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Abstract  Treatment delay in breast cancer care rep-
resents a significant concern in oncology, potentially 
impacting patient survival outcomes. While various 
factors can contribute to delayed treatment initiation, 
the quantitative relationship between specific delay 
intervals and survival remains incompletely under-
stood in breast cancer management. Our study aims 
to explore the impact of treatment delays on survival 
outcomes in breast cancer. A comprehensive litera-
ture search was conducted in PubMed, Scopus, and 
Web of Science databases, covering publications 

from 2000 to 2025. From an initial 6222 records, 18 
eligible studies comprising 25 cohorts were included. 
Hazard ratios (HRs) for all-cause and breast can-
cer–specific mortality were extracted or calculated 
for treatment delays of 4, 8, and 12 weeks. Random-
effects meta-analyses were performed, and hetero-
geneity and publication bias were assessed using I2 
statistics, funnel plots, and Egger’s test. This meta-
analysis revealed progressively increasing mortality 
risks with longer treatment delays. For all-cause mor-
tality, HRs increased from 1.12 (95% CI 1.08–1.15) 
at 4  weeks to 1.25 (95% CI 1.17–1.33) at 8  weeks, 
and 1.39 (95% CI 1.26–1.53) at 12  weeks. Breast 
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cancer–specific mortality showed more pronounced 
effects, with HRs of 1.20 (95% CI 1.06–1.36), 1.43 
(95% CI 1.11–1.84), and 1.71 (95% CI 1.18–2.49) 
for 4-, 8-, and 12-week delays, respectively. Analy-
ses combining both survival outcomes demonstrated 
consistent risk elevation across all time intervals 
(4  weeks: HR = 1.12, 95% CI 1.09–1.16; 8  weeks: 
HR = 1.26, 95% CI 1.18–1.34; 12 weeks: HR = 1.41, 
95% CI 1.29–1.55). While heterogeneity was sig-
nificant (I2 = 54–92%), no substantial publication 
bias was detected. Delays in initiating breast cancer 
treatment are associated with significantly worse sur-
vival, particularly for cancer-specific mortality. Each 
additional 4-week delay increases the hazard of death 
by over 10%, underscoring the urgency of minimiz-
ing delays in diagnosis-to-treatment pathways. These 
findings have critical implications for healthcare sys-
tems, clinical decision-making, and public health 
policy.

Keywords  Treatment delay · All-cause mortality · 
Breast cancer–specific mortality · Survival 
outcomes · Cancer prognosis · Hazard ratio · 
Mortality risk

Introduction

Timely initiation of cancer treatment is a cornerstone 
of effective oncologic care [1], particularly for high-
prevalence cancers such as breast cancer. Despite 
advances in screening and therapeutics, breast cancer 
remains one of the leading causes of cancer-related 
death worldwide [2–4]. A growing body of evidence 
suggests that even modest delays between diagnosis 
and treatment can significantly impact survival out-
comes [1, 5, 6]. However, treatment delays remain 
common in clinical practice, driven by a combina-
tion of patient-, provider-, and system-level barriers 
[7–31].

Breast cancer treatment delays can occur at multi-
ple stages of care—from delayed biopsy or imaging, 
to prolonged scheduling for surgery, chemotherapy, 
or radiation [6, 23, 26, 32]. Patient-level contributors 
include low health literacy and low symptom aware-
ness, fear of diagnosis or treatment, limited social 
support, logistical barriers, and disparities in access 
to care [6, 23, 26, 32]. Psychological factors, includ-
ing denial and anxiety [33, 34], can lead to delayed 
presentation, while logistical issues such as transpor-
tation difficulties, work obligations, and caregiving 
responsibilities disproportionately affect underserved 
populations [11, 14, 21, 35–38]. These barriers are 
magnified among older adults, who may also face 
age-related vulnerabilities such as frailty, multimor-
bidity, and cognitive decline—all of which com-
plicate treatment planning and contribute to longer 
decision-making intervals [39]. At the healthcare 
system level, delays are often due to fragmented care 
pathways and capacity constraints [6, 23, 26, 32]. 
Long wait times for specialist consultations, imaging, 
biopsy, and operating room availability can create 
bottlenecks. Even within high-resource settings, inef-
ficiencies in referral systems and lack of care coordi-
nation can cause treatment to be initiated later than 
clinically optimal [40, 41]. Importantly, the COVID-
19 pandemic has magnified these delays on a global 
scale, creating unprecedented backlogs in elective 
surgeries and oncologic services, including disrup-
tions in chemotherapy and radiation therapy schedul-
ing [8, 42–45].

Although prior studies have reported that delayed 
treatment initiation is associated with increased 
mortality in breast cancer [46–48], the magnitude 
and consistency of this effect across different delay 
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durations and survival outcomes remain unclear. 
Furthermore, while many studies focus on a single 
treatment modality or endpoint, few provide a com-
prehensive quantitative synthesis of delay-associated 
risks across multiple time intervals and mortality 
outcomes.

Given the substantial burden of breast cancer and 
the modifiable nature of treatment delays, there is an 
urgent need to quantify the survival impact of these 
delays to guide clinical and policy interventions. To 
address this gap, we conducted a meta-analysis to 
evaluate how treatment delays of 4, 8, and 12 weeks 
affect both all-cause and breast cancer–specific mor-
tality. Our findings aim to inform evidence-based 
benchmarks for acceptable time-to-treatment and sup-
port efforts to streamline cancer care delivery systems 
worldwide.

Methods

Data collection and study selection

To ensure a comprehensive evaluation, we conducted 
a systematic search of the PubMed, Scopus, and Web 
of Science databases, considering publications from 
2000 to 2025. The search strategy included the key-
words “breast cancer” AND “treatment delay” AND 
“mortality OR survival.” In addition, we sourced 
studies from earlier meta-analyses to complement our 
research [46–48].

Studies were selected based on predefined inclu-
sion and exclusion criteria. We included prospective 
cohort studies and retrospective studies that analyzed 
the effect of treatment delays on breast cancer mortal-
ity [7, 11, 49–64]. Studies were required to provide 
hazard ratios (HRs) or odds ratios (ORs) quantifying 
the relationship between treatment delays and overall 
survival outcomes. Additionally, all included studies 
had to report a follow-up period of at least 30 days 
to ensure sufficient observation time for meaningful 
survival analysis.

Conversely, we excluded animal studies, in  vitro 
research, and theoretical models, as these do not 
directly inform clinical practice in human popula-
tions. Studies published in languages other than Eng-
lish were also excluded to maintain consistency in 
data interpretation. Furthermore, studies with insuf-
ficient validity or inappropriate patient populations 

were excluded to ensure the robustness of our 
findings.

Data extraction and quality assessment

Data extraction was performed systematically by 
two independent researchers to minimize bias and 
enhance reliability. For each study, key data points 
were collected, including study characteristics (author 
names, publication year, and country), cancer type 
and treatment modality (surgery, chemotherapy, or 
radiotherapy), hazard ratios (HRs) reflecting the link 
between treatment delays and survival outcomes, and 
the degree of treatment delay reported. This informa-
tion enabled comprehensive comparisons across stud-
ies and highlighted the impact of timely treatment 
on patient outcomes. In cases where discrepancies 
arose during data extraction, consensus was achieved 
through discussion between the two researchers. 
This collaborative approach ensured that all data 
points were accurately and consistently recorded, 
thereby enhancing the quality and reliability of the 
meta-analysis.

Statistical analyses

We applied two distinct methods to calculate the haz-
ard ratio (HR) as the primary outcome variable in our 
meta-analysis of breast cancer studies. In cases where 
a reference period was not provided, the reported 
HR or OR values were standardized using the for-
mula: HR per X-month delay = (HR per 4-week 
delay)^(X-week delay/4-week delay) [6]. For studies 
that included a defined reference time, we employed 
a weighted linear regression to evaluate the relation-
ship between treatment delay (in weeks) and the log-
transformed hazard ratio (HR) for patient outcomes. 
Hazard ratio estimates with corresponding 95% confi-
dence intervals (CIs) were calculated for delays of 4, 
8, and 12 weeks.

To estimate aggregated risk measures, particularly 
hazard ratios and their associated 95% CIs, we uti-
lized a random-effects model. This method accounts 
for variability across studies, thereby enhancing the 
generalizability of our findings. Forest plots were 
generated to visually display individual study results 
alongside the overall summary estimate, facilitating 
data interpretation and aiding in the identification of 
potential heterogeneity between studies. All statistical 
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analyses were conducted using the online platform 
MetaAnalysisOnline.com [65].

Evaluation of variability and publication bias

To assess inter-study variability, we used Cochran’s Q 
test and the I2 statistic. Cochran’s Q test, based on a 
chi-squared distribution, was employed to determine 
whether observed differences in effect sizes exceeded 
those expected by chance. The I2 statistic quantified 
the proportion of total variance attributable to actual 
study differences rather than random fluctuations.

To investigate potential publication bias, we con-
structed funnel plots to graphically represent the 
relationship between study effect sizes and their pre-
cision. Asymmetry in these plots may suggest the 
presence of bias. Additionally, Egger’s regression 
analysis was performed to statistically evaluate the 
correlation between effect sizes and their standard 
errors, providing a quantitative measure of publica-
tion bias.

