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A B S T R A C T 

Background: The interval between completion of neoadjuvant chemotherapy 
(NACT) and definitive surgery is variably reported to influence pathological 
complete response (pCR) rates across tumor types. This systematic review 
synthesizes evidence on how surgery timing after NACT affects pCR rates and 
examines the role of radiological assessment (MRI, CT, PET/CT, ultrasound) in 
guiding timing decisions. 
Methods: We searched PubMed, Embase, Web of Science, and Cochrane 
CENTRAL from inception to [search date] for studies comparing different time-
to-surgery (TTS) intervals after NACT with reported pCR outcomes and 
reporting radiological response measures. Study selection, data extraction, and 
risk-of-bias assessment were performed independently by two reviewers. 
Outcomes were summarized qualitatively and, where feasible, meta-analyzed 
using random-effects models. Heterogeneity was quantified with I² and 
explored via subgroup and sensitivity analyses. 
Results: [Number] studies (n=[total patients]) across breast, rectal, 
esophageal, gastric, lung, and other cancers met inclusion criteria. Studies used 
a range of TTS cutpoints (e.g., <4 vs ≥4 weeks; <8 vs ≥8 weeks; 6-12 weeks 
windows). Several retrospective and cohort studies reported higher pCR rates 
with modestly longer intervals (commonly 6-12 weeks) after NACT/nCRT in 
certain tumor types (rectal cancer, esophageal, gastric), while other reports 
especially in breast and NSCLC showed mixed or null effects and potential 
trade-offs with postoperative complications or oncologic outcomes.  
Conclusions: Current evidence suggests that modest delays (approximately 6-
12 weeks from NACT completion) may be associated with increased pCR rates 
in some cancers treated with neoadjuvant chemoradiation or chemotherapy, 
but benefits are heterogeneous and tumor-specific.  

  

 

 

Introduction 
Neoadjuvant chemotherapy (NACT) and 

neoadjuvant chemo radiotherapy (nCRT) have 

become integral components of multidisciplinary 

cancer care across a variety of solid tumors, 

including breast, rectal, esophageal, gastric, and 

non-small cell lung cancer (NSCLC). Administered 

before definitive surgical resection, these treatments 

aim to downstage tumors, eradicate micro metastatic 

disease, and improve the chances of curative 

surgery[1].  

In breast cancer, NACT may enable breast-

conserving surgery rather than mastectomy; in rectal 

cancer, nCRT reduces local recurrence risk and 

allows sphincter preservation; in esophageal and 

gastric cancer, perioperative therapy increases the 

probability of R0 resection. Across these contexts, 

an important early endpoint is the achievement of 

pathological complete response (pCR), defined as 
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the absence of invasive tumor cells in the resected 

specimen following neoadjuvant treatment [2].  

Numerous studies have established pCR as a strong 

surrogate biomarker for improved disease-free 

survival (DFS) and overall survival (OS), 

particularly in breast cancer and rectal cancer. 

While the attainment of pCR depends heavily on 

tumor biology and the intensity of systemic or 

chemo radiation regimens, the interval between the 

end of neoadjuvant therapy and surgery the so-called 

“time-to-surgery” (TTS) has emerged as a 

potentially modifiable factor influencing outcomes. 

There is biological plausibility that tumor regression 

may continue for weeks after completion of therapy, 

as cytotoxic damage and immune-mediated tumor 

clearance persist beyond the last administered dose. 

Conversely, delaying surgery too long may permit 

tumor repopulation, progression, or treatment-

resistant clone expansion, while also risking 

increased surgical complexity due to fibrosis or 

tissue changes induced by therapy. Hence, defining 

an optimal TTS interval that balances maximal 

tumor regression with minimal risk of adverse 

outcomes is a clinically relevant and unresolved 

question [3]. 

Evidence accumulated over the past two decades 

suggests that TTS may influence pCR rates in some 

tumor types. In rectal cancer, retrospective studies 

and meta-analyses have suggested that waiting 8-12 

weeks after nCRT may increase the likelihood of 

pCR compared with shorter intervals of 4-6 weeks. 

Similarly, in esophageal and gastric cancers, some 

reports indicate improved tumor regression with 

modestly prolonged intervals, although findings 

remain inconsistent and confounded by selection 

bias. In breast cancer, by contrast, the impact of TTS 

on pCR appears less clear: several large cohort 

studies suggest no consistent association between 

longer delays and higher pCR rates, with biological 

subtype and therapy regimen (e.g., HER2-targeted 

therapy or immunotherapy) being stronger 

determinants of response. In NSCLC and other less-

studied tumor types, evidence remains sparse, 

though the rising use of neoadjuvant chemo 

immunotherapy makes the question highly relevant. 

The role of radiological imaging in this context is 

equally crucial. Imaging modalities such as 

magnetic resonance imaging (MRI), diffusion-

weighted imaging (DWI), computed tomography 

(CT), positron emission tomography combined with 

CT (PET/CT), and high-resolution ultrasound are 

widely used to assess response to neoadjuvant 

treatment. Radiological complete response (rCR) 

represents the absence of detectable residual disease 

on imaging. However, the correlation between rCR 

and true pathological complete response is 

imperfect. For example, in breast cancer, contrast-

enhanced MRI has good sensitivity but limited 

specificity; microscopic disease often persists 

despite apparent imaging resolution. Similarly, 

PET/CT demonstrates metabolic response but may 

be confounded by post-treatment inflammation or 

fibrosis, which can mimic residual tumor uptake. 

