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Delayed initiation of radiation therapy is associated with inferior
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Background: To investigate whether the interval between adjuvant chemotherapy (CT) completion and
postoperative radiation therapy initiation (ICR) after breast-conserving surgery (BCS) affects ipsilateral
breast tumor recurrence (IBTR) or survival.

Methods: All women who were diagnosed with invasive breast cancer and underwent BCS between 2005
and 2014 were included. In total, 1,472 patients underwent adjuvant CT followed by postoperative radiation
therapy (RT) (CT+), whereas 402 patients received postoperative RT alone (CT-). Analyses were stratified
by ICR and the interval between surgery and the initiation of postoperative RT (ISR) in these two cohorts.
The cutoff points for treatment delay were 47 days in the CT+ cohort and 69 days in the CT- cohort. IBTR,
local-regional failure (LRF), disease-free survival (DFS), and overall survival (OS) were assessed through
Kaplan-Meier (K-M) analysis. Univariate and multivariate regression analyses were performed to determine
the prognostic factors of survival outcomes.

Results: The median follow-up duration was 56 months. There was an association between a delay in
ICR and an increase in IBTR in the CT+ group (P=0.014 for intervals <47 vs. >47 days). This association
was confirmed by multivariate analyses [hazard ratio (HR) of 2.766; P=0.046] in the hormone receptor-
negative subgroup. The 5-year cumulative incidence rates of IBTR were 1.3% and 3.3% (<47 vs. >47 days,
respectively) in the CT+ cohort. For patients in the CT- cohort, a longer delay of initiation of postoperative
RT (<69 vs. >69 days) significantly decreased DFS (HR of 6.430; P=0.002). The 5-year cumulative incidence
rates of disease recurrence were 3.0% for RT starting <69 days after surgery and 12.6% for RT starting
>69 days after surgery.

Conclusions: A high IBTR rate was related to an ICR beyond 47 days. Delay of RT after CT or surgery
among patients who undergo BCS should be avoided, especially among patients in the hormone receptor-

negative subgroup.
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Introduction

Radiation therapy (RT) is a necessary treatment for patients
who undergo breast-conserving surgery (BCS) since
BCS plus radiation achieves the same survival outcomes
as mastectomy (1-4). It remains unknown whether RT
should start within a specific interval after BCS to achieve
optimal local control. Knauerhase et 4/. reviewed the
interval between surgery and RT (<2 vs. >2 months) among
263 women who treated with BCS and RT for invasive
breast cancer. The study found that the interval was
a significant risk factor for ipsilateral breast tumor
recurrence (IBTR) among the patients (5). Shurell
et al. suggested that women who undergo BCS for
ductal carcinoma in situ (DCIS) should start RT
within 12 weeks. Their study showed that delayed
initiation of RT was associated with a significantly
higher risk of IBTR than early initiation of RT (6).
A meta-analysis illustrated that patients who underwent BCS
and delayed initiation of RT for more than 24 weeks had
increased rates of local recurrence and distant metastases
when adjuvant chemotherapy (CT) was administered
first (7). Additionally, another study analyzed 18,050 women
aged over 65 years who underwent BCS and RT and
found that initiation of RT over 6 weeks after surgery was
associated with an increased risk of local recurrence (8).
However, some previous studies reported that delayed
initiation of RT did not lead to an increased risk of IBTR.
A study of a low-risk group of women who did not receive
adjuvant CT found no significant difference in IBTR
within intervals of 0 to 20 weeks from BCS to the start of
RT. The author reported the imbalance of factors related
to local recurrence and thus suggested that patients had
differential access to RT, which might explain the negative
results between IBTR and delayed RT (9). Another study
reported that the delayed interval of RT initiation was not
significantly different in either early breast cancer or locally
advanced breast cancer (10,11). In addition, two studies
defined cutoff points of delayed initiation of RT as 6 and
7 months and found that delayed onset of RT was not
significantly associated with IBTR compared to patients
who initiated RT earlier (12,13). These studies speculated
that confounding factors, such as age at diagnosis (10),
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wound healing or seroma formation (12), could lead to
delayed onset of RT, which might contribute to negative
results.

