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ABSTRACT

Background. The purpose of the study was to retrospectively evaluate the outcome
according to the sequencing of radiotherapy and chemotherapy after mastectomy in
high-risk patients with breast cancer.

Methods. From January 1986 through September 2000, 275 women with stage I-IIIB
breast cancer were treated with chemotherapy and radiotherapy after mastectomy.
The patients were divided into four groups. Chemotherapy was given first in 116 pa-
tients (CTRT), concurrent chemoradiotherapy in 77 (CCRT), sandwich therapy in 65
(SAND), and radiotherapy first in 17 (RTCT). Prognostic factors such as age, primary
tumor size and nodal status were not statistically different among the four groups.
There was a higher proportion of patients with close or positive margins in CCRT and
RTCT groups than in the CTRT and SAND groups (22/77, 5/17 vs 3/116, 2/65, P
<0.001).

Results. Median follow-up was 145 months (range, 10-210). Five-year overall and dis-
ease-free survival were 69.4% and 56.1%, respectively. Survival outcomes were not
statistically different among the four groups (5-year overall/disease-free survival,
68.0%/63.0%, 71.3%/60.8%, 65.0%/48.1%, 81.9%/58.8%, in CTRT, CCRT, SAND, and
RTCT, respectively) (P = 0.3422/P = 0.6333). The incidence of local-regional recur-
rence was not different in the early radiotherapy group (CCRT/RTCT, 11%/12%) and
delayed radiotherapy group (CTRT/SAND, 7%/8%).

Conclusions. This study suggests that in these high-risk breast cancer patients after
mastectomy, delay in the start of radiotherapy does not increase local-regional recur-
rence, and the final survival outcomes are not affected by the sequencing of
chemotherapy and radiotherapy. Free full text available at www.tumorionline.it

Introduction

There has been a renewed interest in postmastectomy radiotherapy (PMRT) in
breast cancer since the publication of two modern trials that demonstrated a survival
advantage with the addition of radiotherapy and systemic chemotherapy in node-pos-
itive breast cancer patients after mastectomy1,2. Based on these studies, the American
Society of Clinical Oncology in 2001 recommended PMRT in patients with four or
more positive axillary lymph nodes, with T3 or stage III tumors3. Historically, most in-
stitutions have administered chemotherapy followed by radiotherapy in postmastec-
tomy patients. This conventional sequence is based on the ability of chemotherapy to
reduce metastatic spread in women with positive and negative nodes, with the con-
sideration of less of an effect of local-regional control after PMRT on overall survival.
However, this argument may not be valid, given the recent findings of PMRT trials1,2.
The optimal sequence of radiotherapy with chemotherapy after mastectomy is still

considered an unanswered question4. Previous retrospective studies that have ana-

Tumori, 96: 28-33, 2010



SEQUENCE OF CHEMORADIATION IN BREAST CANCER 29

ple mastectomy. Twenty-one patients had positive re-
section margins and 11 patients had close (≤2 mm) re-
section margins as determined on pathological exami-
nation. A median of 18 axillary lymph nodes (range, 1–
58) were removed during surgery.

Radiotherapy. Indications for undergoing postopera-
tive radiotherapy were one or more of the following: a
tumor size ≥5 cm, four or more positive lymph nodes, a
T4 primary cancer and close (≤2 mm) or positive resec-
tion margins. All of the patients received radiotherapy
with the use of photons from a 60Co unit (100/275) until
October 1992, or with megavoltage radiation (175/275),
electrons or a combination of the twomodalities. A me-
dian dose of 50.4 Gy (49.5-60.4), given in 28 fractions
over a period of 5.5 weeks, was administered to the
chest wall, axillary, supraclavicular, and internal mam-
mary lymph node area. For linear accelerator-based
treatments, radiation was usually given with electron
beam treatments to the chest wall combined with pho-
tons to the axilla and supraclavicular areas, along with
irradiation of the internal mammary lymph node area
with photons for the first 14 fractions followed by elec-
trons for the remaining 14 fractions.

