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Impact of adjuvant
chemotherapy delay on overall
survival in early-stage breast
cancer: a retrospective analysis
Ahmad Alhalabi1*, Theresa Abdo1, Marı́a Herrán1, Kaylee Sarna2,
Rami Tfayli 1 and Zeina Nahleh1

1Department of Hematology and Oncology, Maroone Cancer Center, Cleveland Clinic Florida,
Weston, FL, United States, 2Center for Clinical Research, Cleveland Clinic Foundation, Cleveland
Clinic Florida, Weston, FL, United States
Background: In Early-Stage Breast Cancer (EBC), there is no clear consensus on

the ideal window for initiation of adjuvant chemotherapy from the time of

definitive surgery. Furthermore, there is a paucity of data on the effectiveness

of late chemotherapy. Herein, we aim to assess the effect of delays in adjuvant

chemotherapy on overall survival (OS) and to investigate whether there could be

a role and remaining effectiveness of late adjuvant chemotherapy compared to

no chemotherapy.

Methods: A retrospective cohort study was conducted utilizing data from the

National Cancer Database (NCDB), focusing on patients with EBC from 2010 to

2020. Univariate and multivariate Cox regression analyses were employed.

Propensity score matching (PSM) (1:1) was performed between the late and no

chemotherapy groups to balance baseline characteristics.

Results:N= 326,322 female patients, with a median age of 55 years (Range 47.0-

62.0), were identified. Patients were distributed as follows in Group 1 (Adjuvant

Chemo < 2 months since surgery N = 266,185, 81.6%), Group 2 (Adjuvant Chemo

2-4months N = 55,063, 16.9%), Group 3 (Adjuvant Chemo 4-6months n = 3,749,

1.15%), and Group 4 (Adjuvant Chemo given > 6 months N = 1,325, 0.4%).

Multivariate analysis showed that patients in Groups 2,3,4 had worse OS

compared to Group 1 (HR 1.28, 95% CI 1.20-1.36, p<0.0001; HR 1.53, 95% CI

1.27-1.84, p<0.0001; and HR 1.46, 95% CI 1.09-1.96, p=0.0104, respectively),

indicating that the ideal period to start chemotherapy is within the first 2 months

after surgery. When comparing the Late chemotherapy (Group 4) versus a

Control Group of patients who declined recommended adjuvant

chemotherapy, multivariate analysis indicated that patients in the control group

experienced significantly worse OS compared to the late chemotherapy group

(HR 1.55, 95% CI 1.13-2.14, p = 0.006).
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Conclusion: Systemic adjuvant chemotherapy given within < 2 months period

since definitive surgery provides an optimal survival advantage. Notably, patients

receiving late adjuvant chemotherapy > 6 months can still derive some benefit

compared to those without treatment, making it a viable, though suboptimal,

treatment option.
KEYWORDS

breast cancer, adjuvant chemotherapy, late start, overall survival, ideal window, real
world data
1 Introduction

Breast cancer (BC) is the second most common cancer in

females after skin cancer, with a lifetime risk of 13.1% (1). In the

United States, BC accounts for approximately 300,000 cases each

year and is responsible for over 40,000 deaths (2). Management of

BC is evolving and requires cooperation among multidisciplinary

fields, including surgical intervention, commonly followed by

chemotherapy, endocrine therapy, radiation therapy, and/or

targeted therapy (3–5). During tumor angiogenesis, the original

breast tumor site undergoes vasodilation and an increase in vascular

permeability (6). This mechanism is involved in the progression

and metastasis of the disease and provides a rationale for

subsequent post-operative “adjuvant” systemic therapies (7–10).

The benefit of systemic therapy has been well-documented in Early-

Stage Breast Cancer (EBC) (11). Meta-analyses by the Early Breast

Cancer Trialists’ Collaborative Group (EBCTCG) showed that

adjuvant chemotherapy reduces BC mortality and increases

survival (12, 13), reinforcing the importance of early intervention

and treatment adherence. However, with the growing complexity of

health care systems, heightened insurance requirements, and

specific patient factors (14), there could be delays in the initiation

of systemic treatments (15, 16). Khorana et al. have reported that

with each week of delayed adjuvant treatment, there is a 1.2-3.2%

increase in mortality (15). Despite numerous studies investigating

the optimal timing of adjuvant chemotherapy in EBC, no consensus

has been clearly established (12, 17–22). Moreover, large-scale

studies evaluating whether delayed initiation of chemotherapy

confers survival benefits in this population are lacking.
1.1 Objectives

This analysis of the National Cancer Database (NCDB) aims to

assess the optimal timing for initiating adjuvant chemotherapy for

patients with EBC and investigate whether late chemotherapy

(>6months after surgery) can still improve patients’ survival outcomes.
02
2 Methods

This retrospective analysis accessed information from the

National Cancer Database (NCDB) between 2010 and 2020 for

patients with stages I-III breast cancer, which we will refer to as

Early Breast Cancer (EBC) during this analysis. The NCDB is a

database that compiles data from over 1,500 Commission on

Cancer-accredited facilities across the United States. It contains

de-identified, HIPAA-compliant patient-level data and is accessible

to investigators from accredited programs. Access to such data is

only available via an application process and Participant User Data

file (PUF) agreement. The study was conducted after obtaining

approval by the Cleveland Clinic’s Institutional Review Board (IRB)

as Exempt Human Subject Research (IRB #22-160). The waiver of

informed consent to participate and publish the data in an online

open-access publication was granted in the application due to

minimal risk research involving human subjects. This study was

conducted per the regulations of the ethical review committee and

the guidelines of the journal.

Records from eligible patients included in this analysis were based

on those diagnosed with EBC (Stages I-III) between 2010 and 2020,

aged between 18 and 69, who received adjuvant chemotherapy with a

known time interval documented from date of definitive surgery.

Tumors with all receptor subtypes (Estrogen ER/Progesterone PR/

HER2 status and their respective combinations) were included in the

analysis. All breast cancer histologies (Invasive ductal, Invasive lobular,

and others) were included in the analysis. After applying these

inclusion criteria, data from N= 326,322 patients were included in

the overall analysis, assessing the timing of chemotherapy, between 0

and more than 6 months after surgery. The following were the

exclusion criteria: patients 70 years of age or older and patients

younger than 18 years of age. We excluded patients with Metastatic

Breast Cancer (Stage IV).We excluded patients with unknown staging,

unknown treatment timing, and those who refused chemotherapy.