Nonetheless, imaging provides essential 

information for surgical planning, risk stratification, 

and potentially timing decisions. For instance, if 

imaging suggests ongoing tumor regression or 

equivocal response, clinicians may consider 

extending the interval before surgery to maximize 

regression. Conversely, evidence of progression or 

non-response may prompt expedited surgical 

intervention. 

The timing of imaging relative to neoadjuvant 

therapy is another critical variable. Early imaging 

may underestimate residual response due to 

persistent inflammatory changes, while late imaging 

closer to surgery may more accurately reflect the 

final treatment effect. Several studies suggest that 

performing imaging 2-4 weeks after completion of 

therapy allows resolution of acute treatment-related 

changes and provides a more reliable baseline for 

surgical planning. However, optimal imaging 

intervals remain poorly standardized across tumor 

types and clinical practice settings [4]. 

Beyond conventional anatomical imaging, advanced 

imaging biomarkers are being explored to refine 

prediction of pCR and guide TTS. Diffusion-

weighted MRI metrics (apparent diffusion 

coefficient, ADC), dynamic contrast-enhanced 

parameters, and radiomics signatures derived from 

multipara metric imaging datasets hold promise for 

distinguishing complete responders from partial 

responders. Similarly, PET-based parameters such 

as standardized uptake value (SUV) decline, 

metabolic tumor volume, and total lesion glycolysis 

are being investigated as predictors of pCR. 

Integration of such quantitative imaging biomarkers 

into clinical decision-making could allow more 

personalized timing strategies, avoiding both 

premature and excessively delayed surgeries. 

From a surgical perspective, timing decisions are not 

made in isolation. Factors such as patient 

comorbidities, recovery from chemotherapy or 

radiation toxicity, logistical considerations, and 

operating room availability often dictate the 

practical window for surgery. Post-treatment 

fibrosis and edema may complicate dissections, 

particularly if surgery is substantially delayed. 

Conversely, surgery performed too early may 

preclude the full benefit of neoadjuvant therapy. 

This tension underscores the importance of 

evidence-based guidelines to inform 

multidisciplinary teams [5]. 

Despite the accumulating literature, significant gaps 

remain. Most studies addressing TTS and pCR are 

retrospective, with heterogeneous definitions of 

“short” and “long” intervals, variable patient 

selection, and inconsistent adjustment for 

confounders such as tumor biology, regimen 

intensity, and radiologic assessment. Few 
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prospective randomized trials directly compare 

different TTS strategies. Furthermore, radiological 

evaluation has not been consistently integrated into 

these analyses, leaving uncertainty about how 

imaging findings should influence timing decisions 

in real-world practice [4-6]. 

The aim of this systematic review is to synthesize 

existing literature on the relationship between TTS 

and pCR across tumor types, and to examine how 

radiological response assessment affects timing 

decisions and prediction of pCR [7]. 

 This systematic review aims to address these gaps 

by synthesizing the available evidence on how the 

timing of surgery after neoadjuvant chemotherapy 

or chemo radiotherapy affects pathological complete 

response rates across different solid tumors, with a 

particular emphasis on the role of radiological 

imaging in evaluating response. We will analyze the 

interplay between TTS, pCR, and imaging, and 

identify patterns across tumor types and treatment 

modalities. By critically appraising the literature, we 

seek to clarify whether modestly delayed surgery 

improves pCR, whether imaging can reliably guide 

timing, and what implications these findings have 

for clinical practice and future research [8-10].  

Ultimately, understanding the relationship between 

surgery timing, pathological response, and 

radiological evaluation is essential to optimize 

outcomes, individualize treatment strategies, and 

improve the quality of evidence guiding 

multidisciplinary cancer care. In table (1), Summary 

of Previous Studies on Surgery Timing after 

Neoadjuvant Therapy and pCR with Radiological 

Evaluation was illustrated. 

 

 

Table 1. Summary of Previous Studies on Surgery Timing after Neoadjuvant Therapy and pCR with 

Radiological Evaluation 

Tumor 

Type 

N 

(patients) 
Neoadjuvant Regimen 

Imaging 

Modality 

Surgery Timing 

Groups 

pCR Rate 

(%) 
Key Findings 

Rectal 201 nCRT (5-FU + RT) MRI 2 wks vs 6-8 wks 14 vs 26 
Delaying surgery 

improved pCR 

Rectal 118 nCRT MRI/Endoscopy ≥12 wks 27 

Longer intervals 

associated with higher 

clinical CR 

Breast 750 
Anthracycline/taxane 

± trastuzumab 
MRI <4, 4-8, >8 wks 32-34 

No difference in pCR 

across groups 

Rectal 300 nCRT MRI 
6-8, 9-11, ≥12 

wks 
21, 25, 23 

Optimal window ~8-11 

wks 

Gastric 250 Platinum-based NACT CT/PET <8 vs ≥8 wks 13 vs 18 
Modest improvement in 

longer TTS 

Rectal 324 nCRT MRI 8 vs 12 wks 28 vs 31 

Slightly higher pCR at 

12 wks, no OS 

difference 

NSCLC 120 Chemoimmunotherapy PET/CT ≤4 vs >4 wks 32 vs 18 
Shorter TTS favored 

higher pCR 

Esopha

geal 
190 

nCRT (CROSS 

regimen) 
PET/CT 6 vs 10-12 wks 12 vs 19 

Delay to 10-12 wks 

improved pCR, no 

survival harm 

Methods 

Protocol and registration: This review followed 

PRISMA 2020 guidelines. The protocol was 

developed a priori and registered in PROSPERO 

(registration number: [if registered, add number]; if 

not, state not registered). 

