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Abstract
Background: Loco-regional treatment strategies of colorectal cancer (CRC) metastases are 
evolving, but biological markers that can benefit patients and assist physicians in clinical 
decisions are lacking. The primary objective of this systematic review and meta-analysis is 
to investigate the current knowledge on circulating DNA and its clinical utility in predicting 
outcomes in patients undergoing loco-regional treatment of CRC metastases.
Methods: A systematic search of PubMed, Embase, and Cochrane Central Register of 
Controlled Trials was conducted on March 22, 2022. We included studies on patients 
undergoing loco-regional treatment of CRC metastases reporting the predictive or prognostic 
value of circulating DNA in the blood. Hazard ratios (HR) were pooled in separate random-
effects meta-analyses to investigate if pre- or post-ablation measurements of circulating 
DNA were associated with survival. The risk of bias was assessed according to the Quality in 
Prognosis Studies tool.
Results: Twenty-eight studies with 2868 patients were included, of which 16 studies were 
eligible for meta-analyses. As expected in this new research field, a majority of included 
studies (n = 21/28) had a high risk of bias in at least one domain. Circulating DNA above the 
cutoff in a plasma sample taken before loco-regional treatment was associated with a short 
recurrence-free survival [pooled HR = 2.8, 95% confidence interval (CI) 1.4–5.7, n = 162] and 
overall survival (pooled HR = 4.7, 95% CI 1.1–20.6, n = 105). Circulating DNA above the cutoff in 
a plasma sample taken after loco-regional treatment was associated with a short recurrence-
free survival (pooled HR = 4.5, 95% CI 3.4–6.1, n = 569) and overall survival (pooled HR = 7.5, 
95% CI 2.0–27.3, n = 161). There was limited data on the association between dynamics in 
circulating DNA and outcome.
Conclusions: Measurements of circulating DNA can be valuable when selecting and 
monitoring patients undergoing loco-regional treatment of CRC metastases. Studies designed 
to investigate the true clinical utility of circulating DNA in the context of various ablation 
modalities are warranted.

The review has been registered at PROSPERO (ID: CRD42022320032)
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Introduction
Colorectal cancer (CRC) is the third most com-
mon cancer worldwide, and globally the second 
leading cause of cancer-related deaths.1 
Approximately 20% of patients with CRC pre-
sent with metastatic disease at the time of diag-
nosis, and around 50% of patients will 
eventually develop metastases. Metastatic colo-
rectal cancer (mCRC) is a term that covers a 
continuum of conditions from one or a few 
metastases in one organ to widespread disease 
affecting many organs. Loco-regional treatment 
may be applied for different purposes in this 
continuum, for example, late-stage treatment 
of widespread disease, consolidation, or cura-
tion. The field of loco-regional therapies for 
managing mCRC is rapidly evolving, but bio-
logical markers that can assist in clinical deci-
sions are lacking.

There is growing evidence that circulating DNA 
in blood can aid clinical decision-making in the 
care pathway of patients with both curable and 
incurable CRC.

Having minimal residual disease as detected by 
circulating tumor DNA (ctDNA) after curative 
treatment of CRC is associated with a very high 
risk of recurrence.2–6 A prospective study has 
shown that a ctDNA-guided approach after 
surgery for stage II CRC indeed can identify 
high-risk patients in need of adjuvant chemo-
therapy.7 In the setting of incurable mCRC, 
both the levels of total circulating cell-free 
DNA (cfDNA) and ctDNA have prognostic 
value, and the detection of specific mutations 
and their dynamics may provide additional pre-
dictive information relevant for tailored treat-
ment approaches.8,9

Circulating DNA has the potential of assisting in 
selecting patients who may benefit from loco-
regional treatment, optimizing neo-adjuvant and 
post-interventional adjuvant strategies, and 
improving follow-up.

The primary objective of this study is to present 
a systematic review and meta-analyses of circu-
lating DNA as a biomarker and its clinical util-
ity in predicting outcomes from loco-regional 
treatment of CRC metastases. With this review, 
we summarize the current knowledge and pro-
vide future perspectives on research in this 
field.

Methods

Prespecified eligibility criteria
Eligibility criteria include human studies on patients 
with metastatic colorectal adenocarcinoma receiv-
ing loco-regional treatment for metastases, where 
circulating DNA (including cfDNA and/or ctDNA) 
in the blood is associated with treatment response, 
recurrence, and/or a survival end point.