For the second analysis, which compared late chemotherapy

(Patients who received chemotherapy more than 6 months) with

controls (Patients who refused chemotherapy), we included data
frontiersin.org
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from patients who were offered chemotherapy but declined,

forming our control group. N = 48,763 patients were included,

and a 1:1 propensity score matching (PSM) was performed, yielding

N = 1,466 patients.

The same inclusion-exclusion criteria used for the first analysis

were employed; however, we modified them to include our controls.

For both analyses, patients with missing vital status, which

indicates whether the patient is alive or deceased, were excluded

from the initial data screening. Consequently, approximately 62,300

patients were excluded, resulting in a final sample size of 326,322

patients for the first analysis and 1,466 patients for the second

analysis. For other variables with missing data, we conducted our

analysis using only the available data; missing values were not used

in the analysis.

We excluded a total of 62,300 patients (14.5%) from this study

due to missing vital status information, which indicates whether the

patient is alive or deceased.

Socio-demographic (age, race, ethnicity, Insurance type, facility

type, facility location, urban/rural location, income, and percent of no

high school degree) and clinical-pathological characteristics (Days to

adjuvant chemotherapy, Charlson-Deyo comorbidity score,

histology, stage, grade, estrogen receptor status, progesterone

receptor status, HER2 overall summary status, radiotherapy,

immunotherapy, regional lymph node status, Oncotype, type of

surgery, surgical margins, number of positive nodes, tumor size,

and subtype of hormone receptors) were evaluated. For the purpose

of this analysis, patients were distributed by time from definitive

surgery to adjuvant chemotherapy in groups as follows: Group 1

includes patients initiating chemotherapy within a window of < 2

months. The remaining groups were stratified in an additional 2-

month intervals, Group 2 between 2-4 months, Group 3 between 4-6

months, and Group 4 more than 6 months, resulting in four total

treatment groups. This classification was based on clinical practice

and reports generally supporting the 6-8 weeks window as the ideal

timing to initiate adjuvant chemotherapy. Of note, the National

Comprehensive Cancer Network does not explicitly recommend a

specific timeframe for initiating adjuvant chemotherapy following

definitive surgery in EBC. However, guidelines from the European

Society of Medical Oncology (ESMO), recommend initiating

adjuvant chemotherapy, ideally within 4-6 weeks post-surgery (23).

Further literature, such as Gagliato et al. and Kumar et al., supports

the 60 days window for ideal survival outcomes (17, 24).

In the second analysis, the late chemotherapy group (Group 4)

was compared to a control group of eligible patients who were

offered adjuvant chemotherapy but declined it.

Overall survival (OS) was defined as the time in months from the

date of diagnosis (time zero) to the date of death or the last known

follow-up, as provided by the NCDB’s PUF_Vital_status. Since the

exact surgery dates were not known, we calculated the time from

surgery to chemotherapy by subtracting “days from diagnosis to

surgery” from “days from diagnosis to chemotherapy” and classified

them into the four previously mentioned treatment groups.
Frontiers in Oncology 03
2.1 Statistical analysis

Statistical Analysis System (SAS) version 9.4 and R version 4.2.3

was used. PSM 1:1 was performed for the analysis comparing late

chemotherapy with the control group. Chi-square, Fisher’s exact,

independent t, and Mann-Whitney U tests were performed to

evaluate the association between each categorical characteristic

variable. Kaplan-Meier analyses and log-rank tests were

performed on the whole dataset and the subgroup analyses.

Univariate Cox regressions were performed to determine

significance and inclusion into multivariate Cox regression.

Cramer’s V was utilized to assess correlation and exclude

variables from multivariate Cox regression if a strong association

(>0.6) was found. A multivariate Cox regression model was

performed using a backward elimination approach with a

0.05 cutoff.
3 Results

3.1 Sociodemographic and clinical
characteristics

We identified N = 326,322 patients who had EBC and were

eligible for the first analysis (chemotherapy within 6 + months of

surgery). Patients were distributed into Group 1 (n = 266,185,

81.6%), Group 2 (n = 55,063, 16.9%), Group 3 (n = 3,749, 1.15%),

and Group 4 (n = 1,325, 0.4%). The cohort consisted of females with

a median age of 55 (IQR, 47.0-62.0). Non-Hispanic patients were

predominant (88%). Additionally, most of the population had a

comorbidity score of zero (84.9%). The stage breakdown was as

follows: Stage I (n = 114,511, 44.3%), Stage II (n = 106,963, 41.3%),

and Stage III (n = 37,232, 14.4%). These proportions were

consistent across all study groups (Groups 1, 2, 3, and 4). There

was a predominance of hormone-positive tumors (n = 150,477,

46.2%), followed by Triple-negative tumors (n = 50,407, 15.4%),

Triple-positive tumors (n = 37,216, 11.4%) and Hormone receptor-

negative, HER2 positive tumors (n = 33,187, 10.2%).

In the second analysis (late chemotherapy), data from N =

42,492 patients who had EBC and received late chemotherapy

(Group 4) and Patients who refused chemotherapy (Control

Group) were evaluated. After running a 1:1 PSM analysis on age,

race, stage, subtypes of hormone receptors, Charlson-Deyo

Comorbidity score, and grade, a total of N = 1,466 patients were

included in the final analysis, with each group comprising 733

patients. The cohort consisted of females only with a median age of

57 (IQR 48.0-64.0), and a predominance of non-Hispanic patients

(82.3%). In addition, most of the population had a comorbidity

score of zero (82.1%). The distribution of stages was as follows:

Stage 1 (n = 542, 37%), Stage 2 (n = 654, 44.6%), and Stage 3 (n =

270, 18.4%). Furthermore, for the subtypes of hormone receptors,

there was a noted predominance of hormone-positive tumors (n =
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TABLE 1 Chi-square of baseline sociodemographic and Clinical Characteristics of patients stratified by time to adjuvant chemotherapy, Groups (1–4).

