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Abstract
Purpose  Several studies have evaluated the role of delayed initiation of adjuvant chemotherapy (AC) in breast cancer (BC), 
but the results have remained controversial and an optimal time has not been defined. Our aim was to determine the effect 
of time to starting AC from the date of surgery on survival of BC patients, based on estrogen receptor (ER), progesterone 
receptor (PR) and human epidermal growth factor receptor 2 (HER2) status, using data from the National Cancer Database 
(NCDB).
Methods  A total of 332,927 Stage I–III BC patients who received AC from 2010 to 2016 were analyzed. We included all 
ER, PR and HER2 statuses and excluded patients with stage 4 and stage 0 (DCIS) disease. The cohort was divided into five 
groups based on the time of initiating AC from the date of the most definitive surgery i.e., ≤ 30 days, 31–60 days, 61–90 days, 
91–120 days and > 120 days. They were further divided into five subgroups based on the receptor status.
Results  Hazard ratio (HR) estimates and Kaplan–Meier (KM) analysis shows that starting AC by 31–60 days shows the best 
survival outcome in all the subtypes, except in hormone positive/HER2 negative BC in which 31–60 days and 61–90 days 
have similar outcomes.
Conclusions  After surgery for BC, it takes around 4–6 weeks to begin AC and delay in initiating the same leads to poor 
outcomes. Our results are particularly significant in triple-negative breast cancer (TNBC), similar to prior studies showing 
a benefit to starting AC as early as possible after surgery.
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Introduction

Breast cancer (BC) is one of the commonest causes of can-
cer-related mortality in women (Sun et al. 2017). In 2017, 
in the United States alone, 30% of all new cancer diagnosis 

in women was breast cancer (Siegel et al. 2017). BC is a 
very complex disease and has distinct clinical entities based 
on immunohistochemistry markers such as estrogen recep-
tor (ER), progesterone receptor (PR) and human epidermal 
growth factor receptor 2 (HER2). This along with clinico-
pathological variables such as size, nodal involvement, 
histologic subtype and surgical margins have the treatment 
and prognostic implications. The implications of delayed 
initiation of adjuvant chemotherapy (AC) in BC is subtype 
dependent, as each subtype behaves differently in regard to 
clinical and biological response (Dai et al. 2016; Lebert et al. 
2018).

The time to instituting adjuvant therapy, surgical and 
medical management strategies, particularly in early-stage 
breast cancer has been frequently discussed, as delays in ini-
tiation portend worse outcomes. Several studies have sought 
to evaluate the role of delayed initiation of chemotherapy 
on survival, but the results have remained controversial and 
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an optimal time has not been defined (Zhan et al. 2017). In 
general practice, clinicians prefer to begin AC by around 
4–6 weeks after surgery (Chavez-MacGregor et al. 2016). 
For women, less than 70 years with Stage I–III, ER/PR nega-
tive BC, starting systemic chemotherapy within 120 days is 
considered a quality metric by the Centers for Medicare and 
Medicaid services (Chavez-MacGregor et al. 2016; Depart-
ment of Health and Human Services 2014; de Gagliato et al. 
2014; Raphael et al. 2016).

Given the paucity and lack of clarity in data with regard 
to the ideal time in starting AC, especially among the clini-
cally distinct biologic subtypes of the disease (Cold et al. 
2005; Kupstas et al. 2019; Early Breast Cancer Trialists’ 
Collaborative Group 2005; Bleicher et al. 2016; Howlader 
et al. 2014), we decided to perform a comprehensive analy-
sis using the National Cancer Database (NCDB) database 
to determine the effect of time to start chemotherapy from 
the date of surgery on the outcome and survival of different 
BC subtypes and identify an ideal time period to start AC. 
We also hoped to see if factors like patient demographics, 
comorbidities and tumor characteristics play a role in affect-
ing this time.

Methods

Data source

The NCDB is a very large database managed by the Ameri-
can College of Surgeons, comprising information from 
Commission on Cancer (CoC)-accredited facilities. The 
database has been used in several cancer-focused studies 
(Losk et al. 2016; Kelley and Tsikitis 2019). Data were 
obtained from the NCDB Participant Use Data File (PUF). 
The PUF contains information on patient demographics and 
comorbidities, tumor characteristics, treatments employed 
and mortality data (Boffa et al. 2017; Bilimoria et al. 2008).

Patient cohort and stratification

The dataset that we used included BC patients diagnosed 
between 2010 and 2016 which is closely representative of 
current breast cancer management strategies and advances. 
Previous years were not included as HER2 data from 
prior years were not available. We included patients with 
Stage I–III Breast cancer, aged > 18 years. All ER, PR and 
HER2 statuses were included. We excluded patients with 
Stage IV and Stage 0 (DCIS). We only included patients 
who received systemic AC after their definitive surgery and 
excluded patients who received neoadjuvant chemotherapy. 
The study population was divided into five groups based on 
the time of initiating AC from the date of the most definitive 

surgery i.e., ≤ 30 days, 31–60 days, 61–90 days, 91–120 days 
and > 120 days (Table 1). They were further divided into five 
subgroups [triple negative breast cancer (TNBC), hormone 
positive/HER2 negative BC, hormone positive/HER2 posi-
tive BC and hormone negative/ HER2 positive BC] based 
on the ER, PR and HER2 receptor status as represented in 
Table 1 and Fig. 1. A general scheme of the methodology is 
represented in Fig. 1.

