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ABSTRACT

Purpose. The aim of this study was to evaluate the impact

of time to radiotherapy (TTR) after completion of

chemotherapy (CT), and TTR after surgery, in breast

cancer (BC) patients.

Patients and Methods. Continuous breast cancer patients

treated with surgery and CT followed by radiotherapy (RT)

from 2009 through 2015 were retrospectively reviewed.

Patients were categorized into four groups with respect to

TTR after CT, i.e.\4, 4–8, 8–12, and[12 weeks, and TTR

after surgery, i.e.\147, 147–180, 180–202, and[202 days.

The Cox proportional hazards model was used to identify

the independent effect of TTRs.

Results. Overall, 989 patients were enrolled. Patients with

a TTR of[12 weeks after CT showed significantly worse

breast cancer-specific survival (BCSS) and overall survival

(OS) compared with those who had a TTR of \4 weeks

(BCSS: hazard ratio [HR] 0.28, 95% confidence interval

[CI] 0.1–0.76; OS: HR 0.33, 95% CI 0.13–0.88), 4–8

weeks (BCSS: HR 0.23, 95% CI 0.08–0.66; OS: HR 0.29,

95% CI 0.11–0.8), and 8–12 weeks (BCSS: HR 0.22, 95%

CI 0.05–0.96; OS: HR 0.23, 95% CI 0.06–0.99). TTR after

surgery showed no significant association with survival

outcomes in the entire cohort, except in patients with

hormone receptor (HR)-positive disease and those receiv-

ing mastectomy. In HR-positive tumors, a TTR after CT of

[12 weeks remained an independent predictor for adverse

BCSS and OS.

Conclusion. Initiation of RT beyond 12 weeks after CT

might compromise survival outcomes. Efforts should be

made to avoid delaying RT, especially after completion of

CT and in patients with HR-positive tumors, positive

lymph nodes, and those receiving mastectomy.

The role of adjuvant radiotherapy (RT) in reducing

recurrences and improving breast cancer survival has been

well established;1,2 however, the optimal time to initiation

of RT (TTR) is still unclear, especially when adjuvant

chemotherapy (CT) is indicated.

Some radiobiological models3 have found an increase in

local recurrence of 1–2% per month delay in initiation of

RT. With the hypothesis that delaying RT might adversely

impact prognosis, most trials regarding adjuvant RT in

breast cancer would adopt a predefined maximum accept-

able TTR after CT or surgery. In clinical practice, an

unscheduled delay in initiation of RT after completion of

CT can be ascribed as patient-related factors, including

shoulder dysfunction, fatigue after CT, or unexpected sit-

uations such as quarantine during the outbreak of corona

virus disease 2019 (COVID-19) when scheduled RT must

be postponed, which would cause anxiety about compro-

mised efficacy. Regarding optimal TTR after surgery,

numerous confounding factors, such as the length of CT

treatment, might explain the controversies in published

studies.4 The time to CT (TTC) is an important reason that

complicates TTR after surgery, especially when TTC per se

affects prognosis.5 Nevertheless, there are few clinical data

� Society of Surgical Oncology 2020

First Received: 27 April 2020

Accepted: 28 July 2020;

Published Online: 24 September 2020

J.-Y. Chen, MD

e-mail: chenjiayi0188@aliyun.com

Ann Surg Oncol (2021) 28:2155–2168

https://doi.org/10.1245/s10434-020-09026-z

http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-020-09026-z&amp;domain=pdf
https://doi.org/10.1245/s10434-020-09026-z


regarding the impact of delaying TTR after CT, which

could be referred to as determining ‘acceptable interval’

without compromising the efficacy of RT.

Treatment response, radiosensitivity, and cell prolifera-

tion of hormone receptor (HR)-positive and -negative

tumors have been found to be different.6,7 TTC after sur-

gery was reported to influence survival outcomes

differently according to breast cancer subtypes.5 It is still

unknown whether such heterogeneity would influence the

clinical impact of delaying RT.

For ethical reasons, it is impossible to carry out ran-

domized controlled trials to explore optimal TTRs. Hence,

we conducted this study with the purpose of identifying the

independent clinical impact of TTR after CT and after

surgery on survival outcomes in patients treated with CT

and according to HR status.