Subgroup analyses

Additional analyses were conducted to explore 
potential variations in effect estimates across differ-
ent endpoints, including overall survival and breast 
cancer–specific survival. For each subgroup, pooled 
effect estimates and heterogeneity metrics were calcu-
lated to evaluate the specific impact within each cat-
egory. Furthermore, we extended our analyses to the 
combined cohort, enabling a comprehensive assess-
ment of overall effects across all included cases. 
These analyses aimed to provide deeper insights into 
how treatment delays might differentially affect vari-
ous patient outcomes in breast cancer.

Results

Study selection

A systematic literature search was conducted across 
three electronic databases (PubMed, Web of Sci-
ence, and Scopus), yielding 6222 potentially relevant 
records (Fig. 1). A total of 789 studies were excluded 
during the screening process, comprising compre-
hensive literature reviews, case reports, guidelines, 
opinions, summary abstracts, and studies not directly 

related to the research topic. After removal of dupli-
cates and initial title-based screening, 36 articles 
remained. Of these, 18 articles were excluded due 
to failure to meet inclusion criteria (n = 12), lack of 
relevant data (n = 3), and other reasons (n = 3). The 
remaining 18 studies focusing on breast cancer were 
included in the final analysis.

Our analysis encompassed a consistent dataset 
across all delay intervals: 20 cohorts examining all-
cause mortality, five cohorts investigating breast can-
cer–specific mortality, and 25 cohorts for the com-
bined survival analysis. A comprehensive summary 
of studies investigating treatment delay impacts on 
survival outcomes is presented in Table 1.

Effect of 4‑week delay in treatment

Investigation of all-cause mortality using a random 
effects model with inverse variance method revealed 
a statistically significant increase in mortality risk 
(HR = 1.12, 95% CI 1.08–1.15) as depicted in Fig. 2, 
upper panel. Significant heterogeneity was detected 
among studies (p < 0.01), with a high I2-value (I2 = 
92%), indicating that most variability arose from true 
heterogeneity rather than random chance.

Analysis of breast cancer–specific mortality dem-
onstrated a more pronounced effect on survival out-
comes (HR = 1.20, 95% CI 1.06–1.36). Moderate 
heterogeneity was observed (I2 = 54%, p = 0.07), sug-
gesting varying effects across studies (Fig.  2, lower 
panel). The comprehensive evaluation combining 
both survival outcomes across all 25 studies demon-
strated a significant impact on survival (HR = 1.12, 
95% CI 1.09–1.16), with substantial heterogeneity 
(I2 = 90%, p < 0.01).

Effect of 8‑week delay in treatment

Extended treatment delay of 8 weeks demonstrated a 
more substantial impact on all-cause mortality (HR 
= 1.25, 95% CI 1.17–1.33). Statistical assessment 
revealed significant heterogeneity (p < 0.01), with an 
I2-value of 92%, indicating considerable variation in 
effect sizes across studies (Fig. 3, upper panel). The 
analysis of breast cancer–specific mortality showed 
an even more pronounced effect (HR = 1.43, 95% CI 
1.11–1.84), though heterogeneity remained moderate 
(I2 = 54%, p = 0.07) (Fig. 3, lower panel).
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The combined analysis of both survival outcomes 
revealed a significant elevation in mortality risk (HR 
= 1.26, 95% CI 1.18–1.34). Heterogeneity remained 
substantial across the combined dataset (I2 = 90%, 
p < 0.01), suggesting consistent variation in treatment 
effects across different study populations and settings.

Effect of 12‑week delay in treatment

The lengthiest delay period demonstrated the most 
pronounced impact on survival outcomes. All-cause 
mortality analysis revealed a substantial increase in 
risk (HR = 1.39, 95% CI 1.26–1.53), maintaining sig-
nificant heterogeneity (I2 = 92%, p < 0.01) as shown 
in the upper panel of Fig. 4. The evaluation of breast 
cancer–specific mortality showed the highest risk 
elevation among all analyzed time points (HR = 1.71, 
95% CI 1.18–2.49), with moderate heterogeneity per-
sisting (I2 = 54%, p = 0.07) (Fig. 4, lower panel).

The comprehensive analysis combining both sur-
vival measures demonstrated a marked increase in 
overall mortality risk (HR = 1.41, 95% CI 1.29–1.55). 

Significant heterogeneity remained evident (I2 = 90%, 
p < 0.01), reflecting consistent variation in effect 
magnitude across the included studies.

Publication bias

A publication bias occurs when studies with statisti-
cally significant or positive results are more likely to 
be published than those with non-significant or nega-
tive findings. This can lead to an overestimation of 
the effect size in a meta-analysis, as smaller studies 
with less precise estimates might be missing or under-
represented. We conducted a thorough evaluation of 
potential publication bias using both visual and sta-
tistical approaches. Funnel plots were employed to 
examine the relationship between study effect sizes 
and their standard errors, with asymmetry potentially 
indicating selective reporting or small-study effects 
(Fig. 5). Visual examination of funnel plots was sup-
plemented with Egger’s test for statistical verification 
of asymmetry.

Fig. 1   Flow diagram depicting the study selection process
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For all-cause mortality analysis (20 cohorts), 
the funnel plot showed no indication of publication 
bias (Fig.  5A), supported by Egger’s test results 
(intercept 1.34, 95% CI − 0.67–3.35, t = 1.304, 
p = 0.209). Similarly, examination of breast can-
cer–specific mortality (five cohorts) revealed no 
significant publication bias (Fig.  5B), confirmed 
by Egger’s test findings (intercept 2.46, 95% CI 
0.13–4.79, t = 2.067, p = 0.131).

The combined analysis of both survival out-
comes with all 25 cohorts maintained symmetrical 
distribution in funnel plot assessment (Fig.  5C), 
with Egger’s test results supporting the absence of 
significant publication bias (intercept 1.35, 95% CI 
− 0.19–2.90, t = 1.714, p = 0.100).

Discussion

This systematic review and meta-analysis demon-
strate a consistent and clinically significant asso-
ciation between delays in breast cancer treatment 
initiation and increased mortality. We observed that 
each 4-week increment in treatment delay led to a 
progressively higher risk of death, with the effect 
being more pronounced for breast cancer–specific 
mortality compared to all-cause mortality. Nota-
bly, a 12-week delay was associated with a 41% 
increased risk of death from any cause and a 71% 
increase in breast cancer–specific mortality, under-
scoring the importance of timely treatment across 
all stages of care.

Table 1   A summary of studies evaluating the effect of treatment delay on survival outcomes in breast cancer patients. Abbrevia-
tions: CI, confidence interval; HR, hazard ratio; OR, odds ratio

Authors Year Mortality 4 weeks-delay 8 weeks-delay 12 weeks-delay HR/OR Study N

Rate 95% CI Rate 95% CI Rate 95% CI

Bleicher et al 2016 All-cause 1.04 1.03 1.06 1.09 1.06 1.13 1.14 1.09 1.20 HR 94 544
Bleicher et al 2016 Cancer-specific 1.11 1.01 1.22 1.24 1.02 1.50 1.38 1.03 1.83 HR 94 544
Eaglehouse et al 2019 All-cause 1.18 0.98 1.43 1.40 0.96 2.05 1.66 0.94 2.94 HR 9 669
Flores-Balcázar et al 2020 All-cause 1.44 1.23 1.81 2.08 1.52 3.28 3.00 1.87 5.95 HR 720
Freeman et al 2024 All-cause 1.10 1.09 1.11 1.21 1.19 1.24 1.34 1.29 1.38 OR 531 644
Gagliato et al 2014 All-cause 1.22 1.06 1.42 1.50 1.12 2.02 1.84 1.18 2.87 HR 6 827
Hébert-Croteau et al 2004 All-cause 0.96 0.94 0.99 0.93 0.88 0.97 0.89 0.83 0.96 HR 1 062
Hershman et al 2006 All-cause 1.07 0.98 1.16 1.14 0.96 1.35 1.21 0.94 1.56 HR 5 003
Hershman et al 2006 Cancer-specific 1.04 0.87 1.24 1.08 0.76 1.53 1.12 0.66 1.89 HR 5 003
Kupstas et al 2019 All-cause 1.06 1.05 1.08 1.13 1.10 1.16 1.20 1.15 1.25 OR 172 043
Mateo et al 2020 All-cause 1.10 1.08 1.13 1.21 1.17 1.28 1.33 1.26 1.44 HR 351 087
Pathak et al 2023 All-cause 1.19 1.11 1.28 1.41 1.22 1.63 1.68 1.35 2.08 HR 31 306
Polverini et al 2016 All-cause 0.99 0.96 1.03 0.99 0.93 1.05 0.98 0.90 1.08 HR 420 792
Sanford et al 2016 All-cause 1.00 0.80 1.27 1.01 0.63 1.60 1.01 0.50 2.03 HR 1 101
Shih et al 2022 All-cause 0.90 0.66 1.21 0.80 0.44 1.46 0.72 0.29 1.76 HR 49 426
Shin et al 2013 All-cause 1.21 1.04 1.42 1.47 1.08 2.01 1.79 1.13 2.84 HR 2 045
Smith et al 2013 All-cause 1.27 1.02 1.58 1.60 1.03 2.49 2.03 1.05 3.93 HR 8,860
Trufelli et al 2015 All-cause 1.19 1.14 1.24 1.42 1.31 1.54 1.69 1.50 1.91 HR 348
Yun et al 2012 All-cause 1.59 1.37 1.84 2.53 1.88 3.39 4.02 2.57 6.23 HR 147 682
Yung et al. (all treatment) 2020 All-cause 1.52 1.22 1.87 2.30 1.50 3.50 3.49 1.84 6.55 HR 3 368
Yung et al. (all treatment) 2020 Cancer-specific 1.73 1.23 2.47 3.00 1.51 6.12 5.20 1.86 15.14 HR 3 368
Yung et al. (chemotherapy) 2020 All-cause 1.18 1.01 1.38 1.39 1.02 1.90 1.64 1.03 2.62 HR 3 368
Yung et al. (chemotherapy) 2020 Cancer-specific 1.31 1.03 1.66 1.71 1.07 2.75 2.24 1.11 4.56 HR 3 368
Yung et al. (radiotherapy) 2020 All-cause 1.09 0.99 1.19 1.19 0.99 1.42 1.30 0.99 1.69 HR 3 368
Yung et al. (radiotherapy) 2020 Cancer-specific 1.22 1.00 1.49 1.49 1.00 2.21 1.82 1.00 3.29 HR 3 368
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These findings build on previous research by pro-
viding a robust, quantitative synthesis of delay-related 
risk across multiple time intervals. Earlier studies 
have reported mixed results depending on cancer sub-
type and healthcare settings [7, 11, 46–64]. Our anal-
ysis confirms that even modest delays significantly 
compromise survival and supports the assertion that 
time-to-treatment is a modifiable factor that directly 
affects patient outcomes in breast cancer.