Chemotherapy. None of the patients analyzed under-
went chemotherapy or hormonal therapy prior to mas-
tectomy. Chemotherapy regimens used during the
study period were CMF (cyclophosphamide, methotrx-
ate, 5-fluorouracil), CMF-prednisolone, CAMF (CMF
plus doxorubicin), CAF (cyclophosphamide, doxoru-
bicin, 5-fluorouracil), AC (doxorubicin plus cyclophos-
phamide), CEF (cyclophosphamide, epirubicin, 5-fluo-
rouracil), AC + T (four cycles of doxorubicin plus cy-
clophosphamide followed by four cycles of paclitaxel),

lyzed the consequences of delaying the initiation of ra-
diotherapy to deliver a full course of chemotherapy after
mastectomy have been controversial5-7. Despite this un-
solved question, a recent Patterns of Care survey
demonstrated that chemotherapy was delivered and
was completed before PMRT in 95% of the cases8. The
question of whether a conventional sequence of a full
course of chemotherapy that was first followed by ra-
diotherapy is optimal is intriguing. A trial from Den-
mark (radiotherapy administered after the first cycle of
chemotherapy) and a trial fromBritish Columbia, Cana-
da (radiotherapy administered after the fourth cycle of
chemotherapy), showed a significant survival benefit in
favor of radiotherapy delivered between successive cy-
cles of chemotherapy rather than after the completion
of chemotherapy1,2.
The purpose of the present study was to evaluate ret-

rospectively the importance of the sequence of radio-
therapy and chemotherapy on outcomes such as overall
survival (OS), disease-free survival (DFS) and failure
patterns after mastectomy in high-risk patients with
breast cancer.

Materials and methods

Patient characteristics

Between January 1986 and September 2000, 275
women with stage I-IIIB breast cancer were treated with
adjuvant chemotherapy (with or without tamoxifen)
and radiotherapy after mastectomy. The median age of
patients at the time of diagnosis was 42 years (range, 21-
71). At the time of diagnosis, 215 patients (79%) were 50
years of age or younger. To analyze retrospectively
whether the sequence of postoperative adjuvant
chemotherapy and radiotherapy after mastectomy in-
fluenced the results of treatment, the population in the
study was divided into four groups. Chemotherapy was
given first in 116 patients (the CTRT group). Radiother-
apy was given first in 17 patients (the RTCT group).
Sandwich therapy was given for 65 patients (the SAND
group), where two or three chemotherapy cycles were
given first followed by radiotherapy (without concurrent
chemotherapy) and then the remaining chemotherapy
cycles were administered. In 77 patients, concurrent
chemoradiotherapy was given to 77 patients (the CCRT
group). The sequence of adjuvant treatments was de-
cided in consultation by the medical and radiation on-
cologists. The clinical and pathological characteristics
of the patients are described in Table 1.

Treatment

Surgery. In most patients (256/275, 93%), a modified
radical mastectomy with axillary lymph node dissection
was performed. Sixteen patients (6%) underwent a rad-
ical mastectomy and 3 patients (1%) underwent a sim-

Table 1 - Clinical and pathological characteristics of 275
patients

Characteristics No. of patients (%)

Age (yr), median 42
<50 215 (78)
≥50 60 (22)

ECOG performance status
0 9 (3)
1 262 (95)
2 4 (2)

Surgery
Simple mastectomy 3 (1)
Modified radical mastectomy 256 (93)
Radical mastectomy 16 (6)

Chemo-RT sequencing
CCRT 77 (28)
CTRT 116 (42)
RTCT 17 (6)
SAND 65 (24)

ECOG, Eastern Cooperative Oncology Group; CCRT, concurrent
chemoradiotherapy; CTRT, chemotherapy-radiotherapy; RTCT, radio-
therapy-chemotherapy; SAND, sandwich.
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13), and infiltrating ductal carcinoma was the most
common histological subtype (262/275, 95%). Sixty-five
(24%) of 275 patients were estrogen-receptor positive
and 97 patients (35%) were estrogen-receptor negative.
The median number of involved lymph nodes was 8
(range, 0-46). Prognostic factors, including age, T stage,
N stage and estrogen receptor status were no different
among the four patient groups, but a higher proportion
of patients in the CCRT and RTCT groups had positive
or close resection margins (Table 2).
Five-year OS and DFS rates for all the patients were

