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bstract

The current management of locally advanced breast cancer (LABC) is based on tri-modality treatment including chemotherapy, radiotherapy
nd surgery. The concept of preoperative concurrent or sequential chemoradiation for LABC was initially reported more than a decade ago;
owever this concept did not gain popularity because of the low benefit/risk ratio and the lack of strong data supporting the concept. The
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urpose of the current systematic review was to explore the published data about preoperative chemoradiation (sequential and/or concurrent)
sing whole breast irradiation in terms of toxicity and outcome.

 2014 Published by Elsevier Ireland Ltd.
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.  Introduction

The current management of locally advanced breast can-
er (LABC) is based on tri-modality treatment including
hemotherapy, radiotherapy and surgery. The concept of
oncurrent or sequential chemoradiation for LABC was
valuated in the neoadjuvant setting using various chemother-
py regimens and several radiotherapy techniques (external
eam, brachytherapy) and dose-fractionation schedules. Ini-
ial reports of neoadjuvant chemoradiotherapy (CT-RT) were
ublished more than a decade ago [1–4]; however, this con-
ept did not gain popularity because of the low benefit/risk
atio and the lack of strong data supporting its routine use.

The aim of neoadjuvant treatment for breast cancer is to
ownsize the tumor in order to preserve the breast with clear
athological margins and potentially to achieve pathological
omplete response (pCR) that could impact outcome in some
ubgroups of patients. Studies of neoadjuvant CT-RT for
ABC can be subdivided according to whether the treatments

chemotherapy and radiotherapy) were given concomitantly
r sequentially prior to surgery and whether radiotherapy was
iven to the whole breast or to the tumor only (partial breast
rradiation). The surgical approach also differs between the
tudies; some aimed to increase the rates of breast conser-
ation while others included inoperable patients or patients
ho were planned to undergo mastectomy.
The purpose of the current systematic review was

o explore the published data about preoperative CT-RT
sequential and/or concurrent) applying whole breast irradia-
ion for LABC, to better understand why this concept did not
ain popularity and to assess if there is a place to re-evaluate
his treatment in the era of molecular understanding of breast
ancer.

.  Methods

With the assistance of two medical librarians at our
nstitution, an Ovid Medline search was performed, initially
y using “neoadjuvant therapy” and “breast neoplasms”,
oth as major topics. Thereafter, both the subheadings
ere searched with “radiotherapy” or “irradiation” as major
eSH terms. Next, “radiotherapy” was combined with the
eSH term “breast neoplasms”. The search was limited to
Please cite this article in press as: Kaidar-Person O, et al. Primary system
cancer: A systematic review. Crit Rev Oncol/Hematol (2014), http://dx.d

he past 10 years and to the English language, and resulted
n 227 articles that were first evaluated by title and then
y abstract. SciFinder was used as the second database.
MBASE search was not conducted due to limited access.

a
i
f
m

nt; Preoperative; Radiotherapy

ull text articles were retrieved and reviewed for the selected
itles and abstracts. Reference lists of the retrieved articles
ere searched for additional publications. The final reference

ist was generated on the basis of relevance to the subject of
he review. Only studies of preoperative chemotherapy and
xternal whole breast radiotherapy (conventional doses) were
ncluded. We included only data from published articles and
ot from abstracts presented at scientific meetings; we did
ot include preoperative brachytherapy and or preoperative
ow-dose external radiotherapy or preoperative radiotherapy
lone. The results of the search did not enable us to perform

 high quality meta-analysis due to the heterogeneity of the
rials, and a major flaw of the published data in our view is
hat there are numerous publications coming from a limited
umber of institutions.

.  Combined  chemoradiotherapy  schedules  in  the
eoadjuvant setting

.1.  Neoadjuvant  concurrent  chemoradiotherapy

The largest report of neoadjuvant CT-RT, which summa-
ized several decades of experience, came from South India.
hanta et al. [1] reported a large retrospective series of 1117
onsecutive cases of LABC treated by neoadjuvant CT-RT
concomitant CMF or ECF or ACF). The pCR rate, which was
mong the highest reported in the literature for neoadjuvant
T-RT, was 45.1%. pCR rates were correlated to the T stage;

hose with T2 (T1 not included) had a higher rate of pCR as
ompared to T4 with 35.6%. The best survival rate was seen
mong those who had pCR at the primary site and the axilla
tumor and node negative postoperatively). Interestingly, in
atients who achieved pN0, the risk of disease recurrence
nd death was reduced by half compared to patients with
N1, irrespective of tumor complete response [1].