PATIENTS AND METHODS

Patients

Medical records of continuous stage I–III breast cancer

patients treated with definitive surgery and adjuvant CT

followed by RT from 2009 through 2015 in our institution

were retrospectively reviewed. Patients who received

neoadjuvant treatment and who had a missing date of

surgery or initiation of RT were excluded. Baseline

comorbidity included hypertension, cardiovascular disease,

respiratory diseases, hyperlipidemia, hypothyroidism, and

hyperthyroidism. This study was approved by the Medical

Review Board of our institution, and waiver of consent was

obtained.

Estrogen receptor (ER) and progesterone receptor (PR)

status was assessed using immunohistochemical (IHC)

analysis. The percentage of cells staining positive for ER or

PR [1% was considered HR-positive. A positive human

epidermal growth factor receptor 2 (HER2) status was

defined as a gene amplification ratio[2.2 by fluorescence

in situ hybridization, or an expression level intensity of 3?

on IHC. Breast cancer subtype was defined as HR-positive

(ER-positive and/or PR-positive and HER2-negative), tri-

ple-negative (HER2-negative and HR–negative), and

HER2-positive (HER2-positive regardless of HR status).

Treatments

The adjuvant treatment strategies were determined at a

multidisciplinary team meeting including breast surgeons,

radiation oncologists, medical oncologists, pathologists,

specialized breast cancer nurses, and other related spe-

cialists, as reported in a previous study.8 All patients

received adjuvant CT before initiation of RT. Adjuvant

endocrine therapy was administered to patients with HR-

positive tumors, usually after completion of RT. Among

223 patients with HER2-positive tumors, 146 (71.9%) were

treated with trastuzumab. For patients who started trastu-

zumab before initiation of RT, trastuzumab continued

throughout the duration of RT.

All patients received irradiation to the ipsilateral chest

wall or whole breast. Additional regional nodal irradiation

was generally administrated in node-positive patients. The

dose prescription was 45–50 Gy in 25–28 fractions. A

boost of 10–16 Gy in 5–8 fractions to the tumor bed was

delivered sequentially with whole breast irradiation. The

RT technologies were in accordance with our previous

reports.9

Statistical Analysis

TTR was defined as the time interval between the date

of definitive breast surgery or date of the last dose of CT, to

the initiation date of RT. As no consistent reference cutting

points exist for TTR after surgery, we divided the entire

cohort equally, according to the number of patients, into

four groups with respect to TTR after surgery, i.e. \147,

147–180, 180–202, and[202 days. In terms of TTR after

CT, the influence factors were less complicated and the

interval span was relatively narrow, therefore we divided

patients into quartiles according to the time interval, i.e.

\4, 4–8, 8–12, and[12 weeks.

Time to recurrence and length of follow-up were cal-

culated from the date of initiation of RT. Locoregional

recurrence (LRR) was defined as any first recurrence within

the ipsilateral chest wall or breast or regional nodes. All

recurrences at distant sites were recorded as distant recur-

rence (DR). Disease-free survival (DFS) comprises LRR,

DR, new contralateral breast cancers, second cancers, and

death from any cause. The endpoint of breast cancer-

specific survival (BCSS) and overall survival (OS) was

death from breast cancer and death from any cause,

respectively.

Descriptive analysis was performed using median and

range for continuous variables, and proportion for cate-

gorical variables. Pearson’s Chi-square statistics and

Wilcoxon rank-sum tests were used to test between-group

differences for categorical variables and continuous vari-

ables, respectively. The survival curves were estimated

using the Kaplan–Meier method and compared using the

log-rank test. After adjusting for potential confounding

factors (factors that are related to TTR and survival out-

comes), the independent impact of TTR after CT and after

surgery was tested using a Cox proportional hazards model

for multivariate analysis. Hazard ratios (HRs) and 95%

confidence intervals (CIs) were presented. One-to-one

propensity score matching (PSM) was performed to
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eliminate selection bias of TTR after CT (B12 vs. [12

weeks) by matching age, comorbidity, menopausal status,

T stage, N stage, nuclear grade, HR status, HER2 status,

Ki67 index, type of primary surgery, CT regimens, and

cycles of CT and internal mammary node (IMN) RT, and

selection bias of TTR after surgery (B180 vs.[180 days)

by matching comorbidity, T stage, N stage, nuclear grade,

HR status, HER2 status, Ki67 index, type of primary sur-

gery, TTC, CT regimens, and cycles of CT and IMN RT;

the caliper width used was 0.02. All tests were two-sided,

and a p value\0.05 was considered statistically significant.