The more pronounced effect on cancer-specific 
mortality suggests that treatment delays primar-
ily affect disease progression and tumor-related 

outcomes, rather than comorbid conditions. This is 
particularly relevant in the context of hormone recep-
tor-negative or aggressive subtypes such as triple-
negative and HER2-positive breast cancer [66–68], 
where tumor doubling time is shorter and early inter-
vention is crucial. Although some early-stage, hor-
mone receptor–positive tumors may be more biologi-
cally indolent, our findings indicate that even these 
patients are not exempt from increased risk with 
treatment deferral. These observations support the 
need for individualized triage strategies based on both 
tumor biology and patient vulnerability—prioritizing 

Fig. 2   Impact of a 4-week treatment delay on mortality in 
breast cancer patients. The upper panel depicts all-cause mor-
tality, while the lower panel presents breast cancer–specific 
mortality. Hazard ratios (HRs) and 95% confidence intervals 
(CIs) were estimated using a random-effects model. Each 
square represents an individual study estimate, with the size 

proportional to its statistical weight, while horizontal lines 
indicate the corresponding CIs. The black diamond repre-
sents the pooled effect estimate. Heterogeneity across studies 
is quantified using the I2 statistic for both subgroups and for 
all studies. Abbreviations: CI, confidence interval; HR, hazard 
ratio; IV, inverse variance; SE, standard error
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high-risk subtypes while avoiding unnecessary delays 
in lower-risk cases. While our meta-analysis included 
diverse treatment modalities and patient populations, 
the consistent dose–response relationship across delay 
intervals strengthens the biological plausibility that 
delays facilitate tumor progression, micrometastasis, 
and diminished treatment efficacy. The heterogeneity 
observed across studies, particularly in all-cause mor-
tality, likely reflects variation in study design, treat-
ment types, healthcare systems, and patient charac-
teristics. Nonetheless, the direction and magnitude of 
effect remained consistent, reinforcing the conclusion 
that treatment delay is detrimental to survival.

These findings highlight the urgent need to address 
the multifactorial causes of treatment delay in breast 
cancer, which span patient-level factors (e.g., socio-
economic status, health literacy, psychological 

barriers, social support [69]), provider-level issues 
(e.g., referral patterns, diagnostic decision-making, 
communication gaps), and system-level challenges 
(e.g., workforce shortages, geographic disparities, 
and fragmentation of care) [27, 29]. Given the clear 
association between treatment delays and increased 
mortality, coordinated efforts across all levels of care 
are essential. At the system level, interventions such 
as streamlined referral pathways, centralized sched-
uling, and fast-track diagnostic and treatment pro-
grams have shown promise in reducing bottlenecks, 
particularly in surgical and oncologic services [29]. 
Integrated breast cancer care pathways, multidisci-
plinary coordination, and the use of trained patient 
navigators can further enhance care continuity and 
reduce administrative barriers [70–72]. Expanding 
telemedicine for pre-treatment consultations may also 

Fig. 3   Association between an 8-week treatment delay and mortality in breast cancer patients. Abbreviations: CI, confidence inter-
val; HR, hazard ratio; IV, inverse variance; SE, standard error
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improve timely access to care, especially in rural or 
underserved populations [73–75]. At the provider 
level, raising awareness about the clinical impact of 
delays and implementing standardized time-to-treat-
ment benchmarks can foster a sense of urgency and 
accountability [76–80]. For older adults and medi-
cally complex patients, incorporating geriatric assess-
ment tools and prehabilitation programs can facilitate 
timely treatment initiation while ensuring personal-
ized care [81–87]. Incorporating these strategies into 
national cancer control plans and institutional quality 

metrics may help build a more responsive, equitable, 
and efficient breast cancer care continuum. Our study 
also provides timely evidence for policymakers and 
healthcare systems, particularly in light of widespread 
delays caused by the COVID-19 pandemic [88–90]. 
Disruptions to surgical scheduling, diagnostic ser-
vices, and oncologic follow-up have resulted in sig-
nificant backlogs in cancer care [90]. The quantitative 
risk estimates provided here may help guide prioriti-
zation strategies, triage protocols, and resource allo-
cation in times of healthcare strain.

Fig. 4   Effect of a 12-week treatment delay on mortality in 
breast cancer patients. The upper panel shows all-cause mortal-
ity, with a highly significant pooled hazard ratio of 1.39 (95% 
CI 1.26–1.53). The lower panel presents breast cancer–spe-

cific mortality, with a pooled HR of 1.71 (95% CI 1.18–2.49). 
Abbreviations: CI, confidence interval; HR, hazard ratio; IV, 
inverse variance; SE, standard error
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Limitations of this analysis include the reliance 
on observational data, which may be subject to 
residual confounding despite multivariable adjust-
ments in most included studies. While many cohorts 
adjusted for key prognostic factors such as stage, 
age, and comorbidities, unmeasured confound-
ers—including socioeconomic status, healthcare 
access, or patient preferences—may still influence 
the observed associations. Additionally, there was 
heterogeneity in the definition and measurement of 
treatment delay across studies, and endpoints were 
not always reported uniformly. The smaller number 
of cohorts reporting breast cancer–specific mortality 
limited our ability to explore this outcome with the 
same precision as all-cause mortality, although the 
observed effect was consistently larger in this sub-
group. We also did not conduct in-depth stratified 
analyses by treatment modality (e.g., surgery vs. 
chemotherapy) or by molecular subtype (e.g., triple-
negative, HER2-positive, or HR-positive disease), 
which could refine risk estimates for different clini-
cal scenarios. Our analysis included studies evaluat-
ing delays in surgery, chemotherapy, and radiation 
therapy. However, treatment modality–specific data 
were not consistently disaggregated, and therefore, 
we were unable to perform a stratified meta-analy-
sis by treatment type. The effect of delay may well 
differ across modalities—for example, primary sur-
gery versus adjuvant systemic therapy—and future 
meta-analyses should explore these distinctions 
where data permit. Furthermore, our analysis does 
not distinguish between intentional and uninten-
tional delays—for example, those related to patient 
choice versus system-level inefficiencies. This lack 

of granularity limited our ability to assess whether 
the source of delay influenced outcomes. It is plau-
sible that these categories exert differential effects, 
particularly in settings where delays are caused by 
infrastructure limitations rather than clinical inde-
cision or patient-related factors. Future research 
would benefit from standardized reporting of delay 
origin to enable stratified analyses. Finally, while 
our study included diverse populations from multi-
ple countries, generalizability may still be limited in 
lower-resource settings where delays are more com-
mon and treatment access is variable.

In conclusion, our findings emphasize that even 
short delays in breast cancer treatment initiation have 
significant consequences for survival. The data pre-
sented here support the prioritization of timely cancer 
care and may inform clinical benchmarks and health 
system performance indicators. Ensuring rapid and 
equitable access to breast cancer treatment should 
remain a public health priority globally.

Acknowledgements  The 4o version of ChatGPT, developed 
by OpenAI, and Claude 3.5 Sonnet, developed by Anthropic, 
were used as a language tool to refine our writing and enhance 
the clarity of our work. The support of ELIXIR Hungary is 
acknowledged.

Author contribution  ZU, MF, AB, AL, AU, and BG con-
tributed to the study conception and design. MF, AL, GM, PV, 
AB, and AU performed the systematic literature search and 
data extraction. Statistical analyses were conducted by GM, 
JTF, AU, and BG. AB, JTF, ZU, GM, MF, BG, AL, and AU 
drafted the manuscript. JTF, PS, TB, CP, and PV provided 
critical revisions for intellectual content. BG and JTF prepared 
the figures. All authors reviewed, edited, and approved the final 
manuscript.

