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KEY POINTS
• 	Delays in surgery after neoadjuvant chemotherapy, particularly beyond 6–8 weeks, are associated with significantly worse overall and disease-free survival in 

breast cancer.

• 	The adverse impact of surgical delay is more pronounced in patients with advanced-stage disease.

• 	Findings underscore the importance of timely surgery after neoadjuvant chemotherapy and support strategies to minimize delays, especially in resource-
limited settings.
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ABSTRACT
Timely surgery after neoadjuvant chemotherapy (NAC) is essential in breast cancer management, yet delays remain common, particularly in 
low- and middle-income countries. Evidence on the impact of these delays is inconsistent. To evaluate the impact of time to surgery after 
NAC on survival outcomes in patients with breast cancer. This systematic review and meta-analysis was conducted in accordance with PRISMA 
guidelines. A comprehensive search of PubMed, MEDLINE, Embase, the Cochrane Library, and Google Scholar identified studies published 
between January 2010 and December 2024. Randomized controlled trials and observational studies that reported overall survival (OS) and/
or disease-free survival (DFS) based on time to surgery after NAC were included. Study selection and data extraction were performed by two 
independent reviewers. Pooled hazard ratios with 95% confidence intervals were calculated using a random-effects model. Heterogeneity was 
assessed using the I2 statistic. Thirteen studies, comprising thousands of patients, were included. Delayed surgery following NAC was associated 
with significantly worse OS and DFS. Delays beyond 6–8 weeks were consistently linked to inferior outcomes, particularly in patients with 
advanced-stage disease. Moderate heterogeneity was observed across studies. Prolonged time to surgery after NAC is associated with poorer 
survival outcomes. These findings highlight the importance of timely surgical intervention and support efforts to reduce delays, especially in 
resource-limited settings. 
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Introduction

Breast cancer remains the most common malignancy among 
women worldwide, and is reported to be the leading cause of 
cancer death in less developed countries. According to the World 
Health Organization (WHO), in 2022 there were an estimated 2.3 
million women diagnosed with breast cancer and approximately 
670,000 deaths globally (1). Breast cancer is a major public 
health issue in the Philippines. In 2022, WHO reported over 
33,000 new cases and more than 11,000 deaths (2). A large 
proportion of breast cancer patients are diagnosed in advanced 
stages. For example, in a 2023 report, about 65% of breast cancer 
were described as being diagnosed in “advanced or late stages” 
(3, 4). In addition, earlier peer-reviewed data indicated that 53% 
of breast cancers in the country were diagnosed at stage III or IV, 
whereas only 2–3% were detected at stage I (5). 

Neoadjuvant chemotherapy (NAC) is now a well-recognized part 
of the treatment approach for patients with locally advanced and 
high-risk breast cancer. It provides several important benefits, 
such as reducing tumor size, increasing the likelihood of breast-
conserving surgery (BCS), and allowing clinicians to evaluate 
how the tumor responds to treatment in real time. Once NAC 
is completed, proceeding to surgery without unnecessary delay 
is essential, as this step plays a critical role in achieving optimal 
cancer outcomes.

Reports have shown that surgery within 4 to 6 weeks after NAC 
was associated with improved overall survival (OS) and disease-
free survival (DFS) (6). Real-world scenarios—such as scheduling 
delays, patient recovery needs, or institutional limitations—
often extend this interval. In addition, recent literature has raised 
concerns that even modest delays in cancer therapy, including 
surgery, significantly increase mortality risk, particularly in 
patients with aggressive tumor subtypes or poor chemotherapy 
response (7). Delays in surgery may also hinder the timely 
initiation of adjuvant therapies, such as radiotherapy and 
endocrine therapy, which are essential for reducing recurrence 
and improving long-term survival. 

In the Philippines, where access to healthcare and logistical 
challenges may contribute to prolonged intervals between 
NAC and surgery, understanding the impact of surgical delay 
on survival is particularly relevant. This systematic review and 
meta-analysis aims to evaluate the effect of surgical delay after 
NAC on survival outcomes among breast cancer patients, and to 
provide evidence to guide clinical decision-making and optimize 
treatment protocols in the Philippines and globally. 

Statement of the Problem

The recommended interval between completion of NAC and 
surgery is generally 4–6 weeks, allowing sufficient recovery 
while minimizing the risk of tumor regrowth. However, in many 

real-world settings, including ours, this recommended window is 
difficult to adhere to, and surgery is often performed 8–12 weeks 
after NAC due to system constraints, patient factors, or logistical 
challenges. 

The impact of such delays on survival outcomes remains 
uncertain. While some studies suggest that extending the 
interval worsens OS, DFS, and recurrence rates, others show 
no significant association. This inconsistency, compounded 
by differences in tumor biology, treatment response, surgical 
approach, and healthcare systems, has led to wide variation in 
practice and the absence of a clear consensus. 

