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Purpose: The optimum timing of adjuvant radiotherapy for breast cancer patients who had
undergone surgery remains unclear. The present study aimed to identify the clinical factors
which could assist the selecting of time interval (TI) between surgery and adjuvant radio-
therapy in luminal breast cancer with lymph node metastasis.

Patients and Methods: This retrospective study included 1054 luminal breast cancer
patients with lymph node metastasis, diagnosed between May 2004 and December 2014,
and treated with surgery followed by adjuvant therapy. Overall survival (OS) and disease-
free survival (DFS) were compared between patients in the short and long TI groups.
Multivariate analysis was performed to examine clinical factors associated with DFS.
Subgroups analysis was further performed based on the significant predictors of DFS to
explore the association of TI and tumor prognosis.

Results: For the whole group of patients, there was no difference in OS and DFS between
patients with long and short TI. Multivariate analysis showed that age, N stage and tumor
size were significant predictors of DFS. Subgroup analysis demonstrated that neither age nor
N stage were informative in TI selection; in contrast, in patients with large tumors, a short TI
was associated with better DFS than a long TI. In patients with small tumors, there was no
significant association between TI and tumor prognosis. In the multivariable analysis, TI was
independent predictor of DFS and local recurrence-free survival in patients with large
tumors.

Conclusion: Large tumor size is an indicator for the timely administration of adjuvant
radiotherapy in luminal breast cancer with positive lymph node.

Keywords: breast cancer, radiotherapy, time interval, tumor size, surgery

Introduction

Radiotherapy is an important part of combined modality treatment in patients with
breast cancer. A number of randomized clinical trials have shown that adjuvant
radiotherapy can decrease the risk of local recurrence and improve survival in
breast cancer patients.' > However, the timing of radiotherapy in patients who
have completed surgery remains unclear. In fact, the optimal time interval (TI)
between surgery and radiotherapy is still under investigation.*

Some previous studies have showed that a long TI between surgery and
adjuvant radiotherapy increased the risk of local recurrence.” ° Meanwhile, other
studies reported that the TI did not affect tumor prognosis.'®'® These inconsisten-
cies are likely accounted for by methodological discrepancies between studies, in
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particular, eligibility criteria. Some patients require adju-
vant chemotherapy, leading to a delay in radiotherapy,
which tends to be administered after chemotherapy.'’
Combining these populations in a single study may intro-
duce high heterogeneity, affecting the reliability of study
results. A suitable approach to investigating the effects of
TI on patient prognosis is to improve the homogeneity of
study samples.

Previous studies have shown that N status is associated
with breast cancer outcomes; it was also used as an indicator
for the administration of adjuvant radiotherapy.'®2° In the
present study, we aimed to include luminal breast cancer
patients with positive lymph nodes and to investigate the role
of TI in predicting the survival in these patients.

Patients and Methods

Ethics Statement

We got research permission from Institutional Review Board
of Sun Yat-Sen Memorial Hospital. Since the design of current
study was retrospective, the written consent associated with the
present study was not required in our hospital. Besides, during
the research, we have protected the patients’ confidential infor-
mation from disclosure. This study was conducted in accor-
dance with the Declaration of Helsinki.

Patients

Patients’ clinical information was extracted from the hos-
pital database for the period between May 2004 and
December 2014. Patients were eligible for the present
study if they had a pathologically confirmed diagnosis of
invasive luminal (A or B) breast cancer, were treated with
surgery followed by adjuvant therapy, and had pathologi-
cally confirmed lymph node metastasis. Patients with
HER2 over-expression or triple negative, those who
received neoadjuvant chemotherapy, and those whose
first diagnosis was of metastatic disease were excluded
from the present study. Data from a total of 1054 patients
were included in the present study.

Treatment

All included patients underwent surgery. Breast-conserving
surgery was performed in 407 cases; the remaining 647
patients underwent mastectomy. None of the patients had
a positive surgical margin in their final pathology report.
Positive lymph nodes were confirmed in all included patients.
After surgery, patients received postoperative chemotherapy,
selected based on the NCCN guidelines and attending

physicians’ experience and typically administered over 4-6
months. After the chemotherapy was completed, adjuvant
radiotherapy was initiated using 6- or 10-MV photons. In
patients who underwent breast-conserving surgery, the whole
breast was irradiated with a dose of 50Gy/25F, followed by
a boost of 10-16Gy to the tumor bed. Meanwhile, in patients
who received mastectomy, the chest wall was the target of
radiation delivered at a dose of 50Gy/25F. In addition, the
lymphatic drainage area was also irradiated according to the
individual’s condition of lymph node metastasis. In details, in
patients with more than 4 positive axillary nodes, the lymphatic
drainage areas including infraclavicular region, supraclavicu-
lar area, internal mammary nodes, and the axillary bed at risk
should be irradiated. In patients with 1-3 positive axillary
nodes, the lymph node regions such as infraclavicular and
supraclavicular areas, axillary bed at risk were usually the
target of radiotherapy. Besides, when patients with 1-3 positive
axillary nodes also had other adverse features such as young
age, large tumor, and medial quadrant tumor, the radiation field
also included internal mammary area. The common prescrip-
tion dose for lymphatic drainage area was 50Gy/25f.