Statistical analysis

All analyses were performed using SAS 9.4. Patients demo-
graphics and clinical characteristics were summarized by 
frequencies and proportions by the five groups derived from 
the time to AC therapy after surgery, and the marginal asso-
ciation between each factor and the time to AC therapy was 
assessed by Pearson chi-square test. Logistic regression was 
further performed to model the probability of starting AC 
therapy after 60 days of surgery and determine the factors 
that are associated with the delay while adjusting the con-
founding effects of other relevant factors. Kaplan–Meier 
(KM) survival curves were used to illustrate the survival dif-
ference between different time groups, by ER, PR and HER2 
subgroups. Log–log transformation was used to calculate 
the 95% confidence intervals (CI) for the survival rate at 60 
and 90 months. Cox regression model was further applied to 
confirm the impact of the delay of AC therapy on survival. 
All factors that are associated with the delay of AC therapy 
as identified in the logistic model are included in the Cox 
model. Hazard ratio (HR) was reported as the measure of 
association and the 95% CI was calculated from the pro-
file likelihood ratio. Propensity score (inverse probability 
of treatment) weighting was used to adjust the confound-
ing effects caused by the factors listed above in Table 1a 
and estimate the effect of delayed treatment (> 60 days vs 
≤ 60 days) on survival via Cox regression.

Results

A total of 332,927 BC patients from 2010 to 2016 were 
analyzed for our study. Table 1a summarizes the distribu-
tion, demographic and pathological characteristics of the 
study population.

The odds ratio estimates for the various factors associated 
with a delay in getting AC are represented in Table 1b. Delay 
was defined as getting AC beyond 60 days from the date of 
surgery. 60 days was selected as 31–60 days group had the 
best results in most of the biologic subgroups as described 
in the subsequent sections. After adjusting for all the other 
factors listed in Table 1a, factors that were associated with 
a greater likelihood of AC being delayed included older age 
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Table 1   Demographic, pathological and clinical characteristics of the various groups and subgroups used in the study (a) and adjusted odds ratio 
estimates with Wald confidence intervals (b)

(a) Demographic, pathological and clinical characteristics of the various groups and subgroups used in the study

Variable Days to AC from the date of definitive surgery p value

 ≤ 30 days
N (%)

31–60 days
N (%)

61–90 days
N (%)

91–120 days
N (%)

 > 120 days
N (%)

BC subtype based on ER, PR and HER2 receptor status  < 0.001
 ER+ PR- HER2-; ER- PR+  HER2-; 

ER+  PR+  HER2- (hormone positive/HER2 
negative BC)

36,863 (46.13) 99,683 (56.31) 32,563 (61.85) 9116 (61.85) 5203 (60.53)

 ER+ PR- HER2+ ; ER- PR+  HER2+ ; 
ER+  PR+  HER2+  (hormone positive/HER2 
positive BC)

15,506 (19.41) 29,979 (16.93) 8106 (15.40) 2333 (15.83) 1456 (16.94)

 ER- PR- HER2 + (hormone positive/HER2 nega-
tive BC)

7082 (8.86) 11,855 (6.70) 3108 (5.90) 907 (6.15) 569 (6.62)

 ER- PR- HER2- (TNBC) 20,453 (25.60) 35,523 (20.06) 8870 (16.85) 2384 (16.17) 1368 (15.91)
Sex 0.456
 Male 752 (0.94) 1749 (0.99) 550 (1.04) 145 (0.98) 85 (0.99)
 Female 79,152 (99.06) 175,291 (99.01) 52,097 (98.96) 14,595 (99.02) 8511 (99.01)

Age  < 0.001
 Age 18–45 16,817 (21.05) 27,931 (15.78) 7652 (14.53) 2121 (14.39) 1260 (14.66)
 Age 45–60 35,761 (44.75) 76,865 (43.42) 22,070 (41.92) 6225 (42.23) 3608 (41.97)
 Age 60–70 19,214 (24.05) 49,730 (28.09) 15,531 (29.50) 4313 (29.26) 2485 (28.91)
 Age > 70 8112 (10.15) 22,514 (12.72) 7394 (14.04) 2081 (14.12) 1243 (14.46)

Type of facility  < 0.001
 Community Cancer Program 40,521 (56.81) 88,927 (54.04) 25,011 (50.86) 6881 (50.04) 3879 (48.51)
 Academic/Research Program 20,286 (28.44) 52,028 (31.61) 17,327 (35.23) 4947 (35.98) 3010 (37.64)
 Integrated Network Cancer Program 10,515 (14.74) 23,614 (14.35) 6839 (13.91) 1922 (13.98) 1108 (13.86)