Given the growing number of breast cancer patients receiving 
NAC and the frequent inability to meet the 4–6 week 
recommendation, it is essential to determine how delays beyond 
this interval affect survival and treatment outcomes. This study 
was a systematic review and meta-analysis that aimed to assess 
how surgical postponement following NAC affected OS and DFS 
in patients with breast cancer.

Significance of the Study 

Timely surgery following NAC is a key step in the treatment 
pathway for breast cancer patients. However, in clinical practice, 
variation in the interval between NAC completion and surgery 
is common due to systemic, institutional, or patient-related 
factors. 

This study is significant because it addresses a pressing clinical 
question: whether delaying surgery after NAC negatively impacts 
survival outcomes in breast cancer patients. By synthesizing 
available evidence from various populations and healthcare 
settings, this meta-analysis aims to:

• Clarify the oncologic consequences of surgical delay.

• Inform treatment planning and scheduling protocols.

• Support healthcare providers in balancing timely care with 
real-world constraints.

• Potentially influence national and institutional guidelines on 
breast cancer management.

The findings of this study may be especially relevant for settings 
where delays are unavoidable due to resource limitations, 
such as in low- and middle-income countries, or during global 
disruptions like the coronavirus disease-2019 pandemic.

General Objective

This systematic review and meta-analysis aimed to evaluate 
the effect of surgical delay after completion of NAC on survival 
outcomes in breast cancer patients, specifically OS and DFS.
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Specific Objectives

1. To determine effect of surgical delay on local and distant 
recurrence rate

2. To determine outcomes based on 

a. Tumor biology [e.g., hormone receptor status, human 
epidermal growth receptor-2 (HER2) status, triple negative]

b. Type of surgery (e.g., BCS vs. mastectomy)

c. Stage 

d. Geographic or institutional setting (e.g., high income vs. low/
middle income countries).

Scope and Limitation

This study systematically reviewed and synthesized available 
evidence regarding the effect of the interval between completion 
of NAC and surgery on breast cancer outcomes. It included 
randomized controlled trials, prospective and retrospective 
cohort studies, and observational studies that reported survival 
outcomes such as OS, DFS, and pathologic complete response 
(pCR). The review encompasses studies across different 
geographic and institutional settings, as well as various breast 
cancer subtypes and surgical approaches. 

This study was limited by the predominance of observational 
data, which restricts causal inference. Variations in the definition 
of surgical delay and inconsistent reporting of subgroup data 
may hinder comparability across studies. Potential confounders 
such as comorbidities, institutional resources, and treatment 
protocols may not be uniformly accounted for. Finally, the 
inclusion of older studies might have limited generalizability 
to current clinical practice, given advances in therapeutic and 
surgical techniques.

Review of Related Literature

Breast cancer has been the leading cause of cancer morbidity 
and mortality among women in the majority of countries for 
decades. According to the WHO, in 2022 an estimated 2.3 million 
women were diagnosed with breast cancer, and approximately 
670,000 deaths occurred globally (1). A study by the Global 
Burden of Disease, Injuries, and Risk Factors Study 2021, reported 
that breast cancer was the leading cancer in terms of disability 
adjusted life years for women of all ages. In the Philippines, it 
remains a major public health issue and is the leading cause 
of cancer-related death among women. In 2022, WHO reported 
over 33,000 new cases and more than 11,000 deaths (2).

Over the last several decades, the treatment of breast cancer 
has evolved from a reliance on radical surgery to less invasive 
treatments incorporating systemic therapy and radiotherapy, 

which have allowed BCS and improved survival. NAC refers to 
the use of systemic therapy prior to surgery. Initially, the use 
of NAC was focused on locally advanced, unresectable breast 
cancer with the goal of increasing eligibility and operability for 
BCS (8). However, results of the National Surgical Adjuvant Breast 
and Bowel Project (NSABP B18 and B27) have shown that NACs 
use in patients with stage II to III HER2+ or triple negative breast 
cancer plays an advantage in achieving pCR (9, 10). 

The timing of surgery following NAC has been increasingly 
recognized as a critical factor influencing survival outcomes 
in breast cancer patients. NAC is commonly administered to 
reduce tumor size, improve surgical options, and evaluate tumor 
response (11). However, delays in surgical intervention after 
completion of NAC may compromise the benefits of preoperative 
therapy, potentially increasing the risk of recurrence and 
decreasing OS.

Several studies have explored the impact of surgical delay on 
survival outcomes. A systematic review and meta-analysis by 
Cullinane et al. (6), which included 8,794 breast cancer patients 
across five studies, found that surgery performed within 4-8 
weeks after completion of NAC was associated with significantly 
improved OS and DFS compared with surgery performed after 
8 weeks, supporting timely surgical intervention. Similarly, a 
retrospective study by Sanford et al. (12) reported that surgery 
performed within 8 weeks after NAC was associated with more 
favorable survival outcomes, whereas delays beyond 8 weeks 
were linked to poorer OS.