69.4% and 56.1%, respectively (Figure 1). According to
patient group, 5-year OS andDFS were 71.3% and 60.8%
for the CCRT group, 68.0% and 63.0% for the CTRT
group, 81.0% and 58.8% for the RTCT group, and 65.0%
and 48.1% for the SAND group, respectively. There were
no significant differences among the four patient
groups with respect to OS (P = 0.36, Table 3) and DFS (P
= 0.63, Table 3).
Among the 275 patients, there were 114 treatment fail-

ures identified during the follow-up period. Patterns of
failure of the 114 patients were as follows. The presence
of a distant metastasis only in 90 patients, chest wall
failure only in 10 patients, regional nodal failure (supra-
clavicular, axillary and internal mammary lymph node

and CAF + T (6 cycles of CAF followed by four cycles of
paclitaxel). CMF was the most commonly used regimen
(150/275, 55%). The median number of chemotherapy
cycles administered was six (range, 5-12).

Statistical analysis

OS was defined as the length of the time until death
regardless of cause, and DFS was defined as the length
of time before the first evidence of recurrence including
local-regional recurrence (LRR) or the presence of a dis-
tant metastasis. Survival analysis was performed using
the Kaplan-Meier method. The chi-squared test was
used to determine the difference of prognostic factors
among the four patient groups. Differences of survival,
local-regional control and patterns of failure among the
four patient groups were assessed by use of the logrank
test, Fisher’s exact test and Pearson’s chi-squared test.
All P values were two-sided, and a value of P ≤0.05 was
considered statistically significant. Statistical analysis
was performed by use of SPSS software (release 12.0.1,
SPSS, Chicago, IL, USA).

Results

The median follow-up period was 145 months (range,
10-210). The patient characteristics are listed in Tables 1
and 2. The median tumor size was 4.5 cm (range, 0.5-

Table 2 - Patient characteristics according to the four patient
groups

CCRT CTRT RTCT SAND P
(n = 77) (n = 116) (n = 17) (n = 65)
No. (%) No. (%) No. (%) No. (%)

Age
<50 62 (81) 90 (78) 16 (94) 47 (72) 0.347
≥50 15 (19) 26 (22) 1 (6) 18 (28)

ER status
Positive 9 (12) 35 (30) 2 (11) 19 (29)
Negative 20 (26) 47 (41) 4 (24) 26 (40) 0.060
Unknown 48 (62) 34 (29) 11 (65) 20 (31)

Margin
Positive 14 (18) 1 (1) 5 (29) 1 (2)
Close 8 (11) 2 (2) 0 (0) 1 (2) <0.001
Negative 55 (71) 113 (97) 12 (71) 63 (96)

T stage
T1 7 (9) 19 (16) 3 (18) 3 (5)
T2 35 (45) 67 (58) 9 (53) 32 (49) 0.573
T3 33 (43) 27 (23) 5 (29) 27 (41)
T4 2 (3) 3 (3) 0 (0) 3 (5)

N stage
N0 11 (14) 9 (8) 5 (29) 0 (0)
N1 12 (16) 16 (14) 3 (18) 13 (20) 0.347
N2 24 (31) 44 (28) 3 (18) 15 (23)
N3 30 (39) 47 (40) 6 (35) 37 (57)

ER, estrogen receptor; CCRT, concurrent chemoradiotherapy; CTRT,
chemotherapy-radiotherapy; RTCT, radiotherapy-chemotherapy;
SAND, sandwich.
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Figure 1 - Overall and disease-free survival of the 275 patients.

Table 3 - Five- and 10-year overall (OS) and disease-free sur-
vival (DFS) rates in the four patient groups

CCRT CTRT RTCT SAND P

OS
5-yr 71.3 68.0 81.9 65.0 0.3422
10-yr 61.0 50.0 68.0 43.0

DFS
5-yr 60.8 63.0 58.8 48.1 0.6333
10-yr 55.9 53.9 58.8 48.1

CCRT, concurrent chemoradiotherapy; CTRT, chemotherapy-radio-
therapy; RTCT, radiotherapy-chemotherapy; SAND, sandwich.
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Discussion