Median income for the participants area of residence, 2008–2012  < 0.001
 < $48,000 27,693 (34.74) 64,117 (36.30) 20,621 (39.26) 6068 (41.27) 3629 (42.39)
 ≥ $48,000 52,032 (65.26) 112,529 (63.70) 31,897 (60.74) 8636 (58.73) 4931 (57.61)

Insurance status  < 0.001
 Not insured 1672 (2.09) 3776 (2.13) 1398 (2.66) 430 (2.92) 318 (3.70)
 Private insurance 54,110 (67.72) 111,352 (62.90) 30,319 (57.59) 8041 (54.55) 4300 (50.02)
 Government 23,304 (29.16) 59,947 (33.86) 20,296 (38.55) 6095 (41.35) 3842 (44.70)
 Unknown 818 (1.02) 1965 (1.11) 634 (1.20) 174 (1.18) 136 (1.58)

Area of care in 2013  < 0.001
 Metro 68,983 (86.33) 152,116 (85.92) 45,291 (86.03) 12,786 (86.74) 7569 (88.05)
 Urban 10,921 (13.67) 24,924 (14.08) 7356 (13.97) 1954 (13.26) 1027 (11.95)

Race  < 0.001
 White 65,825 (82.38) 143,880 (81.27) 40,848 (77.59) 10,961 (74.36) 6157 (71.63)
 African American 9702 (12.14) 23,164 (13.08) 8645 (16.42) 2874 (19.50) 1862 (21.66)
 Others 4377 (5.48) 9996 (5.65) 3154 (5.99) 905 (6.14) 577 (6.71)

Analytic Stage Group (Assigned the value of Pathologic Stage Group. Clinical Stage Group is used if pathologic stage is not 
reported)

 < 0.001

 I 25,116 (31.43) 65,035 (36.73) 19,547 (37.13) 5240 (35.55) 2952 (34.34)
 II 37,986 (47.54) 82,583 (46.65) 24,078 (45.73) 6705 (45.49) 3740 (43.51)
 III 16,802 (21.03) 29,422 (16.62) 9022 (17.14) 2795 (18.96) 1904 (22.15)

Charlson Deyo Score  < 0.0001
 0 63,859 (86.83) 149,249 (84.30) 43,406 (82.45) 11,903 (80.75) 6945 (80.79)
 1 8042 (10.93) 22,885 (12.93) 7385 (14.03) 2222 (15.07) 1267 (14.74)
 2 1311 (1.78) 3820 (2.16) 1402 (2.66) 443 (3.01) 266 (3.09)
  ≥ 3 332 (0.45) 1086 (0.61) 454 (0.86) 172 (1.17) 118 (1.37)
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group, African American race and other race compared to 
the Caucasian race, Academic/research Facility, Uninsured 
patients and Government insurance compared to private 

insurance, Stage I compared to II and Charlson Deyo Score 
of 3, 2, 1 and 0 in that order. Hormone positive/HER nega-
tive BC had the highest likelihood of being associated with 

Table 1   (continued)

(b) Adjusted odds ratio estimates with Wald confidence intervals; with delay defined as getting AC > 60 days after the date of surgery

Patient demographic and tumor characteristics Odds ratio estimate 95% CI

Age in years
 45–60 vs 18–45 1.113 1.078 1.150

 60–70 vs 18–45 1.174 1.134 1.215
 > 70 vs 18–45 1.209 1.161 1.260
 45–60 vs 60–70 0.948 0.928 0.969
 45–60 vs > 70 0.920 0.893 0.949
 60–70 vs > 70 0.970 0.943 0.999

Race
 African American vs Caucasian 1.390 1.355 1.427
 Other races vs Caucasian 1.124 1.081 1.168
 African American vs other races 1.237 1.184 1.293

Type of facility
 Academic/Research Program vs Community Cancer Program 1.276 1.251 1.301
 Integrated Network Cancer Program vs Community Cancer Program 1.075 1.047 1.104
 Academic/Research Program vs Integrated Network Cancer Program 1.186 1.154 1.220

Insurance
 Not insured vs private insurance 1.435 1.354 1.521
 Not insured vs government 1.113 1.049 1.181
 Not insured vs unknown 1.169 1.059 1.291
 Private insurance vs government 0.776 0.759 0.793
 Private insurance vs unknown 0.815 0.751 0.884
 Government vs unknown 1.050 0.967 1.141

Median income for the participants area of residence, 2008–2012
  ≥ $48,000 vs < $48,000 1.071 1.042 1.101

BC subtype based on ER/PR and HER2 receptor status
 Hormone positive/HER2 negative BC vs TNBC 1.611 1.569 1.654
 Hormone positive/HER2 positive BC vs TNBC 1.235 1.197 1.274
 Hormone negative/HER2 positive BC vs TNBC 1.202 1.153 1.253
 Hormone positive/HER2 negative BC vs hormone positive/HER2 positive BC 1.305 1.272 1.339
 Hormone positive/HER2 negative BC vs hormone negative/HER2 positive BC 1.340 1.290 1.393
 Hormone positive/HER2 positive BC vs hormone negative/HER2 positive BC 1.027 0.985 1.071