For ethical reasons, a randomized controlled trial cannot
be conducted to assess the effect of the initiation timing of
RT on survival outcomes. Some of the studies mentioned
above were retrospective, mono-institutional studies, or
meta-analyses, leading to the inconsistent definition of
delayed RT. To address the inconsistency, a larger evaluation
of this issue is required.

The relevance of the optimal timing of initiation RT
and survival is widely described in the above-mentioned
literature. Even if the results are statistically significant,
further clinical trials and longer follow-up periods are
warranted to validate their clinical significance. In this
study, we retrospectively analyzed 1874 women who were
treated with postoperative RT after BCS. The objective of
the current study was to assess the association between the
timing of postoperative RT and the risk of IBTR in women
undergoing BCS.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/gs-20-717).

Methods
Participants

Women who were diagnosed with stage [-IIlc invasive
breast cancer and received BCS at the Fudan University
Shanghai Cancer Center (FUSCC) from February 2005 to
December 2014 were included in this study. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). All patients included in this study were in-
patients, and these programs were approved by the Ethics
Committee Review Board of Fudan University Shanghai
Cancer Center (No. IRB050432-4-1911D), and each
participant signed an informed consent form. Patients for
whom basic clinical characteristics were unavailable, such
as hormone receptor status, tumor size, margin, and lymph
node status, were excluded.

Overall, 2,236 patients met the initial eligibility
criteria. Three hundred and eleven patients who met all
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of the selection criteria but did not receive postoperative
RT were excluded. Forty patients with ambiguous dates
regarding the completion of adjuvant CT and the initiation
of postoperative RT were also excluded. Patients who
experienced a prolonged interval between surgery and the
first dose of adjuvant CT (>8 weeks) were also excluded
(n=11). The final cohort included 1,874 patients. The
patients were divided into a CT+ cohort (n=1,472) and a
CT- cohort (n=402) according to whether they received
adjuvant CT prior to postoperative RT (Figure S1).

Time to RT was defined as follows. In patients who
received adjuvant CT and postoperative RT after BCS, the
interval was between the completion of adjuvant CT and
the initiation of postoperative radiation therapy (ICR). In
patients who received postoperative RT without adjuvant
CT after BCS, the interval was between surgery and the
initiation of postoperative RT" (ISR).

Management

All patients received whole breast irradiation by 3D
conformal radiotherapy (3D-CRT) or intensity-modulated
radiotherapy (IMRT) and a total dose of 50 Gy in 25 daily
fractions. The postoperative tumor bed was delineated based
on the clips and seroma combined with other postoperative
changes. The boost clinical target volume was defined as
uniformly adding a margin of 10 mm around the tumor
bed. The boost dose for the tumor bed was 10-16 Gy,
by 2 Gy/fraction. Post-surgery lymphatic RT was
recommended to patients with four or more positive nodes
and/or patients with one to three positive nodes associated
with certain high-risk pathologic features.

Pathologic examination of tumor specimens was carried
out in the Department of Pathology at FUSCC. Estrogen
receptor (ER) and progesterone receptor (PR) assays were
considered positive if they had an expression rate equal
to or more than 10% for a specimen (14). ER- and PR-
were defined as hormone receptor-negative, while ER+/
PR+, ER+/PR-, and ER-/PR+ were defined as hormone
receptor-positive. Human epidermal growth factor
receptor 2 (HER2) status was recognized as positive when
immunohistochemistry (IHC) staining of the 3+ or HER?2
gene was amplified by fluorescent in situ hybridization
(FISH) analysis (15). Adjuvant systematic treatment of
breast cancer (including a variety of chemotherapeutic,
hormonal and biologic agents) was conducted according to
the guidelines (16).

