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Abstract
Background: The utilization of neoadjuvant therapy is progressively expanding 
in various clinical settings. However, the absence of a clinically validated bio-
marker to evaluate the treatment response remains a significant challenge in the 
field. Circulating tumor DNA (ctDNA) detection, a novel and emerging monitor-
ing approach in the field of oncology, holds promise as a potential prognostic 
biomarker for patients with cancer. This meta- analysis investigated the clinical 
significance of ctDNA detection as a predictive tool for cancer recurrence in pa-
tients receiving neoadjuvant treatment.
Methods: A comprehensive systematic literature search was conducted using 
public databases to identify relevant studies that investigated the association be-
tween ctDNA detection and cancer recurrence in patients receiving neoadjuvant 
treatment. Hazard ratios (HRs) and their corresponding 95% confidence intervals 
(95% CI) were calculated to assess the relationship between cancer recurrence 
and relevant factors. Cancer recurrence was considered the primary outcome.
Results: A total of 23 studies encompassing 1590 patients across eight differ-
ent cancer types were included in the final analysis. Positive ctDNA detection 
was significantly associated with higher cancer recurrence, especially at post- 
neoadjuvant treatment and post- surgery time points. The risk values for the dif-
ferent cancer categories and geographic areas also differed significantly.
Conclusion: Our comprehensive meta- analysis revealed a significant positive 
correlation between ctDNA detection and a higher risk of cancer recurrence in 
patients receiving neoadjuvant treatment. In addition, the risk of recurrence was 
influenced by variations in cancer type, timing of detection, and geographic re-
gion. These findings highlight the promising clinical applicability of ctDNA as a 
prognostic marker and monitoring approach for patients with cancer. However, 
the precise mechanism is unknown and more evidence is needed for further 
research.
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1  |  INTRODUCTION

Currently, cancer, which is one of the foremost causes of 
human mortality, exhibits a significantly high worldwide 
prevalence. The year 2020 witnessed a substantial esca-
lation in the global burden of cancer, with over 19 mil-
lion cases and approximately 9 million fatalities.1 These 
estimations underscore the urgent need for continued 
research and interventions to combat this devastating dis-
ease. Despite advancements in surgical techniques, che-
motherapy, radiotherapy, and emerging modalities, which 
have undoubtedly enhanced survival rates and quality 
of life among patients with cancer, the persistently high 
incidence of local recurrence and distant metastasis ne-
cessitates further investigation and innovative therapeutic 
strategies to address this ongoing challenge. Therefore, 
there is an urgent demand for the development of novel 
biomarkers that can facilitate the detection of cancer re-
currence and monitoring of treatment response, prefera-
bly through noninvasive and patient- friendly approaches, 
to address the unmet clinical needs in this critical area.

Circulating tumor DNA (ctDNA) holds immense 
promise as a valuable tool for cancer management and 
detection, assessing treatment response, and potentially 
enabling early cancer detection. Circulating cell- free DNA 
(ccfDNA), a constituent naturally present in blood at typ-
ically low concentrations, exhibits elevated levels in vari-
ous circumstances such as exercise, trauma, and cancer.2,3 
ctDNA carries specific mutations, which can be isolated 
and detected in a wide range of bodily fluids, constituting 
a subset of ccfDNA with potential diagnostic and prognos-
tic implications.4 It has shown great promise for detecting 
minimal residual disease (MRD) and predicting responses 
to specific therapies in clinical settings, while being mini-
mally invasive and highly sensitive.5

Neoadjuvant treatment has gained significant prom-
inence in cancer treatment, which is mainly employed 
prior to surgery to effectively decrease the occurrence of 
metastasis and tumor volume.6 Neoadjuvant treatment 
exhibits superior benefits across multiple dimensions 
for patients with cancer when compared to conven-
tional adjuvant therapy. In the context of breast cancer 
research, noteworthy findings indicate that neoadjuvant 
treatment significantly contributes to tumor size reduc-
tion, increased rates of breast- conserving surgery, and 
improved prognostic outcomes for patients with residual 
disease.7 Furthermore, neoadjuvant chemotherapy has 

demonstrated the ability to enhance treatment compli-
ance, potentially leading to improved patient outcomes, 
while the occurrence of postoperative complications 
and treatment- related toxicities may restrict adherence 
to adjuvant treatment.8 For instance, breast cancer mor-
tality has emerged as the second most prominent cause 
of cancer- related deaths in women.9 Neoadjuvant treat-
ment represents a valuable therapeutic approach for 
patients with breast cancer, enabling higher rates of 
breast conservation and direct assessment of treatment 
efficacy.10

However, the existing literature on the correlation be-
tween ctDNA detection and cancer recurrence evaluation 
in patients undergoing neoadjuvant treatment is cur-
rently limited and subject to ongoing debate. In current 
clinical work, the assessment of pathological staging and 
microscopic residual disease score systems are the main 
approaches to estimate the risk of recurrence,11– 13 which 
are limited and difficult to perform. Therefore, there is 
an urgent clinical need for novel biomarkers to identify 
the responses to neoadjuvant treatment and recurrence. 
In this meta- analysis, we evaluated the potential role of 
ctDNA detection in predicting cancer recurrence.