Analytic stage
 Stage I vs II 1.085 1.049 1.122
 Stage I vs III 1.054 0.980 1.133
 Stage II vs III 0.971 0.912 1.034

Charlson Deyo total score
 1 vs 0 1.105 1.077 1.134
 2 vs 0 1.258 1.191 1.329
  ≥ 3 vs 0 1.571 1.428 1.727
 1 vs 2 0.878 0.829 0.931
 1 vs ≥ 3 0.704 0.639 0.775
 2 vs ≥ 3 0.801 0.719 0.893

BC breast cancer; AC adjuvant chemotherapy, ER estrogen receptor; PR progesterone receptor; HER2 human epidermal growth factor receptor 2
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a delay, followed by hormone positive/HER2 positive and 
hormone negative/HER2 positive BC, with TNBC having 
the least likelihood for the delay.

The survival estimates from KM analysis for the over-
all BC population is shown in Table 2a and Fig. 2a. The 
31–60 days group had the best survival estimate at 90 months 
(81.2%) followed by 61–90 days (79.5%), ≤ 30 days (79.2%), 
91–120 days (77.7%) and > 120 days (74.4%) in that order.

Table 3a shows the comparison of adjusted HR for sur-
vival between the groups for the overall population, after 
adjusting for factors listed in Table 1a. The 31–60 days 
group had the best survival with the least adverse outcomes, 

compared to the other groups. This was followed by the 
61–90 days group. ≤ 30 days group had a better outcome 
than > 120 days group and no difference when compared 
to the 91–120 days group. 91–120 days had a better HR 
estimate than the > 120 days group. The hazard for the 
31–60 days group was 84.2% of the < 30 days group, 90% 
of the 61–90 days group, 80.2% of the 91–120 days group 
and 71% of the > 120 days group.

The TNBC subgroup had a total of 68,598 patients who 
met the inclusion criteria. The survival estimates among 
TNBC patients from KM analysis is shown in Table 2b 
and Fig. 2b. The 31–60 days group had the best survival 

Fig. 1   An outline of the steps 
used in the study methodology

NCDB- National Cancer Database, PUF- Participant User File, BC- Breast Cancer, AC- Adjuvant Chemotherapy, ER – Estrogen 

Receptor, PR- Progesterone Receptor, HER2 - Human Epidermal Growth Factor Receptor 2.

Methodology

2010-2016 NCDB PUF data

Inclusion Criteria

Age > 18 years

Stage I-III, BC patients

Adjuvant Chemotherapy use

Exclusion criteria

Neoadjuvant chemotherapy use

Stage IV and Stage 0

N=332,927

TNBC (ER-PR-HER2-): 68,598

Hormone Positive/HER2 Negative BC (ER+ PR- HER2-; ER- PR+ HER2-; ER+ PR+
HER2-): 183,428

Hormone Positive/HER2 Positive BC (ER + PR- HER2+; ER- PR+ HER2+; ER+
PR+ HER2+): 57,380

Hormone Negative/HER2 Positive BC (ER- PR- HER2+): 23,521

Divided into 5 groups based on time to start AC from the date of primary surgery

<=30, 31-60, 61-90, 91-120 and >120 days.
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estimate at 90 months (77%), followed by ≤ 30 days (72.9%), 
61–90 days (71.9%), > 120 days (70.4%) and 91–120 days 
(68.2%) in that order.

Table 3b represents the HR comparison between the vari-
ous groups in TNBC, after adjusting for factors shown in 
Table 1a. The 31–60 days group had the best overall sur-
vival compared to the other groups. The 61–90 days had 

Table 2   KM survival estimates of the various groups and subgroups in the study

BC breast cancer; AC adjuvant chemotherapy; ER estrogen receptor; PR progesterone receptor; HER2 human epidermal growth factor receptor 2; 
TNBC triple negative breast cancer; KM Kaplan–Meier; CI confidence interval

(a) KM analysis showing the survival estimates of the various groups among the overall BC patients

Days from surgery to start of AC Survival estimate at 60 months (95% CI) Survival estimate at 
90 months (95% CI)

 ≤ 30 days 0.871 (0.867–0.874) 0.792 (0.783–0.801)
31–60 days 0.893 (0.891–0.895) 0.812 (0.806–0.818)
61–90 days 0.882 (0.879–0.886) 0.795 (0.784–0.805)
91–120 days 0.866 (0.858–0.873) 0.777 (0.756–0.796)
 > 120 days 0.844 (0.833–0.854) 0.744 (0.719–0.768)

(b) KM analysis showing the survival estimates of the various groups among TNBC patients

Days from surgery to start of AC Survival estimate at 60 months (95% CI) Survival estimate at 
90 months (95% CI)