Characteristics, n (%)
Total
N = 326,322

Group 1a

n=266,185
Group 2b

n=55,063
Group 3c

n=3,749
Group 4d

n=1,325
P -value.
Effect size

Age, years, n (%) <0.001,0.04

≤ 49
≥ 50

102581 (31.4) 85733 (32.2) 15369 (27.9) 1071 (28.6) 408 (30.8)

50+ yrs 223741 (68.6) 180452 (67.8) 39694 (72.1) 2678 (71.4) 917 (69.2)

Charlson Deyo Score, n (%) <0.001,0.02

0 score 268594 (84.9) 220394 (85.4) 44151 (82.5) 2955 (81.6) 1094 (84.6)

1 score 38778 (12.3) 30771 (11.9) 7352 (13.7) 491 (13.6) 164 (12.7)

2 score 6769 (2.1) 5189 (2.0) 1431 (2.7) 127 (3.5) 22 (1.7)

3+ score 2310 (0.7) 1687 (0.7) 562 (1.1) 48 (1.3) 13 (1.0)

Ethnicity, n (%) <0.001,0.03

Hispanic 20622 (6.3) 15540 (5.8) 4546 (8.3) 397 (10.6) 139 (10.5)

Non-Hispanic 287311 (88.0) 235607 (88.5) 47487 (86.2) 3118 (83.2) 1099 (82.9)

Unknown 18389 (5.6) 15038 (5.6) 3030 (5.5) 234 (6.2) 87 (6.6)

Race, n (%) <0.001,0.02

White 145783 (44.7) 119959 (45.1) 23743 (43.1) 1532 (40.9) 549 (41.4)

Black 24568 (7.5) 18764 (7.0) 5232 (9.5) 428 (11.4) 144 (10.9)

Asian 7371 (2.3) 5986 (2.2) 1277 (2.3) 78 (2.1) 30 (2.3)

Others 148600 (45.5) 121476 (45.6) 24811 (45.1) 1711 (45.6) 602 (45.4)

Grade, n (%) <0.001,0.02

Well-differentiated 24892 (8.9) 19787 (8.7) 4658 (9.9) 329 (10.3) 118 (10.4)

Moderately differentiated 112920 (40.3) 91021 (39.8) 20040 (42.5) 1411 (44.0) 448 (39.5)

Poorly differentiated/ anaplastic 142234 (50.8) 117759 (51.5) 22439 (47.6) 1469 (45.8) 567 (50.0)

Histology, n (%) 0.2622,0.004

invasive ductal 265331 (91.1) 216728 (91.1) 44540 (90.9) 2989 (90.4) 1074 (91.0)

invasive lobular 26007 (8.9) 21127 (8.9) 4458 (9.1) 316 (9.6) 106 (9.0)

Stage, n (%) <0.001,0.02

Stage 1 114511 (44.3) 91976 (43.6) 20775 (47.4) 1326 (44.7) 434 (42.3)

Stage 2 106963 (41.3) 87821 (41.6) 17568 (40.1) 1167 (39.4) 407 (39.7)

Stage 3 37232 (14.4) 31060 (14.7) 5516 (12.6) 472 (15.9) 184 (18.0)

Radiotherapy, n (%) <0.001,0.04

Administered 197825 (60.6) 164545 (61.8) 30551 (55.5) 2015 (53.7) 714 (53.9)

Not administered 90792 (27.8) 70894 (26.6) 18228 (33.1) 1250 (33.3) 420 (31.7)

Unknown/others 37705 (11.6) 30746 (11.6) 6284 (11.4) 484 (12.9) 191 (14.4)

Immunotherapy status, n
(%)

<0.001,0.02

Administered 45698 (14.0) 38382 (14.4) 6675 (12.1) 462 (12.3) 179 (13.5)

Not administered 243463 (74.6) 197504 (74.2) 42200 (76.6) 2811 (75.0) 948 (71.5)

Unknown 37161 (11.4) 30299 (11.4) 6188 (11.2) 476 (12.7) 198 (14.9)

(Continued)
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TABLE 1 Continued

Characteristics, n (%)
Total
N = 326,322

Group 1a

n=266,185
Group 2b

n=55,063
Group 3c

n=3,749
Group 4d

n=1,325
P -value.
Effect size

Regional lymph nodes
status, n (%)

<0.001,0.02

Positive 130308 (39.9) 108082 (40.6) 20285 (36.8) 1421 (37.9) 520 (39.2)

Negative 155963 (47.8) 125627 (47.2) 27963 (50.8) 1794 (47.9) 579 (43.7)

Unknown 40051 (12.3) 32476 (12.2) 6815 (12.4) 534 (14.2) 226 (17.1)

Insurance status, n (%) <0.001,0.06

Insured 221393 (68.8) 185338 (70.6) 33362 (61.4) 1972 (53.7) 721 (55.6)

Not insured 7415 (2.3) 5530 (2.1) 1680 (3.1) 156 (4.3) 49 (3.8)

Governmental 92956 (28.9) 71593 (27.3) 19295 (35.5) 1542 (42.0) 526 (40.6)

Facility type, n (%) <0.001,0.02

Community 25289 (9.2) 20457 (9.2) 4357 (9.3) 347 (11.0) 128 (11.7)

Comprehensive community cancer
program

117990 (43.0) 97621 (43.7) 18662 (39.6) 1266 (40.0) 441 (40.5)

Academic/research program 89350 (32.5) 70708 (31.7) 17136 (36.4) 1102 (34.8) 404 (37.1)

Integrated Network Cancer Program 42021 (15.3) 34525 (15.5) 6927 (14.7) 452 (14.3) 117 (10.7)

Urban/rural, n (%) 0.0662,0.01

Rural 3085 (1.6) 2575 (1.6) 463 (1.4) 34 (1.5) 13 (1.6)

Urban 24326 (12.3) 19995 (12.4) 3958 (12.1) 263 (11.6) 110 (13.6)

Metro 169728 (86.1) 138676 (86.0) 28400 (86.5) 1965 (86.9) 687 (84.8)

Oncotype diagnosis recur,
n (%)

<0.001,0.06

High risk 31009 (9.5) 22607 (8.5) 7903 (14.4) 402 (10.7) 97 (7.3)