2  |  MATERIALS AND METHODS

Our meta- analysis was performed in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses guidelines. The International Prospective 
Register of Systematic Reviews registration number for 
this study is PROSPERO CRD 42023395312.

2.1 | Data sources and 
literature searching

Five electronic databases, including PubMed, Cochrane 
Library, Embase, Web of Science, and JAMA, were sym-
metrically searched based on the MeSH words from the 
National Center of Biotechnology Information (NCBI). 
(((“Neoplasms”) AND “Circulating Tumor DNA”) AND 
“Neoadjuvant Treatment”) AND (“Recurrence” OR “Neo-
plasm Recurrence, Local”) were used as the search query. 
The patient, intervention, comparison, and outcome 
(PICO) framework was used, with no search restrictions. 
The search was performed independently by two authors, 
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and any disagreements were resolved after discussion with 
a third author.

2.2 | Inclusion and exclusion criteria

All of the authors formulated these criteria to identify eligi-
ble studies. The inclusion criteria were as follows: (I) pub-
lications on the recurrence of cancer patients treated with 
neoadjuvant treatment and ctDNA detection; (II) studies 
where participants were divided into two or more groups 
according to their ctDNA detection; (III) studies where 
participants underwent both neoadjuvant treatment and 
ctDNA detection; (IV) studies including sufficient and 
standard data; and (V) only English publications. The ex-
clusion criteria were as follows: (I) duplicate publications 
and data; (II) literature with data from public databases; 
and (III) literature types such as reviews, case reports, meet-
ing abstracts, and basic experimental research literature.

2.3 | Data extraction and 
quality assessment

The screening of search results and data extraction were 
performed by two independent authors. Discrepancies 
were resolved through rigorous discussions. In cases of 
ongoing disputes, a third author was readily available for 
further resolution. All participants in the included studies 
underwent neoadjuvant treatment and ctDNA detection. 
The following information was collected in a predefined 
table, from each of the eligible studies, including author's 
name, publication year, country or area, the number of pa-
tients, study design, cancer type, neoadjuvant treatment 
program, ctDNA analysis method, ctDNA detection time 
points, ctDNA results, follow- up duration, and recurrence 
outcomes. The authors were contacted in instances of data 
unavailability to retrieve the required information. The 
Newcastle– Ottawa scale (NOS) was used for the quality 
assessment of the included studies.

F I G U R E  1  Flowchart of the literature search and selection.
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2.4 | Outcomes and data analysis

The recurrence risk was the main outcome of our study. 
Recurrence details were collected from both the ctDNA- 
positive and ctDNA- negative participants. Review Man-
ager 5.4 software for Mac was used to calculate the pooled 
hazard ratios (HRs) with corresponding 95% confiden-
tial intervals (CIs). To minimize the effects of heteroge-
neity, a random- effects model was used to perform the 
dichotomous variance method. Statistical heterogeneity 
was assessed using the χ2 test and the I2 test. Publica-
tion bias was estimated using a funnel plot, and sensitiv-
ity analysis was performed by removing literature from 
relatively low- quality resources. p < 0.05 was considered 
statistically significant in this study. Moreover, to fur-
ther explore the possible factors affecting this associa-
tion, subgroup analyses including various cancer types, 
detection time points, and regions were performed.

3  |  RESULTS

3.1 | Study identification

The initial systemic literature search included 341 ar-
ticles, comprising 61 articles from PubMed, 22 from the 
Cochrane Library, 171 from Embase, 72 from the Web of 
Science, and 15 from JAMA. After removing duplicates 
and studies that did not meet the requirements, 23 articles 
were selected (Figure 1).