 ≤ 30 days 0.804 (0.796–0.811) 0.729 (0.710–0.747)
31–60 days 0.828 (0.822–0.833) 0.770 (0.760–0.780)
61–90 days 0.796 (0.785–0.807) 0.719 (0.696–0.741)
91–120 days 0.760 (0.736–0.782) 0.682 (0.637–0.723)
 > 120 days 0.767 (0.736–0.795) 0.704 (0.656–0.746)

(c) KM survival estimates for hormone positive/HER2 negative BC patients

Days from surgery to start of AC Survival estimate at 60 months (95% CI) Survival estimate at 
90 months (95% 
CI)

 ≤ 30 days 0.886 (0.882–0.891) 0.792 (0.778–0.804)
31–60 days 0.908 (0.905–0.911) 0.820 (0.812–0.828)
61–90 days 0.905 (0.900–0.909) 0.818 (0.805–0.830)
91–120 days 0.888 (0.878–0.897) 0.803 (0.776–0.827)
 > 120 days 0.859 (0.845–0.871) 0.744 (0.706–0.778)

(d) KM survival estimates for hormone positive/HER2 positive BC patients

Days from surgery to start of AC Survival estimate at 60 months (95% CI) Survival estimate at 
90 months (95% CI)

 ≤ 30 days 0.919 (0.912–0.925) 0.873 (0.857–0.887)
31–60 days 0.926 (0.921–0.930) 0.835 (0.815–0.853)
61–90 days 0.904 (0.894–0.913) 0.791 (0.753–0.823)
91–120 days 0.889 (0.870–0.905) 0.779 (0.712–0.832)
 > 120 days 0.864 (0.837–0.887) 0.784 (0.737–0.823)

(e) KM survival estimates with survival comparison for BC patients who are hormone negative/HER2 positive

Groups: days from surgery to start of AC Survival estimate at 60 months (95% CI) Survival estimate at 
90 months (95% CI)

 ≤ 30 days 0.885 (0.875–0.895) 0.828 (0.791–0.859)
31–60 days 0.892 (0.883–0.899) 0.824 (0.802–0.843)
61–90 days 0.854 (0.836–0.870) 0.796 (0.769–0.821)
91–120 days 0.874 (0.842–0.900) 0.770 (0.698–0.827)
 > 120 days 0.848 (0.803–0.883) 0.751 (0.636–0.834)
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better results compared to the ≤ 30 days and no difference 
when compared to 91–120 days and > 120 days. There was 
no significant difference in comparisons between ≤ 30 days, 
91–120 days and > 120 days groups. The hazard for the 
31–60 days group was 81.6% of the < 30 days group, 89.2% 
of the 61–90 days group, 79.1% of the 91–120 days group 
and 77.7% of the > 120 days group.

KM survival estimate for hormone positive/HER2 
negative BC at 90 months were of the following order; 
31–60  days (82%), 61–90  days (81.8%), 91–120  days 
(80%), ≤ 30 (79.2%) days and > 120 days (74%) (Table 2c 
and Fig. 2c).

The adjusted HR and CI of the various groups for hor-
mone positive/HER2 negative BC are summarized in 
Table 3c. 31–60 and 61–90-days groups had the best HR 
outcomes compared to others and comparison between the 
two groups showed no significance. 91–120 days was bet-
ter than > 120 days group but showed no difference when 
compared to ≤ 30 days. > 120 days had worse outcomes 
compared to ≤ 30 days. After adjusting for the factors in 
Table 1a, the hazard for the 31–60 days group was 84.6% of 
the < 30 days group, 86.4% of the 91–120 days group and 
72.5% of the > 120 days group. The 61–90 days group had a 

Fig. 2   Kaplan–Meier survival curves at different points of time in 
months of the various groups and subgroups in the study. a All Stage 
I–III breast cancer patients. b Triple negative breast cancer patients. c 

Hormone positive/HER2 negative breast cancer patients. d Hormone 
positive/HER2 positive breast cancer patients. e Hormone negative/
HER2 positive breast cancer patients
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Table 3   Comparison of survival between the groups based on adjusted HR estimates

BC breast cancer; AC adjuvant chemotherapy; ER estrogen receptor; PR progesterone receptor; HER2 human epidermal growth factor receptor 2, 
TNBC triple negative breast cancer; CI confidence interval; HR hazard ratio

(a) Comparison of survival between the groups in overall Stage I–III BC population using adjusted HR estimates

Groups; days from surgery to start of AC Adjusted HR 95% CI

31–60 vs ≤ 30 0.842 0.814 0.870
31–60 vs 61–90 0.900 0.867 0.935
31–60 vs 91–120 0.802 0.754 0.852
31–60 vs > 120 0.710 0.661 0.763
61–90 vs ≤ 30 0.935 0.896 0.976
61–90 vs 91–120 0.891 0.834 0.952
61–90 vs > 120 0.789 0.731 0.852
91–120 vs ≤ 30 1.050 0.984 1.119
91–120 vs > 120 0.886 0.809 0.969
 ≤ 30 vs > 120 0.844 0.783 0.909