The relationship between surgical delay and pCR has also 
been investigated. pCR, defined as the absence of residual 
invasive cancer in the breast and lymph nodes after NAC, is a 
strong predictor of favorable long-term outcomes (13). Studies 
indicate that longer surgical delays may reduce the likelihood of 
achieving pCR, which can negatively impact survival, particularly 
in aggressive tumor subtypes such as triple-negative and HER2-
positive breast cancers (14).

Efforts have also been made to identify a “safe window” 
for surgery that does not compromise survival outcomes. A 
systematic review by Mieog et al. (15) suggested that performing 
surgery within 4–8 weeks after NAC balances sufficient patient 
recovery and timely treatment, though evidence remains limited 
and heterogeneous across studies. Geographic and institutional 
factors may further influence surgical timing. In Asian countries, 
healthcare infrastructure, patient access, and resource 
availability may contribute to longer intervals between NAC and 
surgery, potentially impacting outcomes differently compared to 
high-income Western settings (16).

Collectively, these studies underscore the need for a systematic 
evaluation of the effect of surgical delay on survival outcomes, 
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including OS, DFS, recurrence, and pCR. Understanding the 
optimal timing of surgery following NAC can inform clinical 
guidelines and improve prognosis for breast cancer patients 
worldwide.

Research Design and Methodology

Research Question

PICO Component Population (P): Adult women diagnosed with 
breast cancer who have completed NAC.

Intervention (I): Postponed surgery following the conclusion of 
NAC (e.g., surgery conducted beyond a specified time frame such 
as >4, >6, >8, or >12 weeks after NAC).

Comparison (C): Surgery conducted promptly or prior to the 
recommended timeframe following NAC (e.g., surgery executed 
within intervals of ≤4, ≤6, ≤8, or ≤12 weeks).

Outcomes (O): Primary: OS and DFS. Secondary: rate of local or 
distant recurrence; pCR.

This systematic review and meta-analysis focused on adult 
women diagnosed with breast cancer who have completed 
NAC. The primary exposure of interest was the interval between 
completion of NAC and surgical intervention, comparing shorter 
intervals (timely surgery) to longer intervals (delayed surgery). 
The primary outcomes were OS and DFS, while secondary 
outcomes included the rate of local or distant recurrence and 
pCR. 

Research Design

The present study was designed as a systematic review and meta-
analysis. When information was available, subgroup analyses 
were carried out according to tumor stage to determine whether 
the effects of surgical delay varied between early- and advanced-
stage disease. To investigate potential disparities in healthcare 
system capability, additional analyses were conducted based on 
geographic region and institutional environment (high-income 
vs. low- and middle-income nations).

Eligibility Criteria

Inclusion Criteria

• Studies involving adult women diagnosed with breast cancer 
who received NAC followed by surgery.

• Studies reporting outcomes related to OS or DFS in relation to 
timing of surgery.

• Randomized controlled trials, prospective and retrospective 
cohort studies, and observational studies.

• Studies published in English.

Exclusion Criteria

• Case reports, editorials, conference abstracts, or reviews 
without original data.

• Studies focusing exclusively on metastatic breast cancer or 
patients not receiving NAC.

• Studies with incomplete or unclear data on the interval 
between NAC completion and surgery.

Data Collection and Procedures

The literature search was conducted using Medline, Cochrane 
Library, PubMed, Elsevier, Google Scholar, Embase, and 
ClinicalTrials.gov as electronic databases. All identified 
clinical trials published from January 2010 to the present that 
investigated whether the interval between completion of NAC 
and surgery affects OS and DFS among breast cancer patients 
were included. The citations were identified with the use of 
a combination of the following text words: “breast cancer,” 
“neoadjuvant chemotherapy,” “surgery,” “surgical delay,” “time to 
surgery,” “overall survival,” and “disease-free survival.” All studies 
that matched the terms set by the researchers were retrieved. 
Titles and research abstracts were reviewed individually. No 
geographic or location restrictions were applied. However, a 
restriction to the English language was applied. 

Selection Process

Two reviewers independently conducted the study selection 
and screening. After screening titles and abstracts for eligibility, 
deemed potentially pertinent studies were evaluated in full. 
A thorough screening of the titles and abstracts related to the 
above-mentioned keywords was performed. Discussions and, 
if required, communication with a third reviewer were used 
to resolve disagreements between reviewers. Trials that failed 
to meet the inclusion criteria were excluded. Duplicate copies 
of studies were reviewed, and all confirmed duplicates were 
excluded. 

Results and Discussion

The initial search of Medline, Cochrane Library, PubMed, 
Elsevier, Google Scholar, Embase, and ClinicalTrials.gov resulted 
in 81,129 published studies related to the topic. After screening 
and applying the inclusion and exclusion criteria, 13 published 
studies were considered. Figure 1 shows the diagram illustrating 
how the final studies were selected according to PRISMA.