The median TI between surgery and adjuvant radio-
therapy was 6.4 months (range, 4.5-10.8months). Patients
were divided into two groups based on the cut-off value of
6.4 months.'® “Short” and “long” TI groups were the
groups with a TI of <6.4 and of >6.4 months, respectively.

Follow-Up Evaluation

During the first 2 years after treatment, patients were followed
up every 3—4 months. They were evaluated every 6 months in
the following 3 years and annually thereafter. Each evaluation
involved blood tests, CA153 assessment, a general physical
examination and ultrasonography scanning. Computed tomo-
graphy scanning and mammography were performed once
per year or to aid diagnosis or confirm recurrence, as required.
In the present study, local recurrence free-survival (LRFS) was
calculated from the time of diagnosis to the observation of any
signs of recurrence in the ipsilateral breast, chest wall, or
regional lymphatic drainage area. Similarly, distant metastasis-
free survival (DMFS) was defined as the time from diagnosis
to the development of distant metastasis.

Statistical Analysis

We used SPSS software (version 19.0) for all statistical
analyses. Between-group comparisons of categorical and
continuous variables were performed, as suitable, using the
chi-square test or Fisher’s exact test, and the Student’s #-test
or the Mann—Whitney U-test, respectively. Multivariate
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analyses were performed using the cox proportional hazards
regression to identify clinical factors significantly associated
with DFS. We have put all the possible clinical factors in the
cox proportional hazards model by using a forward condi-
tional selection of variables. Survival analysis was performed
by using the Kaplan—-Meier method with Log rank test.
of <0.05 were

a statistically significant finding.

P-values considered indicative of

Results
Clinical Baseline Characteristics for All

the Patients

Most (95.4%) patients in both the short and long TI groups had
the histologic type of invasive ductal carcinoma, with few
patients (4.6%) presenting with other histologic type, for
example, invasive papillary carcinoma, invasive lobular carci-
noma, or mucinous adenocarcinoma. Patients in the short TI
group were more likely to have a positive PR status than were
those in the long TI group (96.6% vs 88.7%, P<0.001).
Moreover, the patients in the short TI group had a lower
proportion of lymphovascular invasion (LVI) than did those
in the long TT group (15.3% vs 22.7%, P=0.002). Other clinical
factors including age, tumor size, N stage, ER status, HER2
status, molecular types, and follow-up were balanced between
the two groups (Table 1).

Survival Analysis for the Whole Group

During the follow-up period, there were 185 deaths and 263
cases of recurrence. Among the latter, 23 and 175 cases devel-
oped local failure and distant metastasis, respectively. Sixty-
five patients experienced both local and distant recurrence. The
10-year OS rates for the short and long TI groups were 74.51%
and 78.18%, respectively. No significant difference was found
in OS between the two groups (P=0.903) (Figure 1). The 10-
year DFS rates were also comparable between patients with
short and long TI (71.65% vs 67.07%, respectively, P=0.163)

(Figure 2).

Clinical Predictors of DFS for the Whole
Group

Univariate analysis revealed that age, N stage and tumor size
were associated with DFS (Table 2). In contrast, tumor grade,
LVI, TI, and molecular type were not associated with DFS.
Multivariable analysis further confirmed that age, N stage and
tumor size were significant predictors of DFS. Specifically,
patients aged <40 years achieved shorter DFS than did those
aged >40 years. Patients with disease stage N2-3 had a 2.42-

Table | Baseline Characteristics of the Patients Included

Variables Short Time Long Time P value
Interval (N=557) Interval (N=497)

Age, year 0.557
<40 115 110
>40 442 387

Histologic type 0.011
Invasive ductal 523 483
carcinoma
Other types” | 34 14

Tumor size, cm 0.443
<20 248 233
>2.0 309 264

N stage 0.792
NI 325 286
N2-3 232 211

ER status 0.688
Positive 513 461
Negative 44 36

PR status <0.001
Positive 538 441
Negative 19 56

HER 2 status 0.119
Positive 106 114
Negative 451 383

Molecular type 0.076
Luminal A 397 329
Luminal B 160 168

LvI 0.002
Yes 85 113
No 472 384

Follow-up, months 0.066
Median 753 732

Note: "Other types included: Invasive papillary carcinoma, invasive lobular carci-
noma and mucinous adenocarcinoma.
Abbreviation: LVI, lymphovascular invasion.

fold higher risk of recurrence that did those with disease stage
NI. Large tumors were associated with poorer survival than
that associated with small tumors.