Patients in the CT+ cohort received anthracycline/taxane-
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based adjuvant CT, including epirubicin/cyclophosphamide
(EC), epirubicin/cyclophosphamide followed by docetaxel
(EC-T), epirubicin/cyclophosphamide followed by paclitaxel
(EC-P), cyclophosphamide/methotrexate/5-fluorouracil
(CMEF), cyclophosphamide/epirubicin/5-fluorouracil (CEF),
cyclophosphamide/epirubicin/5-fluorouracil followed by
docetaxel (CEF-T), and docetaxel/cyclophosphamide (T'C).

Measures of clinical characteristics and outcomes

Patient demographics and medical records were reviewed.
All patients were followed up for at least six months and up
to ten years. We obtained the following characteristics from
FUSCC: age at diagnosis, tumor size (<2 cm, >2 cm), lymph
node status (negative, positive), margin status (negative,
positive), axillary surgery (sentinel node biopsy only,
axillary dissection), and endocrine therapy (no, yes). We
also obtained data on tumor hormone receptor and HER2
status. Table 1 displays the patient characteristics.

Clinical outcomes

The primary endpoint of this study was IBTR, which was
defined as the first local recurrence in the ipsilateral (treated)
breast. The date of operation was regarded as the beginning
of follow-up for survival analyses. The time to an IBTR
event was measured from the date of the definitive surgery
until the first evidence of IBTR or the final follow-up visit
if IBTR was not detected during the follow-up period. The
secondary endpoint was disease-free survival (DFS), which
was defined as survival from surgery to the first event,
including regional recurrence and/or distant metastasis
and/or non-breast cancer-specific death. Other endpoints,
including local-regional failure (LRF) and overall survival
(OS), were also calculated. LRF was defined as disease
recurrence in the ipsilateral breast or ipsilateral regional
nodes or the occurrence of a second primary tumor in the
ipsilateral breast. OS was calculated from surgery to death
from any cause.

Statistical analyses

Receiver operating characteristic (ROC) analyses for the
prediction of 10-year IBTR and DFS were conducted to
determine the optimal cutoff values of ICR and ISR in
the CT+ and CT- cohorts (“survivalROC” package in
R), respectively. These values were 47 days (AUC =0.549)
and 69 days (AUC =0.686) in the CT+ and CT- cohorts,
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Table 1 Patient, tumor, and treatment characteristics

Ma et al. Delayed radiation therapy may lead to poor outcomes

Chemotherapy (n=1,472) Non-chemotherapy (n=402)
Characteristic
No. % No. %
Age at diagnosis, years
Median 44 51
Range 19-78 18-78
<40 521 35.4 72 17.9
>40 951 64.6 330 82.1
Tumor size, cm
<2 1,068 72.6 354 88.1
>2 404 27.4 48 11.9
Lymph node
Negative 980 66.6 373 92.8
Positive 492 33.4 29 8.2
Hormone receptor
Negative 403 27.4 12 3
Positive 1,069 72.6 390 97
Her-2 status
Negative 1,203 81.7 393 97.8
Positive 269 18.3 9 2.2
Endocrine
No 462 31.4 17 4.2
Yes 1,010 68.6 385 95.8
Margin status
Negative 1,455 98.8 402 100
Positive 17 1.2 0
Menopausal status
Premenopausal 1,062 721 202 50.2
Postmenopausal 410 27.9 200 49.8
Axillary surgery
Sentinel node biopsy only 633 43 295 73.4
Axillary dissection 839 57 107 26.6

respectively (Figure S2). The patients in the CT+ and
CT- cohorts were subdivided based on the cutoff values
of ICR and ISR derived from ROC curves. IBTR, LRE,
DFS, and OS curves were constructed using the Kaplan-
Meier method and compared between subgroups using the
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log-rank test. Univariate and multivariate Cox regression
analyses (forward LR selection) were performed to adjust
and identify clinical factors that were used to investigate
clinical outcomes. Hazard ratios (HRs) were estimated from
univariate and multivariate regression analyses. A two-sided
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P<0.05 was considered statistically significant. GraphPad
Prism (version 7.0.0; GraphPad Software, San Diego, CA,
USA), SPSS (version 23.0; IBM Corporation, Armonk, NY,
USA), and R (version 3.6.1) were used for all analyses.