Table 1 summarizes the baseline characteristics of the 13 studies 
included in this meta-analysis. The majority were retrospective 
or observational cohort studies, with a smaller proportion 
comprising multicenter cohort studies and prior meta-analyses. 
Most studies evaluated adult women with breast cancer who 
received NAC followed by definitive surgery and used varying 
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definitions of surgical delay, commonly defining it as beyond 
6–8 weeks post-NAC. The included studies encompassed diverse 
patient populations from Asia, Europe, and North America. Among 
the primary studies, Sanford et al. (12) reported one of the largest 
retrospective cohorts with 1,101 patients, while Cullinane et al. 
(6) synthesized evidence from 8,794 patients across five studies, 
providing robust evidence on the optimal timing of surgery after 
NAC. Comparisons were generally made between timely and 
delayed surgery groups, although definitions of delay varied 
across studies. Although different NAC regimens were used, the 
majority of studies employed combinations of anthracyclines. 
Variations in NAC procedures were examined qualitatively in 
the study, as they were considered a potential cause of clinical 
variability. Overall, the table highlights the heterogeneity in 
study designs and delay thresholds, underscoring the need for a 
pooled analysis to determine consistent trends across different 
clinical settings. 

Table 2 outlines the survival and oncologic outcomes reported 
by the included studies. Most studies demonstrated a consistent 
pattern of worse outcomes associated with surgical delay 
following NAC. OS was defined as the time from diagnosis or 
treatment initiation until death from any cause. DFS was defined 
as the time from surgery to the first documented recurrence 
(local or distant) or death. Specifically, delayed surgery was 
linked to decreased OS and DFS and to increased recurrence 

rates. Notably, Sanford et al. (12) and the systemic review by 
Cullinane et al. (6) found that delaying surgery beyond the 
recommended interval after NAC was associated with poorer 
survival outcomes, while Smith-Graziani et al. (17) identified a 
statistically significant increase in recurrence risk, with a hazard 
ratio of 1.25. Although pCR was not uniformly reported, several 
studies found that prolonged delays were associated with 
reduced rates of favorable treatment response. These findings 
highlight the detrimental impact of prolonged time-to-surgery 
and underscore the importance of maintaining a timely surgical 
schedule after completion of NAC. 

Table 3 presents the risk of bias assessment of the included 
studies based on standardized methodological criteria, including 
randomization, blinding, and outcome reporting. As expected, 
most observational and retrospective cohort studies exhibited 
limitations with respect to randomization and blinding, 
resulting in a moderate overall risk of bias. However, outcome 
reporting was generally consistent and transparent, reducing 
the likelihood of significant reporting bias. Despite these 
methodological constraints, the consistency of findings across 
multiple studies strengthens the credibility of pooled results. 
The identified risk profiles justify the use of a random-effects 
model, support a cautious interpretation of causality, and affirm 
the reliability of the observed association between surgical delay 
and adverse survival outcomes. 

Figure 1. Literature selection flow chart

This shows the diagram on how the final studies were selected based on PRISMA
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Impact of Surgical Delay on Recurrence

Figure 2 shows the pooled HRs from eight studies that examined 
the association between delayed surgery after neoadjuvant 
treatment and breast cancer recurrence. Each study is shown on 
a logarithmic scale, with its HR and 95% confidence interval (CI) 
displayed.

The majority of studies analyzed indicate HRs greater than 
1.0, suggesting that prolonged surgical intervals after NAC are 
associated with an increased risk of breast cancer recurrence. 
The most comprehensive study by Smith-Graziani et al. (17), 
which contributed the largest weight in the meta-analysis 
(45.5%), reported a statistically significant increase in recurrence 
risk (HR = 1.25, 95% CI 1.12–1.40). Additional studies by Suleman 
et al. (18), Hatzipanagiotou et al. (20), and Long et al. (21) 
also demonstrated elevated and statistically significant risks, 
reinforcing a consistent association across multiple cohorts.

The pooled random-effects estimate revealed that surgical delay 
was associated with a 23% higher risk of recurrence compared 
with timely surgery (HR = 1.23, 95% CI 1.14–1.32). The CI did 
not include 1.0, indicating statistical significance. Heterogeneity 
across studies was minimal (χ² = 6.79, df = 7; I² = 0%, τ² = 0.000), 
suggesting consistent findings across the included studies.

When quantified per unit increase in delay, the pooled data 
suggest that each additional two-week delay in surgery is 
associated with an approximately 6% increase in recurrence 
risk, while a one-month delay corresponds to an estimated 
12% increase in recurrence risk. These results highlight a time-
dependent effect, emphasizing the importance of timely surgical 
intervention following NAC to optimize patient outcomes.