Subgroup Analysis Based on Factor of
Age

Among patients aged <40 years, there were 74 cases of
recurrence, including 11, 48, and 15 cases of local recur-
rence, distant metastasis, and both local and distant failure,
respectively. The 10-year OS and DFS were similar
between the short and long TI groups (P>0.05) (Table 3).
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100- Table 2 Univariate and Multivariate Analyses of DFS
— Variables Univariate Analysis Multivariate Analysis
X 80-
= HR (95% CI) | P value | HR (95% CI) | P value
'; 60 P=0903 Tumor size,cm
-
3 <2.0 vs >2.0 0.646 0.001 0.718 0.010
] 40- —— Short time interval (0.504-0.828) (0.558-0.924)
— ) )
o 20- —— Long time interval Tumor grade
(o]
= vs I 0.935 0.588
0 T T T | (0.734-1.191)
0 50 100 150 200
LvI
Follow up months
Yes vs no 0.863 0.400
Figure | OS for the whole group stratified by time interval. No significant (0.614-1.215)
difference was found in OS between patients with short and long time intervals
(P=0.903). Molecular type
Luminal A vs 0.786 0.061
luminal B 0.611-1.011)
3 100' Age
o
‘_:; 80- <40 vs >40 1.527 0.002 1.656 <0.001
; (1.167-1.998) (1.265-2.168)
I _
a 604 P_O 1 63 Time interval
(V]
2 40- . . Short vs long 0.842 0.163
o —— Short time interval (0.661-1.072)
(] . .
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8 204 N stage
2
(=) NI vs N2-3 0.403 <0.001 0.413 <0.001
0 T T T 1 (0.314-0.516) (0.321-0.531)
0 50 100 150 200

Figure 2 DFS for the whole group stratified by time interval. No significant
difference was found in DFS between patients with short and long time intervals

(P=0.163).

Among patients aged >40 years, there were 189 cases of
recurrence. Among them, 12, 127, and 50 cases involved
local recurrence, distant metastasis, and both local and
distant failures, respectively. The 10-year OS and DFS
rates in the short and long TI groups were 77.4% and
74.7%, and 78.2% and 70.4%, respectively, without any

Follow up months

significant difference (Table 4).

Subgroup Analysis Based on Factor of

N Stage

Among patients with N1 stage, the 10-year DFS rates for the
patients with short and long TI were 78.9% and 75.9%,
respectively, without any significant difference (P=0.124).

Abbreviations: Cl, confidence interval; HR, hazard ratio; LVI, lymphovascular

invasion.

Table 3 Survival Analysis for Subgroup of Patients with Age <40

Group Short Time Long Time P value
Interval (n=115) Interval (n=110)
5-Year 10-Year 5-Year 10-Year
(oY 83.8% 62.7% 85.2% 78.1% 0.168*
DFS 75.7% 59.4% 72.9% 57.1% 0.715%

Note: *Calculated by Kaplan—-Meier method.
Abbreviations: OS, overall survival; DFS, disease-free survival.

Table 4 Survival Analysis for Subgroup of Patients with Age >40

Group Short Time Long Time P value
Interval (n=442) Interval (n=387)
5-Year 10-Year 5-Year 10-Year
os 88.6% 77.4% 86.8% 78.2% 0.568*
DFS 81.5% 74.7% 78.3% 70.4% 0.202%

Note: *Calculated by Kaplan—Meier method.
Abbreviations: OS, overall survival; DFS, disease-free survival.
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Table 5 Survival Analysis for Subgroup of Patients with N1

Group Short Time Long Time P value
Interval (n=325) Interval (n=286)
5-Year 10-Year 5-Year 10-Year
oS 93.6% 83.7% 90.2% 83.2% 0.429*
DFS 89.7% 78.9% 84.5% 75.9% 0.124*

Note: *Calculated by Kaplan—Meier method.
Abbreviations: OS, overall survival; DFS, disease-free survival.

Table 6 Survival Analysis for Subgroup of Patients with N2-3

__100-

X

g 804

-

2 601 P=0.027

()]

2 40- L.