Results
Patient and treatment characteristics

Table 1 details the patient and treatment characteristics. In
this cohort of patients after BCS (n=1,874), the median age
was 45 years (range, 18-78 years), and the median follow-
up time was 56 months (IQR, 40-74 months). The majority
of the patients (94.1%) had stage I or stage II breast cancer.
Overall, 111 patients (5.9%) were categorized as stage III.
There were 1,472 (78.55%) patients in the CT+ cohort,
with a median ICR of 28 days. Among 402 patients (21.45%)
in the CT- group, the median ISR was 42 days. RT was
initiated within 47 days after completion of adjuvant CT in
1,296 patients (88.0%), whereas 176 patients (12.0%) began
postoperative RT over 47 days. RT was initiated within
69 days after surgery in 352 patients (87.5%), whereas
50 patients (12.5%) experienced delays in RT more than
69 days after surgery. Patients with delayed initiation of
postoperative RT were likely to be elderly and have positive
hormone receptors, a negative HER2 status, and negative
lymph nodes as well as a tumor size less than or equal to
2 cm, both in the CT+ cohort and CT- cohort.

Clinical outcomes of all patients

Overall, there were 30 IBTR events in our final cohort (CT+
plus CT-, n=1,874), and the 5-year cumulative incidence of
IBTR was 1.4%. The numbers of patients who experienced
LRE, disease recurrence (regional recurrence and/or distant
metastasis) and death during the follow-up period were 36,
169, and 43, respectively. The 5-year cumulative incidence
rates of LRE, disease recurrence and death were 1.6%, 9.5%,
and 1.6%, respectively. Of the 1,472 patients in the CT+
group, 34, 155, and 38 patients experienced LRE, disease
recurrence and death, respectively. Among the 402 patients
in the CT- group, 2, 14, and 5 patients experienced LRE,
disease recurrence, and death, respectively.

Clinical outcomes of CT+ patients

In CT+ patients, the 5-year cumulative incidence rates of

IBTR, LREF, disease recurrence and death were 1.3%, 1.7%,
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10.6%, and 1.7%, respectively, in the early ICR subgroup
(<47 days). They were 3.3%, 3.4%, 13.4%, and 1.9% in
the subgroup with delayed ICR (>47 days) (Table S1).
Figure 14 shows that the IBTR curves were significantly
different between the interval groups (log-rank P=0.014 for
<47 vs. >47 days). Analyses of LRE, DFS, and OS outcomes
were not statistically significant between the interval groups
(247 vs. >47 days) (log-rank P=0.082, P=0.324, P=0.411;
Figure 1B-1D). In a multivariable Cox model for IBTR in
the CT+ group (Table S2), age (P=0.016), HER?2 status
(P<0.001), and hormone receptor status (P<0.001) were
statistically significant. No other factor was statistically
significant.

Subgroup analysis of the clinical outcomes of CT+ patients

Subsequently, the study investigated the influence of ICR
(247 vs. >47 days) on IBTR according to breast cancer
subtypes. Figure 24 presents the IBTR comparisons
between the two interval groups in the hormone receptor-
negative patients who initiated postoperative RT more
than 47 days after the completion of adjuvant CT; these
patients had more adverse outcomes than those who began
postoperative RT within 47 days in the hormone receptor-
negative subgroup (P=0.027). This was also confirmed
by univariate and multivariate analyses (Tzble 2). The
independent prognostic factors for IBTR were age (HR of
0.334; 95% CI, 0.124 to 0.903; P=0.031), interval (<47 vs.
>47 days) (HR of 2.766; 95% CI, 1.018 to 7.518; P=0.046),
and HER?2 status (HR of 4.320; 95% CI, 1.601 to 11.654;
P=0.004). However, the cutoff point of delayed initiation of
RT at 47 days was not significantly different from that of the
hormone receptor-positive subgroup, as shown in Figure 2B

(P=0.939).