Analyses were performed using SPSS software version

25.0 (IBM Corporation, Armonk, NY, USA).

RESULTS

Patient Characteristics

Overall, 989 patients were included, of whom 131

patients with a missing end date of CT were excluded from

analyses regarding the TTR after CT. The median TTR

after surgery was 180 days (range 24–507) and the median

TTR after CT was 29 days (range 7–247). Patient charac-

teristic details for the entire cohort, and stratified by TTR

after surgery and after CT, are listed in Table 1.

Univariable Analysis of Survival Outcomes

The median follow-up was 43 months (range 4–117). In

the entire cohort, the 5-year LRR-free survival (LRRFS),

DR-free survival (DRFS), DFS, BCSS, and OS were

96.9%, 89.3%, 85.6%, 94%, and 93.5%, respectively.

Among 61 patients who died during the follow-up period,

55 (90.2%) died of breast cancer; the other causes of death

included two cases of leukemia, one case of CT-related

hepatic failure, one case of gastric cancer, one case of

cerebral hemorrhage, and one as a result of a traffic acci-

dent. The univariable analyses of survival outcomes

according to TTRs and patient-, tumor-, and treatment-re-

lated factors are detailed in Table 2.

For the entire cohort, BCSS and OS varied significantly

among the groups, i.e. TTR after CT of 4, 4–8, 8–12, and

[12 weeks (5-year BCSS: 93.7%, 94.8%, 98.5%, and

85.1%, respectively, p = 0.02; 5-year OS: 93%, 94.2%,

98.5%, and 85.1%, respectively, p = 0.048) (as shown in

Fig. 1a, b), while DRFS and DFS were significantly dif-

ferent among the groups, i.e. TTR after surgery of \147,

147–180, 181–202, and[202 days (5-year DRFS: 92.9%,

91.9%, 85%, and 87.4%, respectively, p = 0.01; 5-year

DFS: 91.4%, 86%, 82.4%, and 83.2%, respectively,

p = 0.01). There was no significant difference in LRRFS,

DRFS, and DFS across the TTR after CT groups, and no

difference in LRRFS, BCSS, and OS across the TTR after

surgery groups.

In matched patients, TTR after CT of [12 weeks

(n = 40) was related to a significant decrease in 5-year

DRFS (100% vs. 83.3%, p\ 0.01), DFS (94.9% vs. 76%,

p\ 0.01), BCSS (100% vs. 83.2%, p\ 0.01), and OS

(97.5% vs. 83.2%, p\ 0.01), and TTR after surgery of

[180 days (n = 214) was associated with a significant

reduction in 5-year DRFS (91.7% vs. 85.4%, p = 0.049).

No significant differences in LRR and OS were found

among the TTR after CT groups, and no differences in

LRR, DFS, BCSS, and OS were found among the TTR

after surgery groups (Table 3).

Multivariable Analysis of the Impact of Time

to Radiotherapy on Survival Outcomes

The multivariable models are detailed in Table 4. In the

entire cohort, after adjusting for confounders, TTR after

CT independently predicted for BCSS and OS. Patients

with a TTR of[12 weeks after completion of CT showed

significantly worse BCSS and OS compared with those

who had a TTR of \4 weeks (BCSS: HR 0.28, 95% CI

0.1–0.76; OS: HR 0.33, 95% CI 0.13–0.88), 4–8 weeks

(BCSS: HR 0.23, 95% CI 0.08–0.66; OS: HR 0.29, 95% CI

0.11–0.8), and 8–12 weeks (BCSS: HR 0.22, 95% CI

0.05–0.96; OS: HR 0.23, 95% CI 0.06–0.99) (as shown in

Fig. 1c, d). No significant differences in LRRFS, DRFS,

and DFS were found among the TTR after CT groups.

Furthermore, there was no significant association between

survival outcomes and TTR after surgery.

The impact on prognosis of delaying RT was different

according to HR status, type of primary surgery, and nodal

status. For HR-positive disease, starting RT [12 weeks

after CT was related to significantly worse BCSS and OS

compared with all other TTR after CT groups (p\ 0.05).