“d-: —— Short time interval

7] —— Long time interval

S 20- 9

L

[a)
0 L] L] L] 1
0 50 100 150 200

Follow up months

Group Short Time Long Time P value
Interval (n=232) Interval (n=211)
5-Year 10-Year 5-Year 10-Year
os 79.5% 62.5% 81.3% 71.5% 0.405*
DFS 67.4% 61.0% 67.2% 56.2% 0.606*

Note: *Calculated by Kaplan—Meier method.
Abbreviations: OS, overall survival; DFS, disease-free survival.

Similarly, there was also no difference between the two groups
in 10-year OS rates (83.7% vs 83.2%, P=0.429) (Table 5).

Among patients with N2-3 stage, there were 162 cases
of recurrence. There was also no difference in 10-year
DFS or OS rates between the short and long TI groups
(61.0% vs 56.2%, P=0.606; 62.5% vs 71.5%, P=0.405,
respectively) (Table 6).

Subgroup Analysis Based on Factor of

Tumor Size

Among patients with the tumor size of <2.0 cm, there were
101 and 67 cases of recurrence and death during the
follow-up period, respectively. There was no difference
in 10-year DFS or OS rates between the short and long
TI groups (72.2% vs 73.4%, p=0.711; and 79.2% vs
82.7%, P=0.932, respectively) (Table 7). Among patients
with a tumor size of >2.0cm, the 10-year DFS rates of the
short and long TI groups were 71.5% and 61.7%,

Table 7 Survival Analysis for Subgroup of Patients with the
Tumor Size of <2.0cm

Figure 3 DFS for patients with the tumor size of >2.0 cm stratified by time
interval. Patients with short time interval had a significantly higher DFS than
those with long time interval (P=0.027).

respectively. The long TI group had a significantly lower
DFS rate than did the short TI group (P=0.027) (Figure 3);
however, the OS was similar between the two groups
(70.8% vs 73.8%, P=0.917) (Table 8) (Figure 4).
Moreover, we tended to explore how TI affected the DFS
by analyzing the recurrence pattern. The results showed
that the local recurrence rate was higher in patients with
a long TI than in those with a short TI. However, there was
no between-group difference in the rate of distant metas-
tasis (Table 9). Overall, these findings suggested that, for
the patients with the tumor size >2.0 cm, a long TI would
resulted in an impaired local control, thus leading to
decreased DFS.

Clinical Predictors for DFS, LRFS, and
DMFS in Patients with the Tumor Size of
>2.0cm

In multivariate analysis, TI, age, and N stage were inde-
pendent predictors of DFS in breast cancer patients with
the tumor size of >2.0 cm. The TI was particularly
strongly associated with local recurrence free-survival

Table 8 Survival Analysis for Subgroup of Patients with the
Tumor Size of >2.0cm

Group Short Time Long Time P value Group Short Time Long Time P value
Interval (n=248) Interval (n=233) Interval (n=309) Interval (n=264)
5-Year 10-Year 5-Year 10-Year 5-Year 10-Year 5-Year 10-Year

oS 91.1% 79.2% 90.8% 82.7% 0.932* oS 84.8% 70.8% 82.5% 73.8% 0.915*%

DFS 84.2% 72.2% 86.2% 73.4% 0.711* DFS 77.0% 71.5% 68.7% 61.7% 0.027*
Note: *Calculated by Kaplan—Meier method. Note: *Calculated by Kaplan—Meier method.
Abbreviations: OS, overall survival; DFS, disease-free survival. Abbreviations: OS, overall survival; DFS, disease-free survival.
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Figure 4 OS for patients with the tumor size of >2.0 cm stratified by time interval.
No significant difference was found in OS between patients with short and long
time intervals (P=0.915).

but not with distant metastasis-free survival. Besides,
N stage was found to be the unique predictor of distant
metastasis-free survival in patients with the tumor size of
>2.0 cm (Table 10).

Discussion

The present study has shown that the 10-year DFS and OS
rates in the long and short TI groups were similar. In multi-
variable analysis, tumor size, N status and age were found to
be independent predictors of DFS. Moreover, subgroup ana-
lysis revealed that among patients with large tumors, the long
TI group had lower DFS rates than did the short TI group;
however, a similar relationship was not observed among
patients with small tumors. Next, we tried to answer how
TI affected the DFS by analyzing the recurrence pattern in
patients with large tumors. Results showed that a long TI was
associated with a higher rate of local failure and, conse-
quently, poorer DFS than those associated with a short TI.
In the multivariate analysis, TI was an independent predictor
of DFS and LRFS in patients with a tumor size of >2.0 cm.
Overall, the present findings suggest that tumor size might be

Table 9 Recurrence Patterns for Patients with the Tumor Size of
>2.0cm

Group Short Time Long Time P value
Interval (n=309) Interval (n=264)
5-Year 10-Year 5-Year 10-Year
LR 6.3% 7.7% 12.6% 13.2% 0.018%*
M 21.8% 26.9% 26.7% 35.2% 0.087%

Note: *Calculated by Kaplan—Meier method.
Abbreviations: LR, local recurrence; SM, systemic metastases.

a useful indicator in deciding the TI between surgery and
radiotherapy for luminal breast cancer patients.