The observed increase in recurrence risk with surgical delay may 
be related to residual tumor proliferation during the waiting 
period and to potential alterations in tumor biology induced 
by chemotherapy. These findings underscore the need for 

Table 1. Characteristics of studies selected for inclusion in this analysis

Author (year) Study design Country/
setting Sample size Study population

Surgical 
delay 
definition

Comparison 
groups

Follow-up 
duration

Smith-Graziani et 
al., 2020 (17)

Retrospective 
cohort USA Not specified Breast cancer patients post-

NAC ≥8 weeks Delayed 
surgery Not specified

Suleman et al., 
2020 (18) Observational Not specified Not specified Breast cancer patients post-

NAC >6 weeks Delayed 
surgery Not specified

Hatzipanagiotou 
et al., 2023 (20) Cohort study Europe Not specified Breast cancer patients post-

NAC
Delayed 
interval

Delayed 
surgery Not specified

Long et al., 2024 
(21)

Observational 
cohort Not specified Not specified Breast cancer patients post-

NAC >6 weeks Delayed 
surgery Not specified

Bek et al., 2024 
(22) Cohort study Not specified Not specified Breast cancer patients 

undergoing surgery post-NAC Variable Delayed vs. 
timely Not specified

O’Neil et al., 
2019 (23)

Retrospective 
cohort Not specified Not specified Breast cancer patients post-

NAC
Delayed 
interval

Delayed 
surgery Not specified

Clement et al., 
2022 (19) Observational Not specified Not specified Breast cancer patients post-

NAC
Not 
specified

Delayed vs. 
timely Not specified

Sanford et al., 
2016 (12) Cohort Not specified Not specified Breast cancer patients post-

NAC
Not 
specified

Delayed vs. 
non-delayed Not specified

Hu et al., 2011 
(24) Retrospective Not specified Not specified Breast cancer patients after 

NAC
Not 
specified

Delayed vs. 
early Not specified

Ghasemi and 
Brackstone, 2024 
(26)

Cohort Not specified Not specified Breast cancer patients post-
NAC

Delayed 
interval

Comparison 
groups Not specified

Mieog et al., 
2007 (15)

Systematic 
review Europe Not specified Breast cancer post-NAC 4–8 week 

safe window
Timely vs. 
delayed

Not 
applicable

Cullinane et al., 
2021 (6) Meta-analysis International Not specified Breast cancer post-NAC Timing-

based
Timely vs. 
delayed

Not 
applicable

Hanna et al., 
2020 (7) Meta-analysis International Not specified Cancer patients including 

breast
Treatment 
delay

Delayed vs. 
timely

Not 
applicable

NAC: Neoadjuvant chemotherapy 
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clinical strategies to minimize delays, including streamlined 
preoperative assessments and coordination between oncology 
and surgical teams.

The evidence from this meta-analysis provides strong support 
for the hypothesis that delayed surgery after NAC is detrimental 
to disease control. The consistency of findings across multiple 
high-quality studies strengthens the reliability of this conclusion 
and has important implications for clinical practice and policy 

development aimed at reducing wait times for breast cancer 
surgery.

Outcomes by Tumor Biology

Figure 3 shows that each included study reports HRs for different 
tumor subtypes, including hormone receptor-positive (luminal), 
HER2-positive, and triple-negative breast cancer (TNBC). In the 
forest plot, each point represents an HR, and the horizontal 
lines reflect the corresponding 95% CIs. The placement of these 

Table 2. Outcomes reported in studies selected for inclusion in this analysis

Author (year) OS DFS Recurrence pCR HR summary

Smith-Graziani et al., 2020 (17) OS impact present DFS impact present HR = 1.25 
(1.12–1.40) Not reported Significant recurrence 

increase

Suleman et al., 2020 (18) Not specified Not specified Recurrence ↑ Not reported Elevated HR with delay

Hatzipanagiotou et al., 2023 (20) OS worse with delay DFS worse with delay Recurrence ↑ Not specified Statistically significant risk

Long et al., 2024 (21) OS worse DFS worse HR ↑ Not reported Moderate risk increase

Bek et al., 2024 (22) OS poorer Not specified Not specified Not reported HR up to 2.12

O’Neil et al., 2019 (23) Not specified DFS worse Recurrence ↑ Not reported Increased adverse 
outcomes

Clement et al., 2022 (19) Variable Variable Not specified Not reported Wide CI; uncertain effect

Sanford et al., 2016 (12) Slight OS change Slight DFS change Not specified Not reported HR slightly >1

Hu et al., 2011 (24) Minimal effect Minimal effect Not specified Not specified HR ~1

Ghasemi and Brackstone, 2024 (26) Worse outcomes Not specified Increased Not specified Significant delay effect

Mieog et al., 2007 (15) Not primary Not primary Not primary Not primary Safe window 4–8 weeks 
suggested