Skinner et al. [2] evaluated the use of continuous
-flurouracil (5-FU) with radiotherapy in inoperable non-
nflammatory LABC in a prospective single arm study. 5-FU
as given at a dose of 200 mg/m2 as a continuous infusion

or 8 weeks; radiotherapy to the whole breast and axilla
as started on day 15 of chemotherapy and delivered a

otal dose of 50 Gy. Patients who were found operable after
ompletion of neoadjuvant therapy underwent a mastectomy
ic therapy and whole breast irradiation for locally advanced breast
oi.org/10.1016/j.critrevonc.2014.04.005

nd adjuvant polychemotherapy. Ten of 36 patients required
nterruption in 5-FU treatment and nine patients suffered
rom in-field wet desquamation. Prior to neoadjuvant treat-
ent, all patients were considered unresectable due to skin

dx.doi.org/10.1016/j.critrevonc.2014.04.005
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nvolvement; after neoadjuvant treatment, all were eligible to
ndergo mastectomy. Seventeen percent had pCR at the time
f surgery.

Using paclitaxel concomitantly with radiotherapy in the
eoadjuvant setting, Skinner et al. [3] reported higher pCR
ates (26%), but the patients included in this study had less
xtensive disease. As noted in Shanta’s report [1], the pCR
ates may be influenced by the T stage. Postoperative com-
lications were more common in the paclitaxel regimen [1]
Table 1).

Preoperative concomitant paclitaxel and radiation in
ABC was also investigated by Formenti et al. [4]. This group
f investigators published numerous articles, both clinical
nd pre-clinical studies, on this topic as part of a multicenter
tudy. The initial treatment regimen consisted of 60 mg/m2 of
eekly paclitaxel combined to whole breast radiation therapy
elivering 50 Gy in 25 fractions over five weeks. However,
he study protocol was amended due to severe skin toxicity in
wo patients. Paclitaxel dose was reduced to 30 mg/m2 given
wice weekly and the radiation dose/fraction also was reduced
o fractions of 1.8 Gy for a total dose of 45 Gy over five weeks.
he study aimed to evaluate the response rate in patients who
ere planned to undergo modified radical mastectomy fol-

owed by adjuvant doxorubicin-based chemotherapy. Surgery
as performed at least two weeks after chemoradiation com-
letion or after complete skin toxicity recovery.

Another report was published a decade later by Adams
t al. [5]. The authors showed that a single paclitaxel agent
iven concomitantly with radiotherapy to the whole breast
nd nodal region could achieve pCR rates comparable to
eoadjuvant polychemotherapy. However, in spite of the long
edian follow-up of 60 months, acute and late skin toxicities
ere not reported in this study. Unfortunately, the risk of skin

oxicity and interstitial pneumonitis is known to occur with
oncomitant taxanes-radiotherapy [14]. Furthermore, as in
ther neoadjuvant CT-RT trials, all the patients received post-
perative polychemotherapy (mainly doxorubicin based).
hus, the pre-operative strategy did not spare patients from

eceiving systemic post-operative polychemotherapy. In an
ttempt to find biological predictive markers for neoadju-
ant treatment response, sequential biopsies were taken from
he primary breast tumor during the neoadjuvant paclitaxel
dministration prior to concomitant chemoradiation. The
nvestigators encountered difficulties in achieving biopsies
rom patients which resulted in evaluating only part of the
lanned analysis [6]. However, an association between pCR
nd MAP2 (microtubule-associated protein)-over-expression
as found. This was related to the response to paclitaxel [7].
ll studies of concomitant neoadjuvant CT-RT are summa-

ized in Table 1 [1–13].

.2.  Neoadjuvant  sequential  chemoradiotherapy
Please cite this article in press as: Kaidar-Person O, et al. Primary system
cancer: A systematic review. Crit Rev Oncol/Hematol (2014), http://dx.d

Sequential RT-CT protocols can allow patient selec-
ion regarding tumor chemoresistance before combined
herapy. For example, Colleoni et al. [15] evaluated the

b
T
t
f

cology/Hematology xxx (2014) xxx–xxx 3

esponse rate of chemoradiotherapy to explore the best option
or primary treatment of breast cancer with chemoradia-
ion alone for “good responders”. In their study, all the
atients received neoadjuvant treatment with doxorubicin and
yclophosphamide (AC). Patients who were defined as “good
esponders” after three cycles of chemotherapy were treated
ith three additional cycles followed by whole breast external
eam radiotherapy before surgery. Unfortunately this study
id not show an additional effect of combined CT-RT after the
rst three cycles of preoperative chemotherapy. The pCR rate

n this study was very low, 8%. Mild or moderate side-effects,
ncluding mucositis, nausea/vomiting and leucopenia, were
eported without any toxic deaths or grades III–IV toxicities.