Intermediate risk 22939 (7.0) 17048 (6.4) 5520 (10.0) 286 (7.6) 85 (6.4)

Low risk 5465 (1.7) 4194 (1.6) 1133 (2.1) 99 (2.6) 39 (2.9)

Unknown/others 266909 (81.8) 222336 (83.5) 40507 (73.6) 2962 (79.0) 1104 (83.3)

Median income quartiles, n
(%)

<0.001,0.03

Low income 37771 (16.0) 29428 (15.2) 7521 (19.3) 609 (22.1) 213 (21.0)

Intermediate low 48852 (20.7) 39731 (20.6) 8264 (21.2) 640 (23.2) 217 (21.4)

Intermediate high 57971 (24.6) 47838 (24.8) 9269 (23.7) 621 (22.6) 243 (23.9)

High 91472 (38.7) 76231 (39.5) 14015 (35.9) 883 (32.1) 343 (33.8)

Type of surgery, n (%) <0.001,0.02

Lumpectomy 171157 (52.5) 140939 (52.9) 27650 (50.2) 1900 (50.7) 668 (50.4)

Mastectomy 154966 (47.5) 125092 (47.0) 27379 (49.7) 1840 (49.1) 655 (49.4)

Surgery not specified/unknown/
blanks

199 (0.1) 154 (0.1) 34 (0.1) 9 (0.2) 2 (0.2)

Surgical margins of primary
site, n (%)

<0.001,0.01

No tumor 309653 (94.9) 252807 (95.0) 52153 (94.7) 3466 (92.5) 1227 (92.6)

Tumor 13779 (4.2) 11069 (4.2) 2415 (4.4) 229 (6.1) 66 (5.0)

(Continued)
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784, 53.5%), followed by Triple-negative tumors (n = 264, 18%),

followed by HER2 positive tumors (n = 229, 15.6%), and lastly

Triple-positive tumors (n = 189, 12.9%) (Tables 1 and 2).
3.2 Overall survival analysis

Patients in Group 1 (receiving chemotherapy < 2 months since

surgery) exhibited the longest OS (45.11 months, 95% CI 44.6-45.7)

followed by Group 2 (37.85 months, 95% CI 36.8-38.9), followed by

Group 3 (28.94 months, 95% CI 26.9-31.8), and finally Group 4

(30.59 months, 95% CI 27.8-34.3) with a log-rank p-value<0.0001,

as reported in Figure 1 and Table 3.

Table 4 shows the results of multivariable Cox regression,

whereby patients in Groups 2,3,4 had an inferior OS compared to

Group 1 (HR 1.28, 95% CI 1.20-1.36, p<0.0001, HR 1.53, 95% CI

1.27-1.84, p<0.0001, and HR 1.46, 95% CI 1.09-1.96,

p=0.0104, respectively).
Frontiers in Oncology 06
3.3 Sensitivity analysis comparing overall
survival for patients who received adjuvant
chemotherapy < 8 weeks (Group 1) vs. ≥ 8
weeks (Group 2)

To better compare our results with existing literature, we

performed a sensitivity analysis by lumping the patients’ groups

into two groups. Group 1 (Patients receiving adjuvant chemotherapy

within less than 2 months (< 8 weeks)) vs. Group 2 (Patients who

received adjuvant chemotherapy ≥ 2 months (≥8 weeks)). Patients

who received adjuvant chemotherapy ≥ 8 weeks had a statistically

significant increased risk of death by 30% compared to group 1. (HR

1.3 95% CI 1.23-1.38 and P value <0.0001).

The late Chemotherapy group receiving chemotherapy > 6

months (Group 4) exhibited better OS (29.63 months, 95% CI

26.8-34.7) compared to the Control group declining chemotherapy

(19.48 months, 95% CI 17.2-24.8, p-value =0.0099), as reported

in Figure 2.
TABLE 1 Continued

Characteristics, n (%)
Total
N = 326,322

Group 1a

n=266,185
Group 2b

n=55,063
Group 3c

n=3,749
Group 4d

n=1,325
P -value.
Effect size

Surgical margins of primary
site, n (%)

<0.001,0.01

Unknown 2890 (0.9) 2309 (0.9) 495 (0.9) 54 (1.4) 32 (2.4)

Number of regional nodes
positive, n (%)

<0.001,0.03

0 nodes positive 173593 (53.8) 139775 (53.1) 31130 (57.4) 2022 (55.2) 666 (52.1)

1-3 nodes positive 106195 (32.9) 87797 (33.3) 16901 (31.2) 1096 (29.9) 401 (31.4)

4 or more positive 42632 (13.2) 35712 (13.6) 6163 (11.4) 545 (14.9) 212 (16.6)

Tumor size, cm, n (%) <0.001,0.01

T1 134109 (49.8) 108619 (49.5) 23440 (51.3) 1548 (49.3) 502 (45.2)

T2 114206 (42.4) 93549 (42.6) 18866 (41.3) 1302 (41.5) 489 (44.0)

T3 18618 (6.9) 15327 (7.0) 2946 (6.4) 243 (7.7) 102 (9.2)

T4 2400 (0.9) 1868 (0.9) 466 (1.0) 48 (1.5) 18 (1.6)

Hormone receptors
subtypes n (%)

<0.001,0.03

Triple-negative 50407 (15.4) 42991 (16.2) 6767 (12.3) 481 (12.8) 168 (12.7)

HER2 Positive 33187 (10) 27688 (10.4) 4959 (9) 374 (10) 166 (12.5)

Hormone Positive|HER2 Negative 150477 (46) 120685 (45.3) 27383 (50) 1798 (48) 611 (46)

Triple positive 37216 (11.4) 30883 (11.6) 5757 (10.5) 412 (11.0) 164 (12.4)

Blanks/unknown 55035 (16.9) 43938 (16.5) 10197 (18.5) 684 (18.2) 216 (16.3)
a: Group 1: Patients who received adjuvant chemotherapy for less than 2 months.

b: Group 2: Patients who received adjuvant chemotherapy within 2-4 months.

c: Group 3: Patients who received adjuvant chemotherapy within 4-6 months

d: Group 4: Patients who received adjuvant chemotherapy more than 6 months
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TABLE 2 Chi-square of baseline sociodemographic and Clinical Characteristics of patients receiving late adjuvant chemotherapy (Group 4) vs.
patients who refused chemotherapy.