(b) Comparison of survival between the various groups in TNBC patients using adjusted HR estimates

Groups; days from surgery to start of AC Adjusted HR 95% CI

31–60 vs ≤ 30 0.816 0.772 0.863
31–60 vs 61–90 0.892 0.833 0.956
31–60 vs 91–120 0.791 0.705 0.887
31–60 vs > 120 0.777 0.673 0.898
61–90 vs ≤ 30 0.915 0.849 0.986
61–90 vs 91–120 0.887 0.783 1.004
61–90 vs > 120 0.871 0.748 1.015
91–120 vs ≤ 30 1.032 0.917 1.161
91–120 vs > 120 0.983 0.823 1.174
 ≤ 30 days vs > 120 0.952 0.822 1.104

(c) Adjusted HR estimates with survival comparison in hormone positive/HER2 negative BC patients

Groups; days from surgery to start of AC Adjusted HR 95% CI

31–60 vs ≤ 30 0.846 0.805 0.890
31–60 vs 61–90 0.967 0.916 1.020
31–60 vs 91–120 0.864 0.793 0.940
31–60 vs > 120 0.725 0.657 0.799
61–90 vs ≤ 30 0.875 0.822 0.932
61–90 vs 91–120 0.893 0.814 0.980
61–90 vs > 120 0.750 0.675 0.832
91–120 vs ≤ 30 0.980 0.895 1.073
91–120 vs > 120 0.839 0.742 0.949
 ≤ 30 vs > 120 0.856 0.773 0.949

(d) Adjusted HR for hormone positive/HER2 positive and hormone negative/HER2 positive BC patients comparing survival outcomes

Groups in days Hormone positive/HER2 positive BC Hormone negative/HER2 positive BC

HR 95% CI HR 95% CI

31–60 vs ≤ 30 0.854 0.772 0.944 0.840 0.741 0.952
31–60 vs 61–90 0.811 0.728 0.904 0.771 0.672 0.885
31–60 vs 91–120 0.680 0.576 0.803 0.904 0.708 1.155
31–60 vs > 120 0.562 0.463 0.681 0.721 0.544 0.954
61–90 vs ≤ 30 1.052 0.928 1.192 1.089 0.932 1.272
61–90 vs 91–120 0.839 0.700 1.004 1.172 0.903 1.522
61–90 vs > 120 0.692 0.564 0.850 0.934 0.696 1.254
91–120 vs ≤ 30 1.254 1.051 1.498 0.929 0.720 1.199
91–120 vs >120 0.825 0.649 1.049 0.797 0.557 1.139
 ≤ 30 vs >120 0.658 0.538 0.805 0.858 0.642 1.146
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hazard that was 87.5% of the < 30 days group, 89.3% of the 
91–120 days group and 75% of the > 120 days group.

KM analysis and survival estimates of the hormone 
positive/HER2 positive subgroup is represented in Table 2d 
and Fig. 2d. The survival estimates at 90 months is as fol-
lows: ≤ 30 days (87.3%), 31–60 days (83.5%), 61–90 days 
(79.1%), > 120 days (78.4%) and 91–120 days (77.9%). KM 
analysis and survival estimates of BC patients with hor-
mone negative/HER2 positive BC is represented in Table 2e 
and Fig. 2e. The survival estimates at 90 months is as fol-
lows: ≤ 30 days (82.8%), 31–60 days (82.4%), 61–90 days 
(79.6%), 91–120 days (77%) and > 120 days (75.1%).

After adjusting for the factors in Table 1a, the HR and CI 
of the various groups in hormone positive/HER2 positive 
and hormone negative/ HER2 positive BC patients are sum-
marized in Table 3d. The 31–60-days group seemed to have 
a better outcome in both subgroups compared to all other 
groups. The comparison between the other groups showed 
no significance except that ≤ 30 days and 61–90 days had 
better outcomes when individually compared to > 120 days 
in the hormone positive/HER2 positive subgroup. In hor-
mone positive/HER2 positive BC, the hazard for the 
31–60 days group was 85.4% of the < 30 days group, 81.1% 
of the 61–90 days group, 68% of the 91–120 days group and 
56.2% of the > 120 days group. In hormone negative/HER2 
positive BC, the hazard of the 31–60 days group was 84%of 
the < 30 days group, 77.1% of the 61–90 days group and 
72.1% of the > 120 days group.

For hormone positive/HER2 positive patients, the poten-
tial survival benefit of having AC between 31 and 60 days is 
seen before 80 months from KM survival curves (Fig. 2d). At 
60 months, the survival estimates for the group < 30 days is 
0.919 (95% CI, 0.912–0.925) and 31–60 days is 0.926 (95% 
CI, 0.921–0.930). However, survival estimate at 90 months 
for the group < 30 days is 0.873 (95% CI, 0.857–0.887) 
and is better than the 31–60 days group at 0.835 (95% CI, 
0.815–0.853). After adjusting for other factors listed in 
Table 1, the hazard for the 31–60 days group appears to be 
85.4% and 84% respectively of that for the < 30 days group 
as shown in the Table 3d. Thus, we conclude that overall, 
31–60 days had a better survival than ≤ 30 days in both hor-
mone positive/HER2 positive and hormone negative/HER2 
positive BC patients. The unadjusted HR for all the groups 
and subgroups can be found in the supplement.