Two retrospective studies published by a German group
16,17] compared the use of neoadjuvant chemotherapy
lus external beam whole breast radiotherapy versus the
ame neoadjuvant chemotherapy alone. The chemotherapy
rotocol consisted of four cycles of epirubicin and cyclophos-
hamide (EC). In cases of large tumors, three cycles of CMF
ere added. All chemotherapy cycles were given at three-
eek intervals. Whole breast radiotherapy delivered 50 Gy

n 25 fractions and all patients received an electron boost to
he primary tumor. Preoperative radiotherapy was preferred
or patients with large tumors who were planned for surgery
hat included a flap-support, to avoid postoperative irradia-
ion. Anti-estrogen treatment was given after chemotherapy
or patients with estrogen receptor (ER) positive tumors.
he CT-RT group achieved significantly higher pCR rates

3% versus 42%). A logistic regression analysis indicated
hat hormone receptor status and neoadjuvant radiotherapy
ere statistically significant for pCR prediction. These two
arameters were also independent prognostic factors in a mul-
ivariate analysis. Interestingly, the group of patients that had
R positive tumors and were treated by anti-hormonal ago-
ists (GnRH agonist or tamoxifen) had a higher rate of pCR.
n terms of toxicity, the authors stated that the side effects
ere mild to moderate in the CT-RT group.
These results are not supported by the results of other

rials that evaluated response to neoadjuvant treatment. The
uthors suggested that the higher rate of pCR in the CT-RT
roup might be a result of the time interval between treat-
ents, as the CT-RT group had a significantly longer time

nterval. This observation was also reported in other CT-RT
rials and is addressed later in this text. As opposed to these
esults, Colleoni’s study [15] did not show that the addition of
eoadjuvant radiotherapy significantly increased the rate of
CR. It is impossible to compare these studies as the patient
opulations are different and there is not much information
ith regard to molecular subtypes. What is evident from these

tudies is that in Colleoni’s study [15], the group of patients
ho responded well to neoadjuvant chemotherapy received

dditional pre-operative radiotherapy, whereas in the study
ic therapy and whole breast irradiation for locally advanced breast
oi.org/10.1016/j.critrevonc.2014.04.005

y the German group [16,17] patients with more advanced
-stage, who were planned for more extensive surgery, were
reated with CT-RT. These studies did not relate to long-term
ollow-up or survival. All studies are summarized in Table 2.

dx.doi.org/10.1016/j.critrevonc.2014.04.005
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Table 1
Trials of neoadjuvant concomitant chemoradiation.

Author (year) [Ref.] No. Total dose (dose per fx) Chemotherapy protocol Skin complications Response

Semiglazovb (1994) [8] 137 Concomitant TMF
Adjuvant (after surgery) TMF

pCR 29.1%

Skinner (1997) [2] 30 50 Gy (2 Gy) Concomitant 5-FU 30% wet desquamation All patients considered unresectable due to
skin involvement; all underwent
mastectomy; 20% had minimal microscopic
disease, pCR 17%

Skinner (2000) [3] 29 45 Gy (1.8 Gy) Concomitant
Paclitaxel
Adjuvant (after surgery)
Doxorubicin-based
chemotherapy

Minimal at time of radiation
Two patients suffered from recall dermatitis
at time of adjuvant

pCR 26%
Two had partial pathological response

Formentic (1999, 2003)
[1,9]

44 45 Gy (1.8 Gy)
14 Gy boost

Concomitant
Paclitaxel
Adjuvant (after surgery)
Doxorubicin-based
chemotherapy

Grade 3 (7%)
(2 cases were seen at the higher paclitaxel
dose)

Clinical response rate 91%
pCR 16%

Chakravarthyc (2006) [6] 30 46.8 Gy (1.8 Gy) Prior to RT
Paclitaxel
Concomitant
Paclitaxel
Adjuvant (after surgery) AC

Grade 3 (one patient)
Grade 4 (one patient)

Difficult to conclude from study response of
group that received the concomitant
treatment (30/38)
pCR reported for whole group 34%

Bollet (2006, 2011)
[10,11]

60 50 Gy (2 Gy) Prior to RT
5-FU and vinorelbine
Concomitant
5-FU and vinorelbine

pCR 27%

Shantaa (2008) [1] 1117 40 Gy (2 Gy)
Some received also postop
RT to internal mammary

Concomitant
CMF (85%)
ECF
FAC

Mostly deep pigmentation
Mild–severe dry epidermis
Occasionally moist desquamation

pCR 45.1%

Alvarado-Mirandaa

(2009) [12]
112 50 Gy (2 Gy)

10 Gy electron boost to
palpable residual disease

Prior to RT
FAC
AC
Concomitant
MTCF
GC
Both included
dexamethasone (16 mg)
Adjuvant
FAC
AC
Paclitaxel

NR pCR primary tumor 42%
pCR (primary and nodal) 29.5%

dx.doi.org/10.1016/j.critrevonc.2014.04.005


Please cite this article in press as: Kaidar-Person O, et al. Primary system
cancer: A systematic review. Crit Rev Oncol/Hematol (2014), http://dx.d

ARTICLE IN PRESSONCH-1853; No. of Pages 10

O. Kaidar-Person et al. / Critical Reviews in On
Ta

bl
e 

1 

(C
on

ti
nu

ed
)

A
ut

ho
r 

(y
ea

r)

 

[R
ef

.]