PMRT substantially reduces the risk of LRR for high-
risk women with breast cancer. However, the impact of
such a reduction on the risk of distant failure and ulti-
mately death due to cancer has been controversial. The
publication of long-term results of the two largest trials
conducted for evaluation of the use of PMRT for pre-
menopausal node-positive patients treated with
chemotherapy has brought this debate renewed atten-
tion1,2. These studies showed that the administration of
radiotherapy following a modified radical mastectomy
not only reduced local-regional failure rates but also
yielded clinically relevant improvements in DFS and OS
rates in premenopausal patients who received
chemotherapy.
Considering the impact according to the administra-

tion sequence of radiotherapy and chemotherapy in
these high-risk patients, early administration of sys-
temic chemotherapy can theoretically reduce systemic
relapse, whereas early radiotherapy can reduce LRR. In
this regard, optimal integration of chemotherapy and
radiotherapy as adjuvant treatments in patients initially
treated with amastectomy is important tomaximize the
therapeutic outcome.
Most studies evaluating the consequence by sequence

of chemotherapy and radiotherapy have been per-
formed with the use of breast-conserving therapy of
early breast cancer9-14. However, there are few data sug-
gesting the optimal sequencing in patients after mas-
tectomy. Recently, Piroth et al.15 reported a retrospective
study of 212 cases treated with chemotherapy and ra-
diotherapy after mastectomy. The patients were divided
into 3 groups according to the sequence of chemother-
apy and radiotherapy (SEQ-group: radiotherapy was ap-

area) only in 5 patients, chest wall failure and the pres-
ence of a distant metastasis in 5 patients, and regional
node failure and the presence of a distant metastasis in
4 patients.
There were no significant differences in the rates of

LRR only, LRR and the presence of a distant metastasis,
or the presence of a distant metastasis only among the
four patient groups (P = 0.51, Table 4). Most patients
with treatment failures had systemic recurrences (28-
40%). The LRR rate was approximately 4-7%, and the
LRR with concomitant systemic failure rate was 3-6% in
the four patient groups.
To analyze the influence of the time interval from the

date of surgery to the date of radiotherapy administration
on the LRR, the patients were subdivided into three cate-
gories (≤2 months, >2 months ~ ≤6 months, >6 months)
according to the surgery-radiotherapy interval (SRI). The
SRI did not influence the LRR rate. The incidence of LRR
was 11.7% for the CCRT and RTCT groups (SRI ≤2
months), 7.6% in the CTRT group (SRI >6 months) and
6.8% in the SANDgroup (SRI 2months< ≤6months), with
no statistical significance (P = 0.48, Table 5).
In a separate analysis of a subgroup of 32 patients

with positive or close resection margins, the 5-year OS
and DFS were 84.0% and 65.0%, respectively. In these
patients, 11 treatment failures occurred with systemic
failure alone in 10 patients and LRR alone (with chest
wall failure) in 1 patient. For OS, there was a trend to-
ward better survival in patients who underwent early ra-
diotherapy (patients in the RTCT or CCRT group) than
for patients where radiotherapy was delayed (patients
in the CTRT or SAND group) (P = 0.0359, Figure 2).
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Figure 2 - Overall survival curves showing that patients who received
early radiotherapy (in the RTCT and CCRT groups) had significantly
better outcomes than patients where radiotherapy was delayed (in
the CTRT and SAND groups) for patients with a close or positive re-
section tumor margin (P = 0.0359).

Table 5 - Local-regional recurrence (LRR) rates according to
the surgery-radiotherapy interval (SRI)

Group SRI (mo) LRR (%) P

CCRT, RTCT <2 11/94 (11)
SAND ≥2 ~ <6 5/65 (8) 0.480
CTRT ≥6 8/116 (7)

CCRT, concurrent chemoradiotherapy; CTRT, chemotherapy-radio-
therapy; RTCT, radiotherapy-chemotherapy; SAND, sandwich.

Table 4 - Patterns of failure in the four patient groups

CCRT CTRT RTCT SAND P
(n = 77) (n = 116) (n = 17) (n = 65)
No. (%) No. (%) No. (%) No. (%)

LRR 6 (7) 5 (4) 1 (6) 3 (5)
LRR + DM 3 (4) 3 (3) 1 (6) 2 (3) 0.507
DM only 24 (31) 33 (28) 5 (29) 28 (40)
Total 33 (43) 41 (35) 7 (41) 33 (50)

LRR, local-regional relapse; DM, distant metastasis; CCRT, concurrent
chemoradiotherapy; CTRT, chemotherapy-radiotherapy; RTCT, radio-
therapy-chemotherapy; SAND, sandwich.