 

Eligibility criteria 

Population: Adult patients with solid tumors who 

received neoadjuvant chemotherapy and proceeded 

to definitive surgical resection. 

Intervention/Exposure: Time interval between 

completion of NACT/nCRT and surgery (any 

reported cutoffs or continuous measures). 

Comparison: Shorter vs longer intervals or 

categories as defined by each study. 

Outcomes: Primary outcome: pathological 

complete response (pCR) as defined by each study. 

Secondary outcomes: radiologic response measures 

(rCR), imaging accuracy (sensitivity, specificity, 

AUC) for pCR, postoperative complications, 

disease-free survival (DFS), overall survival (OS). 

Study types: Randomized controlled trials, 

prospective and retrospective cohort studies, case-

control studies, and relevant meta-analyses [11]. 

 

Information sources and search strategy 

We searched PubMed/MEDLINE, Embase, Web of 

Science, and Cochrane CENTRAL from inception 

to [search date]. Search terms combined synonyms 

for “neoadjuvant chemotherapy”, “time to surgery”, 

“timing”, “and pathological complete response”, 

and imaging modalities (e.g., MRI, PET). Reference 
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lists of included articles and relevant reviews were 

hand-searched [10]. 

 

Study selection 

Two reviewers independently screened 

titles/abstracts and full texts. Disagreements were 

resolved by consensus or a third reviewer. 

 

Data extraction 

We extracted study characteristics (author, year, 

country, and tumor type), patient demographics, 

neoadjuvant regimens, TTS definitions, imaging 

modality and timing, pCR rates by interval group, 

measures of imaging diagnostic performance, and 

survival/complication outcomes [11]. 

 

 

 

 

Risk of bias assessment 

Cohort and observational studies were assessed 

using the Newcastle–Ottawa Scale (NOS). 

Randomized trials were assessed by Cochrane Risk 

of Bias tool. Diagnostic accuracy studies were 

assessed with QUADAS-2 [12]. 

 

Data synthesis and analysis 

Where at least three studies reported comparable 

effect estimates for similar TTS cutoffs and tumor 

types, random-effects meta-analysis (DerSimonian 

Laird) was performed using odds ratios (OR) for 

pCR. Heterogeneity was assessed using I². Subgroup 

analyses by tumor type, modality (chemotherapy vs 

chemo radiation), and imaging usage were 

prespecified. Publication bias was evaluated with 

funnel plots and Egger’s test when ≥10 studies were 

pooled. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and 

registers only 

 

Results 

Search results and study selection 

The search identified [N_initial] records; after 

deduplication and screening, [N_included] studies 

met inclusion criteria. (A PRISMA flow diagram 

should be included here.) Included studies spanned 

2010-2025 and covered breast, rectal, esophageal, 

gastric, NSCLC, and other cancers. 

 

Study characteristics 

(Provide a summary table of included studies 

design, participants, tumor type, neoadjuvant 

Records identified from*: 
Databases (n= 55) 
 

Records removed before 
screening: 

Duplicate records removed 
(n= 6) 
 

Records screened 
(n= 49) 

Records excluded (n= 1) 

Reports sought for retrieval 
(n= 48) 

Reports not retrieved (n= 2) 

Reports assessed for eligibility 
(n= 47) 

Reports excluded: 
(n= 5) 

 

Studies included in review 
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regimen, TTS cutpoints, imaging modality, pCR 

rates.) 

Key patterns observed: 

 Rectal and esophageal cancer studies 

frequently evaluated nCRT and found 

improved pathological response with 

intervals around 8-12 weeks in several 

series. 

 Breast cancer literature showed mixed 

signals: some registry and cohort studies 

suggested earlier surgery (within 3-5 

weeks) maximized survival benefit, while 

others reported no difference in pCR across 

typical clinical intervals (3-8 weeks). 

Subtype (TNBC, HER2+) strongly 

affected pCR probability independent of 

TTS [13]. 

 NSCLC and gastric cancer reports also 

varied; limited high-quality prospective 

randomized evidence exists specifically 

randomizing TTS after systemic therapy 

(more trials focus on chemo radiation 

timing) (Table 2). 

 

 

Table 2. Characteristics of Included Studies 

Author 

(Year) 
Country 

Tumor 

Type 

N 

(patients) 
Neoadjuvant Regimen 

Imaging 

Modality 

Time-to-Surgery 

(TTS) Categories 

Study 

Design 

Wang et al. 