In patients receiving mastectomy, TTR[12 weeks after CT

was associated with significantly worse DRFS, DFS,

BCSS, and OS (all p\ 0.05). For patients with positive

lymph nodes, TTR[12 weeks after CT was also associated

with significantly worse BCSS and OS (both p\ 0.05).

In patients with HR-positive disease, TTR after surgery

of up to more than 202 days was associated with decreased

LRRFS, DRFS, DFS, BCSS, and OS compared with those

who had a TTR in the range of 147–180 days after surgery

(all p\ 0.05). In patients receiving mastectomy, TTR after

surgery of[202 days also had a worse DRFS, BCSS, and

OS compared with those in the range of 147–180 days (all

p\ 0.05). In patients with positive nodes, no significant

influence of TTR after surgery was found across all

endpoints.

Time to Radiotherapy 2157
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DISCUSSION

As far as we know, this is the first study to explore the

impact on survival outcomes of delayed initiation of RT

after completion of CT. After adjusting for potential con-

founding factors, a TTR of [12 weeks after CT

independently predicted for compromised BCSS and OS.

The adverse impact on prognosis of delaying RT after

completion of CT was more profound in patients with HR-

positive tumors, positive lymph nodes, and patients

receiving mastectomy. By comparison, TTR after surgery

showed no significant association with survival outcomes.

No consensus has ever been reached regarding the

optimal time to initiate RT in operable breast cancer

patients indicated for adjuvant CT. The hypothesis was that

delaying RT might allow locoregional residual cancer cells

to repopulate and spread to distant sites.3 Meanwhile, it is

also reasonable to administer CT shortly after removal of

the primary tumor to overcome the possible accelerated

growth of residual subclinical disease.5 Given the above

hypotheses, there was a time when the optimum sequenc-

ing of adjuvant CT and RT for breast cancer was

controversial. Initial studies of TTR mostly aimed to

clarify the sequence of upfront CT or RT in the adjuvant

phase. In a randomized trial with a median follow-up of

135 months, Bellon et al.10 found no clinical benefit of

delivering RT before CT in terms of time to any event, DR,

and OS. Current guidelines uniformly support upfront CT

followed by RT. The potential unfavorable impact of

delaying RT could probably be mitigated by the contribu-

tion of systemic therapy, including CT, to locoregional

control.11 However, prolonged TTR after CT remains

another hidden danger as there is usually no sufficient

treatment for locoregional disease during the period from

CT to RT. With such concern, adjuvant RT trials usually

predefined a maximum acceptable TTR after CT, although

this is more empirical than an evidence-based restriction.

Few studies have ever explored the optimum time intervals

between CT and RT. In this study, we found that delaying

RT beyond 12 weeks after CT significantly compromised

BCSS and OS. After adjusting for potential confounders,

patients who started RT[12 weeks after the completion of

CT had a more than 70% decrease in BCSS and OS, as well

compared with those who received RT B12 weeks after

CT. In terms of LRRFS, DRFS, and DFS, there also exists

a trend of increased risk when RT is started [12 weeks

after CT, although no statistical significance was found.

For the first time, these results support the necessity of

setting a limit on the maximum TTR after CT in clinical

trials. Common reasons for a delay in starting RT after CT

include a delay in referral to a radiation oncologist,

shoulder dysfunction, fatigue after CT, and there was a

waiting list for starting RT. Due to the rising demand forT
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TABLE 2 Univariable analysis of TTRs and patient-, tumor-, and treatment-related factors on survival outcomes in the entire cohort

Parameters No. of

patients

LRRFS p value DRFS p value DFS p value

No. of

events

5-year

rate

(%)

95% CI No. of

events

5-year

rate

(%)

95% CI No. of

events

5-year

rate

(%)