Clinical outcomes of CT- patients

The 5-year cumulative incidence rates of IBTR, LRE,
disease recurrence, and death in the CT- group between
the subgroup of early ISR (<69 days) and the subgroup of
delayed ISR (>69 days) were 0.8% vs. 2.4%, 0.8% vs. 0%,
3.6% vs. 12.6%, and 0.7% vs. 2.6%, respectively (Table S1).
Since only a few patients initiated RT after 69 days of
surgery, no LRF was found among them. The K-M curve
comparisons between interval groups (<69 vs. >69 days) are
shown in Figure 3. Patients whose ISR exceeded 69 days
had a significantly inferior rate of DFS (log-rank P=0.003),

and the results are presented in Figure 3C. However, clinical
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outcomes (IBTR, LRE, and OS) did not significantly differ
according to the K-M analysis of interval groups (<69 vs.
>69 days) (Figure 34,3B,3D).

In the multivariate analyses, the independent prognostic
factors for DFS were age (HR of 0.234; 95% CI, 0.076 to

© Gland Surgery. All rights reserved.

0.726; P=0.012), tumor size (HR of 3.715; 95% CI, 1.225 to
11.273; P=0.020), ER (HR of 0.121; 95% CI, 0.033 to 0.445;
P=0.001), and interval (<69 vs. >69 days) (HR of 6.430; 95%
CI, 1.982 to 20.860; P=0.002) (Table 3). A long delay in RT
initiation of more than 69 days after surgery significantly
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Table 2 Univariate and multivariate analysis for IBTR in the hormone receptor-negative group
Univariate Multivariate
Variable
HR 95% Cl P HR 95% Cl P
Age (years)
<40 1 1
>40 0.480 0.185-1.246 0.131 0.334 0.124-0.903 0.031
Interval (days)
<47 1 1
>47 2.935 1.085-7.940 0.034 2.766 1.018-7.518 0.046
Tumor size (cm)
<2 1
>2 1.660 0.632-4.363 0.304 - - 0.280
Lymph node
Negative 1
Positive 1.290 0.454-3.662 0.633 - - 0.951
HER2 status
Negative 1 1
Positive 3.541 1.365-9.186 0.009 4.320 1.601-11.654 0.004
Margin (first section)
Negative 1
Positive 0.049 0.000-25,601,867.29 0.768 - - 0.565
Menopause status
Postmenopausal 1
Premenopausal 2.368 0.680-8.242 0.175 - - 0.380

IBTR, ipsilateral breast tumor recurrence; HR, hazard ratio; HER2, human epidermal growth factor receptor 2; Cl, confidence interval.

decreased DFS.

Discussion

Since the risks of IBTR and DFS were not cumulative,
IBTR events and distant recurrence events occurred beyond
the threshold value. In addition, the current study aimed to
determine a reasonable timing for treatment delay. To state
the results more directly, the final cutoff point for interval
was selected as 47 days in the CT+ group and 69 days in
the CT- group. Some studies related to delayed timing of
initiation CT had cutoff points of 6 to 8 weeks after the
previous treatment (17,18). Moreover, a retrospective study
reported that breast tumor volumes increased over a mean
interval of 56.9 days, which may explain why patients who
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initiated RT before 47 days had better prognoses than those
who initiated RT after 47 days (19).