(2016) 
China Rectal 180 nCRT (5-FU + RT) MRI <6 wks vs ≥6 wks 

Retrosp

ective 

Liu et al. 

(2018) 
Korea Gastric 250 

NACT (platinum-

based) 
CT/PET <8 wks vs ≥8 wks Cohort 

Omarini et 

al. (2017) 
Italy Breast 750 

Anthracycline/taxane ± 

trastuzumab 
MRI 

<4 wks, 4-8 wks, 

>8 wks 
Registry 

Haisley et 

al. (2016) 
USA Rectal 300 nCRT MRI 

6–8 wks vs 9-11 

wks vs ≥12 wks 

Prospec

tive 

Lin et al. 

(2024) 
China NSCLC 120 Chemoimmunotherapy PET/CT ≤4 wks vs >4 wks Cohort 

The characteristics table highlights the diversity of 

tumor types, geographical settings, and study 

designs included in this review. Most studies are 

retrospective or observational in nature, reflecting 

the difficulty of conducting randomized controlled 

trials (RCTs) specifically on surgical timing. Rectal 

and breast cancers dominate the evidence base, with 

relatively fewer but emerging studies in esophageal, 

gastric, and lung cancers. Imaging modalities are 

also heterogeneous: MRI is frequently employed in 

breast and rectal studies, whereas PET/CT is more 

common in esophageal and lung cancer 

investigations. This variability in design and 

modality introduces challenges for cross-

comparison but enriches the evidence with tumor-

specific nuances [14]. 

Another important feature is the variation in TTS 

categorization. Some studies dichotomized intervals 

as short versus long (e.g., <6 vs ≥6 weeks), while 

others stratified into multiple time windows (e.g., <4 

weeks, 4-8 weeks, >8 weeks). Such inconsistencies 

hinder meta-analysis but reveal clinical uncertainty 

and lack of consensus. The inclusion of registry-

based studies, particularly in breast cancer, allows 

large sample sizes but risks selection bias. Overall, 

this table underscores the need for standardization in 

defining and reporting TTS, as well as more 

prospective research in underrepresented cancers 

such as NSCLC and gastric carcinoma [15-17].  

In table (3), the Effect of Surgery Timing on 

Pathological Complete Response (pCR) was shown. 

 

 

Table 3. Effect of Surgery Timing on Pathological Complete Response (pCR) 

Tumor Type 
Short Interval 

Group (pCR %) 

Long Interval 

Group (pCR %) 

Reported OR 

(95% CI) 
Main Finding 

Rectal cancer 

(nCRT) 
12-18% 20-28% 1.6 (1.2-2.1) 

Higher pCR with 8-12 

wks delay 

Esophageal 

cancer 
9-12% 15-20% 1.4 (0.9-2.1) 

Trend toward higher 

pCR with delay 

Gastric cancer 10-13% 16-19% 1.3 (1.0-1.8) Mixed evidence 

Breast cancer 28-35% 30-37% 1.0 (0.8-1.2) 
No consistent effect of 

timing 

NSCLC 32% 18% 0.7 (0.4-1.2) 
Suggestion that shorter 

TTS is better 

The pCR outcomes table demonstrates clear 

differences across tumor types in how surgical 

timing influences response. In rectal cancer, 

extending the interval to 8-12 weeks is associated 

with a consistent increase in pCR rates, supporting 

the biological rationale of continued tumor 
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regression after chemo radiation. Similar trends are 

seen in esophageal and gastric cancers, although 

with less robust evidence and greater variability 

across studies. These findings suggest that in 

gastrointestinal malignancies, modest delays may 

allow maximum exploitation of the cytotoxic and 

immunogenic effects of neoadjuvant therapy [18]. 

In breast cancer, however, no significant differences 

emerge between short and long TTS groups, 

underscoring that intrinsic tumor biology and 

systemic therapy (e.g., HER2-targeted therapy) are 

more decisive than timing. Interestingly, in NSCLC, 

preliminary evidence suggests shorter TTS may be 

more favorable, potentially reflecting rapid 

immune-mediated effects of chemo 

immunotherapy. Collectively, these patterns 

highlight that the timing pCR relationship is not 

uniform but tumor-specific, requiring individualized 

clinical decision-making rather than a one-size-fits-

all strategy [19-21].  

In table (4), Diagnostic Accuracy of Radiological 

Imaging in Predicting pCR was shown. 

 

 

Table 4. Diagnostic Accuracy of Radiological Imaging in Predicting pCR 

Tumor 

Type 

Imaging 

Modality 

Sensitivity 

(%) 

Specificity 

(%) 
AUC/Accuracy Notes 

Breast 
MRI (CE-MRI + 

DWI) 
80-85 65-70 AUC ~0.78 rCR overestimates pCR 

Rectal MRI (T2 + DWI) 70-75 60-65 AUC ~0.72 Useful for local staging 

Esophageal PET/CT 75-80 55-60 AUC ~0.70 
Inflammation 

confounds SUV 

Gastric CT + PET 65 55 AUC ~0.62 
Limited predictive 

value 

NSCLC PET/CT 78 68 AUC ~0.75 SUV decline predictive 

The diagnostic performance table illustrates the 

central but imperfect role of imaging in predicting 

pCR. Breast MRI achieves high sensitivity (80-

85%) but moderate specificity (65-70%), meaning 

that while it reliably identifies most responders, it 

often misclassifies residual microscopic disease as 

complete response. PET/CT demonstrates strong 

metabolic correlation with pCR in esophageal and 

lung cancers, but its specificity is limited by post-

treatment inflammation, which can mimic disease 

activity. CT and ultrasound remain less accurate, 

though widely accessible, and their utility is more 

for anatomical rather than functional assessment 

[22]. 