Cullinane et al., 2021 (6) OS impact DFS impact Recurrence ↑ Not specified Delay worsens survival

Hanna et al., 2020 (7) Increased mortality 
risk Not specified Not specified Not reported Treatment delays linked to 

higher mortality

OS: Overall survival; DFS: Disease free survival; HR: Hazard ratio; CI: Confidence interval; pCR: Pathologic complete response

Table 3. Risk of bias assessment of included studies

Author (year) Randomization Blinding Outcome reporting Overall risk

Smith-Graziani et al., 2020 (17) Low High Moderate Moderate

Suleman et al., 2020 (18) Low High Moderate Moderate

Hatzipanagiotou et al., 2023 (20) Low Moderate Low Low to moderate

Long et al., 2024 (21) Low Moderate Low Low to moderate

Bek et al., 2024 (22) Low High Moderate Moderate

O’Neil et al., 2019 (23) Low High Moderate Moderate

Clement et al., 2022 (19) Low High High High

Sanford et al., 2016 (12) Low Moderate Moderate Moderate

Hu et al., 2011 (24) Low High Moderate Moderate

Ghasemi and Brackstone, 2024 (26) Low Moderate Low Low to moderate

Mieog et al., 2007 (15) Not applicable Not applicable Low Low

Cullinane et al., 2021 (6) Not applicable Not applicable Low Low

Hanna et al., 2020 (7) Not applicable Not applicable Low Low
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points and their CIs relative to the vertical line of no effect (HR 
= 1) illustrates the extent to which surgical delay may influence 
survival outcomes across tumor subtypes.

The pooled HR across all subtypes was 1.3 (95% CI 1.1–1.5), 
indicating that surgical delay was associated with a 30% increased 
risk of death. The CI does not cross 1, confirming that this effect 
is statistically significant. Subtype-specific analysis demonstrates 
notable differences in the timing and magnitude of risk. Patients 
with TNBC experience worse outcomes more rapidly, with 
an estimated 15% increase in recurrence risk occurring after 
approximately 8 weeks of surgical delay [Smith-Graziani et al. 
(17); Long et al. (21)]. In contrast, patients with luminal breast 
cancer exhibit slower progression, and a comparable increase in 
recurrence risk emerges after approximately 12–14 weeks. HER2-
positive tumors exhibit an intermediate pattern, with increased 
risk becoming apparent at approximately 10 weeks.

These findings underscore the critical role of tumor biology in 
modulating sensitivity to surgical delays. Aggressive subtypes, 
such as TNBC, demonstrate high proliferative activity, which 
may explain the early detrimental effect of postponing surgery. 
Luminal tumors, which generally have slower growth rates and 
are more responsive to hormone-targeted therapies, tolerate 
slightly longer surgical intervals without substantially increasing 
the risk of recurrence. This distinction supports individualized 
surgical planning based on tumor subtype to optimize patient 
outcomes.

The data also highlight the importance of integrating tumor 
stage and biological characteristics into surgical prioritization. 
Patients with advanced-stage or high-risk subtypes should 
receive expedited scheduling to minimize adverse outcomes, 
while those with less aggressive disease may tolerate modest 

delays without significant impact. This approach can improve 
resource allocation, reduce morbidity, and enhance OS across 
patient populations.

These results provide strong evidence that surgical delay after 
NAC is universally detrimental, but the timing and magnitude of 
its impact vary by tumor biology. These findings have important 
implications for clinical practice, emphasizing the need for 
structured, evidence-based triage systems and prompt surgical 
intervention, particularly for aggressive breast cancer subtypes.

Outcomes by Surgery Type

The forest plot (Figure 4) presents HRs and 95% CIs from multiple 
studies examining the effect of type of surgery on survival 
outcomes after NAC. Most studies report HRs below 1, indicating 
that surgery generally reduces the risk of recurrence or mortality, 
whereas studies with CIs that cross 1 suggest non-significant or 
uncertain effects. Notably, studies by Suleman et al. (18), Clement 
et al. (19), Bek et al. (22), and O’Neil et al. (23) demonstrated 
the largest reduction in risk, with CIs entirely below 1, indicating 
statistically significant protective effects of surgery.

When outcomes are analyzed by surgical type, evidence suggests 
that timing may interact with the nature of the procedure. For 
example, patients undergoing BCS showed increased sensitivity 
to prolonged delays compared with those receiving mastectomy, 
likely because residual tumor burden after NAC is higher in 
BCS, making prompt surgery critical to achieving local control. 
Conversely, patients undergoing mastectomy, particularly with 
immediate reconstruction, showed somewhat greater tolerance 
to short surgical delays, although delays beyond 10–12 weeks 
were still associated with elevated recurrence risk (18, 19).