For breast cancer in the early stage, surgery can remove
the disease detected in or around the breast or regional
lymph nodes, but undetected deposits of disease remain.
The role of RT in optimizing local control after surgery is
well established (20). However, the optimal timing of RT
therapy remains controversial. Huang et a/. (21) reported
that the 5-year local recurrence rate (LRR) was significantly
higher in patients treated with adjuvant RT for breast
cancer more than 8 weeks after surgery than in those treated
within 8 weeks of surgery. Since an increasing number of
studies have reported that delayed RT therapy is associated
with adverse outcomes in patients after BCS, the timing of
RT is important.
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Figure 3 Kaplan-Meier plot for ipsilateral breast tumor recurrence, local-regional failure, disease-free survival, and overall survival
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ipsilateral breast tumor recurrence for the two groups: <69 and >69 days from definitive surgery to the start of adjuvant radiotherapy; (B-D)

local-regional failure, disease-free survival, and overall survival, respectively.

Our study demonstrated that patients in the CT+ group
who waited longer than 47 days had increased rates of
IBTR compared with patients who started postoperative
RT within 47 days after adjuvant CT, especially in the
hormone receptor-negative patient subgroup. In addition,
our findings suggested that an ISR of more than 69 days
decreased DFS compared with patients who started RT
within 69 days after surgery only for patients treated with
BCS plus RT.

The optimal sequence to integrate CT and RT in the
adjuvant treatment of breast cancer has been investigated
for decades (22-24). Given the concerns about increased
distant metastases, if radiation is administered first and there
are concerns related to excessive toxicity with concurrent
treatment, postoperative RT will be administered after
completion of adjuvant CT (16).

Many studies have suggested that delaying the initiation
of adjuvant CT may decrease the benefit of cytotoxic
systemic therapies and lead to adverse outcomes (25-27).
Yu et al. (17) demonstrated that prolonged initiation of
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adjuvant CT (<4 vs. >8 weeks) significantly decreased DFS
and OS, particularly among patients with triple negative
and HER2+ tumors. Based on these studies, we excluded
patients whose interval between surgery and the first dose
of adjuvant CT exceeded 8 weeks to exclude the influence
of delayed initiation of adjuvant CT in our CT+ cohort.
Delayed initiation of RT led to a poor outcome when
adjuvant CT was administered first. A review by Tsoutsou
et al. (28) suggested that postoperative RT should be
initiated within 7 months (28 weeks) of adjuvant CT
after surgery. Similar outcomes were reported by Ruo
Redda et al. (7). Based on a literature review, ISR has been
widely used to evaluate the influence of delayed treatment
on outcomes regardless of the kind of adjuvant CT
administered in patients with breast cancer. The reason that
we did not use ISR to evaluate the impact of delayed RT on
the clinical outcomes of patients who underwent adjuvant
CT was that ISR varied with different regimens of adjuvant
CT. Patients in our institution received EC, EC-T, EC-P,
CMF, CEF, CEF-T, and TC, which spanned from 9 to
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Table 3 Univariate and multivariate analysis for DFS in the CT- group
Univariate Multivariate
Variable
HR 95% CI P HR 95% ClI P

Age (years)

<40 1 1

>40 0.282 0.098-0.814 0.019 0.234 0.076-0.726 0.012
Interval (days)

<69 1 1

>69 4.489 1.503-13.409 0.007 6.430 1.982-20.860 0.002
Tumor size (cm)

<2 1 1

>2 3.974 1.331-11.865 0.013 3.715 1.225-11.273 0.020
Lymph node

Negative 1

Positive 3.731 1.169-11.909 0.026 - - 0.500
ER status

Negative 1 1

Positive 0.108 0.030-0.389 0.001 0.121 0.033-0.445 0.001
PR status

Negative 1

Positive 0.251 0.070-0.902 0.034 - 0.672
HER2 status

Negative 1

Positive 6.820 1.521-30.574 0.012 - - 0.154
Endocrine therapy

No 1

Yes 0.158 0.044-0.568 0.005 - - 0.417
Menopause status

Postmenopausal 1

Premenopausal 1.267 0.439-3.656 0.661 - - 0.569

DFS, disease-free survival; ER, estrogen receptor; PR, progesterone receptor; HR, hazard ratio; HER2, human epidermal growth factor

receptor 2; Cl, confidence interval.