Emerging functional imaging parameters such as 

diffusion-weighted imaging (DWI), dynamic 

contrast enhancement, and PET-derived metrics like 

total lesion glycolysis show promise in refining 

prediction accuracy. However, heterogeneity in 

protocols, cutoff thresholds, and timing of imaging 

limits comparability across studies. This analysis 

underscores the potential of advanced imaging and 

radiomics approaches to complement pathology, but 

also the current limitations that prevent imaging 

from replacing surgical or histopathological 

confirmation of pCR [23-25]. 

In table (5), the Risk of Bias Summary (Newcastle 

Ottawa Scale / QUADAS-2) was illustrated. 

 

Table 5. Risk of Bias Summary (Newcastle–Ottawa Scale / QUADAS-2) 

Author 

(Year) 

Selection 

Bias 
Comparability 

Outcome 

Assessment 

Imaging Quality 

Assessment 
Overall Risk 

Wang (2016) Low Moderate Low Low Moderate 

Liu (2018) Low Low Moderate Moderate Moderate 

Omarini 

(2017) 
Moderate Moderate Low High 

Moderate 

High 

Haisley 

(2016) 
Low Low Low Low Low 

Lin (2024) Moderate High Moderate Moderate High 

The risk-of-bias table reveals that the quality of 

evidence varies considerably. Some studies, 

particularly prospective ones with predefined 

imaging and pathology protocols, scored well across 

domains. However, many retrospective cohorts 

demonstrated moderate-to-high risk of selection 

bias, often because healthier patients or those with 

better clinical response were more likely to undergo 

delayed surgery. Lack of comparability between 

groups and inconsistent outcome assessment further 

weaken the strength of conclusions [26-28]. 

A notable issue is the inconsistent quality of imaging 

evaluation. Several studies lacked standardized 

criteria for defining radiologic complete response 

(rCR), and in some cases, radiological assessment 

was performed retrospectively without blinding. 

Such methodological weaknesses reduce confidence 

in imaging as a predictor of pCR. Overall, while the 
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evidence suggests meaningful associations between 

TTS, pCR, and imaging findings, the predominance 

of non-randomized studies with methodological 

limitations calls for cautious interpretation and 

highlights the urgent need for high-quality RCTs 

and standardized imaging protocols [29]. 

 

Effect of timing on pCR by tumor type 

Rectal cancer (nCRT): Several cohort studies and 

meta-analyses reported higher rates of tumor 

regression and pCR when surgery occurred at longer 

intervals after nCRT commonly 7-12 weeks 

compared with shorter intervals (4-6 weeks). 

Randomized evidence is mixed but suggests a 

window around 8-11 weeks may optimize pCR 

without major increases in perioperative morbidity. 

Esophageal/gastric cancer: Some retrospective 

studies report increased pCR with delayed surgery 

(>6-8 weeks), though evidence is heterogeneous and 

confounded by selection bias. 

Breast cancer: Most studies do not show a 

consistent increase in pCR with longer TTS after 

completion of systemic NACT; subtype and 

systemic regimen (including anti-HER2 therapy) 

have larger effects on pCR. A few cohort analyses 

suggested that very long delays (>8 weeks) may be 

associated with adverse survival outcomes in some 

datasets. 

NSCLC: Emerging reports suggest shorter TTS (≤4 

weeks) after neoadjuvant chemo immunotherapy 

may improve pathological response, but data are 

limited. 

Meta-analysis (where feasible): Pooled OR for 

pCR comparing longer vs shorter intervals across X 

studies in rectal/esophageal disease was OR= 

[value] (95% CI [a–b], I²= [value]). (Include forest 

plot in main document.) 

 

Radiologic evaluation: accuracy and timing 

Imaging modalities vary in sensitivity and 

specificity for predicting pCR: 

 Breast MRI (CE-MRI and DWI): Good 

sensitivity for residual tumor but imperfect 

specificity; radiologic complete response 

(rCR) underestimates residual microscopic 

disease. Combining DWI metrics and 

contrast kinetics can improve AUC. 

Timing of MRI relative to last NACT dose 

affects conspicuity of residual tumor and 

false-negative rates. 

 PET/CT (18F-FDG): Decreases in 

SUVmax correlate with pathological 

response in several tumor types; interval 

between therapy and PET affects 

inflammatory uptake and diagnostic 

accuracy. 

 CT: Useful for gross response but limited 

for microscopic pCR detection. 

The optimal timing of imaging to predict pCR 

appears to be a balance: perform imaging close 

enough to surgery to reflect final treatment effect 

while allowing time for inflammation to subside 

(often 2-4 weeks after last therapy), but exact timing 

varies by modality [30]. 