Fig. 5   Funnel plots assessing publication bias in the meta-
analysis of the effect of treatment delay on mortality in breast 
cancer patients. A Analysis of all-cause mortality across 20 
studies; B analysis of breast cancer–specific mortality in five 
studies; C combined analysis of both survival outcomes across 

all 25 studies. The x-axis represents hazard ratios, while the 
y-axis shows the standard error. The vertical red line indicates 
no effect (HR = 1.0), and the dotted lines represent the 95% 
confidence intervals



GeroScience	

Vol.: (0123456789)

Funding  Open access funding provided by Semmelweis 
University. This work was supported by TKP2021-NKTA-47, 
implemented with the support provided by the Ministry of 
Innovation and Technology of Hungary from the National 
Research, Development and Innovation Fund, financed under 
the TKP2021-NKTA funding scheme; by the Hungarian 
Research Network—HUN-REN (TKCS-2021/32) through the 
HUN-REN-DE Public Health Research Group at the Depart-
ment of Public Health and Epidemiology (Faculty of Medicine, 
University of Debrecen); by funding through the National Car-
diovascular Laboratory Program (RRF-2.3.1–21-2022–00003) 
and by the National Laboratory for Drug Research and Devel-
opment (PharmaLab, RRF-2.3.1–21-2022–00015) provided by 
the Ministry of Innovation and Technology of Hungary from 
the National Research, Development and Innovation Fund; by 
the Semmelweis Momentum Programme; project no. 135784 
implemented with the support provided from the National 
Research, Development and Innovation Fund of Hungary, 
financed under the K20 funding scheme and the European Uni-
versity for Well-Being (EUniWell) program (grant agreement 
number 101004093/EUniWell/EAC-A02-2019/EAC-A02-
2019–1). The authors also received funding from the EPIPRO-
POER TRANSCAN-3 grant from the ERA-NET program. 
The computational infrastructure of A5 Genetics Ltd (Kutaso, 
Hungary) was used for the study. This work was also supported 
by the EKÖP-2024–2 and EKÖP-2024–9 New National Excel-
lence Program of the Ministry for Culture and Innovation from 
the source of the National Research, Development and Innova-
tion Fund. The funding sources had no role in the study design; 
in the collection, analysis, and interpretation of data; in the 
writing of the report; and in the decision to submit the article 
for publication. The content is solely the responsibility of the 
authors and does not necessarily represent the official views of 
the National Institutes of Health.

Declarations 

Competing interests  Dr. Balázs Győrffy serves as Associate 
Editor for GeroScience. Dr. Zoltan Ungvari serves as Editor-
in-Chief for GeroScience and has personal relationships with 
individuals involved in the submission of this paper.

Ethics approval and consent to participate  NA.

Consent for publication  NA.

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 

from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Crosby D, Bhatia S, Brindle KM, Coussens LM, Dive C, 
Emberton M, Esener S, Fitzgerald RC, Gambhir SS, Kuhn 
P. Early detection of cancer. Science. 2022;375:9040.

	 2.	 Kim J, Harper A, McCormack V, Sung H, Houssami N, 
Morgan E, Mutebi M, Garvey G, Soerjomataram I, Fidler-
Benaoudia MM. Global patterns and trends in breast 
cancer incidence and mortality across 185 countries. Nat 
Med. 2025. https://​doi.​org/​10.​1038/​s41591-​025-​03502-3.

	 3.	 Roginski M, Sifaki-Pistolla D, Stomby A, Velivasaki G, 
Faresjo T, Lionis C, Faresjo A. Paradoxes of breast can-
cer incidence and mortality in two corners of Europe. 
BMC Cancer. 2022;22:1123. https://​doi.​org/​10.​1186/​
s12885-​022-​10243-w.

	 4.	 Liu H, Shi W, Jin Z, Zhuo R, Dong J, Lao Q, Li S, 
Pang W. Global, regional, and national mortality trends 
of female breast cancer by risk factor, 1990–2017. 
BMC Cancer. 2021;21:459. https://​doi.​org/​10.​1186/​
s12885-​021-​08217-5.

	 5.	 Whittaker TM, Abdelrazek ME, Fitzpatrick AJ, Froud JL, 
Kelly JR, Williamson JS, Williams GL. Delay to elective 
colorectal cancer surgery and implications for survival: 
a systematic review and meta-analysis. Colorectal Dis. 
2021;23:1699–711.

	 6.	 Hanna TP, King WD, Thibodeau S, Jalink M, Paulin GA, 
Harvey-Jones E, O’Sullivan DE, Booth CM, Sullivan R, 
Aggarwal A. Mortality due to cancer treatment delay: sys-
tematic review and meta-analysis. BMJ. 2020;371:m4087. 
https://​doi.​org/​10.​1136/​bmj.​m4087.

	 7.	 Flores-Balcazar CH, Flores-Luna ML, Villarreal-Garza 
CM, Bargallo-Rocha JE. Provider delay in treatment ini-
tiation and its influence on survival outcomes in women 
with operable breast cancer. Rep Pract Oncol Radiother. 
2020;25:271–5. https://​doi.​org/​10.​1016/j.​rpor.​2020.​02.​
002.

	 8.	 Zhou K, Robert M, Seegers V, Blanc-Lapierre A, 
Savouroux S, Bigot F, Frenel JS, Campone M, Con-
roy T, Penault-Llorca F, Raoul JL, Bellanger MM. Did 
the COVID-19 pandemic delay treatment for localized 
breast cancer patients? A multicenter study. PLoS One. 
2024;19:e0304556. https://​doi.​org/​10.​1371/​journ​al.​pone.​
03045​56.

	 9.	 Shafaee MN, Silva LR, Ramalho S, Doria MT, De 
Andrade NR, Cabello V, Cons L, Pavanello M, Zeferino 
LC, Mano MS, Linck RDM, Batista LS, Pedro EP, De 
Paula BH, Zuca-Matthes G, Podany E, Makawita S, Ann 
Stewart K, Tsavachidis S, Tamimi R, Bondy M, Debord L, 
Ellis M, Bines J, Cabello C. Breast cancer treatment delay 
in SafetyNet health systems Houston Versus Southeast 
Brazil. Oncologist. 2022;27:344–51. https://​doi.​org/​10.​
1093/​oncolo/​oyac0​50.

	10.	 Forster M, Deal AM, Page A, Vohra S, Wardell AC, Pak 
J, Lund JL, Nyrop KA, Muss HB. Dose delay, dose reduc-
tion, and early treatment discontinuation in Black and 
White women receiving chemotherapy for nonmetastatic 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/s41591-025-03502-3
https://doi.org/10.1186/s12885-022-10243-w
https://doi.org/10.1186/s12885-022-10243-w
https://doi.org/10.1186/s12885-021-08217-5
https://doi.org/10.1186/s12885-021-08217-5
https://doi.org/10.1136/bmj.m4087
https://doi.org/10.1016/j.rpor.2020.02.002
https://doi.org/10.1016/j.rpor.2020.02.002
https://doi.org/10.1371/journal.pone.0304556
https://doi.org/10.1371/journal.pone.0304556
https://doi.org/10.1093/oncolo/oyac050
https://doi.org/10.1093/oncolo/oyac050


	 GeroScience

Vol:. (1234567890)

breast cancer. Oncologist. 2024;29:e1246–59. https://​doi.​
org/​10.​1093/​oncolo/​oyae1​50.

	11.	 Smith EC, Ziogas A, Anton-Culver H. Delay in surgi-
cal treatment and survival after breast cancer diagno-
sis in young women by race/ethnicity. JAMA Surg. 
2013;148:516–23. https://​doi.​org/​10.​1001/​jamas​urg.​2013.​
1680.

	12.	 Dos Santos Andrade LS, De Melo Santos TT, Case de 
Oliveira ME, Lima Gomes KA, Araujo Pereira Soares 
AR, Almeida de Oliveira T, Weller M. Shorter delay to 
treatment by integrated diagnostic services and NGO-
provided support among breast cancer patients in two Bra-
zilian referral centres. J Public Health Res. 2021;10:jphr-
2021. https://​doi.​org/​10.​4081/​jphr.​2021.​1880.

	13.	 Ferdaus R, Kim MS, Larson JS. Health disparity: time 
delay in the treatment of breast cancer in Louisiana. J 
Health Hum Serv Adm. 2011;34:302–24.

	14.	 Reeder-Hayes KE, Jackson BE, Kuo TM, Baggett CD, 
Yanguela J, LeBlanc MR, Roberson ML, Wheeler SB. 
Structural racism and treatment delay among Black 
and White patients with breast cancer. J Clin Oncol. 
2024;42:3858–66. https://​doi.​org/​10.​1200/​JCO.​23.​
02483.

	15.	 Khanna S, Kim KN, Qureshi MM, Agarwal A, Parikh 
D, Ko NY, Rand AE, Hirsch AE. Impact of patient 
demographics, tumor characteristics, and treatment type 
on treatment delay throughout breast cancer care at a 
diverse academic medical center. Int J Womens Health. 
2017;9:887–96. https://​doi.​org/​10.​2147/​IJWH.​S1500​64.

	16.	 Medeiros GC, Thuler LCS, Bergmann A. Determinants 
of delay from cancer diagnosis to treatment initiation in a 
cohort of brazilian women with breast cancer. Health Soc 
Care Community. 2021;29:1769–78. https://​doi.​org/​10.​
1111/​hsc.​13284.