95% CI

All patients 989 28 96.9 95.7–98.1 86 89.3 86.8–91.8 120 85.6 82.6–88.3

TTR after surgery, days

\147 241 5 98.3 96.5–100 0.47 14 92.9 88.6–97.2 0.01 19 91.4 86.9–91.4 0.01

147–180 250 6 97.1 94.7–99.5 18 91.9 87.6–96.2 32 86 80.7–86

181–202 245 7 96.7 94.2–99.2 29 85 79.1–90.9 35 82.4 76.3–82.4

[202 253 10 95.4 92.5–98.3 25 87.4 81.9–92.9 34 83.2 77.1–83.2

TTR after CT, weeks

\4 415 11 96.8 94.8–98.8 0.95 42 87.4 83.3–91.5 0.22 60 82.2 77.5–82.2 0.08

4–8 314 10 96.9 92.6–100 24 90.3 85.8–94.8 35 87.5 82.8–87.5

8–12 84 2 96.9 94.7–98.7 6 90.6 82.4–98.8 7 89.5 81.3–89.5

[12 45 1 97.7 93.2–100 7 85.2 74.2–96.2 10 78.6 66.1–78.6

Age, years

B40 163 5 96.3 93.2–99.4 0.86 11 92.3 86.6–98 0.33 22 83.8 76.4–91.2 0.48

[40 826 23 97 95.6–98.4 75 88.7 86–91.4 98 86 83.1–88.9

Comorbidity

No 800 23 96.8 95.4–98.2 0.91 63 90.4 87.7–93.1 0.04 88 87.1 84.2–90 0.02

Yes 189 5 97.1 94.6–99.6 23 84.4 77.7–91.1 32 79.6 72.3–86.9

T stage

T1 511 11 97.8 96.4–99.2 0.30 24 94 91.3–96.7 \0.01 40 91 87.9–94.1 \0.01

T2 427 16 95.5 93.1–97.9 57 83.3 78.6–88 74 78.7 73.6–83.8

T3–4 40 1 97.4 92.5–100 5 86.6 75.6–97.6 6 84.5 72.9–96.1

N stage

N0 339 6 98.0 96.4–99.6 0.03 18 92.5 88.8–96.2 \0.01 27 89.7 85.8–93.6 \0.01

N1 362 8 97.8 96.2–99.4 25 92.6 88.9–96.3 35 90 85.9–94.1

N2 174 7 94.8 90.7–98.9 22 84.3 77.2–91.4 28 78.6 70.6–86.6

N3 111 7 93.2 88.3–98.1 20 77.7 68.5–86.9 29 72 62.8–81.2

Nuclear grade

I–II 426 9 98.0 96.6–99.4 0.13 27 93.6 90.7–96.5 0.01 41 89.8 86.3–93.3 0.01

III 453 16 95.5 93.1–97.9 45 86.3 82.2–90.4 64 81.8 77.3–86.3

HR status

Negative 304 13 95.3 92.8–97.8 0.045 27 89.3 85–93.6 0.67 42 83.6 78.7–88.5 0.17

Positive 685 15 97.6 96.2–99 59 89.3 86.2–92.4 78 86.6 83.3–89.9

Breast cancer subtypes

HR-positive 590 13 97.6 96.2–99.0 0.16 55 88.3 84.8–91.8 0.68 75 85.1 81.4–88.8 0.30

TNBC 196 9 95.7 92.8–98.6 17 89.8 84.7–94.9 32 82.1 75.8–88.4

HER2-

positive

203 6 96.7 94.0–99.4 14 91.6 87.3–95.9 23 87.9 83–92.8

Type of primary surgery

Mastectomy 539 19 96.2 94.4–98 0.15 63 86.1 82.4–89.8 \0.01 86 81.7 77.6–85.8 \0.01

BCS 450 9 97.7 96.1–99.3 23 93.4 90.5–96.3 34 91 87.7–94.3

Parameters BCSS p value OS p value

No. of events 5-year rate (%) 95% CI No. of events 5-year rate (%) 95% CI

All patients 55 94 92–95.9 61 93.5 91.5–95.5

TTR after surgery, days

\147 12 94.4 90.5–98.3 0.11 14 94 90.1–97.9 0.31
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RT and the increasing complexity of technologies, the

waiting time for RT has been growing in recent years,

which might also increase the interval between RT and

CT.12 Smooth cooperation within the multidisciplinary

teams will be helpful to ensure a timely start of treatment

with RT. From another perspective, our results also imply

that it is acceptable to delay RT until no more than 12

weeks after the completion of CT, which is especially

Table 2 (continued)