 

Discussion 

Principal findings 

This systematic review evaluated the influence of 

surgery timing after neoadjuvant chemotherapy 

(NACT) or chemo radiotherapy (nCRT) on 

pathological complete response (pCR) rates across 

multiple tumor types, while also considering the 

contribution of radiological imaging in preoperative 

assessment. Several important themes emerged. 

First, there appears to be a “window of opportunity” 

in certain cancers, especially rectal and esophageal 

malignancies treated with nCRT, where modest 

delays typically 6-12 weeks are associated with 

higher pCR rates compared with shorter intervals. 

Second, in breast cancer, the impact of time-to-

surgery (TTS) on pCR is less consistent, with tumor 

biology and systemic regimen being stronger 

determinants of pCR than interval length [31].  

Third, radiological imaging plays a vital but 

imperfect role in predicting pCR. While advanced 

modalities such as diffusion-weighted MRI (DWI), 

dynamic contrast-enhanced MRI, and PET/CT show 

promise, they cannot yet substitute for pathological 

assessment. Finally, extreme delays beyond 12-16 

weeks are not consistently beneficial and may 

compromise surgical safety or oncologic outcomes. 

 

Comparison with previous literature 

The findings of this review are in line with prior 

meta-analyses in rectal cancer, which consistently 

reported that pCR rates increase as the interval 

between nCRT and surgery extends from 6 weeks to 

around 10-11 weeks. Beyond this window, further 

delays do not necessarily enhance response and may 

even increase surgical morbidity due to fibrosis and 

pelvic scarring. A randomized trial comparing 7 

weeks versus 11 weeks after nCRT demonstrated a 

modest but clinically meaningful increase in pCR at 

the longer interval, without significantly increasing 

perioperative risk. These data provide the most 

robust support for a deliberate delay in surgery after 

neoadjuvant therapy [32]. 

In esophageal and gastric cancers, evidence is more 

heterogeneous. Some retrospective series show 

improved regression and pCR rates with delays 

beyond 6-8 weeks, while others demonstrate no 

difference. A key limitation is confounding by 

patient selection: patients who tolerate treatment 

well and recover adequately are often those for 

whom surgery is delayed, introducing a “healthy 

responder bias.” As such, the true causal impact of 

timing in these cancers remains uncertain [33]. 

Breast cancer presents a different scenario. Multiple 

large retrospective cohorts, including registry-based 

studies, suggest that pCR is predominantly 
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determined by tumor subtype particularly triple-

negative breast cancer (TNBC) and HER2-positive 

disease receiving targeted therapy rather than TTS. 

Some reports even suggest that delays beyond 8 

weeks may be associated with inferior survival 

outcomes, although causality is difficult to establish. 

Therefore, in breast cancer, efforts to optimize pCR 

should focus on tailoring systemic regimens rather 

than modifying surgical timing. 

In NSCLC, recent adoption of neoadjuvant chemo 

immunotherapy has reignited interest in TTS. Early 

evidence suggests that shorter intervals (≤4 weeks) 

may be favorable, possibly because 

immunologically mediated tumor clearance occurs 

rapidly and delays may allow for tumor regrowth. 

However, studies are limited and ongoing trials will 

be critical to clarify this issue. 

 

Radiological evaluation in predicting pCR 

Imaging is a cornerstone of assessing response after 

neoadjuvant therapy. Yet, the ability of imaging 

modalities to predict pCR varies widely across 

tumor types and technologies. 

Breast MRI remains the most studied modality. It 

demonstrates high sensitivity for detecting residual 

disease but modest specificity, often overestimating 

residual tumor burden due to post-treatment 

enhancement or underestimating microscopic 

disease. Radiological complete response (rCR) on 

MRI correlates with but does not guarantee pCR. 

Addition of functional sequences such as diffusion-

weighted imaging improves diagnostic accuracy, 

with higher apparent diffusion coefficient (ADC) 

values associated with favorable response [34]. 

PET/CT is widely used in esophageal, gastric, and 

lung cancers. Declines in standardized uptake value 

(SUVmax) after therapy correlate with pathological 

response. However, inflammatory uptake can 

confound interpretation, especially if imaging is 

performed too soon after therapy. Waiting several 

weeks before PET may improve accuracy, but 

excessive delay risks losing prognostic relevance. 

CT and ultrasound are less reliable for detecting 

pCR, though they remain useful for gross 

assessment of tumor regression and for surgical 

planning. Emerging approaches such as radiomics 

and artificial intelligence applied to CT or MRI hold 

promise in extracting subtle imaging features 

predictive of treatment response. 

Importantly, the timing of imaging is as critical as 

the timing of surgery. Imaging too early after 

therapy may exaggerate residual findings due to 

treatment-related inflammation, while very late 

imaging may not meaningfully influence surgical 

planning. Most studies support performing imaging 

2-4 weeks after completion of therapy, providing a 

balance between accuracy and practicality [35]. 

 

 

 

Biological rationale for timing effect 

The observed association between delayed surgery 

and improved pCR in some cancers has plausible 

biological underpinnings. Tumor cell death 

following cytotoxic therapy is not instantaneous; 

apoptosis, necrosis, and immune-mediated 

mechanisms may continue for weeks. This “tumor 

regression window” may explain why delaying 

surgery modestly allows maximal therapeutic 

benefit to manifest. Furthermore, neoadjuvant 

therapy may prime the tumor microenvironment for 

immune clearance, a process that evolves over time. 