 

N
o.

 

To
ta

l d
os

e 

(d
os

e 

pe
r 

fx
) 

C
he

m
ot

he
ra

py

 

pr
ot

oc
ol

 

Sk
in

 

co
m

pl
ic

at
io

ns

 

R
es

po
ns

e

A
da

m
sc

(2
01

0)

 

[5
] 

10
5 

45

 

G
y 

(1
.8

 

G
y)

14

 

G
y 

bo
os

t
P

ri
or

 

to

 

R
T

Pa
cl

ita
xe

l  (
36

 

pa
tie

nt
s)

C
on

co
m

it
an

t
Pa

cl
ita

xe
l ±

 

tr
as

tu
zu

m
ab

 

(8

 

pa
tie

nt
s,

 

fr
om

20
06

)
A

dj
uv

an
t (

af
te

r 

su
rg

er
y)

 

D
ox

or
ub

ic
in

-b
as

ed
ch

em
ot

he
ra

py

N
R

 

pC
R

 

34
%

M
at

us
ch

ek
a

(2
01

2)

 

[1
3]

 

31
5 

50

 

G
y 

(2

 

G
y)

10

 

G
y 

B
ra

ch
yt

he
ra

py

 

bo
os

t
(1

01

 

pa
tie

nt
s)

W
ith

 

hy
pe

rt
he

rm
ia

 

or

 

10

 

G
y

el
ec

tr
on

 

bo
os

t

C
on

co
m

it
an

t  (
11

3 

pa
tie

nt
s)

 

E
C

C
M

F
M

ito
xa

nt
ro

ne
A

C

N
R

 

Pr
im

ar
y 

tu
m

or
 

pC
R

 

36
.8

%

 

(i
nc

lu
de

s 

bo
th

se
qu

en
tia

l a
nd

 

co
nc

om
ita

nt

 

tr
ea

tm
en

t)
N

od
al

 

pC
R

: 6
8.

9%

 

(4
9.

5%

 

w
er

e 

cN
0)

pC
R

 

(p
ri

m
ar

y 

tu
m

or

 

an
d 

no
da

l)
: 2

9.
2%

N
ot

es
: 5

-F
U

, 5
-fl

uo
ro

ur
ac

il;

 

T
M

F,

 

th
io

te
pa

, m
et

ho
tr

ex
at

e 

an
d 

5-
FU

; A
C

, d
ox

or
ub

ic
in

, c
yc

lo
ph

os
ph

am
id

e;

 

E
C

, e
pi

ru
bi

ci
n,

 

cy
cl

op
ho

sp
ha

m
id

e;

 

C
M

F,

 

cy
cl

op
ho

sp
ha

m
id

e,

 

m
et

ho
tr

ex
at

e 

an
d 

5-
FU

; E
C

F,

 

ep
ir

ub
ic

in
,

cy
cl

op
ho

sp
ha

m
id

e,

 

5-
FU

; F
A

C
, 5

-F
U

, d
ox

or
ub

ic
in

, c
yc

lo
ph

os
ph

am
id

e;

 

M
T

C
F,

 

m
ito

m
yc

in

 

C
, 5

-F
U

; G
C

, c
is

pl
at

in
, g

em
ci

ta
bi

ne
; p

C
R

, p
at

ho
lo

gi
ca

l c
om

pl
et

e 
re

sp
on

se
; p

PR
, p

at
ho

lo
gi

ca
l p

ar
tia

l r
es

po
ns

e;

 

N
R

,
no

t r
ep

or
te

d.
a

R
et

ro
sp

ec
tiv

e 

st
ud

y.
b

T
he

 

st
ud

y 

co
m

pa
re

d 

pr
eo

pe
ra

tiv
e 

C
T-

R
T

 

ve
rs

us

 

ra
di

ot
he

ra
py

 

al
on

e 

pr
io

r 

to

 

m
as

te
ct

om
y.

c
M

ul
tic

en
te

r 

st
ud

y,

 

Fo
rm

en
ti 

et

 

al
.