Parameters BCSS p value OS p value

No. of events 5-year rate (%) 95% CI No. of events 5-year rate (%) 95% CI

147–180 12 95.9 93.2–98.6 15 94.7 91.6–97.8

181–202 12 95.2 91.3–99.1 13 94.8 90.7–98.9

[202 19 90.5 86.2–94.8 19 90.5 86.2–94.8

TTR after CT, weeks

\4 23 93.7 90.8–96.6 0.02 26 93 89.9–96.1 0.048

4–8 16 94.8 92.1–97.5 18 94.2 91.3–97.1

8–12 4 98.5 95.6–100 4 98.5 95.6–100

[12 7 85.1 73.9–96.3 7 85.1 73.9–96.3

Age, years

B40 3 98.4 96.2–100 0.02 3 98.4 96.2–100 0.01

[40 52 93.1 90.9–95.3 58 92.5 90.1–94.9

Comorbidity

No 37 95 93–97 0.01 42 94.5 92.5–96.5 0.02

Yes 18 89.6 84.3–94.9 19 89.1 83.8–94.4

T stage

T1 18 96.6 94.8–98.4 \0.01 22 96.0 94–98 0.04

T2 33 91.1 87.4–94.8 35 90.7 87–94.4

T3–4 4 87.8 76.2–99.4 4 87.8 76.2–99.4

N stage

N0 11 95.2 92.1–98.3 \0.01 14 94.6 91.3–97.9 \0.01

N1 14 97.8 96.2–99.4 15 97.5 95.7–99.3

N2 10 92.8 88.1–97.5 10 92.8 88.1–97.5

N3 19 82.7 74.3–91.1 21 81.1 72.5–89.7

Nuclear grade

I–II 16 96.6 94.6–98.6 0.02 19 95.9 93.7–98.1 0.04

III 29 92.8 89.7–95.9 31 92.3 89.2–95.4

HR status

Negative 24 90.5 86.4–94.6 0.01 27 89.5 85.2–93.8 0.01

Positive 31 95.5 93.5–97.5 34 95.2 93.2–97.2

Breast cancer subtypes

HR-positive 29 95 92.6–97.4 0.03 32 94.7 92.3–97.1 \0.01

TNBC 18 89.7 84.6–94.8 21 88.3 83.0–93.6

HER2-positive 8 95.2 91.5–98.9 8 95.2 91.5–98.9

Type of primary surgery

Mastectomy 41 92.1 89.4–94.8 0.01 43 91.8 89.1–94.5 0.03

BCS 14 96.3 93.8–98.8 18 95.6 92.9–98.3

TNBC triple-negative breast cancer, LRRFS locoregional recurrence-free survival, DRFS distant recurrence-free survival, DFS disease-free

survival, BCSS breast cancer-specific survival, OS overall survival, CI confidence interval, TTR time to initiation of adjuvant radiotherapy, CT
chemotherapy, HR hormone receptor, BCS breast-conserving surgery
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meaningful to guide clinical advice and decision making in

case of inevitable interruption of scheduled adjuvant ther-

apy, such as the current outbreak of COVID-19 worldwide.

Further studies will be needed to explore whether such a

relationship between RT delay and survival outcomes is

causal or simply associative. Considering the feasibility of

keeping TTR after CT within 12 weeks, timely initiation of

RT after CT should be granted, not only in clinical trials

but also in regular clinical practice.

In previous studies, the impact of TTR after surgery was

heterogeneous among patients treated with CT. In 669

patients receiving CT before RT, Maaren et al.13 found that

prolonged TTR after surgery ([140 vs. \112 days) inde-

pendently predicted for a decrease in 10-year DFS (HR

1.60, 95% CI 1.02–2.51, p = 0.04), DRFS (HR 1.69, 95%

CI 1.03–2.77, p = 0.038), and OS (HR 1.68, 95% CI

1.06–2.67, p = 0.027). However, in a reanalysis of 718

node-positive patients receiving breast-conserving surgery

(BCS) from two randomized trials, no significant

difference in 15-year DFS was observed between patients

who delayed RT until 3 months after the initial CT, and

those who delayed RT until 6 months after the initial CT

(48.2% vs. 44.9%; HR 1.12, 95% CI 0.87–1.45).14 In a

retrospective study of 397 patients, TTR after surgery of

[7 months was associated with significantly compromised

6-year DFS (78% vs. 89%, p = 0.002) and DRFS (81% vs.