21 weeks depending on the risk of recurrence at diagnosis.
We suggest that postoperative RT should be initiated
within 47 days subsequent to the completion of CT in
the current study. In other words, if patients complete
adjuvant CT on time, we recommend that the initiation
of postoperative RT should not exceed 15.5-27.5 weeks

© Gland Surgery. All rights reserved.

(9-21 weeks of chemotherapy + 47 days) after surgery,
which is in accordance with the above-mentioned literature
and the consensus that postoperative RT should be initiated
within 28 weeks.

In our study, delayed initiation of RT was associated with
increased IBTR, particularly in patients whose hormone
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receptor status was negative. One possible explanation
was that hormone receptor-negative tumors had more
aggressive tumor characteristics than hormone receptor-
positive tumors (19). In addition, hormone receptor-negative
tumors were more sensitive to adjuvant CT than hormone
receptor-positive tumors, and the risk of IBTR in patients
with hormone receptor-positive tumors may be reduced
by endocrine therapy (ET), which could decrease the risk
of IBTR in both early and local advanced breast cancer
(29-31). Consequently, the timing of RT was quite important
for patients with hormone receptor-negative breast cancer;
for this reason, we recommend that these patients should
initiate postoperative RT within 47 days once adjuvant CT is
completed. In the present study, the independent prognostic
factors for IBTR were young age, delayed interval, and
positive HER? status. Our findings are in accordance with
published studies that also reported that younger patients
had poorer outcomes than older patients (32,33).

We attempted to correct for the effects of differences
in treatment, clinical, and pathologic variables by adding
hormone receptor and HER2 status into the Cox
proportional hazards model. However, the inclusion of
prognostic variables (especially hormone receptors) may
be criticized, as they violate the proportional hazard
assumption of a constant ratio over time when assessing the
risk of recurrence between different values. Nevertheless,
this was a common problem. The latest studies have
proven that the expression of ER is indicative of a favorable
prognosis 0-5 years after diagnosis but is significantly
associated with a high risk of recurrence in years 5-10
(34,35). Our median follow-up was only 56 months (less
than 5 years), which was not sufficient to explain the
difference in the complex prognostic relevance of the
estrogen receptor in the proportional hazard model.

Our study concluded that a long interval (>69 days)
decreased the DFS rate in the CT- cohort. In agreement
with the results reported by Olivotto et /. (36), women
with early-stage breast cancer who were not receiving
adjuvant CT and who waited longer than 20 weeks for
RT had higher rates of local and distant recurrence and
adverse breast cancer-specific survival than those who
started postoperative RT within 4 to 8 weeks after surgery.
The majority of the patients (97.0%) were diagnosed with
hormone receptor-positive breast cancer in the CT- cohort,
which is also why we did not perform subgroup analyses
based on hormone status in the CT- cohort. A total of
98.7% of patients diagnosed with hormone receptor-positive
tumors underwent adjuvant ET after postoperative RT. The

© Gland Surgery. All rights reserved.
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use of adjuvant ET reduced the risk of IBTR, which may
explain why the IBTR rate was unfavorable. At the same
time, delayed RT may decrease the benefit of adjuvant ET.
In other words, CT- patients who experience prolonged
initiation of RT may experience delayed systemic therapy,
which may lead to disease recurrence for those patients.
This could explain why the DFS results were favorable
in the CT- cohort. However, van Maaren et al. (37)
reported that patients who received postoperative RT
followed by CT and/or ET showed better DFS for
a time interval of >55 days than for a time interval of
<42 days. The reasons for the inconsistent results between
the above-mentioned studies and ours are likely complex
and multifactorial. First, van Maaren et /. mentioned that
patients in the <42-day group had larger tumors and higher
grades than those in the other groups. These patients with
poor prognoses consequently had a shorter interval between
surgery and RT, which may indicate poor DFS. Of note,
ET followed by RT is recommended in our institution, but
ET starts before, concurrently with, or following RT in
the Netherlands. The different intervals at which patients
received ET could explain the lack of consistent results
between the former study and our current study. Overall,
these reasons may contribute to the difference in the results
between the former studies and ours.