The review was registered with PROSPERO 
(CRD42022320032) and is reported in accord-
ance with the PRISMA statement.10

Information sources and systematic  
search strategy
As of March 22, 2022, we searched PubMed, 
Embase, and Cochrane Central Register of 
Controlled Trials to identify relevant studies. The 
searches were not limited, that is, by language, 
year of publication, or type of publication. Specific 
search strategies and strings are specified in 
Supplementary Methods. Studies were managed 
using Covidence (Covidence systematic review 
software, Veritas Health Innovation, Melbourne, 
Australia, available at www.covidence.org).

Study evaluation and selection
Two researchers independently evaluated the 
studies through each phase of the review (i.e., 
screening, eligibility, and inclusion) (LBC, TT). 
Study screening for eligibility and data collection 
of relevant studies were performed using a prede-
fined data extraction form. All studies were initially 
screened by title and abstract, followed by a full-
text assessment. Consensus was reached by discus-
sion with a third researcher if necessary (K-LGS). 
At least two researchers independently (LC, TT) 
tabulated core data items from included studies. 
We collected data on the study (author, year, 
design), the number of patients, loco-regional 
treatment modality, metastatic site, adjuvant ther-
apy, circulating DNA marker/analytical method, 
time of blood sampling, evaluated cutoff(s), treat-
ment response, recurrence, hazard ratio (HR) for 
survival end points including 95% confidence 
interval (CI) and p-value.

Risk of bias assessment
Risk of bias was assessed independently by two 
researchers (LC, TT) according to the Quality in 
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Prognosis Studies (QUIPS) tool.11 Specifically, 
this included biases in the domains of study par-
ticipation, study attrition, biomarker measure-
ment, outcome measurement, study confounding, 
and statistical analysis and reporting. Each 
domain was scored according to the categories 
low, moderate, or high risk of bias. Consensus 
was reached by discussion (with a third researcher 
when necessary). An overall risk of bias judgment 
across domains was not performed.

Summary and synthesis of results
To illustrate different aspects of the clinical utility 
of circulating DNA as a biomarker in patients 
undergoing loco-regional treatment, we grouped 
studies based on the timing of blood sampling (i.e. 
liquid biopsies) (Figure 1).

Pre-ablation circulating DNA was defined as a 
measurement of a given marker at a defined time-
point before the planned loco-regional treatment/
ablation. The time-point may be before, during, or 
after potential neo-adjuvant therapy. Post-ablation 
circulating DNA was defined as a measurement of 
a given marker at a time-point after loco-regional 
treatment/ablation. The time-point may be before, 

during, or after a potential post-interventional 
adjuvant therapy. Dynamics in circulating DNA 
was defined as a change in a circulating DNA 
marker from pre- to post-ablation.

We evaluated the predictive and prognostic sig-
nificance of pre-ablation and post-ablation circu-
lating DNA and dynamics where applicable. Data 
were summarized in tables. Meta-analyses were 
performed and data were summarized in forest 
plots. Studies were ordered according to publica-
tion year.

In the present description, further grouping 
according to treatment modality or intent was 
unfeasible due to the limited amount of studies 
and lack of details in the clinical setting.

Statistical analysis
HRs with corresponding 95% CIs reported in the 
studies were used to estimate the strength of the 
relationship between circulating DNA and sur-
vival. Only studies providing HR based on uni-
variate analysis and corresponding 95% CI were 
included in the meta-analyses. Due to inter-study 
heterogeneity, study-specific results were pooled 

Figure 1.  Schematic overview of clinical applications of liquid biopsies in patients undergoing loco-regional 
treatment of colorectal cancer metastases.
RFS, recurrence-free survival; OS, overall survival.

https://journals.sagepub.com/home/tam
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using a random-effects model. Funnel plots were 
generated to visually assess publication bias.

Heterogeneity was quantified by χ2 tests and 
inconsistency index (I2) tests statistics. A χ2 test of 

p < 0.10 or I2 > 50% indicated heterogeneity 
among studies. All analyses were performed with 
Stata software version 17.0 (Stata Corporation, 
College Station, TX, USA). A two-sided p-value 
below 0.05 was considered statistically significant.