91%, p = 0.003) on univariate analysis, but such signifi-

cances were missing on multivariable analysis.15

Significant differences in DRFS and DFS were consistently

observed in our study across the TTR after surgery groups

on univariable analysis, but no significant impact was

retained after adjusting for potential confounders on mul-

tivariate analysis. Intervals between surgery and RT

depends on various patient-, tumor-, and treatment-related

factors.12,16 In our study, patients with prolonged TTR after

surgery had more unfavorable prognostic factors and were

indicated for more aggressive systemic treatments. In

addition, patients who presented with comorbidities or had

A B
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FIG. 1 BCSS and OS curves according to TTR after adjuvant CT:

a unmatched curve of BCSS; b unmatched curve of OS; c adjusted

curve of BCSS; d adjusted curve of OS. BCSS breast cancer-specific

survival, OS overall survival, TTR time to initiation of adjuvant

radiotherapy, CT chemotherapy, CI confidence interval
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longer TTC were more likely to have prolonged TTR after

surgery. One of the most adopted adjuvant CT regimens

for high-risk patients is four cycles of adriamycin and

cyclophosphamide (AC) followed by four cycles of doc-

etaxel, for a total duration of 147 days. It is feasible for

most patients to start RT within 180 days after surgery, and

feasible for high-risk patients and those with comorbidities

to start RT within 180–202 days. Our results found that in

HR-positive and mastectomy subgroups, TTR after surgery

of [202 days was associated with worse prognosis. As

results of subgroup analysis, it must be extrapolated with

caution. Nevertheless, 202 days after surgery should be a

reasonable and feasible time frame that can be recom-

mended in clinical practice, especially in combined

consideration with TTR after CT.

One of the findings of our study is that the impact on

survival outcomes of TTR after CT was not uniform

among subgroups of different HR status, nodal status, and

type of primary surgery. HR-positive breast cancer seems

to be more sensitive to prolonged TTRs than HR-negative

diseases. According to our in-house protocol, endocrine

therapy is delivered after completion of RT, therefore a

prolonged ‘blank period’ without systemic treatments

between the completion of CT and the initiation of endo-

crine therapy might partly explain the detrimental impact

of delaying RT. Although without statistical significance,

initiation of RT beyond 12 weeks after completion of CT

was associated with worst survival outcomes in HR-neg-

ative patients, with the same trend as in HR-positive

tumors. In addition, the association of TTR and survival

outcomes was only found in patients receiving mastec-

tomy. The distribution of negative and positive lymph

nodes was 7.7% and 92.3% in patients receiving mastec-

tomy, compared with 66.9% and 33.1% in patients

receiving BCS. Compared with early-stage disease,

advanced-stage tumor is more likely to have a heavier

burden of subclinical disease after surgery; thus, comply-

ing with the predefined multidisciplinary schedule is more

important in these patients. This hypothesis is justified by

another finding of our study that the impact of TTR exists

only in patients with positive lymph nodes.

In recent trials, LRRs account for no more than 15% of

all recurrences,17 which might be attributed to the

increased efficacy of adjuvant systemic treatments. Under

such a context, the aim of adjuvant RT has been expanded

from increasing local control to decreasing distant failure

and improving survival outcomes.2 The improved survival

outcome, instead of decreased LRR, associated with timely

administration of RT found in our study is in line with the

trends in the modern era.

As with all retrospective studies, it is impossible to

exclude the bias that arises either by chance or subcon-

scious selection. The number of patients in the four TTRT
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after CT groups was not balanced, with only 45 in the[12

weeks group, and the percentage of comorbidity in this

group was significantly higher. To minimize the influence

of unbalance between the TTR groups, multivariable

analysis and PSM analyses were conducted. The results

consistently confirmed the adverse impact of delay in

starting RT, especially with regard to TTR after CT and

among patients with HR-positive tumors. Longer-term

follow-up is needed to confirm our findings.

CONCLUSIONS

In operable breast cancer patients indicated for adjuvant

CT, delaying the initiation of RT after completion of CT

adversely impacts on survival outcomes. Efforts should be

made to avoid delaying initiation of RT beyond 12 weeks

after CT, especially in patients with HR-positive tumors,

positive lymph nodes, and those receiving mastectomy.
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