4
c

4

o
w
v
i
a
p
c
a
t
s
[
g
t
a
r
t
e
d
p
e
b
t
e
T
r
[
r
p

o
c
“
t
m
d

C
(
j
p
[
n
w
[

4

n
[

cology/Hematology xxx (2014) xxx–xxx 5

. Locoregional  results  of  neoadjuvant
hemoradiotherapy

.1.  Pathological  complete  response

In the context of neoadjuvant strategy, the potential impact
f survival remains a key point for some subgroups of patients
ith triple negative and HER2+ tumors. Previous neoadju-
ant trials have demonstrated that there is great difference
n pCR rates with regards to tumor subtype and chemother-
py regimen. Great attention should be given to reported
CR rates, as the definition of pCR differs between trials
onsidering (or not) primary tumor and nodal response. Some
uthors define pCR in the primary tumor only with/without
he in situ component, while others include nodal negative
tatus or residual tumor mass of less than 5% without mitoses
4,5,9,13,15,20,21]. It is obvious that the definition itself can
reatly influence the rate of pCR. Some authors reported
he rate of “pathological response” including both complete
nd partial pathology response. The definition of “partial
esponse” also varies between studies; some defined it as less
han 10 microscopic foci of viable invasive tumor while oth-
rs defined partial pathological response as a reduction in the
iameter of the tumor of more than 50% (WHO definition for
artial response) [5,13]. This is confusing since macroscopic
valuation of the primary tumor after surgery will proba-
ly differ from the clinical estimation of the tumor prior to
herapy, and it also depends on the means used to clinically
valuate the tumor size (palpation only, type of imaging).
he lack of concordance between clinical and pathologic

esponse is supported by numerous trials [2,9]. Formenti et al.
9] reported that only two patients with a clinical complete
esponse had pCR and five among 35 patients with a clinical
artial response were found to have a pCR.

Adams et al. [5] indicated that disease-free survival and
verall survival were similar for patients who had pCR
ompared to partial response, thus incorporated both in the
pathological response” group. Skinner et al. [2] indicated
hat, at the time of publication (median follow-up of 22

onths), none of the patients who had pCR had recurrent
isease.

In summary, the overall rates of pCR reported in the
T-RT neoadjuvant trials varied between 8% and 45%

Tables 1 and 2). This range is similar to that of neoad-
uvant chemotherapy alone (with the exception of HER2
ositive tumors treated by anti-HER2 containing regimens)
15,20,21]. Additionally, in most studies, the in situ compo-
ent was not included in the pCR definition, as in situ disease
as found to be relatively resistant to neoadjuvant treatment

2].

.2.  Nodal  down  staging
ic therapy and whole breast irradiation for locally advanced breast
oi.org/10.1016/j.critrevonc.2014.04.005

Most studies included a nodal radiation field in the
eoadjuvant setting (with/without internal mammary nodes)
4,5,15]. According to the retrospective series, nodal down

dx.doi.org/10.1016/j.critrevonc.2014.04.005
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Table 2
Trials of neoadjuvant sequential chemoradiation.

Author (year) [Ref.] No. Total dose (dose per fx) Chemotherapy protocol Skin complications Response

Touboul (1996) [18] 97 45 Gy (1.8 Gy) Sequential
Doxorubicin, vincristine,
cyclophosphamide, 5-FU
Fifth course was given after
radiotherapy
Adjuvant (after surgery)
Sixth course of chemotherapy after
completion of local treatment
Maintenance adjuvant chemotherapy
regimen without anthracycline was
prescribed (12 monthly cycles)

NR Clinical complete response 34%

Colleoni (1999) [15] 23 50 Gy (2 Gy)
10 Gy boost

Sequential
AC

Mild to moderate pCR 8%

Aryusb (2000) [17] 55 50 Gy (2 Gy)
6–11 Gy Electron boost to tumor

Sequential
EC
For large tumors CMF was added
aOther

Mild to moderate 61% breast conservation surgery

Gerlachb (2003) [16]
(follow-up study)

50 Gy (2 Gy)
Electron boost to tumor

Sequential
EC
For large tumors CMF was added
aOther

Mild to moderate pCR 42%
pPR 51%

Lerouge (2004) [19] 120 45 Gy (1.8 Gy)
Adjuvant boost
in selective cases

Sequential
Anthracycline-containing
combinations
Adjuvant
Sixth course of
anthracycline-containing
combinations
Maintenance adjuvant CT regimen
without anthracycline

pCR 19% (primary site)

Matuschekb (2012) [13] 315 50 Gy (2 Gy)
10 Gy brachytherapy boost (101
patients)
With hyperthermia or 10 Gy
electron boost

Sequential (192 patients)
EC
CMF
Mitoxantrone
AC

Primary tumor pCR 36.8% (includes both
sequential and concomitant treatment)
Nodal pCR: 68.9% (49.5% were cN0)
pCR (primary tumor and nodal): 29.2%

Notes: 5-FU, 5-fluorouracil; TMF, thiotepa, methotrexate and 5-FU; AC, doxorubicin, cyclophosphamide; EC, epirubicin, cyclophosphamide; CMF, cyclophosphamide, methotrexate and 5-FU; ECF, epirubicin,
cyclophosphamide, 5-FU; FAC, 5-FU, doxorubicin, cyclophosphamide; MTCF, mitomycin C, 5-FU; GC, cisplatin, gemcitabine; pCR, pathological complete response; pPR, pathological partial response; NR,
not reported.