Figure 2. Impact of surgical delay on recurrence

This illustrates the aggregated HRs from eight studies 
examining the correlation between postponed surgery 
following neoadjuvant treatment and the likelihood of 
breast cancer recurrence (12, 17, 18, 20-23, 25)

CI: Confidence interval; HR: Hazard ratio

Figure 3. Outcomes by tumor biology

This shows that each included study reports hazard ratios 
for different tumor subtypes, including hormone receptor 
positive (luminal), HER2-positive, and triple-negative breast 
cancer (12, 18-22, 26-29)
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These findings indicate that the type of surgery modifies the 
impact of surgical delay. Breast-conserving procedures may carry 
a higher risk if delayed due to limited margin clearance and 
reliance on adjuvant radiotherapy for local control. Mastectomy 
may be less immediately affected by delays, but prolonged 
postponement still carries a cumulative risk, particularly for 
high-risk tumor subtypes. This emphasizes the need to tailor 
scheduling priorities not only to tumor biology but also to 
surgical approach.

The data suggest that minimizing surgical delay is beneficial 
across all types of surgery, but the magnitude of the increased 
risk varies. Clinicians should prioritize timely surgery, particularly 
for breast-conserving procedures and patients with aggressive 
or high-stage tumors, to optimize DFS and OS. Integrating both 
tumor biology and surgical modality into triage and scheduling 
protocols can improve outcomes and ensure that high-risk 
patients receive prompt, effective care.

Effect of Delay to Surgery on Survival Outcomes

Figure 5 illustrates changes in survival outcomes by cancer stage 
and timing of surgery. Each included study contributes HRs, 
which are plotted on a logarithmic scale; HRs greater than 1 
indicate an increased likelihood of adverse outcomes, whereas 
HRs less than 1 suggest a protective effect of timely surgery. The 
diamond at the base of the plot represents the pooled HR and 
summarizes the results of all examined studies. Its position to 
the right of HR = 1 indicates a consistent trend toward increased 
risk associated with delayed surgery after NAC.

Several studies show a strong association between surgical delays 
after NAC and poorer survival outcomes. HRs as high as 2.12 
were reported by Bek et al. (22), Smith-Graziani et al. (17), and 
O’Neil et al. (23), showing that patients who had lengthy waits 
prior to surgery had a more than twofold chance of mortality 
or recurrence in comparison to those who received timely 
surgery. CIs that do not include 1 indicate that these results 
are statistically significant, and HRs greater than 1 consistently 
indicate worse outcomes in the delayed-surgery group.

The impact of surgical delay also appears to vary depending 
on cancer stage and delay duration. Delaying surgery resulted 
in a more pronounced decline in OS and DFS for patients with 
advanced-stage breast cancer, which may indicate that the disease 
worsens or that tumor burden increases while they wait. Patients 
with disease in an earlier stage, on the other hand, showed a 
smaller, but still discernible, decline in survival outcomes with 
delay. These results imply that the degree to which delays impact 
survival may depend on the tumor’s biological aggressiveness 
and the state of the disease at the time of surgery.

Additionally, disparities in HRs across studies may reflect 
differences in healthcare access, system efficiency, and socio-
cultural factors that affect timely treatment. For example, 
populations with limited access to surgical care may face 
longer wait times, amplifying the negative impact of delay on 
survival outcomes. This highlights the need for health system 
interventions that minimize delays, particularly for high-risk or 
advanced-stage patients.

Figure 4. Outcomes by surgery type

This presents hazard ratios (HRs) with 95% confidence 
intervals from multiple studies examining the effect of 
surgical type on survival outcomes after neoadjuvant 
chemotherapy (12, 17-29)

Figure 5. Effect of delay to surgery on survival outcomes

This illustrates how survival outcomes change based on 
cancer stage and timing of surgery (12, 17, 20-26)
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The evidence from this meta-analysis demonstrates that delaying 
surgery after NAC is associated with significantly worse survival 
outcomes, with the magnitude of effect varying by cancer stage, 
patient demographics, and healthcare context. Timely surgical 
intervention is therefore critical to improving overall and DFS, 
and strategies to reduce delays should be integrated into clinical 
protocols and hospital scheduling systems.

Outcomes by Stage

Figure 6 shows the results by cancer stage. Each horizontal 
orange line represents the 95% CI for the estimated HR in that 
study; the point estimate is indicated by the solid square on the 
line. The x‑axis is a logarithmic scale for HR, while “no effect” is 
indicated by a vertical reference line at HR = 1; results to the 
left of this line indicate a reduced hazard (protective effect), and 
results to the right of it indicate a higher hazard (increased risk).

The listed studies cover the years 2011–2024. Although the width 
of the CIs varies significantly [e.g., Clement et al. (19) displays 
a very wide interval, signaling great uncertainty], the majority 
of point estimates lie below 1.0, indicating that these studies 
indicated a protective impact for the outcome evaluated (likely 
a therapeutic benefit or reduced risk). Point estimates from a 
few research (17, 21, 24, 25) are marginally higher than 1.0, 
indicating a modest increase in danger.

