. Concurrent use
of paclitaxel and radiation therapy for the adjuvant treatment
of cancer of the breast [abstract]. Breast Cancer Res Treat
1999;57:57.

Bellon JR, Lindsley KL, Ellis GK, Gralow JR, Livingston
RB, Austin Seymour MM. Concurrent radiation therapy
and paclitaxel or docetaxel chemotherapy in high-risk breast
cancer. Int J Radiat Oncol Biol Phys 2000;48:393-7.
Taghian AG, Assaad SI, Niemierko A, et al. Risk of pneumo-
nitis in breast cancer patients treated with radiation therapy
and combination chemotherapy with paclitaxel. J Nat! Cancer
Inst 2001;93:1806—11.

Hanna YM, Baglan KL, Stromberg JS, Vicini FA, A Decker
D. Acute and subacute toxicity associated with concurrent
adjuvant radiation therapy and paclitaxel in primary breast
cancer therapy. Breast J 2002;8:149-53.

Formenti SC, Volm M, Skinner KA, ef al. Preoperative
twice-weekly paclitaxel with concurrent radiation therapy
followed by surgery and postoperative doxorubicin-based
chemotherapy in locally advanced breast cancer: a phase 1/11
trial. J Clin Oncol 2003;21:864—70.

Kao J, Conzen SD, Jaskowiak NT, et al. Concomitant radia-
tion therapy and paclitaxel for unresectable locally advanced
breast cancer: results from two consecutive phase 1/i1 trials.
Int J Radiat Oncol Biol Phys 2005;61:1045-53.

Burstein HJ, Bellon JR, Galper S, et al. Prospective evalu-
ation of concurrent paclitaxel and radiation therapy after
adjuvant doxorubicin and cyclophosphamide chemotherapy
for stage 11 or 11 breast cancer. Int J Radiat Oncol Biol Phys
2006;64:496-504.

Chakravarthy AB, Kelley MC, McLaren B, ef al. Neoadjuvant
concurrent paclitaxel and radiation in stage 11/1m breast cancer.
Clin Cancer Res 2006;12:1570-6.

Chen WC, Kim J, Kim E, et al. A phase 11 study of radiotherapy
and concurrent paclitaxel chemotherapy in breast-conserving
treatment for node-positive breast cancer. /nt J Radiat Oncol
Biol Phys 2012;82:14-20.

52.

53.

54.

55.

56.

Bollet MA, Sigal-Zafrani B, Gambotti L, ez al. on behalf of
the Institut Curie Breast Cancer Study Group. Pathological
response to preoperative concurrent chemo-radiotherapy
for breast cancer: results of a phase 11 study. Eur J Cancer
2006;42:2286-95.

Kosma L, Koukourakis M, Skarlatos J, et al. Hypofractionated
radiotherapy with 5-fluorouracil radiosensitization for locally
“far advanced” breast cancer. Am J Clin Oncol 1997;20:562—6.
Gaui MF, Amorim G, Arcuri RA, ef al. A phase 11 study of
second-line neoadjuvant chemotherapy with capecitabine and
radiation therapy for anthracycline-resistant locally advanced
breast cancer. Am J Clin Oncol 2007;30:78-81.

Skinner KA, Silberman H, Florentine B, et al. Preoperative
paclitaxel and radiotherapy for locally advanced breast cancer:
surgical aspects. Ann Surg Oncol 2000;7:145-9.
Macquart—Moulin G, Viens P, Genre D, et al. Concomitant
chemoradiotherapy for patients with nonmetastatic breast
carcinoma: side effects, quality of life, and organization.
Cancer 1999;85:2190-9.

Correspondence to: Nathaniel Bouganim, Depart-
ment of Medical Oncology, Royal Victoria Hospital,
687 Pine Avenue West, Montreal, Quebec H3A 1Al.
E-mail: nathaniel.bouganim@mcgill.ca

ES

sk

CURRENT ONCOLOGY—VOLUME 22, NUMBER 1, FEBRUARY 2015

Department of Medical Oncology, McGill Uni-
versity Health Centre, Royal Victoria Hospital,
Montreal, QC.

Division of Radiation Oncology, Sunnybrook
Health Sciences Centre, Toronto, ON.

Division of Medical Oncology, Sunnybrook
Health Sciences Centre, Toronto, ON.

Ottawa Hospital Cancer Centre and Ottawa
Hospital Research Institute, Ottawa, ON.
Department of Oncology, Jewish General Hos-
pital and Segal Cancer Centre, Montreal, QC.
London Regional Cancer Program, Division of
General Surgery/Surgical Oncology, London, ON.
Department of Surgical Oncology, McGill Uni-
versity Health Centre, Royal Victoria Hospital,
Montreal, QC.

Division of Medical Oncology, The Ottawa Hos-
pital Cancer Centre, Ottawa, ON.

Copyright © 2015 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).


mailto:nathaniel.bouganim@mcgill.ca