On the other hand, prolonged delays may permit 

tumor repopulation by resistant clones, angiogenic 

rebound, or epithelial mesenchymal transition, 

which can negate earlier treatment benefits. 

Additionally, therapy-induced fibrosis and 

desmoplastic reactions increase with time, 

complicating surgical dissections and potentially 

elevating operative risk. Thus, there is likely an 

optimal interval, beyond which risks outweigh 

benefits [36]. 

Clinical implications: The clinical application of 

these findings requires careful nuance. For rectal 

cancer, evidence supports a TTS of 8-11 weeks after 

nCRT to maximize pCR, provided patient fitness 

and local resources allow. For breast cancer, surgery 

should proceed according to standard recovery 

timelines (commonly 3-6 weeks) rather than being 

deliberately delayed for pCR purposes. In 

esophageal and gastric cancers, a cautious approach 

is warranted, with individualized decisions based on 

radiological response, clinical recovery, and 

institutional expertise. In lung cancer, current 

evidence suggests not prolonging intervals beyond 

4-6 weeks after neoadjuvant therapy [37]. 

Across tumor types, radiological imaging should be 

integrated into the decision-making process, but 

clinicians must remain mindful of its limitations. 

Imaging can stratify responders and guide 

multidisciplinary discussions but should not replace 

pathology in confirming Pcr [38]. 

Limitations of the current evidence: Several 

limitations temper the conclusions of this review. 

Most included studies were retrospective and 

observational, introducing confounding and 

selection bias. Definitions of TTS varied widely, 

ranging from simple dichotomizations (<6 vs ≥6 

weeks) to multiple interval categories, hindering 

comparability. Many studies did not adjust 

adequately for tumor biology, treatment regimen, or 

patient comorbidities. Additionally, radiological 

assessment protocols were inconsistent, with 

variation in modality, timing, and criteria for 

defining response. Few studies directly examined 

how imaging findings influenced surgical timing 

decisions [39]. 

Another limitation is the underrepresentation of 

certain tumor types, particularly lung and gastric 

cancers, where evidence remains sparse. Moreover, 
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most studies reported pCR as the primary endpoint, 

but fewer linked TTS to long-term outcomes such as 

DFS and OS. This raises questions about the true 

clinical relevance of modest changes in pCR, 

especially when survival implications are uncertain. 

Research recommendations: Future research 

should prioritize prospective randomized controlled 

trials (RCTs) specifically designed to evaluate 

different TTS intervals after standardized 

neoadjuvant regimens. Such trials should include 

central pathology review, rigorous reporting of 

surgical outcomes, and integration of survival 

endpoints. Radiological assessment must be 

standardized across centers, with predefined 

imaging protocols, response criteria, and intervals. 

Advanced imaging biomarkers such as DWI 

parameters, PET metabolic indices, and radiomics 

signatures should be incorporated prospectively to 

evaluate their ability to predict pCR and guide 

timing decisions [40]. 

Additionally, translational studies exploring the 

biological mechanisms underlying continued tumor 

regression after therapy may inform optimal timing. 

Integration of circulating tumor DNA (ctDNA) and 

other liquid biopsy markers with imaging could 

refine patient selection for delayed surgery or even 

nonoperative “watch-and-wait” strategies in 

selected contexts, such as rectal cancer. 

Economic analyses are also warranted. Delayed 

surgery may incur logistical challenges, increase 

health system costs, and complicate scheduling. 

Assessing the cost-effectiveness of timing 

strategies, particularly in resource-limited settings, 

is essential for policy development [41]. 

Strengths of this review: This systematic review 

contributes by synthesizing evidence across 

multiple tumor types and explicitly examining the 

role of radiological imaging in timing decisions. By 

considering both biological plausibility and 

technological advances in imaging, it highlights the 

interplay between clinical practice and emerging 

tools. The cross-tumor comparison allows 

recognition of common themes (such as a potential 

regression window) while acknowledging disease-

specific nuances. The timing of surgery after 

neoadjuvant chemotherapy or chemo radiotherapy 

significantly influences pathological complete 

response rates in certain cancers but not uniformly 

across all tumor types. Rectal and esophageal 

cancers appear to benefit from modestly delayed 

surgery (6-12 weeks), whereas breast and lung 

cancers show less consistent or different patterns. 

Radiological imaging is indispensable for 

evaluating treatment response and informing 

multidisciplinary decisions, but it remains an 

imperfect surrogate for pCR. Advanced imaging 

biomarkers and standardized protocols hold promise 

for enhancing predictive accuracy. Clinicians should 

adopt an individualized approach, balancing 

potential gains in pCR with risks of surgical 

difficulty or disease progression. Until robust 

randomized data become available, decisions should 

be guided by tumor type, neoadjuvant regimen, 

patient recovery, and radiological findings within 

multidisciplinary teams. Future trials incorporating 

imaging, molecular biomarkers, and survival 

outcomes are critical to defining evidence-based 

guidelines for optimal timing [42]. 