3.2 | Baseline characteristics of 
included research

The characteristics and details of the 23 included stud-
ies are summarized in Table  1. A total of 1590 patients, 
8 cancer types (breast cancer, non- small cell lung can-
cer, gastric cancer, colorectal cancer, renal cancer, es-
ophageal cancer, melanoma, and bladder cancer), and 
10 countries from 4 regions (America, Asia, Europe, and 
Australia) were included in these 23 studies, with pub-
lication year from 2016 to 2022. Among all the studies, 
11 were prospective observational cohorts, 8 were retro-
spective cohorts, 2 were randomized controlled studies, 
and 2 were randomized controlled trials (RCTs). Of the 
studies included in the analysis, 11, 13, and 15 included 
pre- neoadjuvant ctDNA detection (before neoadjuvant 
treatment), post- neoadjuvant ctDNA detection (after neo-
adjuvant treatment but before surgery), and post- surgery 
ctDNA detection (after surgery), respectively. The follow-
 up duration was collected in 22 studies, ranging from 
6.83 months to 61.2 months.

3.3 | Positive-ctDNA detection was 
positively correlated with higher 
recurrence possibility

In the current study, a comprehensive analysis was con-
ducted using all available data to investigate the associa-
tion between ctDNAs and recurrence. The results revealed 
that the positive ctDNA detection result was strongly as-
sociated with a higher recurrence rate (HR: 4.92, 95% CI: 
3.00– 8.09, p < 0.001, I2 = 58%; Figure 2).

3.4 | The risk of recurrence varied across 
different cancer types

Subgroup analyses were conducted to explore the asso-
ciation between ctDNA and recurrence across different 
cancer types, time points, and geographic regions, allow-
ing for comprehensive evaluation of the data. (Table 2) 
In cancer category analysis, a statistical significance 
was observed in all the types including breast cancer 
(HR: 3.93, 95% CI: 1.76– 8.78, p < 0.001, I2 = 38%), rectal 
cancer (HR: 2.53, 95% CI: 1.05– 6.10, p = 0.04, I2 = 60%), 
and digestive tract cancer (HR: 3.51, 95% CI: 1.65– 7.47, 
p = 0.001, I2 = 57%). While all cancer types were posi-
tively related to the possibility of relapse, the HR values 
differed significantly. (Figure 3A).

3.5 | Multi- time points were related with 
recurrence rate

In the sub- analysis between cancer recurrence and ctDNA 
detection time points presented in Figure 3B, a robust cor-
relation was observed at the time points post- neoadjuvant 
treatment (HR: 4.26, 95% CI: 1.81– 9.98, p < 0.001, I2 = 62%) 
and post- surgery (HR: 14.55, 95% CI: 6.87– 30.82, p < 0.001, 
I2 = 34%), which indicated that a detectable ctDNA in pa-
tients who received the detection at post- neoadjuvant treat-
ment and post- surgery time points was positively correlated 
with recurrence occurrence. However, no statistically sig-
nificant differences were observed in pre- neoadjuvant de-
tection. (HR: 1.58, 95% CI: 0.80– 3.12, p = 0.19, I2 = 32%).

3.6 | Relapse rate differed in 
various regions

Moreover, we conducted an analysis of diverse regions 
to explore potential variations in the association between 
ctDNA and cancer recurrence, which were also proved 
to be related with recurrence in America (HR: 3.26, 95% 
CI: 1.46– 7.30, p = 0.004, I2 = 55%), Asia (HR: 4.42, 95% CI: 
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T A B L E  2  Subgroup analysis details.

Subgroup (OR, 95% CI) Number of studies Number of patients p

Heterogeneity

Tau2 Chi2 df I2 (%) p

Cancer type

Breast cancer 3.93 (1.76, 8.78) 9 454 <0.001 0.48 11.27 17 57 0.001

Rectal cancer 2.53 (1.05, 6.10) 14 661 0.04 1.64 32.65 13 60 0.002

Digestive tract 
cancer

3.51 (1.65, 7.57) 18 777 0.001 1.43 39.69 3 0 0.56

Time points

Pre- NAT 1.58 (0.80, 3.12) 11 464 0.19 0.38 13.28 9 32 0.15

Post- NAT 4.26 (1.81, 9.98) 13 609 <0.001 1.41 31.27 12 62 0.002

Post- surgery 14.55 (6.87, 30.82) 15 629 <0.001 0.72 21.21 14 34 0.10

Area

America 3.26 (1.46, 7.30) 13 564 0.004 1.08 26.58 12 55 0.009

Asia 4.42 (1.70, 11.49) 13 589 0.002 1.52 24.58 11 55 0.01

Europe 8.91 (2.89, 27.47) 10 410 <0.001 2.11 27.05 9 67 0.001

Australia 6.50 (1.40, 30.12) 4 174 0.02 1.64 9.32 3 68 0.03

Abbreviations: CI, confidential interval; OR, odds ratio; NAT, neoadjuvant treatment.