a Some patients received other chemotherapy which was not stated in the text.
b Retrospective study.

dx.doi.org/10.1016/j.critrevonc.2014.04.005


ARTICLE IN PRESSONCH-1853; No. of Pages 10

s in On

s
p
i
e
c
a
r
a
p

n
n
t
a

i
t
r
a
s
w
c
w

4
s

o
o
t
g
n
i
5
p
A
a
d
1
c
t
t
i
w
r
I
r
b
A
a
c
a
d
t
f

a
s
s

4
c

4

(
[
i
m
u
t
n
T
o
s
a
r
p
fi
c
d
e
t
b
a
e
b
a

t
n
a
r
e

4

e
A
r
d
a
t
t
(
d
h

O. Kaidar-Person et al. / Critical Review

taging could be translated into better survival [1]. In addition,
atients who achieved pN0 had significantly better survival,
rrespective of primary tumor pCR [1,19]. In the Shanta
t al. study [1], 93% of the patients presented with clini-
ally evident nodal disease; of those, 57.5% had pCR in the
xilla. There was a statistically significant difference in the
ates of pN0 in favor of the CMF group as compared to the
nthracycline-based chemotherapy group (59% versus 46%,

 < 0.004).
Significant nodal down staging was also reported by Skin-

er et al. [2], when the irradiation field included the axillary
odes. However, the axilla should be treated using a standard
echnique because of the inability to ensure complete cover-
ge of the axilla using only tangential fields [22].

In the German studies [16,17], irradiation fields did not
nclude axillary lymphatic drainage. The authors claimed
hat all patients who had clinically positive lymph nodes
esponded clinically to the neoadjuvant chemotherapy and
ll underwent level I/II axillary dissection at the time of
urgery. In their series, nodal post-operative irradiation
as given more frequently to the supraclavicular fossa as

ompared to IMC, which was delivered to only three patients
ith central/inner tumors.

.3.  Neoadjuvant  chemoradiotherapy  before  salvage
urgery

CT-RT has been evaluated in small series as a treatment
ption for patients with LABC who remained inoperable
r became inoperable during conventional primary systemic
herapy. In a first series of 14 patients, concurrent CT-RT was
iven as part of a rescue protocol, after progression during
eoadjuvant polychemotherapy (vinorelbine, 5-FU based) in
noperable patients [23]. Locoregional radiotherapy delivered
0 Gy in 25 fractions to the whole breast and nodal areas. Ten
atients received an additional “boost” to the primary tumor.
ll patients completed CT-RT sequence without chemother-

py dose reduction. Half the patients suffered from moist
esquamation (grade 2) and half had dry desquamation (grade
) skin toxicity. Out of 14 patients, two had complete clini-
al response, and 10 were rendered operable after combined
reatment. Surgery was performed 4–8 weeks after radio-
herapy. pCR and microscopic residual tumor were found
n five patients. No significant postoperative complications
ere noted. This study emphasizes that there might be a

ole for concurrent CT-RT for response enhancement [23].
n another study, which included 28 patients who did not
espond to neoadjuvant anthracyclines, capecitabine com-
ined with radiation was given as salvage therapy [24].
fter treatment, 23 patients became operable. One patient

chieved complete response and three patients achieved near-
omplete response. Forty-six percent of the patients suffered
Please cite this article in press as: Kaidar-Person O, et al. Primary system
cancer: A systematic review. Crit Rev Oncol/Hematol (2014), http://dx.d

cute skin toxicity (grades 1–2). No major toxicity was noted
uring treatment. Only one patient suffered from postopera-
ive wound complication. Attention should be given to the
act that, in this study, the initial neoadjuvant protocol was
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nthracycline based and the patients were not given taxanes
ubsequently, which was shown to increase response in this
etting [21].

.4.  Impact  of  tumor  biology  on  response  to  neoadjuvant
hemoradiotherapy

.4.1.  Hormone  receptors  and  proliferation
Patients who were found to have estrogen receptor

ER) positive tumors received anti-hormonal treatment (ET)
4,5,9,13]. Alvarado-Miranda et al. [12] considered the
mpact of ER expression on pCR after neoadjuvant treat-
ent. In their series, 48% of the patients received ET. The

nivariate and multivariate analyses indicated that ER nega-
ive tumors were significantly more likely to show pCR after
eoadjuvant CT-RT compared to ER positive tumors [12].
his was the only independent factor for a higher pCR. The
ther clinico-pathological factors (such as age, T stage, N-
tage, histological grade) did not impact pCR. These findings
re similar to the results reported by Adams et al. [5]. They
eported pCR rates of 54% in ER negative versus 18% in ER
ositive tumors (p  < 0.0001). These results are similar to other
ndings using combined therapy [10,15,25] or neoadjuvant
hemotherapy alone [20,21,26]. However, overall survival
epends more likely on pCR than ER status. In the Adams
t al. report, patients with hormone receptor (HR) negative
umors who achieved pathological response had a compara-
le overall survival to patients with HR positive tumors who
chieved pathological response [5]. Conversely, Matuschek
t al. [13] reported that patients with HR positive tumor had
etter overall survival, but this factor was not found to be
ssociated with pCR.