plied after finishing the last chemotherapy cycle, SW-
group: 2-4 chemotherapy cycles were given prior to ra-
diotherapy followed by 2-4 further chemotherapy cy-
cles, SIM-group: chemotherapy and radiotherapy were
applied simultaneously). There was no significant dif-
ference in treatment outcome in relation to the se-
quencing of chemotherapy and PMRT. These findings
were similar to those of our studies. That is, survival out-
comes and patterns of treatment failure were no differ-
ent according to treatment sequence.
Our study also analyzed the influence of the interval

from the date of surgery to the date of radiotherapy ad-
ministration (SRI) on LRR. There were conflicting re-
sults on this issue. In one study, the 8-year actuarial risk
of LRR among 19 patients beginning radiotherapy with-
in 6months of the initial diagnosis was 5%, compared to
23% among 35 patients initiating radiotherapy more
than six months after the diagnosis6. The investigators
suggested that a delay in the initiation of radiotherapy
for a period of six or more months from the time of di-
agnosis resulted in a higher local failure rate for patients
requiring chemotherapy and radiotherapy for local-re-
gional breast cancer.
Conversely, numerous studies found no relationship

between SRI and local-regional failure. A retrospective
study of 221 patients receiving PMRT between 1977 and
1992 showed little, if any, impact on the interval be-
tween surgery and PMRT for the risk of LRR. Adjuvant
chemotherapy was given to 151 patients.With a median
follow-up of 4.3 years, the LRR rates at 5 years were 13%
for 82 patients who began PMRT within 2 months of a
mastectomy, 4% for 50 patients who began PMRT from
2.1 to 6 months after surgery, and 9% for 89 patients
who began PMRTmore than 6months after surgery (P =
0.51)7. It was also ascertained in two randomized trials
that delaying PMRT was not related with LRR16,17. Our
study similarly showed that the SRI did not influence
the LRR rate. The incidence of LRR was 11.7% for the
CCRT and RTCT groups (SRI ≤-2 months), 7.6% in the
CTRT group (SRI >6 months), and 6.8% in the SAND
group (SRI 2 months < ≤6 months), with no statistical
significance.
Although the optimal sequencing of chemotherapy

and PMRT cannot be determined from available evi-
dence, current guidelines recommend that chemother-
apy should be started soon after surgery, and hence the
start of chemotherapy should not be delayed until after
PMRT3,18.
However, in cases with close or positivemargin status,

determination of treatment sequencing should bemade
cautiously. In the present study, there was a small num-
ber of patients with a positive or close resection margin
(n = 32). Of these patients, most (27/32) received early
radiotherapy (patients in the CCRT and RTCT groups).
When we analyzed a subgroup of 32 patients for treat-
ment outcomes, patients who received early radiother-
apy (patients in the CCCT and RTCT groups) had a trend

toward better OS than patients who received delayed ra-
diotherapy (patients in the CTRT and SAND groups) (P
= 0.0359, Figure 2).
There are several limitations to the present study.

First, only 275 patients were analyzed retrospectively.
Furthermore, the number of patients in the RTCT group
was small compared with the other treatment groups,
so that the study was underpowered to detect small but
potential differences in treatment outcome. Secondly, a
higher proportion of patients in the CCRT and RTCT
groups had positive or close resection margins. Such
imbalances in characteristic distributions could suggest
caution in the interpretation of treatment outcome of
the study.

Conclusions

There are few data suggesting how to sequence
chemotherapy and radiotherapy after mastectomy.
Generally, radiotherapy should follow chemotherapy
according to current guideline in such patients3. Our re-
sults confirmed these findings, indicating that for the
use of PMRT, the sequence of radiotherapy and
chemotherapy does not affect the final survival out-
come or recurrence patterns of patients with high-risk
breast cancer. However, for patients with positive or
close resection margins, early integration of radiothera-
py might be considered as there was a trend toward bet-
ter survival in patients who received early radiotherapy
(patients in the RTCT and CCRT groups) than for pa-
tients who received delayed radiotherapy (patients in
the CTRT and SAND groups). LRR rates were the same
for the patients in the four groups despite high rates of
a close or positive margin for patients in the RTCT and
CCRT groups.
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