Characteristics, n (%)
Overall
(n=1466)

Late Adjuvant Chemotherapy
(n=733)

Refused chemotherapy
(n=733)

P
value

Age, years, n (%) 1.000

≤50 418 (28.5) 209 (28.5) 209 (28.5)

>50 1048 (71.5) 524 (71.5) 524 (71.5)

Charlson Deyo Score, n (%) 0.4895

0 score 1204 (82.1) 605 (82.5) 599 (81.7)

1 score 223 (15.2) 106 (14.5) 117 (16.0)

2 score 26 (1.8) 13 (1.8) 13 (1.8)

3+ score 13 (0.9) 9 (1.2) 4 (0.5)

Ethnicity, n (%) <0.001

Hispanic 149 (10.2) 70 (9.5) 79 (10.8)

Not Hispanic 1206 (82.3) 631 (86.1) 575 (78.4)

Unknown 111 (7.6) 32 (4.4) 79 (10.8)

Race, n (%) 0.8803

Asian 26 (1.8) 15 (2.0) 11 (1.5)

Black 171 (11.7) 84 (11.5) 87 (11.9)

White 628 (42.8) 314 (42.8) 314 (42.8)

Others 641 (43.7) 320 (43.7) 321 (43.8)

Grade, n (%) 0.8800

Grade 1 135 (9.2) 70 (9.5) 65 (8.9)

Grade 2 558 (38.1) 280 (38.2) 278 (37.9)

Grade 3 and 4 773 (52.7) 383 (52.3) 390 (53.2)

Histology, n (%) 0.9012

Invasive Ductal 1222 (92.2) 607 (92.2) 615 (92.1)

Invasive Lobular 104 (7.8) 51 (7.8) 53 (7.9)

Stage, n (%) 0.6379

Stage 1 542 (37.0) 267 (36.4) 275 (37.5)

Stage 2 654 (44.6) 324 (44.2) 330 (45.0)

Stage 3 270 (18.4) 142 (19.4) 128 (17.5)

Radiotherapy, n (%) <0.001

Radiotherapy Administered 763 (52.0) 439 (59.9) 324 (44.2)

Radiotherapy not administered 669 (45.6) 276 (37.7) 393 (53.6)

Unknown/others 34 (2.3) 18 (2.5) 16 (2.2)

Immunotherapy status, n (%) <0.001

Immunotherapy administered 104 (7.1) 86 (11.7) 18 (2.5)

Immunotherapy not administered 1352 (92.2) 638 (87.0) 714 (97.4)

Unknown 10 (0.7) 9 (1.2) 1 (0.1)

(Continued)
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TABLE 2 Continued

Characteristics, n (%)
Overall
(n=1466)

Late Adjuvant Chemotherapy
(n=733)

Refused chemotherapy
(n=733)

P
value

Regional lymph nodes status, n
(%)

0.0001

Negative 807 (55.0) 370 (50.5) 437 (59.6)

Positive 616 (42.0) 332 (45.3) 284 (38.7)

Unknown 43 (2.9) 31 (4.2) 12 (1.6)

Insurance status, n (%) 0.9950

Governmental 612 (42.5) 304 (42.4) 308 (42.7)

Insured 767 (53.3) 383 (53.4) 384 (53.2)

Not insured 60 (4.2) 30 (4.2) 30 (4.2)

Facility type, n (%) 0.0326

Academic/research 475 (34.6) 256 (37.5) 219 (31.7)

Community 158 (11.5) 85 (12.5) 73 (10.6)

Comprehensive Community Cancer
Program

573 (41.7) 268 (39.3) 305 (44.1)

Integrated network cancer program 167 (12.2) 73 (10.7) 94 (13.6)

Urban/rural, n (%) 0.4515

Metro 1109 (86.0) 493 (86.3) 616 (85.8)

Rural 25 (1.9) 8 (1.4) 17 (2.4)

Urban 155 (12.0) 70 (12.3) 85 (11.8)

Oncotype diagnosis recur, n (%) 0.0065

High risk 98 (6.7) 55 (7.5) 43 (5.9)

Intermediate risk 149 (10.2) 55 (7.5) 94 (12.8)

Low risk 37 (2.5) 19 (2.6) 18 (2.5)

Unknown/others 1182 (80.6) 604 (82.4) 578 (78.9)

Median income quartiles, n (%) 0.4854

High 453 (36.0) 215 (35.1) 238 (37.0)

Intermediate high 296 (23.5) 148 (24.1) 148 (23.0)

Intermediate low 290 (23.1) 135 (22.0) 155 (24.1)

Low income 218 (17.3) 115 (18.8) 103 (16.0)

Type of surgery, n (%) 0.0002

Lumpectomy 766 (52.3) 348 (47.5) 418 (57.0)

Mastectomy 699 (47.7) 385 (52.5) 314 (42.8)

Surgery not specified/blanks 1 (0.1) 0 (0.0) 1 (0.1)

Surgical margins of primary site,
n (%)

0.1604

No tumor 1359 (92.7) 683 (93.2) 676 (92.2)

Tumor 85 (5.8) 36 (4.9) 49 (6.7)

Unknown 22 (1.5) 14 (1.9) 8 (1.1)

(Continued)
F
rontiers in Oncology
 08
 fron
tiersin.org

https://doi.org/10.3389/fonc.2025.1666673
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Alhalabi et al. 10.3389/fonc.2025.1666673
Table 5 presents the results of the multivariable Cox regression

analysis. Patients in the control group had significantly worse OS

compared to the late chemotherapy group (HR 1.55, 95% CI 1.13-

2.14, p = 0.006). This survival difference remained consistent across

all breast cancer subtypes.

Patients in Groups (1–4) who were ≥ 50 years of age exhibited a

significantly worse OS compared to patients < 50 years of age (HR

1.35, 95% CI 1.27-1.43, p < 0.0001).