The selection of TI between surgery and adjuvant radio-
therapy is still an unsolved clinical problem. Previous studies
have attempted to define the role of TI in predicting the tumor
prognosis; however, their findings were inconsistent.*'” One
previous study that included 18 050 breast cancer patients
treated with surgery and adjuvant radiotherapy, reported that
a long TI was associated with the increased likelihood of local
recurrence (hazard ratio=1.19, 95% confidence interval: 1.01
to 1.39, P=0.033).% A systematic review of 34 relevant studies
with a total of 79,616 breast cancer patients reported that the
relative risk of local recurrence per month of delay was 1.08
(95% confidence interval 1.02-1.14).” The study authors
recommend that waiting times for radiotherapy should be
kept as short as reasonably achievable. A delay in radiotherapy
may allow residual tumor cells present in the surgical bed to
develop into the local and distant recurrence over time; more-
over, a longer TI between surgery and radiotherapy may offer
enough time for the residual tumor cells to grow and develop
treatment-resistance trait.”'*> However, there were also studies
which yielded different findings. A study by Caponio et al, in
which 615 breast cancer patients were divided into three
groups according to the timing of radiotherapy (<60, 61-120,
and >120 days) and followed up for 15 years, reported no
relationship between the TI and the risk of local recurrence.'!
In another study, Barbieri et al included a total of 387 patients
with T1-2 breast cancer were treated with breast-conserving
surgery and radiotherapy, showing no impact of a delay in
radiotherapy on the risk of local relapse.'> However, a major
limitation of this study was in the selection criteria, which did
not consider the differences in TI between patients who did and
did not undergo chemotherapy.'?

Compared to the previous reports, the present study has
shown that the tumor size may affect the optimum TI between
surgery and adjuvant radiotherapy for luminal breast cancer
patients with positive lymph node. We found that, among
patients with large tumors, a longer TI was associated with
reduced DFS, while it did not affect the outcomes of patients
with small tumors. This finding may be due to the fact that
a large tumor may invade the adjacent tissue more seriously
than a small one, making complete resection challenging. As
we know, this is the first study to show that tumor size may be
used in decisions regarding the TI between surgery and adju-
vant radiotherapy for patients with luminal breast cancer with
lymph node metastasis. We suggested a timely radiotherapy
should be administered to those patents with large tumors in
order to increase the likelihood of achieving good local control.
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Table 10 Multivariate Analyses of DFS, LRFS, and DMFS for Patients with the Tumor Size of >2.0cm
Variables DFS LRFS DMFS
HR(95% CI) P value HR(95% CI) P value HR(95% CI) P value
N stage
NI vs N2-3 0.387 (0.277-0.540) <0.001 NA 0.379 (0.267-0.538) <0.001
Age
<40 vs >40 1.642 (1.158-2.329) 0.005 2.122 (1.174-3.835) 0.013 NA
Time interval
Short vs long 0.731 (0.537-0.996) 0.047 0.509 (0.290-0.893) 0.019 NA

Abbreviations: DFS, disease-free survival; LRFS, local recurrence-free survival; DMFS, distant metastasis-free survival; Cl, confidence interval; HR, hazard ratio; NA, not

available.

Besides, our study can also help improve the treatment efficacy
in a single radiation center. Usually, radiotherapy for breast
cancer tends to involve long waiting times due to the lack of
adequate equipment, a desire for breast reconstruction, and the
poor wound healing.® Based on our finding, long waiting
times may be inconsequential for patients with small tumors,
thereby creating an opportunity for the treatment of patients
with large tumors to be prioritized.

This study had some limitations. First, the retrospective
design have undermine its importance when compared
with prospective clinical trials. Although we suggested
that large tumor size could be an indication for the timely
adjuvant radiotherapy, this conclusion requires validation
in large randomized clinical trials. In addition, the optimal
time interval between surgery and adjuvant radiotherapy
for different patient subgroups still requires further
investigation.

Conclusion

In conclusion, tumor size can be a reference in the selec-
tion of TI in luminal breast cancer patients with lymph
node metastasis. And a timely adjuvant radiotherapy
should be given to the patients with large tumors.
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