	17.	 Iskandarsyah A, de Klerk C, Suardi DR, Soemitro MP, 
Sadarjoen SS, Passchier J. Psychosocial and cultural rea-
sons for delay in seeking help and nonadherence to treat-
ment in Indonesian women with breast cancer: a qualita-
tive study. Health Psychol. 2014;33:214–21. https://​doi.​
org/​10.​1037/​a0031​060.

	18.	 Ozmen V, Boylu S, Ok E, Canturk NZ, Celik V, Kapkac 
M, Girgin S, Tireli M, Ihtiyar E, Demircan O, Baskan MS, 
Koyuncu A, Tasdelen I, Dumanli E, Ozdener F, Zaborek 
P. Factors affecting breast cancer treatment delay in Tur-
key: a study from Turkish Federation of Breast Diseases 
Societies. Eur J Public Health. 2015;25:9–14. https://​doi.​
org/​10.​1093/​eurpub/​cku086.

	19.	 Seneviratne S, Campbell I, Scott N, Coles C, Lawrenson 
R. Treatment delay for Maori women with breast cancer in 
New Zealand. Ethn Health. 2015;20:178–93. https://​doi.​
org/​10.​1080/​13557​858.​2014.​895976.

	20.	 Kitano A, Shimizu C, Yamauchi H, Akitani F, Shiota 
K, Miyoshi Y, Ohde S. Factors associated with treat-
ment delay in women with primary breast cancer 
who were referred to reproductive specialists. ESMO 
Open. 2019;4:e000459. https://​doi.​org/​10.​1136/​esmoo​
pen-​2018-​000459.

	21.	 Nogueira MC, Atty ATM, Tomazelli J, Jardim BC, Busta-
mante-Teixeira MT, Azevedo ESG. Frequency and factors 
associated with delay in breast cancer treatment in Brazil, 
according to data from the Oncology Panel, 2019–2020. 

Epidemiol Serv Saude. 2023;32:e2022563. https://​doi.​org/​
10.​1590/​S2237-​96222​02300​03000​04.

	22.	 Otieno ES, Micheni JN, Kimende SK, Mutai KK. Provider 
delay in the diagnosis and initiation of definitive treatment 
for breast cancer patients. East Afr Med J. 2010;87:143–6. 
https://​doi.​org/​10.​4314/​eamj.​v87i4.​62201.

	23.	 Rahool R, Haider G, Hayat M, Shaikh MR, Memon 
P, Pawan B, Abbas K. Factors associated with treat-
ment delay in breast cancer: a prospective study. Cureus. 
2021;13:e13242. https://​doi.​org/​10.​7759/​cureus.​13242.

	24.	 Nguyen SM, Nguyen QT, Nguyen LM, Pham AT, Luu 
HN, Tran HTT, Tran TV, Shu XO. Delay in the diagnosis 
and treatment of breast cancer in Vietnam. Cancer Med. 
2021;10:7683–91. https://​doi.​org/​10.​1002/​cam4.​4244.

	25.	 McGee SA, Durham DD, Tse CK, Millikan RC. Determi-
nants of breast cancer treatment delay differ for African 
American and White women. Cancer Epidemiol Biomark-
ers Prev. 2013;22:1227–38. https://​doi.​org/​10.​1158/​1055-​
9965.​EPI-​12-​1432.

	26.	 Abu-Helalah AM, Alshraideh HA, Al-Hanaqtah M, Da’na 
M, Al-Omari A, Mubaidin R. Delay in presentation, diag-
nosis, and treatment for breast cancer patients in Jordan. 
Breast J. 2016;22:213–7. https://​doi.​org/​10.​1111/​tbj.​
12541.

	27.	 Rastad H, Khanjani N, Khandani BK. Causes of delay in 
seeking treatment in patients with breast cancer in Iran: 
a qualitative content analysis study. Asian Pac J Cancer 
Prev. 2012;13:4511–5. https://​doi.​org/​10.​7314/​apjcp.​
2012.​13.9.​4511.

	28.	 Khan TM, Leong JP, Ming LC, Khan AH. Associa-
tion of knowledge and cultural perceptions of Malaysian 
women with delay in diagnosis and treatment of breast 
cancer: a systematic review. Asian Pac J Cancer Prev. 
2015;16:5349–57. https://​doi.​org/​10.​7314/​apjcp.​2015.​16.​
13.​5349.

	29.	 Padilla-Ruiz M, Zarcos-Pedrinaci I, Rivas-Ruiz F, Tellez 
T, Garcia-Gutierrez S, Gonzalez N, Rivero A, Saras-
queta C, Serrano-Aguilar P, Castells X, Quintana JM, 
Sala M, Redondo M, Group RE-C, Castells X, Comas 
M, Domingo L, Macia F, Roman M, Romero A, Sala M, 
Barata T, de la Lastra ID, de la Vega M, Bare M, Tora N, 
Ferrer J, Castanyer F, Carmona C, Garcia S, et al. Factors 
that influence treatment delay for patients with breast can-
cer. Ann Surg Oncol. 2021;28:3714–21. https://​doi.​org/​
10.​1245/​s10434-​020-​09409-2.

	30.	 Huo Q, Cai C, Zhang Y, Kong X, Jiang L, Ma T, Zhang N, 
Yang Q. Delay in diagnosis and treatment of symptomatic 
breast cancer in China. Ann Surg Oncol. 2015;22:883–8. 
https://​doi.​org/​10.​1245/​s10434-​014-​4076-9.

	31.	 Roldan-Vasquez E, Mitri S, Brantley KD, James TA, 
Schlam I. Breast cancer treatment delay and the His-
panic paradox: a SEER database analysis. Am J Surg. 
2024;244:116135. https://​doi.​org/​10.​1016/j.​amjsu​rg.​2024.​
116135.

	32.	 Langenbach MR, Schmidt J, Neumann J, Zirngibl H. 
Delay in treatment of colorectal cancer: multifactorial 
problem. World J Surg. 2003;27:304–8. https://​doi.​org/​10.​
1007/​s00268-​002-​6678-9.

	33.	 Mohamed IE, Skeel Williams K, Tamburrino M, Wry-
obeck J, Carter S. Understanding locally advanced breast 
cancer: what influences a woman’s decision to delay 

https://doi.org/10.1093/oncolo/oyae150
https://doi.org/10.1093/oncolo/oyae150
https://doi.org/10.1001/jamasurg.2013.1680
https://doi.org/10.1001/jamasurg.2013.1680
https://doi.org/10.4081/jphr.2021.1880
https://doi.org/10.1200/JCO.23.02483
https://doi.org/10.1200/JCO.23.02483
https://doi.org/10.2147/IJWH.S150064
https://doi.org/10.1111/hsc.13284
https://doi.org/10.1111/hsc.13284
https://doi.org/10.1037/a0031060
https://doi.org/10.1037/a0031060
https://doi.org/10.1093/eurpub/cku086
https://doi.org/10.1093/eurpub/cku086
https://doi.org/10.1080/13557858.2014.895976
https://doi.org/10.1080/13557858.2014.895976
https://doi.org/10.1136/esmoopen-2018-000459
https://doi.org/10.1136/esmoopen-2018-000459
https://doi.org/10.1590/S2237-96222023000300004
https://doi.org/10.1590/S2237-96222023000300004
https://doi.org/10.4314/eamj.v87i4.62201
https://doi.org/10.7759/cureus.13242
https://doi.org/10.1002/cam4.4244
https://doi.org/10.1158/1055-9965.EPI-12-1432
https://doi.org/10.1158/1055-9965.EPI-12-1432
https://doi.org/10.1111/tbj.12541
https://doi.org/10.1111/tbj.12541
https://doi.org/10.7314/apjcp.2012.13.9.4511
https://doi.org/10.7314/apjcp.2012.13.9.4511
https://doi.org/10.7314/apjcp.2015.16.13.5349
https://doi.org/10.7314/apjcp.2015.16.13.5349
https://doi.org/10.1245/s10434-020-09409-2
https://doi.org/10.1245/s10434-020-09409-2
https://doi.org/10.1245/s10434-014-4076-9
https://doi.org/10.1016/j.amjsurg.2024.116135
https://doi.org/10.1016/j.amjsurg.2024.116135
https://doi.org/10.1007/s00268-002-6678-9
https://doi.org/10.1007/s00268-002-6678-9


GeroScience	

Vol.: (0123456789)

treatment? Prev Med. 2005;41:399–405. https://​doi.​org/​
10.​1016/j.​ypmed.​2004.​12.​012.

	34.	 Chang HJ, Chen WX, Lin EC, Tung YY, Fetzer S, Lin 
MF. Delay in seeking medical evaluations and predic-
tors of self-efficacy among women with newly diag-
nosed breast cancer: a longitudinal study. Int J Nurs Stud. 
2014;51:1036–47. https://​doi.​org/​10.​1016/j.​ijnur​stu.​2013.​
10.​024.

	35.	 Unger-Saldana K, Miranda A, Zarco-Espinosa G, Main-
ero-Ratchelous F, Bargallo-Rocha E, Miguel L-L. Health 
system delay and its effect on clinical stage of breast 
cancer: multicenter study. Cancer. 2015;121:2198–206. 
https://​doi.​org/​10.​1002/​cncr.​29331.