In the analysis of Groups 1-4, as expected, increasing

comorbidity scores and higher tumor stages were significantly

associated with poorer OS compared to score zero and stage 1.

The Hazard Ratio (HR) for comorbidity scores 1,2,3+ compared to

score 0 were 1.31 (95% CI 1.23-1.4, p<0.0001), 1.81 (95% CI 1.61-

2.03, p<0.0001), and 2.48 (95% CI 2.03-3.02, p<0.0001),

respectively. In the late chemotherapy vs. Control groups,

increasing comorbidity scores and higher tumor stages were

significantly associated with poorer OS compared to score zero

and stage 1the HRs for comorbidity scores 1,2,3+ compared to score

zero were 1.55 (95% CI 1.06-2.25, p=0.0230), 2.93 (95% CI 1.36-

6.34, p=0.0062), and 4.40 (95% CI 1.87-10.35, p=0.0007),

respectively. Similarly, the higher tumor stages were associated

with worse survival. In Groups 1-4, the HRs for stages 2 and 3
Frontiers in Oncology 09
compared to stage 1 were 1.21 (95% CI, 1.11-1.30; p < 0.0001) and

2.42 (95% CI, 2.22-2.64; p < 0.0001), respectively. Furthermore, in

the late chemotherapy versus control groups, the HR was 1.79 (95%

CI, 1.21-2.64, p = 0.0034) for stage 2 and 4.21 (95% CI, 2.75-6.44, p

< 0.0001) for stage 3.

Regarding breast cancer subtypes, within Groups 1-4, patients

with HER2-positive or Triple-Positive tumors demonstrated

improved survival compared to those with Hormone- receptor

positive tumors (HR 0.86, 95% CI 0.79-0.94, p=0.001; and HR

0.73, 95% CI 0.67-0.81, p<0.0001, respectively). In contrast, patients

with triple-negative breast cancer tumors exhibited significantly

worse OS (HR 1.68, 95% CI 1.57-1.78, p<0.0001), as illustrated

in Figure 3.
3.4 Subgroup analysis for HER2-positive
tumors

We have compared patients with HER2-positive tumors and

examined overall survival based on the timing of adjuvant

chemotherapy, categorizing them into four well-characterized

groups Table 6. Patients with HER2-positive breast cancer who
TABLE 2 Continued

Characteristics, n (%)
Overall
(n=1466)

Late Adjuvant Chemotherapy
(n=733)

Refused chemotherapy
(n=733)

P
value

Percent no high school degree, n
(%)

0.0331

High school 277 (21.0) 161 (24.3) 116 (17.7)

Intermediate high school 355 (27.0) 169 (25.5) 186 (28.4)

Intermediate low school 397 (30.2) 191 (28.9) 206 (31.5)

Low high school 287 (21.8) 141 (21.3) 146 (22.3)

Number of regional nodes
positive, n (%)

0.0164

0 nodes positive 812 (56.9) 375 (53.1) 437 (60.6)

1-3 nodes positive 412 (28.9) 223 (31.6) 189 (26.2)

4 or more positive nodes 203 (14.2) 108 (15.3) 95 (13.2)

Tumor size, cm, n (%) 0.0960

T1 571 (44.4) 242 (43.8) 329 (44.9)

T2 563 (43.8) 241 (43.6) 322 (43.9)

T3 117 (9.1) 60 (10.8) 57 (7.8)

T4 35 (2.7) 10 (1.8) 25 (3.4)

Hormone receptors subtypes, n
(%)

0.8581

Triple-positive 189 (12.9) 97 (13.2) 92 (12.6)

Hormone Positive | HER2 Negative 784 (53.5) 396 (54.0) 388 (52.9)

HER2 Positive 229 (15.6) 114 (15.6) 115 (15.7)

Triple-negative 264 (18.0) 126 (17.2) 138 (18.8)
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received adjuvant chemotherapy within groups 2,3,4 had an inferior

OS compared to Group 1 (HR 1.48, 95% CI 1.22-1.79, p<0.0001, HR

1.48, 95% CI 0.76-2.88, p-value = 0.25, and HR 1.05, 95% CI 0.39-

2.84, p-value= 0.9162 respectively).
3.5 Subgroup analysis for triple negative
tumors

Patients who received adjuvant chemotherapy within groups

2,3,4 had an inferior OS compared to Group 1 (HR 1.16, 95% CI

1.04-1.3, and a p-value 0.0110, HR 1.43, 95% CI 1.01-2.01, p-value

0.0414, and HR 1.63, 95% CI 0.96-2.77, p-value = 0.0687) Table 6.

It is important to note that the number of patients in each group

for HER2-positive and triple-negative tumors decreased within each

group, and as such, could be a reason for not achieving significant

results.In the matched analysis, patients with triple positive tumors

and patients with HER-2 positive tumors did not have a significant

overall survival difference when compared to patients with

Hormone Positive tumors [HR 1.36, 95% CI 0.81-2.29, p=0.2445
Frontiers in Oncology 10
and HR 1.42, 95% CI 0.91-2.19, p=0.1196, respectively]. However,

patients with triple-negative breast tumors exhibited significantly

inferior OS compared to those with Hormone-Positive tumors (HR

1.98, 95% CI 1.34-2.93, p=0.0006).
4 Discussion

This analysis reinforces that starting adjuvant chemotherapy

within <2 months (< 8 weeks) from definitive surgery provides the

optimal survival advantage in EBC. Interestingly, data suggests that

patients could still benefit from late chemotherapy compared to no

chemotherapy when it is indicated, even if initiation occurs more

than 6 months after surgery, for any possible reason. This extensive

retrospective analysis exploring OS based on the timing of adjuvant

chemotherapy administration as well as the role of late

chemotherapy in EBC adds evidence that could contribute to

more optimization of clinical practice in EBC, as there has been,

thus far, no clear consensus on the optimal time to deliver adjuvant

chemotherapy. In addition to that, this analysis provides more

granular and in-depth data for the OS based on the time range

created for these four groups. In addition, this study provides

practical implications and helps answer the clinical question of

“to give or not to give” systemic adjuvant chemotherapy for breast

cancer patients who present many months beyond their definitive

surgery. In clinical practice, around 6 weeks has been considered a

generally suitable threshold to provide adjuvant chemotherapy for

patients with EBC (17, 18, 23, 25–28). Our study aligns with this

timeframe for delivery of adjuvant chemotherapy, as it suggests that

an optimal window of <2 months is ideal for the best outcome.