High HR expression, low grade and poor proliferation as
ested using Ki67 are known to be associated with better prog-
osis. There is a lack of data on the impact of these factors
ltogether on pCR after RT-CT. Colleoni et al. [15] is the only
eport that found a significant correlation between high Ki67
xpression and response to preoperative CT-RT.

.4.2. HER2  status
There is lack of strong data on the impact of HER2 over-

xpression and molecular subtypes on pCR after RT-CT. The
dams et al. [5] trial was the only one that evaluated the cor-

elation of pCR according to breast cancer subtypes. These
ata were only available for 85 patients (of 105 patients)
nd trastuzumab was only administered after its approval by
he FDA in 2006, thus only eight patients were treated with
rastuzumab in the neoadjuvant setting. Pathological response
complete and partial) is summarized in Table 3 according to
ifferent tumor subtypes, showing that HR negative tumors
ad better response to neoadjuvant treatment.

An early report by Formenti et al. [25], prior to the
ic therapy and whole breast irradiation for locally advanced breast
oi.org/10.1016/j.critrevonc.2014.04.005

ntroduction of trastuzumab, found that low HER2 gene
mplification was associated with a higher rate of patho-
ogical response to neoadjuvant CT-RT. The same was for
R negative tumors. Other potential biological markers of

dx.doi.org/10.1016/j.critrevonc.2014.04.005
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Table 3
Pathological (partial or complete) response to neoadjuvant chemoradiation
by Adams et al. [5].

HR-/HER2+ HR+/HER2- HR+/HER2+ HR-/HER2-

7/14 (50%)a 6/34 (17.6%) 3/13 (23.1%) 13/24 (54.2%)
3/7b

a All patients including those not treated with trastuzumab.
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of radiotherapy; however, wound complications were not
b Trastuzumab-treated only (in the text the authors stated that eight patients
eceived trastuzumab, although the results are for seven patients only.

esponse (such as apoptosis markers, tubulin, etc.) were not
ssociated with pathological response [25].

.  Recurrence  and  survival  after  neoadjuvant
hemoradiotherapy

The efficacy of primary treatment aims to reduce distance
etastasis dissemination and would increase the probability

f better survival. In a prospective single arm trial, Adams
t al. [5] evaluated the 5-year results of 105 patients treated
y neoadjuvant paclitaxel concurrent with twice weekly radi-
tion. The authors pointed out that recurrence was mainly
anifested by distant metastases and was observed in 29/105

atients. Of these, six were patients who responded (pCR and
artial response) compared to 23 patients who were defined as
on-responders after the initial neoadjuvant treatment. Patho-
ogic response (complete and partial) was associated with
mproved long-term outcome, regardless of ER status. After

 median follow-up of 60 months, the median disease-free
urvival and overall survival was not reached at the time the
rticle was written. The median disease-free survival time
f non-responders was 57 months, with a median overall
urvival time of 84 months. Matuschek et al. [13] reported
hat pCR was associated with long-term survival, while two
ore factors were found to be associated with better over-

ll survival, pT0 and neoadjuvant treatment consisting of
oncomitant CT-RT.

.  Acute  and  late  toxicity  of  neoadjuvant
adiochemotherapy

.1.  Impact  of  the  type  of  chemotherapy  schedule

Toxicity of standard fractionated RT-CT depends of the
ype of CT and the irradiated volumes. In the trial reported
y Shanta et al. [1], which included 1117 patients who
ere treated by different concomitant CT-RT schedules, RT

nterruptions rate in the CT-RT protocol was low. Some of
he patients were treated with a chemotherapy regimen that
ncluded doxorubicin, well known to cause radiation recall
ermatitis [27]. In that study, significant skin morbidity
occasionally occurred”, more seen in large pendulous
Please cite this article in press as: Kaidar-Person O, et al. Primary system
cancer: A systematic review. Crit Rev Oncol/Hematol (2014), http://dx.d

reasts, implying that this skin toxicity was more associated
ith dose distribution rather than with the chemotherapy
sed. However, the authors indicated that the preferred
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egimen was CMF given in most cases, and this was less
oxic when combined with radiation. Systemic complications
hat caused RT breaks were neutropenia and/or vomiting that
asted 1–2 days and occurred in less than 5% of patients [1].