	36.	 Tejeda S, Gallardo RI, Ferrans CE, Rauscher GH. Breast 
cancer delay in Latinas: the role of cultural beliefs and 
acculturation. J Behav Med. 2017;40:343–51. https://​doi.​
org/​10.​1007/​s10865-​016-​9789-8.

	37.	 Odongo J, Makumbi T, Kalungi S, Galukande M. Patient 
delay factors in women presenting with breast cancer in a 
low income country. BMC Res Notes. 2015;8:467. https://​
doi.​org/​10.​1186/​s13104-​015-​1438-8.

	38.	 Miller-Kleinhenz JM, Collin LJ, Seidel R, Reddy A, Nash 
R, Switchenko JM, McCullough LE. Racial disparities in 
diagnostic delay among women with breast cancer. J Am 
Coll Radiol. 2021;18:1384–93. https://​doi.​org/​10.​1016/j.​
jacr.​2021.​06.​019.

	39.	 Burgess CC, Potts HW, Hamed H, Bish AM, Hunter MS, 
Richards MA, Ramirez AJ. Why do older women delay 
presentation with breast cancer symptoms? Psychooncol-
ogy. 2006;15:962–8. https://​doi.​org/​10.​1002/​pon.​1030.

	40.	 Duijm LE, Groenewoud JH, Jansen FH, Fracheboud J, van 
Beek M, de Koning HJ. Mammography screening in the 
Netherlands: delay in the diagnosis of breast cancer after 
breast cancer screening. Br J Cancer. 2004;91:1795–9. 
https://​doi.​org/​10.​1038/​sj.​bjc.​66021​58.

	41.	 Blazek A, O’Donoghue C, Terranella S, Ritz E, Alvarado 
R, Perez C, Madrigrano A. Impact of inequities on delay 
in breast cancer management in women undergoing sec-
ond opinions. J Surg Res. 2021;268:445–51. https://​doi.​
org/​10.​1016/j.​jss.​2021.​06.​084.

	42.	 Mentrasti G, Cantini L, Zichi C, D’Ostilio N, Gelsomino 
F, Martinelli E, Chiari R, La Verde N, Bisonni R, Cog-
nigni V, Pinterpe G, Pecci F, Migliore A, Aimar G, De 
Vita F, Traisci D, Spallanzani A, Martini G, Nicolardi L, 
Cona MS, Baleani MG, Rocchi MLB, Berardi R. Alarm-
ing drop in early stage colorectal cancer diagnoses after 
COVID-19 outbreak: a real-world analysis from the Ital-
ian COVID-DELAY Study. Oncologist. 2022;27:e723–
30. https://​doi.​org/​10.​1093/​oncolo/​oyac1​29.

	43.	 Ricciardiello L, Ferrari C, Cameletti M, Gaianill F, Butt-
itta F, Bazzoli F, Luigide’Angelis G, Malesci A, Laghi L,. 
Impact of SARS-CoV-2 pandemic on colorectal cancer 
screening delay: effect on stage shift and increased mortal-
ity. Clin Gastroenterol Hepatol. 2021;19:1410-14171e419. 
https://​doi.​org/​10.​1016/j.​cgh.​2020.​09.​008.

	44.	 Jabbal IS, Sabbagh S, Dominguez B, Itani M, Mohanna 
M, Samuel T, Nahleh Z. Impact of COVID-19 on cancer-
related care in the United States: an overview. Curr Oncol. 
2023;30:681–7. https://​doi.​org/​10.​3390/​curro​ncol3​00100​
53.

	45.	 Riera R, Bagattini ÂM, Pacheco RL, Pachito DV, Roitberg 
F, Ilbawi A. Delays and disruptions in cancer health care 
due to COVID-19 pandemic: systematic review. JCO Glob 
Oncol. 2021;7:311–23. https://​doi.​org/​10.​1200/​go.​20.​
00639.

	46.	 Raphael MJ, Biagi JJ, Kong W, Mates M, Booth CM, 
Mackillop WJ. The relationship between time to initia-
tion of adjuvant chemotherapy and survival in breast can-
cer: a systematic review and meta-analysis. Breast Can-
cer Res Treat. 2016;160:17–28. https://​doi.​org/​10.​1007/​
s10549-​016-​3960-3.

	47.	 Chen Z, King W, Pearcey R, Kerba M, Mackillop WJ. The 
relationship between waiting time for radiotherapy and 
clinical outcomes: a systematic review of the literature. 
Radiother Oncol. 2008;87:3–16. https://​doi.​org/​10.​1016/j.​
radonc.​2007.​11.​016.

	48.	 Gupta S, King WD, Korzeniowski M, Wallace DL, 
Mackillop WJ. The effect of waiting times for postop-
erative radiotherapy on outcomes for women receiv-
ing partial mastectomy for breast cancer: a systematic 
review and meta-analysis. Clin Oncol (R Coll Radiol). 
2016;28:739–49. https://​doi.​org/​10.​1016/j.​clon.​2016.​07.​
010.

	49.	 Hébert-Croteau N, Freeman CR, Latreille J, Rivard M, 
Brisson J. A population-based study of the impact of 
delaying radiotherapy after conservative surgery for breast 
cancer. Breast Cancer Res Treat. 2004;88:187–96. https://​
doi.​org/​10.​1007/​s10549-​004-​0594-7.

	50.	 Hershman DL, Wang X, McBride R, Jacobson JS, Grann 
VR, Neugut AI. Delay of adjuvant chemotherapy initiation 
following breast cancer surgery among elderly women. 
Breast Cancer Res Treat. 2006;99:313–21. https://​doi.​org/​
10.​1007/​s10549-​006-​9206-z.

	51.	 Mateo AM, Mazor AM, Obeid E, Daly JM, Sigurdson ER, 
Handorf EA, DeMora L, Aggon AA, Bleicher RJ. Time 
to surgery and the impact of delay in the non-neoadjuvant 
setting on triple-negative breast cancers and other pheno-
types. Ann Surg Oncol. 2020;27:1679–92. https://​doi.​org/​
10.​1245/​s10434-​019-​08050-y.

	52.	 Gagliato Dde M, Gonzalez-Angulo AM, Lei X, Theriault 
RL, Giordano SH, Valero V, Hortobagyi GN, Chavez-
Macgregor M. Clinical impact of delaying initiation of 
adjuvant chemotherapy in patients with breast cancer. J 
Clin Oncol. 2014;32:735–44. https://​doi.​org/​10.​1200/​jco.​
2013.​49.​7693.

	53.	 Sanford RA, Lei X, Barcenas CH, Mittendorf EA, Cau-
dle AS, Valero V, Tripathy D, Giordano SH, Chavez-
MacGregor M. Impact of time from completion of neo-
adjuvant chemotherapy to surgery on survival outcomes 
in breast cancer patients. Ann Surg Oncol. 2016;23:1515–
21. https://​doi.​org/​10.​1245/​s10434-​015-​5020-3.

	54.	 Shin DW, Cho J, Kim SY, Guallar E, Hwang SS, Cho 
B, Oh JH, Jung KW, Seo HG, Park JH. Delay to cura-
tive surgery greater than 12 weeks is associated with 
increased mortality in patients with colorectal and 
breast cancer but not lung or thyroid cancer. Ann Surg 
Oncol. 2013;20:2468–76. https://​doi.​org/​10.​1245/​
s10434-​013-​2957-y.

	55.	 Polverini AC, Nelson RA, Marcinkowski E, Jones VC, Lai 
L, Mortimer JE, Taylor L, Vito C, Yim J, Kruper L. Time 
to treatment: measuring quality breast cancer care. Ann 

https://doi.org/10.1016/j.ypmed.2004.12.012
https://doi.org/10.1016/j.ypmed.2004.12.012
https://doi.org/10.1016/j.ijnurstu.2013.10.024
https://doi.org/10.1016/j.ijnurstu.2013.10.024
https://doi.org/10.1002/cncr.29331
https://doi.org/10.1007/s10865-016-9789-8
https://doi.org/10.1007/s10865-016-9789-8
https://doi.org/10.1186/s13104-015-1438-8
https://doi.org/10.1186/s13104-015-1438-8
https://doi.org/10.1016/j.jacr.2021.06.019
https://doi.org/10.1016/j.jacr.2021.06.019
https://doi.org/10.1002/pon.1030
https://doi.org/10.1038/sj.bjc.6602158
https://doi.org/10.1016/j.jss.2021.06.084
https://doi.org/10.1016/j.jss.2021.06.084
https://doi.org/10.1093/oncolo/oyac129
https://doi.org/10.1016/j.cgh.2020.09.008
https://doi.org/10.3390/curroncol30010053
https://doi.org/10.3390/curroncol30010053
https://doi.org/10.1200/go.20.00639
https://doi.org/10.1200/go.20.00639
https://doi.org/10.1007/s10549-016-3960-3
https://doi.org/10.1007/s10549-016-3960-3
https://doi.org/10.1016/j.radonc.2007.11.016
https://doi.org/10.1016/j.radonc.2007.11.016
https://doi.org/10.1016/j.clon.2016.07.010
https://doi.org/10.1016/j.clon.2016.07.010
https://doi.org/10.1007/s10549-004-0594-7
https://doi.org/10.1007/s10549-004-0594-7
https://doi.org/10.1007/s10549-006-9206-z
https://doi.org/10.1007/s10549-006-9206-z
https://doi.org/10.1245/s10434-019-08050-y
https://doi.org/10.1245/s10434-019-08050-y
https://doi.org/10.1200/jco.2013.49.7693
https://doi.org/10.1200/jco.2013.49.7693
https://doi.org/10.1245/s10434-015-5020-3
https://doi.org/10.1245/s10434-013-2957-y
https://doi.org/10.1245/s10434-013-2957-y


	 GeroScience

Vol:. (1234567890)

Surg Oncol. 2016;23:3392–402. https://​doi.​org/​10.​1245/​
s10434-​016-​5486-7.