F I G U R E  2  Forest plot showing the association between ctDNA detection and recurrence in cancer patients treated with neoadjuvant 
treatment. CI: confidential interval; Random: random- effects model.
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1.70– 11.49, p = 0.002, I2 = 55%), Europe (HR: 8.91, 95% CI: 
2.89– 27.47, p < 0.001, I2 = 67%), and Australia (HR: 6.50, 
95% CI: 1.40– 30.12, p = 0.02, I2 = 68%) (Figure 3C).

3.7 | Sensitivity analysis and 
publication bias

In the sensitivity analysis, the resulting trends remained  
the same as those in the above analysis after remov-
ing the five low- quality comparisons, as shown in  
Figure S1.15,18,21,24,32 (HR: 5.42, 95% CI: 3.34– 8.75, p < 0.001, 
I2 = 51%) The NOS scores of 23 included literatures ranged 
from 5 to 9. Funnel plots were chosen to estimate publica-
tion bias in this study and no obvious bias was observed. 
(Figure S2).

4  |  DISCUSSION

Our meta- analysis indicated that a positive ctDNA re-
sult in patients with cancer who were treated with ne-
oadjuvant therapy is strongly correlated with a higher 
incidence of recurrence. Additionally, we observed 
substantial variations in the risk values for recurrence 
based on the different cancer types, ctDNA detection 
time points, and the patients' geographic regions. The 
results revealed that the cancer categories of breast and 
digestive tract cancer and four regional classifications 
(America, Asia, Europe, and Australia) were positively 
related to recurrence. Significant associations were ob-
served only at the post- neoadjuvant treatment and post- 
surgery time points, with no statistically significant 
relationships identified in the pre- neoadjuvant treat-
ment period. To the best of our knowledge, this meta- 
analysis is the most comprehensive study exploring 
the relationship between ctDNA detection in patients 
treated with neoadjuvant therapy and cancer recur-
rence. We included the maximum number of studies 
and subgroup analyses including cancer category, de-
tection time points, and regions. In addition, to enhance 
credibility and reduce heterogeneity, we ensured that all 
participants had undergone both ctDNA detection and 
neoadjuvant treatment, thereby strengthening the valid-
ity of our findings.

F I G U R E  3  Subgroup analysis between ctDNA detection and 
recurrence in cancer patients treated with neoadjuvant treatment. 
(A) Subgroup analysis of cancer type. (B) Subgroup analysis of 
ctDNA detection time point. (C) Subgroup analysis of various 
area. CI, confidential interval; GI tract, gastrointestinal tract; NAT, 
neoadjuvant treatment; Random, random- effects model.
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ctDNA is a novel monitoring approach that works in 
MRD detection, treatment response prediction, and resis-
tance mechanism evaluation.37,38 Currently, neoadjuvant 
treatment is considered a promising therapy for cancer 
before surgery. The neoadjuvant approach provides an 
ideal opportunity to discover novel biomarkers that can 
accurately predict the response to the specific treatment 
administered.39,40 In addition, it has been demonstrated 
to improve prognosis and quality of life in several cancer 
types, including breast cancer,41 locally advanced rectal 
cancer,36 and non- small cell lung cancer.42 However, a 
valuable biomarker for assessing treatment efficiency is 
still needed. While several studies have explored ctDNA 
monitoring and its potential for recurrence prediction,43,44 
existing research specifically investigating its application 
in the context of patients receiving neoadjuvant treatment 
remains limited. Its predictive function for neoadjuvant 
treatment remains unknown and controversial. Shelize 
et al. found no difference in treatment response deter-
mined by RECIST between ctDNA- positive and ctDNA- 
negative patients at any time point.45 Similarly, Dengbo 
ji et al. observed no correlation between circulating free 
DNA (cfDNA) and cancer recurrence prediction.16 How-
ever, in Bernadett Szabados's research, ctDNA- positive 
patients had a worse recurrence- free survival than ctDNA- 
negative patients.15 In our research, we conducted this 
meta- analysis to confirm that positive ctDNA detection is 
strongly associated with a higher cancer recurrence rate 
in patients receiving neoadjuvant treatment. ctDNA is 
associated with a higher tumor proliferation index and a 
more aggressive subtype.46 Additionally, positive ctDNA 
detection indicated that tumors with high proliferation 
and increased cell turnover can release more tumor DNA 
fragments. Meanwhile, the detection of ctDNA in the 
bloodstream suggests the persistent presence of tumor 
cells or residual disease, thereby implying an elevated risk 
of cancer recurrence compared with cases where ctDNA 
is undetectable. This discovery indicates that ctDNA is a 
valuable biomarker for patients undergoing neoadjuvant 
treatment. Moreover, the status of ctDNA after neoadju-
vant treatment can improve the performance of functional 
tumor volume as a predictor of metastatic recurrence.22 
Neoadjuvant treatment reduces tumor size and tumor 
burden, while the concentration of ctDNA is positively 
correlated with tumor burden.47 Therefore, as neoadju-
vant treatment leads to a decrease in tumor tissues, the 
concentration of ctDNA would also change correspond-
ingly. Therefore, our study determined the key role of ctD-
NAs in monitoring the effects of neoadjuvant treatments.