Discussion

The Early Breast Cancer Trialists Collaborative Group 
showed that adjuvant therapy, especially anthracycline-based 
chemotherapy and hormone therapy in ER-positive BC sig-
nificantly reduces the 5-year recurrence and 15-year mortal-
ity rates (Early Breast Cancer Trialists’ Collaborative Group 

2005; Bleicher et al. 2016). Delayed adjuvant therapy is 
believed to lead to poor outcomes based on preclinical data. 
This included the rapid growth of micro metastasis following 
removal of the primary tumor, increased angiogenesis and 
development of resistance to adjuvant therapy (Miller et al. 
2014; Tremont et al. 2017; Pernas and Tolaney 2019; Wahba 
and El-Hadaad 2015; Fisher et al. 1989; Gunduz et al. 1979). 
From a large cohort of patients, our observation shows that 
the ideal time to start AC is 31–60 days following definitive 
surgery in all major BC subtypes, expect in hormone posi-
tive/HER2 negative BC (31–90 days).

Factors shown to be associated with a delay in AC 
include African American and Hispanic race, residents of 
rural areas, low socioeconomic status, unmarried individu-
als, medicare, medicaid or military insurance, uninsured 
individuals and those undergoing mastectomies instead of 
breast-conserving surgery (Chavez-MacGregor et al. 2016; 
Losk et al. 2016). Studies have shown that TNBC, Stage II 
or III disease are associated with a lesser chance of delay. 
The poorer prognosis associated with aggressive subtypes 
may have promoted physicians to be aggressive in their man-
agement strategies. In a study of 523 patients who received 
AC following surgery, factors associated with a delay of AC 
beyond 42 days after surgery were highlighted. They include 
ER or PR positivity, HER2 positivity, Stage I disease, mas-
tectomy and delay of pathological sign-out beyond 10 days. 
They also conclude that in hormone-positive BC patients, 
a higher proportion of delay was found in those who had 
oncotype Dx testing done compared to those who did not 
have the same (Losk et al. 2016). This was in most part in 
line with our results represented in Table 1b. Our analysis 
reveals that older patients, non-caucasian race, uninsured or 
government insurance and those with multiple comorbidi-
ties as indicated by the Charlson Deyo Score had a more 
likelihood of a delay. It is interesting to note that in our 
study, similar to the above analysis, lower stage disease and 
receptor positivity (ER/PR > HER2 > TNBC) were associ-
ated with more chances for delayed AC. This data may help 
providers identify target groups for whom the timely start of 
AC can be emphasized more.

Kupstas et al. used the data from 2010 to 2014 NCDB 
and analyzed the effect of the type of surgery on delayed 
AC initiation and its impact on survival on Stage I–III BC 
patients. Besides concluding that the type of surgery impacts 
time to AC, with breast reconstruction resulting in consid-
erable delay, multivariable Cox proportional hazard model 
to determine the impact of delayed AC on overall survival 
was also studied. However, Kupstas et al.’s study mainly 
dealt with time to AC from date of diagnosis, whereas the 
focus of our study was time to AC from the date of sur-
gery. In their study, delay in AC, defined as >120 days from 
diagnosis, was associated with poor prognosis across all 
biological subtypes. HR analysis comparing 0–60 days to 
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61–90, 91–120 and >120 days revealed only >120 days to 
have a statistically significant worse risk. Aside from, the 
difference in defining the delay in AC, our study had 0–30 
and 31–60 days instead of 0–60 days alone and had a newer 
dataset (2010–2016). The type of surgery was not a focus in 
our analysis (Kupstas et al. 2019). Several studies have sug-
gested a cut-off of 61 days or 91 days (Chavez-MacGregor 
et al. 2016; de Gagliato et al. 2014). Some meta-analyses 
have recommended a timeframe as short as 4 weeks beyond 
which survival may be worse (Zhan et al. 2017; Raphael 
et al. 2016). Although many reports have repeatedly iden-
tified the detrimental effects of delayed initiation of AC, 
data that may challenge the same include that of the Danish 
Breast Cancer Cooperative Group (DBCG) involving 7501 
BC patients. Using nationwide clinical data, it was shown 
that there was no clinical benefit in initiating chemotherapy 
within 2- or 3-months following surgery (Cold et al. 2005). 
However, most of such studies were under-powered or were 
not applicable in clinically relevant thresholds (Kupstas et al. 
2019).