	56.	 Eaglehouse YL, Georg MW, Shriver CD, Zhu K. Time-
to-surgery and overall survival after breast cancer 
diagnosis in a universal health system. Breast Cancer 
Res Treat. 2019;178:441–50. https://​doi.​org/​10.​1007/​
s10549-​019-​05404-8.

	57.	 Bleicher RJ, Ruth K, Sigurdson ER, Beck JR, Ross E, 
Wong YN, Patel SA, Boraas M, Chang EI, Topham NS, 
Egleston BL. Time to surgery and breast cancer survival 
in the United States. JAMA Oncol. 2016;2:330–9. https://​
doi.​org/​10.​1001/​jamao​ncol.​2015.​4508.

	58.	 Yun YH, Kim YA, Min YH, Park S, Won YJ, Kim DY, 
Choi IJ, Kim YW, Park SJ, Kim JH, Lee DH, Yoon SJ, 
Jeong SY, Noh DY, Heo DS. The influence of hospital 
volume and surgical treatment delay on long-term survival 
after cancer surgery. Ann Oncol. 2012;23:2731–7. https://​
doi.​org/​10.​1093/​annonc/​mds101.

	59.	 Shih NC, Kung PT, Kuo WY, Tsai WC. Associa-
tion of treatment delay and stage with mortality in 
breast cancer: a nationwide cohort study in Taiwan. 
Sci Rep. 2022;12:18915. https://​doi.​org/​10.​1038/​
s41598-​022-​23683-y.

	60.	 Trufelli DC, Matos LL, Santi PX, Del Giglio A. Adjuvant 
treatment delay in breast cancer patients. Rev Assoc Med 
Bras. 1992;2015(61):411–6. https://​doi.​org/​10.​1590/​1806-​
9282.​61.​05.​411.

	61.	 Pathak R, Leslie M, Dondapati P, Davis R, Tanaka K, 
Jett E, Chervoneva I, Tanaka T. Increased breast can-
cer mortality due to treatment delay and needle biopsy 
type: a retrospective analysis of SEER-medicare. Breast 
Cancer. 2023;30:627–36. https://​doi.​org/​10.​1007/​
s12282-​023-​01456-3.

	62.	 Yung R, Ray RM, Roth J, Johnson L, Warnick G, 
Anderson GL, Kroenke CH, Chlebowski RT, Simon 
MS, Fung C, Pan K, Wang D, Barrington WE, Reding 
KW. The association of delay in curative intent treat-
ment with survival among breast cancer patients: find-
ings from the Women’s Health Initiative. Breast Cancer 
Res Treat. 2020;180:747–57. https://​doi.​org/​10.​1007/​
s10549-​020-​05572-y.

	63.	 Kupstas AR, Hoskin TL, Day CN, Habermann EB, 
Boughey JC. Effect of surgery type on time to adju-
vant chemotherapy and impact of delay on breast can-
cer survival: a National Cancer Database analysis. Ann 
Surg Oncol. 2019;26:3240–9. https://​doi.​org/​10.​1245/​
s10434-​019-​07566-7.

	64.	 Freeman HD, Burke LC, Humphrey JG, Wilbers AJ, Vora 
H, Khorfan R, Solomon NL, Namm JP, Ji L, Lum SS. 
Fragmentation of care in breast cancer: greater than the 
sum of its parts. Breast Cancer Res Treat. 2024;208:511–
21. https://​doi.​org/​10.​1007/​s10549-​024-​07442-3.

	65	 Fekete JT, Gyorffy B. MetaAnalysisOnline.com: an online 
tool for the rapid meta-analysis of clinical and epide-
miological studies. J Med Internet Res. 2025;27:64016. 
https://​doi.​org/​10.​2196/​64016.

	66.	 Dahan M, Hequet D, Bonneau C, Paoletti X, Rouzier R. 
Has tumor doubling time in breast cancer changed over 
the past 80 years? A systematic review. Cancer Med. 
2021;10:5203–17. https://​doi.​org/​10.​1002/​cam4.​3939.

	67.	 Nakashima K, Uematsu T, Takahashi K, Nishimura S, 
Tadokoro Y, Hayashi T, Sugino T. Does breast cancer 
growth rate really depend on tumor subtype? Meas-
urement of tumor doubling time using serial ultra-
sonography between diagnosis and surgery. Breast 
Cancer. 2019;26:206–14. https://​doi.​org/​10.​1007/​
s12282-​018-​0914-0.

	68.	 Ryu EB, Chang JM, Seo M, Kim SA, Lim JH, Moon 
WK. Tumour volume doubling time of molecular breast 
cancer subtypes assessed by serial breast ultrasound. 
Eur Radiol. 2014;24:2227–35. https://​doi.​org/​10.​1007/​
s00330-​014-​3256-0.

	69.	 Kroenke CH, Kwan ML, Gomez SL, Shim V, Ergas IJ, 
Roh J, Kushi LH. Social support and treatment delays in 
breast cancer patients within an integrated health care sys-
tem. Psychooncology. 2024;33:e70025. https://​doi.​org/​10.​
1002/​pon.​70025.

	70.	 Meriade L, Rochette C. Integrated care pathway for 
breast cancer: a relational and geographical approach. 
Soc Sci Med. 2021;270:113658. https://​doi.​org/​10.​
1016/j.​socsc​imed.​2020.​113658.

	71.	 Fabi A, Rossi A, Mocini E, Cardinali L, Bonavolonta V, 
Cenci C, Magno S, Barberi V, Moretti A, Besharat ZM, 
Iolascon G, Baldari C, Ferretti E, Botticelli A, Paris I, 
Scambia G, Migliaccio S. An integrated care approach 
to improve well-being in breast cancer patients. Curr 
Oncol Rep. 2024;26:346–58. https://​doi.​org/​10.​1007/​
s11912-​024-​01500-1.

	72.	 Chan RJ, Crawford-Williams F, Han CY, Jones L, Chan 
A, McKavanagh D, Ryan M, Carrington C, Packer RL, 
Crichton M, Hart NH, McKinnell E, Gosper M, Ryan J, 
Crowe B, Joseph R, Ee C, Lee J, McPhail SM, Cuff K, 
Teleni L, Emery J. Implementing a nurse-enabled, inte-
grated, shared-care model involving specialists and gen-
eral practitioners in early breast cancer post-treatment 
follow-up (EMINENT): a single-centre, open-label, 
phase 2, parallel-group, pilot, randomised, controlled 
trial. EClinicalMedicine. 2025;81:103090. https://​doi.​
org/​10.​1016/j.​eclinm.​2025.​103090.

	73.	 Du S, Carfang L, Restrepo E, Benjamin C, Epstein 
MM, Fairley R, Roudebush L, Hertz C, Eshraghi L, 
Warner ET. Patient-reported experiences of breast can-
cer screening, diagnosis, and treatment delay, and tel-
emedicine adoption during COVID-19. Curr Oncol. 
2022;29:5919–32. https://​doi.​org/​10.​3390/​curro​ncol2​
90804​67.

	74.	 Ng JH, See MH, Haridah A, Lai LL, Wong LP. Patients’ 
acceptability and perspective on utilizing telemedicine in 
breast cancer care and management. Telemed J E Health. 
2025. https://​doi.​org/​10.​1089/​tmj.​2024.​0466.

	75.	 Johnson BA, Lindgren BR, Blaes AH, Parsons HM, 
LaRocca CJ, Farah R, Hui JYC. The new normal? Patient 
satisfaction and usability of telemedicine in breast cancer 
care. Ann Surg Oncol. 2021;28:5668–76. https://​doi.​org/​
10.​1245/​s10434-​021-​10448-6.