The results also revealed that a positive ctDNA result 
was linked to various recurrence risks in diverse cancer 
types, which was reported for the first time. In patients 
with localized tumors, the ctDNA detection rate varies 

among the cancer types. ctDNAs were detected in 73% of 
patients with colorectal cancer, 57% of patients with gastro-
esophageal cancer, 48% of patients with pancreatic cancer, 
and 50% of patients with breast adenocarcinoma.48 Based 
on our comprehensive analysis, ctDNA demonstrates po-
tential as a highly valuable biomarker for breast cancer 
patients with neoadjuvant treatment, as evidenced by the 
significantly elevated odds ratio (OR: 3.93) and risk ratio 
(RR: 2.66). Notably, in the context of digestive tract cancer, 
the presence of detectable ctDNA was also correlated with 
cancer recurrence, but with different recurrence risks (OR: 
3.51, RR: 1.87). Qiu et al. observed that among preopera-
tive ctDNA- positive patients, those with adenocarcinoma 
had a shorter recurrence- free survival, whereas this finding 
was not evident in squamous cell carcinoma.38 Therefore, 
ctDNA serves as a biomarker for assessing cancer prognosis 
and recurrence in patients with digestive tract malignan-
cies; however, intrinsic mechanism research is still needed.

Current research on the efficacy of ctDNA detection as 
a biomarker at different time points remains controversial. 
Several studies have reported a meaningful relationship 
between ctDNA detection and recurrence prediction at 
pre- neoadjuvant treatment,14,20 post- neoadjuvant treat-
ment,20 and post- surgery time points,17,20 whereas Berna-
dett Szabados reported no recurrence in ctDNA- positive 
patients at pre- neoadjuvant and post- neoadjuvant time 
points.15 After our analysis and investigations, the different 
risk values were observed at various time points. Interest-
ingly, no statistical significance was observed when ctDNA 
detection was performed at the pre- neoadjuvant treatment 
time point, while there was a strong association at the 
post- neoadjuvant treatment and post- surgery time points. 
Different stages of treatment and disease progression 
have an enhanced influence on the release and detection 
of ctDNA, consequently establishing a significant associ-
ation. After neoadjuvant treatment or surgery, the tumor 
burden decreases but with the possibility of MRD. Thus, 
ctDNA analysis holds potential value in the neoadjuvant 
therapeutic context, as it allows for the identification of pa-
tients at a heightened risk of disease recurrence through 
the detection of MRD following neoadjuvant treatment.49 
In addition, we performed a subgroup analysis of differ-
ent regions. The results showed a significant association 
between all four areas and different HR values. This phe-
nomenon can be attributed to multiple factors, including 
biological heterogeneity, diverse cancer therapy protocols, 
variability in treatment responses, and the influence of en-
vironmental factors across different geographic areas.

However, this study has several limitations. First, 
despite having the highest number of included studies 
compared to similar studies, the sample size may still be 
insufficient to provide a comprehensive analysis. Addi-
tionally, the range of cancer types included in this study 
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may not be sufficiently comprehensive to fully capture the 
heterogeneity of ctDNA- associated recurrence. In addi-
tion, different neoadjuvant treatment regimens may have 
contributed to the heterogeneity.

5  |  CONCLUSION

This meta- analysis showed that positive ctDNA detection 
results in patients with cancer who received neoadjuvant 
treatment is positively correlated with an increased likeli-
hood of recurrence. Highlighting ctDNA's potential as a 
recurrence predictor in clinical settings, especially follow-
ing neoadjuvant treatment and surgery. Furthermore, our 
findings underscore the variable risk profiles across vari-
ous cancer types and geographic regions. However, fur-
ther research and clinical trials are imperative to explore 
the concrete mechanisms and the precise association be-
tween ctDNA detection and recurrence in patients with 
cancer undergoing neoadjuvant treatment.
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