de Gagliato et al. studied the clinical effect of delaying 
AC from the date of definitive surgery among 6827 Stage 
I–III BC patients from 1997 to 2011 and showed that a 
delay of ≥61 days had a 19% greater increase of death when 
compared ≤ 30 days. Comparison between ≤ 30 days and 
31–60 days showed no significance. Stage I disease showed 
no association between the outcome parameters and delay. 
In Stage II disease, starting chemotherapy ≤ 30 days had 
a lower risk of distant relapse compared to 31–60 days 
and  ≥61 days with no difference in the risk of death. In 
Stage III disease, ≥ 61 days had a higher risk for death and 
relapse than ≤ 30 days, but there was no difference between 
≤ 30 and 31–60 days. When patients were divided into sub-
types, hormone positive BC showed no difference in out-
comes based on delay in starting chemotherapy. In HER2 
positive cancers, 31–60 days had a higher risk of relapse 
than ≤ 30 days, but no difference in risk of death. In TNBC, 
both 31–60 days and ≥ 61 days had a higher risk of death 
than ≤ 30 days (de Gagliato et al. 2014). In our study, the 
31–60 days group had the best outcome across all recep-
tor subtypes except in the hormone positive group where 
the time frame was more lenient. In TNBC, the 31–60 days 
group had a 18.4% and 10.8% lesser risk of death than 
the ≤ 30 days and 61–90 days groups respectively. This 
shows a striking difference when compared to above refer-
enced analysis and should encourage further research. Pro-
spective trials would be ideal but may not be realistic. In 
hormone positive/HER2 negative breast cancer, it was 15.4% 
lesser than the ≤ 30 days group with no difference compared 
to 61–90 days. This number was 14.6% and 18.9% for hor-
mone negative/HER2 positive group and 16% and 22.9% for 
hormone positive/HER2 positive group. Overall, in all Stage 
I–III BC, starting AC by 31–60 days had a 15.8% and 10% 

lesser risk of death than starting chemotherapy by ≤ 30 days 
and 61–90 days respectively.

Chavez-MacGregor et al. used 24,843 patients from the 
California cancer registry from 2005 to 2010 and found 
that a delay greater than 91 days from the time of surgery 
had adverse effects and poor overall and cancer-specific sur-
vival when compared to those receiving chemotherapy within 
31 days. There was no difference in outcome when chemo-
therapy was started between 30 and 90 days. On subtype analy-
sis, TNBC showed worse overall survival when chemotherapy 
was delayed for 91 days, but no effect in hormone positive 
or HER2 positive patients (Chavez-MacGregor et al. 2016). 
Studies such as that of Lohrisch et al. with data from British 
Columbia (2594 patients), Nurgalieva et al. (14,380 patients) 
and Hershman et al. (5003 patients) who used the SEER-Medi-
care data defined a duration of around 90 days beyond which 
outcomes are less ideal (Lohrisch et al. 2006; Nurgalieva et al. 
2013; Hershman et al. 2006).

Our study has the advantage of having a much larger sample 
size than the above-mentioned studies (Chavez-MacGregor 
et al. 2016; Gagliato Dde et al. 2014). Limitations of our analy-
sis include the fact that the results are from observational data 
that is not population based. Despite using propensity score 
weighting, there may be confounding that may not always be 
adjusted for by the multivariate model. The other drawback is 
the lack of specific chemotherapy related information like the 
type of regime and disease specific survival.

From our analysis, we can say that 31–60 days may be 
considered an ideal time frame to start AC in Stage I–III 
BC in all receptor subtypes, except in hormone positive/
HER2 negative BC patients where 31–90 days may be con-
sidered the right window. It is well established that recep-
tor status is an independent predictor of outcomes in BC 
(Grann et al. 2005; Dunnwald et al. 2007; Aysola et al. 2013; 
Abdollahi and Etemadi 2016). In our study, no major dif-
ference was noted with regard to the effect of delayed AC 
on the two HER2 subgroups, despite them known to have 
variable response to treatment in clinical practice (Dai et al. 
2016; Lebert et al. 2018; Howlader et al. 2014; Wang and 
Xu 2019). The fact that 31–60 days and 61–90 days groups 
showed no difference in hormone positive/HER2 negative 
BC, points to an important hypothesis that delay caused due 
to performing oncotype Dx may not significantly impact out-
comes in this group (Losk et al. 2016; Schmidt 2014; He 
et al. 2017). Also, in the event of a pandemic like the Covid-
19 situation, delaying AC and considering radiation may be 
a reasonable alternative in hormone positive/HER2 negative 
BC patients. Starting AC very close to surgery may lead to 
patients not tolerating it well, whereas delaying it beyond 
a certain period may lead to poor outcomes secondary to 
reasons like rapid growth of micrometastasis following sur-
gery (Schmidt 2014; He et al. 2017). Given the limitations 
of our study, larger population-based studies are needed to 
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accurately determine an ideal time frame to start AC in BC 
patients.

Conclusions

Our study analyzes the effect of delay in starting chemo-
therapy from the date of surgery in BC based on the receptor 
status, using a large national database, the NCDB. Overall 
survival and adverse outcome results are better when AC is 
started by 31–60 days after the date of surgery in hormone 
positive/HER2 positive, hormone negative/HER2 positive 
BC and TNBC and 31–90 days in hormone positive/HER2 
negative BC patients.
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