	76.	 van Bommel AC, Spronk PE, Vrancken Peeters MT, 
Jager A, Lobbes M, Maduro JH, Mureau MA, Schreuder 
K, Smorenburg CH, Verloop J, Westenend PJ, Wout-
ers MW, Siesling S, Tjan-Heijnen VC, van Dalen T, 
Audit NBC. Clinical auditing as an instrument for qual-
ity improvement in breast cancer care in the Netherlands: 

https://doi.org/10.1245/s10434-016-5486-7
https://doi.org/10.1245/s10434-016-5486-7
https://doi.org/10.1007/s10549-019-05404-8
https://doi.org/10.1007/s10549-019-05404-8
https://doi.org/10.1001/jamaoncol.2015.4508
https://doi.org/10.1001/jamaoncol.2015.4508
https://doi.org/10.1093/annonc/mds101
https://doi.org/10.1093/annonc/mds101
https://doi.org/10.1038/s41598-022-23683-y
https://doi.org/10.1038/s41598-022-23683-y
https://doi.org/10.1590/1806-9282.61.05.411
https://doi.org/10.1590/1806-9282.61.05.411
https://doi.org/10.1007/s12282-023-01456-3
https://doi.org/10.1007/s12282-023-01456-3
https://doi.org/10.1007/s10549-020-05572-y
https://doi.org/10.1007/s10549-020-05572-y
https://doi.org/10.1245/s10434-019-07566-7
https://doi.org/10.1245/s10434-019-07566-7
https://doi.org/10.1007/s10549-024-07442-3
https://doi.org/10.2196/64016
https://doi.org/10.1002/cam4.3939
https://doi.org/10.1007/s12282-018-0914-0
https://doi.org/10.1007/s12282-018-0914-0
https://doi.org/10.1007/s00330-014-3256-0
https://doi.org/10.1007/s00330-014-3256-0
https://doi.org/10.1002/pon.70025
https://doi.org/10.1002/pon.70025
https://doi.org/10.1016/j.socscimed.2020.113658
https://doi.org/10.1016/j.socscimed.2020.113658
https://doi.org/10.1007/s11912-024-01500-1
https://doi.org/10.1007/s11912-024-01500-1
https://doi.org/10.1016/j.eclinm.2025.103090
https://doi.org/10.1016/j.eclinm.2025.103090
https://doi.org/10.3390/curroncol29080467
https://doi.org/10.3390/curroncol29080467
https://doi.org/10.1089/tmj.2024.0466
https://doi.org/10.1245/s10434-021-10448-6
https://doi.org/10.1245/s10434-021-10448-6


GeroScience	

Vol.: (0123456789)

the national NABON Breast Cancer Audit. J Surg Oncol. 
2017;115:243–9. https://​doi.​org/​10.​1002/​jso.​24516.

	77.	 Jacke CO, Albert US, Reinhard I, Kalder M. Convergence 
with SEER database achieved by a breast cancer network: 
a longitudinal benchmark of 5-year relative survival. J 
Cancer Res Clin Oncol. 2015;141:1109–18. https://​doi.​
org/​10.​1007/​s00432-​014-​1879-9.

	78.	 Dong J, Esham KS, Boehm L, Karim SA, Lin M, Mao D, 
Wang F, Fein D, Wang H, Studenmund C, Weidner RA, 
Noubary F, Freund KM, Erban JK, Parsons SK. Timeli-
ness of treatment initiation in newly diagnosed patients 
with breast cancer. Clin Breast Cancer. 2020;20:e27–35. 
https://​doi.​org/​10.​1016/j.​clbc.​2019.​06.​009.

	79.	 Biganzoli L, Marotti L, Hart CD, Cataliotti L, Cutuli B, 
Kuhn T, Mansel RE, Ponti A, Poortmans P, Regitnig P, 
van der Hage JA, Wengstrom Y, Rosselli Del Turco M. 
Quality indicators in breast cancer care: an update from 
the EUSOMA working group. Eur J Cancer. 2017;86:59–
81. https://​doi.​org/​10.​1016/j.​ejca.​2017.​08.​017.

	80.	 Belinkske SO, Shannnon M, Henry L, Spellman J, 
Shevock A. Feasibility of using central registry data to 
assess timeliness of breast cancer care in Delaware. J Reg-
istry Manag. 2013;40:151–8.

	81.	 Okonji DO, Sinha R, Phillips I, Fatz D, Ring A. Com-
prehensive geriatric assessment in 326 older women with 
early breast cancer. Br J Cancer. 2017;117:925–31. https://​
doi.​org/​10.​1038/​bjc.​2017.​257.

	82.	 Honecker F, Harbeck N, Schnabel C, Wedding U, Wal-
denmaier D, Saupe S, Jager E, Schmidt M, Kreienberg R, 
Muller L, Otremba B, Dorn J, Warm M, Al-Batran SE, de 
Wit M, investigators P. Geriatric assessment and biomark-
ers in patients with metastatic breast cancer receiving first-
line mono-chemotherapy: results from the randomized 
phase III PELICAN trial. J Geriatr Oncol. 2018;9:163–9. 
https://​doi.​org/​10.​1016/j.​jgo.​2017.​09.​009.

	83.	 Overcash J. Comprehensive geriatric assessment: interpro-
fessional team recommendations for older adult women 
with breast cancer. Clin J Oncol Nurs. 2018;22:304–15. 
https://​doi.​org/​10.​1188/​18.​CJON.​304-​315.

	84.	 Munir A, Huws A, Khan S, Sharaiha Y, Holt S, Kha-
waja S. Geriatric assessment tool application in treatment 
recommendations for older women with breast cancer. 
Breast. 2022;63:101–7. https://​doi.​org/​10.​1016/j.​breast.​
2022.​03.​012.

	85.	 Reid-Agboola C, Klukowska A, Malcolm FL, Harri-
son C, Parks RM, Cheung KL. Comprehensive geriatric 

assessment for older women with early-stage (non-meta-
static) breast cancer-an updated systematic review of the 
literature. Curr Oncol. 2023;30:8294–309. https://​doi.​org/​
10.​3390/​curro​ncol3​00906​02.

	86.	 Valachis A, Biganzoli L, Christopoulou A, Fjermeros K, 
Fountzila E, Geisler J, Gomez-Bravo R, Karihtala P, Kos-
midis P, Koutras A, Linardou H, Lindman H, Martinez-
Ballestero I, Rodriguez AB, Meattini I, Munoz-Mateu M, 
Othman M, Psyrri A, Risi E, Schiza A, Spathas N, Utri-
ainen M, Visani L, Ballesteros S, Basdekis I, Hay SD, 
Fotis T, Fricker S, de Graaf G, Jenset M, et al. Implement-
ing geriatric assessment for dose optimization of CDK4/6 
inhibitors in older breast cancer patients. Future Oncol. 
2024;20:2937–48. https://​doi.​org/​10.​1080/​14796​694.​
2024.​24138​41.

	87.	 Kwok K, Routledge BR, Haase K, Arbour G, Zhang T, 
Kow J, Chia S, Mariano C. Geriatric assessment in older 
adults with metastatic breast cancer: a pilot study. J Geri-
atr Oncol. 2025;16:102131. https://​doi.​org/​10.​1016/j.​jgo.​
2024.​102131.

	88.	 Chung SH, Sachs TE. ASO Author reflections: delays 
in breast cancer treatment during the COVID pan-
demic-disparities in delay and a call to action. Ann 
Surg Oncol. 2023;30:6106–7. https://​doi.​org/​10.​1245/​
s10434-​023-​13879-5.

	89.	 Alagoz O, Lowry KP, Kurian AW, Mandelblatt JS, Ergun 
MA, Huang H, Lee SJ, Schechter CB, Tosteson ANA, 
Miglioretti DL, Trentham-Dietz A, Nyante SJ, Ker-
likowske K, Sprague BL, Stout NK, from the CBWG. 
Impact of the COVID-19 pandemic on breast cancer mor-
tality in the US: estimates from collaborative simulation 
modeling. J Natl Cancer Inst. 2021;113:1484–94. https://​
doi.​org/​10.​1093/​jnci/​djab0​97.

	90.	 Chung SH, Romatoski KS, Rasic G, Beaulieu-Jones 
BR, Kenzik K, Merrill AL, Tseng JF, Cassidy MR, 
Sachs TE. Impact of the COVID-19 pandemic on delays 
to breast cancer surgery: ripples or waves? Ann Surg 
Oncol. 2023;30:6093–103. https://​doi.​org/​10.​1245/​
s10434-​023-​13878-6.

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

https://doi.org/10.1002/jso.24516
https://doi.org/10.1007/s00432-014-1879-9
https://doi.org/10.1007/s00432-014-1879-9
https://doi.org/10.1016/j.clbc.2019.06.009
https://doi.org/10.1016/j.ejca.2017.08.017
https://doi.org/10.1038/bjc.2017.257
https://doi.org/10.1038/bjc.2017.257
https://doi.org/10.1016/j.jgo.2017.09.009
https://doi.org/10.1188/18.CJON.304-315
https://doi.org/10.1016/j.breast.2022.03.012
https://doi.org/10.1016/j.breast.2022.03.012
https://doi.org/10.3390/curroncol30090602
https://doi.org/10.3390/curroncol30090602
https://doi.org/10.1080/14796694.2024.2413841
https://doi.org/10.1080/14796694.2024.2413841
https://doi.org/10.1016/j.jgo.2024.102131
https://doi.org/10.1016/j.jgo.2024.102131
https://doi.org/10.1245/s10434-023-13879-5
https://doi.org/10.1245/s10434-023-13879-5
https://doi.org/10.1093/jnci/djab097
https://doi.org/10.1093/jnci/djab097
https://doi.org/10.1245/s10434-023-13878-6
https://doi.org/10.1245/s10434-023-13878-6

	Quantifying the impact of treatment delays on breast cancer survival outcomes: a comprehensive meta-analysis
	Abstract 
	Introduction
	Methods
	Data collection and study selection
	Data extraction and quality assessment
	Statistical analyses
	Evaluation of variability and publication bias
	Subgroup analyses

	Results
	Study selection
	Effect of 4-week delay in treatment
	Effect of 8-week delay in treatment
	Effect of 12-week delay in treatment
	Publication bias

	Discussion
	Acknowledgements 
	References