Further literature demonstrated that patients with breast-

conserving surgery should start adjuvant chemotherapy within 30

days; however, this might not apply to patients with mastectomy
FIGURE 1

Kaplan Meier Plot of Overall Survival for patients with Early-stage breast cancer stratified by time to adjuvant chemotherapy for Groups 1-4.
TABLE 3 Overall Survival comparison by time to adjuvant
chemotherapy, Groups (1-4).

Days to adjuvant
chemotherapy/age

95% OS
(months)

95% CI P-value

< 2 months 45.11 44.6-45.7

2-4 months 37.85 36.8-38.9

4-6 months 28.94 26.9-31.8

6+ months 30.59 27.8-34.3

Log-rank test <0.0001
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TABLE 4 Multivariate Cox Regression Analysis of Clinical and
Demographic Predictors of Overall Survival for Groups (1-4):

Variables Hazard Ratio (95%CI) p-value

Age:
< 50 years(ref.)
≥ 50 years

1.00
1.35(1.27-1.43)

–

<0.0001

Charlson Deyo score
0(ref.)
1
2
3 or more

1.00
1.31(1.23-1.40)
1.81(1.61-2.03)
2.48(2.03-3.02)

–

<0.0001
<0.0001
<0.0001

Ethnicity
Hispanic(ref.)
Not Hispanic
Unknown

1.00
1.61(1.42-1.82)
1.66(1.39-1.98)

–

<0.0001
<0.0001

Race
White(ref.)
Black
Asian
Others

1.00
1.03(0.96-1.10)
0.63(0.53-0.76)
0.72(0.65-0.79)

–

0.4712
<0.0001
<0.0001

Grade
1(ref.)
2
3-4

1.00
1.26(1.12-1.40)
1.81(1.62-2.03)

–

<0.0001
<0.0001

Stage
1(ref.)
2
3

1.00
1.21(1.11-1.30)
2.42(2.22-2.64)

–

<0.0001
<0.0001

Insurance status
Insured(ref.)
Not insured
Governmental

1.00
1.18(1.02-1.37)
1.54(1.46-1.62)

–

0.0274
<0.0001

Facility type
Community
Comprehensive community
cancer program

1.19(1.09-1.30)
1.12(1.06-1.19)

<0.0001
0.0002

(Continued)
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TABLE 4 Continued

Variables Hazard Ratio (95%CI) p-value

Academic/research(ref.)
Integrated network
cancer program

1.00
1.11(1.03-1.20)

–

0.0102

Oncotypes
Low risk(ref.)
Intermediate risk
High risk
Unknown/others

1.00
0.97(0.73-1.28)
1.43(1.09-1.86)
1.33(1.03-1.72)

–

0.8215
0.0092
0.0263

Median Income
Low
Intermediate low
Intermediate high
High(ref.)

1.17(1.06-1.29)
1.19(1.10-1.29)
1.08(1.00-1.16)
1.00

0.0022
<0.0001
0.0501
–

Type of surgery
Lumpectomy(ref.)
Mastectomy
Surgery not specified/
blanks

1.00
1.16(1.10-1.22)
1.12(0.36-3.48)

–

<0.0001
0.8440

Surgical margins
No tumor(ref.)
Tumor
Unknown

1.00
1.41(1.27-1.56)
1.29(0.98-1.71)

–

<0.0001
0.0746

Percent no high school degree
Low(ref.)
Intermediate low
Intermediate high
High

1.00
1.03(0.96-1.11)
1.11(1.02-1.22)
1.14(1.03-1.27)

–

0.4513
0.0154
0.0132

Tumor size
T1(ref.)
T2
T3
T4

1.00
1.34(1.25-1.43)
1.46(1.32-1.61)
1.81(1.53-2.14)

–

<0.0001
<0.0001
<0.0001

Hormone receptor subtype
update 1.00 –

(Continued)
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(29). On the other hand, some studies recommend more flexible

timing thresholds, i.e., initiating adjuvant chemotherapy up to 12 -

16 weeks would be acceptable, beyond which OS would be

compromised (12, 19, 20). Also, some studies have not suggested

significant survival differences between early and late initiation of

adjuvant chemotherapy (30, 31). These differences in outcomes in

existing literature may be due to variations in sample size, cohort

characteristics, and analytic approaches across the studies.

This analysis is also consistent with other studies reporting on

survival outcomes based on breast cancer subtypes. Patients with

triple-negative tumors have been reported to exhibit inferior

survival outcomes if chemotherapy was initiated beyond a 1-

month duration, adding a stricter time frame (32–35). A study by

Li S et al. concurs with this finding and adds that this is also true for

patients with positive lymph node infiltration (36). Interestingly,

while some reports did not clearly demonstrate a significant

association with survival in patients receiving chemotherapy for

operable TNBC (37), numerous articles have, in contrast, indicated

the impact of chemotherapy timing on the OS of TNBC (34, 38).

TNBC should be considered an aggressive tumor with an inferior

prognosis compared to other subtypes, which necessitates early

intervention compared to other subtypes, as it has been associated
Frontiers in Oncology 12
with a high relapse rate and distal metastasis (38–43). Our analysis

consistently established that patients, including those with TNBC,

who received adjuvant chemotherapy within less than 2 months

demonstrated a clear survival advantage compared to receiving

treatment at later time intervals.

Importantly, this study offers a possible option for patients who

underwent surgery but, for various reasons, did not receive systemic

chemotherapy within 6 months. The data analyzed suggested that

adjuvant chemotherapy offers a survival benefit even if the patient

receives adjuvant chemotherapy late within their treatment

timeline. This is plausible since adjuvant chemotherapy targets

microscopic disease systemically, although the earlier

chemotherapy is administered, the better the clinical outcomes

(44). This is consistent with the treatment of cancer across

different solid tumors. For example, patients with pancreatic

cancer and locally advanced bladder cancer can still benefit from

late systemic adjuvant therapy (45, 46).