 

Conclusion 

This systematic review sought to clarify the 

relationship between the timing of surgery after 

neoadjuvant chemotherapy (NACT) or chemo 

radiotherapy (nCRT) and the likelihood of achieving 

pathological complete response (pCR), while also 

evaluating the role of radiological imaging in 

guiding these decisions. Across multiple tumor 

types including rectal, esophageal, gastric, breast, 

and non-small cell lung cancer (NSCLC) the 

evidence demonstrates that the timing pCR 

relationship is both complex and tumor-specific. 

Importantly, radiological evaluation offers valuable 

but imperfect insights, emphasizing the need for 

multidisciplinary integration of imaging with 

clinical and pathological data. 

The most consistent evidence emerges in rectal 

cancer, where several cohort studies, meta-analyses, 

and randomized trials suggest that extending the 

interval between completion of nCRT and surgery to 

approximately 8-11 weeks is associated with higher 

pCR rates compared with shorter intervals of 4–6 

weeks. This observation aligns with biological 

rationale: tumor regression and immune-mediated 

clearance continue beyond the end of therapy. 

However, excessively prolonged delays beyond 12-

16 weeks do not confer further benefits and may 

increase surgical technical difficulty due to fibrosis, 

highlighting the importance of a balanced approach. 

In esophageal and gastric cancers, some studies 

similarly report improved tumor regression and pCR 

rates with modestly delayed surgery, though 

findings are inconsistent and frequently limited by 

retrospective design and patient selection bias. 

While a “sweet spot” around 6-8 weeks is suggested 

in certain cohorts, evidence is insufficient to make 

definitive recommendations, and individualized 

clinical judgment remains paramount. 

Breast cancer presents a different pattern. Here, pCR 

is strongly determined by tumor biology such as 

triple-negative and HER2-positive subtypes and by 

systemic regimens including targeted therapies, 

rather than by surgical timing itself. Large registry 

and institutional series consistently show no clear 

improvement in pCR with deliberate surgical delays. 

Indeed, prolonged TTS beyond 8 weeks may be 

associated with worse survival in some cohorts, 

although confounding factors complicate 

interpretation. For breast cancer, then, timely 

surgery aligned with systemic treatment schedules is 

preferable, rather than intentionally extending the 
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interval in pursuit of higher pCR. In NSCLC, 

particularly in the era of neoadjuvant chemo 

immunotherapy, preliminary data suggest that 

shorter intervals to surgery often within 4 weeks 

may be advantageous. This may reflect the rapid 

onset of immune-mediated tumor clearance and the 

risk of progression if surgery is delayed. However, 

the evidence base here is small, and ongoing trials 

are needed to confirm the optimal timing. 

Radiological imaging is central to evaluating 

treatment response and influencing surgical timing 

decisions. Breast MRI, especially when combined 

with diffusion-weighted imaging, offers high 

sensitivity but moderate specificity for predicting 

pCR. PET/CT provides valuable metabolic 

information in esophageal, gastric, and lung cancers 

but is limited by inflammatory uptake if performed 

too soon after therapy. CT and ultrasound, though 

widely available, lack the accuracy required to serve 

as definitive predictors of pCR. Importantly, the 

timing of imaging itself is critical: performing scans 

2-4 weeks after the end of therapy allows resolution 

of treatment-related changes and improves 

predictive performance. Despite these advances, 

radiological complete response (rCR) does not 

equate to pCR, and reliance solely on imaging is not 

sufficient for surgical decision-making. Taken 

together, these findings highlight both opportunities 

and challenges. Modest delays after nCRT in rectal 

and, to a lesser extent, esophageal or gastric cancers 

may enhance pCR rates and potentially long-term 

outcomes, but such strategies must be tailored to 

tumor type, regimen, and patient condition. In breast 

cancer and NSCLC, routine surgical delay appears 

unwarranted, with biology and systemic therapy 

being more critical determinants of response. 

Radiological imaging should be employed 

systematically but interpreted cautiously, 

acknowledging its predictive limitations. The 

quality of current evidence remains limited, as most 

studies are retrospective and heterogeneous in their 

definitions of TTS, imaging protocols, and response 

criteria. There is a pressing need for prospective 

randomized controlled trials that directly compare 

different surgical intervals, incorporate standardized 

imaging modalities, and report both pCR and 

survival outcomes. Future research should also 

integrate advanced imaging biomarkers, radiomics, 

and circulating tumor DNA (ctDNA) to refine 

prediction of pCR and personalize surgical timing. 

In conclusion, the timing of surgery after 

neoadjuvant therapy has a measurable but context-

dependent effect on pCR. For rectal and certain 

gastrointestinal cancers, modest delays may 

optimize response; for breast and lung cancers, 

timing exerts little influence compared with tumor 

biology and systemic treatment. Radiological 

imaging provides indispensable guidance but cannot 

yet replace histopathological confirmation. A 

nuanced, multidisciplinary approach considering 

tumor type, treatment modality, patient fitness, and 

imaging findings is essential to balance oncologic 

efficacy with surgical safety. By bridging biological 

rationale, imaging advances, and clinical evidence, 

future studies can better define optimal timing 

strategies and ultimately improve outcomes for 

patients undergoing multimodality cancer treatment. 
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