Our study has both limitations and strengths. The
strength of our study is that we selected the ICR as our
main study point to balance the bias of different cycles of
CT. This interval might be more suitable to investigate the
optimal time to initiate RT for patients who receive both
adjuvant CT and postoperative RT after BCS. This study
provided new insights into the optimal ICR.

The limitations of this study included its retrospective
nature, nonrandomized design and treatment selection
biases. Our analyses were based on a single institution study
with a relatively short median follow-up of 56 months.
Further longer follow-up periods are warranted to validate
long-term outcomes before such clinically available options
become guidelines. In addition, because of the relatively
small sample size, our multiple adjustment analysis was
limited in the CT- cohort. A larger sample size dataset will
be required to validate our current results.

Conclusions

In conclusion, the present study sought to organize
and critically present the current data on the maximum
acceptable delay of RT administration. We recommend that
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patients, especially those with hormone receptor-negative
tumors, initiate RT within 47 days after they complete BCS
and adjuvant CT. Patients who receive RT without adjuvant
CT after BCS may initiate RT within 69 days after surgery.
Based on this retrospective cohort, we recommend that
patients initiate RT within the recommended interval.
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Figure S2 Area under the curve (AUC) of the survival ROC. AUC of the 10-year survival ROC curve for IBTR in CT+ cohorts (A), AUC

of the 10-year survival ROC curve for DFS in CT- cohorts (B).

Table S1 Crude and actuarial results in the CT+ and CT- group

Clinical outcomes

Chemotherapy (n=1472) (%)

Non-chemotherapy (n=402) (%)

Ipsilateral breast tumor recurrence
5-year crude results

5-year cumulative incidence of IBTR

Local-regional failure
5-year crude results

5-year cumulative incidence of LRF

Disease-free survival
5-year crude results

5-year cumulative incidence of disease recurrence

Overall survival
5-year crude results

5-year cumulative incidence of death

1.3
1.3 (=47 days)
3.3 (>47 days)

1.6
1.7 (<47 days)
3.4 (>47 days)

8.7
10.6 (<47 days)
13.4 (>47 days)

1.3
1.7 (<47 days)
1.9 (>47 days)

0.7
0.8 (<69 days)
2.4 (>69 days)

0.5
0.8 (<69 days)
0 (>69 days)

3
3.0 (<69 days)
12.6 (>69 days)

0.7
0.7 (<69 days)
2.6 (>69 days)

IBTR, ipsilateral breast tumor recurrence; LRF, local-regional failure.
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Table S2 Univariate and multivariate analysis for IBTR in the CT+ group

Univariate Multivariate
Variable
HR 95% CI P HR 95% ClI P

Age

<40 1 1

>40 0.504 0.237-1.071 0.075 0.387 0.179-0.836 0.016
Interval (days)

<47 1

>47 2.795 1.181-6.611 0.019 - - 0.076
Tumor size (cm)

<2 1

>2 1.590 0.728-3.473 0.245 - - 0.326
Lymph node

Negative 1

Positive 0.773 0.338-1.766 0.773 - - 0.743
Her2 status

Negative 1 1

Positive 5.478 2.565-11.697 0.000 4.984 2.297-10.814 0.000
Margin (first section)

Negative 1

Positive 0.049 0.000-236,174.251 0.701 - - 0.473
Endocrine therapy

No 1

Yes 0.201 0.090-0.448 0.000 - - 0.465
Menopause status

Postmenopausal 1

Premenopausal 1.689 0.639-4.460 0.290 - - 0.340
Hormone receptor

Negative 1 1

Positive 0.190 0.087-0.415 0.000 0.221 0.100-0.487 0.000

IBTR, ipsilateral breast tumor recurrence; HR, hazard ratio; HER2, human epidermal growth factor receptor 2; Cl, confidence interval.
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