To our knowledge, this study is among the first to compare

head-to-head late chemotherapy to no chemotherapy in EBC,

providing evidence that even late treatment can improve survival

outcomes. Furthermore, this study could offer practical implications

for patient care, particularly for patients who require additional

time to recover post-surgery or following surgical complications.

Multiple studies have emphasized the importance of adhering to

enhanced recovery after surgery (ERAS) protocol, which leads to

better oncologic outcomes (47, 48). Furthermore, healthcare

providers might offer comprehensive counseling to address

patient hesitancy, facilitating informed decision-making regarding

adjuvant chemotherapy; with proper patient education about the

disease and its course, there is a significantly improved outcome in

terms of quality of life, depression, side effects, and performance

status (49, 50).

This study has several strengths. It is based on a large real-

world Data from the NCDB, an extensive, nationally representative

registry with standardized data collection. The inclusion of over
TABLE 4 Continued

Variables Hazard Ratio (95%CI) p-value

Hormone positive(ref.)
HER2 Positive
Triple-negative
Triple positive

0.86(0.79-0.94)
1.68(1.57-1.78)
0.73(0.67-0.81)

0.0010
<0.0001
<0.0001

Days to adjuvant
chemotherapy

<2 months(ref.)
2-4 months
4-6 months
>6 months

1.00
1.28(1.20-1.36)
1.53(1.27-1.84)
1.46(1.09-1.96)

–

<0.0001
<0.0001
0.0104
FIGURE 3

Kaplan Meier Plot of Overall Survival for patients with TNBC early stage breast cancer stratified by time to adjuvant chemotherapy for Groups 1-4.
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300,000 patients provides statistical power and enhances confidence

in the wide applicability of the results. In the analysis, propensity

score matching and multivariable regression were used to adjust for

confounding and strengthen internal validity. However, limitations

inherent to the retrospective nature must be acknowledged.

Selection bias and unmeasured confounders are possible, as the

NCDB lacks variables such as performance status, disease

progression, recurrence, patient preference, reasons for treatment

delay, access to healthcare, variations in treatment protocols

(including chemotherapy agents and dosing), and toxicities. Also,

survival metrics other than OS such as disease specific survival were

not reported.The time to adjuvant chemotherapy was accurately

obtained, the OS is measured from diagnosis to last follow-up or

death, rather than from surgery date, introducing a slight

misalignment between exposure (timing of chemotherapy) and

the outcome (OS), since patients might have experienced varying

intervals between diagnosis and surgery. Also, in the second

analysis of late chemotherapy versus control, NCDB does not

track disease progression after diagnosis; therefore, it is possible
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that some patients in group 4 (Chemotherapy> 6 months) may have

experienced progression before undergoing systematic therapy.

This could influence survival comparisons with the control group.

Finally, it is essential to recognize the differences in healthcare

systems and access to care, as these factors have substantial

implications for overall survival, i.e., differences exist between the

U.S. healthcare system, the European healthcare system, and other

global models that govern these systems.
5 Conclusion

This large analysis provides real-time data on the benefit of

optimal timing of systemic adjuvant chemotherapy and suggests

that it is within 2 months from surgery, which appears to confer a

survival advantage compared to other delayed time frames. However,

patients could continue to benefit from receiving indicated adjuvant

systemic therapy at any time interval since surgery, even later than 6

months. Therefore, late adjuvant chemotherapy should be considered

a viable treatment option for patients with EBC who had delays for

various reasons. Ultimately, the decision to administer adjuvant

chemotherapy, including late chemotherapy, should be a shared

decision between patients and physicians, and should include a

discussion about its toxicity, side effects, and expected benefits,

aligning with the patient’s needs and treatment goals.
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TABLE 6 Multivariate Cox Regression Analysis of HER2 positive and
Triple Negative Breast cancer.

Variables Hazard Ratio (95%CI) p-value

Days to Adjuvant
chemotherapy (HER2
Positive)
< 2 months (Ref) (1822/
27688)
2-4 months (464/4959)
4-6 months (49/374)
>6 months (26/166)

1
1.48 (1.22-1.79)
1.48 (0.76-2.88)
1.05 (0.39-2.84)

–

<0.0001
0.2488
0.9162

Days to Adjuvant
Chemotherapy (TNBC)
< 2 months (Ref) (5102/
42991)
2-4 months (1054/6767)
4-6 months (93/481)
>6 months (27/168)

1
1.16 (1.04-1.30)
1.43 (1.01-2.01)
1.63 (0.96-2.77)

–

0.0110
0.0414
0.0687
fr
TABLE 5 Multivariate Cox Regression Analysis of Clinical and
Demographic Predictors of Overall Survival for Late Chemotherapy vs.
Control Group.

Variables Hazard Ratio (95%CI) p-value

Charlson Deyo score
0(ref.)
1
2
3 or more

1.00
1.55(1.06-2.25)
2.93(1.36-6.34)
4.40(1.87-10.35)

–

0.0230
0.0062
0.0007

Grade
1(ref.)
2
3/4

1.00
2.31(0.97-5.48)
3.62(1.55-8.48)

–

0.0587
0.0030

Stage
1(ref.)
2
3

1.00
1.79(1.21-2.64)
4.21(2.75-6.44)

–

0.0034
<0.0001

Radiotherapy
Radiotherapy(ref.)
No radiotherapy
Unknown/others

1.00
1.41(1.03-1.93)
2.74(1.24-6.05)

–

0.0329
0.0128

Insurance status
Insured(ref.)
Not insured
Governmental

1.00
1.47(0.67-3.21)
1.51(1.10-2.07)

–

0.3349
0.0104

Immunotherapy
Immunotherapy(ref.)
No immunotherapy
Unknown

1.00
1.17(0.55-2.50)
4.14(1.20-14.28)

–

0.6858
0.0243

Hormone receptor
subtype

Hormone positive(ref.)
HER2 Positive
Triple-negative
Triple positive

1.00
1.42(0.91-2.19)
1.98(1.34-2.93)
1.36(0.81-2.29)

–

0.1196
0.0006
0.2445

Chemotherapy group
Refused chemotherapy
6+ months(ref.)

1.55(1.13-2.14)
1.00

0.0066
–
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