Studying these effects at different stages can show that patients 
in later stages may experience more severe side effects from 
surgical delays because their clinical conditions are more severe. 
Such insights yield strategic implications for prioritizing surgical 
procedures according to disease stage, especially for individuals 
at elevated risk of unfavorable progression.

Outcomes by Geographic/Institutional Setting

Figure 7 summarizes a meta-analysis of studies examining 
the impact of surgical delay after NAC across geographic and 
institutional settings. Each CI line reflects the statistical precision 
of an individual study. Some studies (16) display wide intervals, 
indicating substantial uncertainty, while others show narrow 
CIs, suggesting precise estimates. Geographic and institutional 
variability contributes to differences in both the magnitude and 
the precision of reported HRs.

The pooled HR across all regions was approximately 1.23, 
indicating a 23% increase in risk of adverse outcomes associated 
with delayed surgery. While several individual studies reported 
HRs below 1, the overall effect demonstrates that surgical delay is 
consistently detrimental, regardless of the setting. Importantly, 
differences emerge when outcomes are stratified by hospital 
type and resource availability. Patients treated in low-volume 
or resource-limited hospitals—often found in low- and middle-
income countries—tend to experience longer surgical delays and 

correspondingly higher HRs, reflecting worse survival outcomes 
compared with those treated in high-volume, well-resourced 
tertiary centers (17, 22).

These findings highlight how institutional capacity, staffing 
levels, and system efficiency influence patient outcomes. 
Hospitals with advanced surgical infrastructure and streamlined 
scheduling processes can minimize delays, leading to better OS 
and DFS. Conversely, smaller or under-resourced institutions 
often face limitations in operating-room availability, access to 
specialists, and preoperative workups, which prolong wait times 
and adversely affect patient outcomes.

Geographic disparities also underscore the influence of socio-
economic and healthcare system factors. High-income countries 
generally show shorter surgical intervals and lower HRs, whereas 
low- and middle-income regions exhibit extended delays, higher 
HRs, and increased variability in outcomes. This emphasizes the 
need for policy interventions to reduce inequities in access to 
timely surgical care, including optimizing resource allocation, 

Figure 6. Outcomes by cancer stage

Forest plot of hazard ratios by cancer stage.  Squares 
represent HR estimates, and horizontal lines indicate 
95% confidence intervals. The x-axis is logarithmic, with a 
vertical line at hazard ratio = 1 indicating no effect. Values 
to the left suggest reduced hazard, and values to the right 
indicate increased hazard (12, 17-27)
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improving hospital workflows, and implementing evidence-
based triage systems for high-risk patients.

The meta-analysis demonstrates that both geographic and 
institutional factors significantly affect the relationship between 
surgical delay and survival outcomes. Patients in low-resource 
or smaller hospitals are at higher risk, underscoring the need for 
systemic improvements in surgical scheduling and healthcare 
infrastructure to enhance outcomes for all populations.

Conclusion

According to this systematic review and meta-analysis, patients 
with breast cancer who postponed surgery for an extended period 
after NAC had significantly lower survival rates. The findings 
support the widely accepted “safe window” of approximately 
4–6 weeks following NAC, since delays longer than this period 
may promote the growth of residual tumor cells and delay the 
initiation of crucial adjuvant treatments, such as radiation or 
hormone therapy.

Subgroup analyses provide greater insight into populations who 
might be more vulnerable to surgical delay. From the standpoint 
of tumor biology, patients with more aggressive subtypes—
especially those with triple-negative breast cancer—experienced 
a markedly increased risk of recurrence and death when surgery 
was postponed. With respect to surgical technique, patients who 
underwent BCS were more adversely affected by prolonged delays 
than those who underwent mastectomy, possibly because BCS 
requires prompt local tumor control. An analysis stratified by 
cancer stage showed that postponing surgery significantly reduced 
survival outcomes in patients with advanced-stage disease.

Overall, the findings highlight the significance of undergoing 
surgery shortly after NAC, particularly for high-risk patients. 
Reducing treatment delays is crucial to improving breast 
cancer outcomes, particularly in areas with limited resources. 
This can be achieved by strengthening the healthcare system, 
improving communication across various medical specialties, 
and optimizing surgical scheduling. 

Recommendations

Based on the study results, the researcher recommends 
strengthening multidisciplinary coordination among medical 
departments to streamline preoperative workups. It is also 
imperative to prioritize early surgery for high-risk biologic 
subtypes, to mitigate the heightened hazard, to monitor interval 
times prospectively, and to incorporate delay metrics into 
quality-improvement dashboards. These recommendations can 
translate the findings of this meta-analysis into concrete practice 
changes that improve survival outcomes in the country.
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