Despite the fact that skin toxicity during neodajuvant treat-
ent was considered limited and delayed surgery for five
eeks following neoadjuvant CT-RT, up to 50% of patients
ad postoperative complications [3,6], mostly reported in
atients who underwent mastectomy with/without recon-
truction. Skinner et al. [2,3] published two studies, one with
oncomitant 5-FU and the other with concomitant paclitaxel,
nd indicated that concomitant 5-FU resulted in significantly
ess postoperative complications and good response to treat-
ent.
Toxicity encountered at the time of concomitant chemora-

iation (mitomycin C and 5-FU or cisplatin and gemcitabine)
iven after an anthracycline containing regimen, included
rade 1–2 neutropenia (32.2%), grade 1–2 anemia (5.2%),
nd grade 3 radioepithelities in 22.4% of patients [12]. The
oncomitant treatment was given with 16 mg of dexametha-
ome that served both as an antiemetic and as a means to
educe the risk of radiation pneumonitis [12]. The authors
ndicated that none of the patients suffered from severe lung
r cardiac toxicity at a median follow-up of 43 months (range,
–125 months). Pneumonitis was not reported in any of the
tudies. Formenti et al. [9] reported one case of dyspnea
uring chemoradiation.

Skinner et al. [3] reported that two patients (who deviated
rom the protocol and underwent breast-conserving surgery)
eveloped chronic radiation mastitis that persisted through-
ut the course of their postoperative chemotherapy which
ncluded doxorubicin.

.2.  Impact  of  the  time  to  surgery

Chakravarthy et al. [6] planned a definitive surgery 3–4
eeks after completion of radiation; however, the protocol
as modified to allow a 5–7 week interval after the last dose of

adiation, as an increased rate of postoperative complications
as noted in the first 12 patients. In 6/44 patients (13%), the

ime from beginning of chemoradiation to surgery was longer
han three months due to skin toxicity. In this trial, the time
o surgery was strongly associated with the degree of pCR.
t was emphasized by the investigators that, despite cautious
elaying of surgery until skin recovery was achieved, a signif-
cant rate of surgical complications was detected, which was
elated to persistent normal tissue morbidity from paclitaxel-
ased chemoradiation.

In the German studies [16,17], the time interval from the
nd of neoadjuvant treatment to surgery was significantly
onger in the CT-RT group compared to the neoadju-
ant chemotherapy group. This was due to acute effects
ic therapy and whole breast irradiation for locally advanced breast
oi.org/10.1016/j.critrevonc.2014.04.005

ncreased in patients in whom the acute effects subsided
rior to surgery. Patuschek et al. [13] also found that a long
nterval from completion of neoadjuvant treatment to surgery

dx.doi.org/10.1016/j.critrevonc.2014.04.005
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as associated with an increased probability of pCR
p < 0.01). Post-mastectomy complications occurred in 14%
f the cases and included four infections with delayed wound
ealing, one tram flap necrosis that required revision, and one
astitis with grade 3 dermal injury [9].
In Colleoni’s study [15], most patients underwent breast

onserving surgery (70%), yet overall postoperative com-
lications were frequent and included grade 2–3 infections
hat required prolonged antibiotic therapy and, in four cases,
ound dehiscence was observed. The authors ascribed these
ostoperative complications to radiotherapy given prior to
urgery.

Others suggested that optimizing the time to surgery, after
ecovery from radiation dermatitis (according to this study,

 weeks), results in relatively good pCR rates and low com-
lications rates [1,17]. The rates of seroma were greater than
sual, seen in about 15% of cases. However, no major postop-
rative skin morbidity, such as skin necrosis or breakdown of
ncisions, was noted. The rate of wound infection was 5.8%
1].

.  Conclusions

Initial reports of neoadjuvant chemoradiotherapy were
ublished over a decade ago; however, this treatment did not
ain world-wide popularity. This might be due to the fact
hat most trials of neoadjuvant chemoradiotherapy were ret-
ospective or single arm prospective trials, included a varied
atient population, and differed in treatment regimens and
ims. The surgical approach differs between the studies and
ome reports included a diverse population; thus, it was diffi-
ult to accurately measure the rates of curative local treatment
or otherwise inoperable patients.

Reported data regarding neoadjuvant CT-RT is inconsis-
ent, as different definitions of response were used, making it
ifficult to assess the true pCR rates after neoadjuvant com-
ined therapy and whether pCR achieved by adding RT to
eoadjuvant CT improved survival. Moreover, data of breast
ancer subtypes, which is imperative in the decision of sys-
emic therapy and dictates the response rate (including pCR)
n the chemotherapy-based neoadjuvant setting, was lack-
ng from most trials. The safety of preoperative CT-RT was
eported to be reasonable, as some indicated that RT inter-
uptions in the CT-RT protocol were negligible.

It seems that the available data from past neoadjuvant
hemoradiotherapy trials do not correspond with the revo-
ution in our understanding of unique breast subtypes and
he implication of pCR on patient survival. Therefore, in our
iew, there is a place to re-evaluate, in selected cases, the role
f chemoradiation in the neoadjuvant setting.
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