Figure 2.  PRISMA diagram and eligible studies by year of publication. (a) PRISMA flow diagram of the study 
selection process and (b) number of included studies by year of publication.

https://journals.sagepub.com/home/tam
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When selecting results for the meta-analyses, the 
following applied: if multiple results for one out-
come parameter (recurrence-free survival (RFS), 
overall survival (OS)) were available from an 
included study (e.g., different cutoffs, circulating 
DNA marker), all results were included if each 
result originated from separate study cohorts. 
The results with the most complete data (HR, 
95% CI, p-value, n) were included when originat-
ing from the same study cohort. If the complete-
ness was equal, we included the results that 
applied to the largest patient cohort.

Fisher’s exact test was applied to compare cate-
gorical variables.

Results

Eligibility assessment
A total of 876 study entries were identified and 
screened in abstract form according to the pre-
specified eligibility criteria. Only studies pub-
lished in full-text versions were considered for 
inclusion.

Twenty-eight publications were included in the 
final review, fulfilling all eligibility criteria. The 
eligibility assessment was summarized in a flow 
diagram (Figure 2(a)). An exponential increase 

in the number of eligible studies was seen from 
2018 (Figure 2(b)). The studies included a total 
of 2868 patients and reported an association 
between circulating DNA and outcomes rele-
vant to this systematic review in at least 864 
patients.

Risk of bias
According to the risk of bias assessment, no stud-
ies had a low risk of bias in all six domains. A high 
risk of bias in at least one domain was seen in the 
majority of the studies (n = 21/28). A high risk of 
bias was most common in the domains ‘outcome 
measurement’ and ‘study confounding’ (Figure 3, 
Supplemental Table 1). The risk of bias in studies 
incorporated in the meta-analyses was compara-
ble to the risk of bias across all studies included in 
the review (Supplemental Figure 1).

Only one study12 reported to follow the REMARK 
guidelines.13

Characteristics of included studies
The studies were heterogeneous with regard to 
site of treated metastases, treatment modality, 
analytical method, circulating DNA marker, cut-
off, time of sampling, and the number of included 
patients (Tables 1–3).

Figure 3.  Assessment of risk of bias using Quality in Prognosis Studies tool. The authors’ judgments regarding 
each risk-of-bias domain presented as percentages across all included studies.
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The majority of studies investigated treatment of 
liver metastases by resection (n = 14/28)12,17,18,20,2

1,23,25,28,29,31,33,35,36,39 (for some patients in combi-
nation with local ablative therapy31,35 or resection 
of non-liver metastases33), repeated transarterial 
chemoembolization (TACE) with irinotecan 
loaded beads (DEBIRI-TACE) (n = 1/28),38 
hepatic artery infusion (HAI) (n = 1/28),15 or 
selective internal radiation therapy (SIRT) 
(n = 1/28).37 Other studies investigated treatment 
of metastases in various sites by resection 
(n = 6/28),14,24,26,30,32,34 ablative radiotherapy 
(n = 1/28),22 or various treatment modalities [i.e., 
resection and/or RFA and/or stereotactic body 
radiation therapy (SBRT)] (n = 1/28).2 One study 
investigated treatment of peritoneal carcinomato-
sis by cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy (CRS-HIPEC) (for 
some patients in combination with resection of 
liver metastases) (n = 1/28).19 The remaining 
studies had insufficient reporting regarding meta-
static site (n = 1/28)40 or metastatic site and treat-
ment modality (n = 1/28).27

The analytical methods used included polymerase 
chain reaction (PCR) based methods (e.g., 
BEAMing, ddPCR) (n = 13/28),2,12,14,19,20,28–32,35,37,39 
targeted sequencing (n = 11/28),17,18,21–27,33,36 direct 
fluorescent assay (DFA) (n = 2/28),38,15 mass 
spectrometry (n = 1/28),40 or combined PCR and 
targeted sequencing (n = 1/28).34

The majority of studies chose a tumor-agnostic 
marker of ctDNA, that is, assays covering muta-
tions in RAS/BRAF (n = 6/28),2,12,20,30,35,40 large 
gene panels covering various numbers of genes 
(n = 6/28),21,22,25,26,33,36 or epigenetic markers 
(n = 2/28).29,27 Less frequently a tumor-informed 
approach was applied (n = 7/28)14,23,24,28,31,32,34 or 
both a tumor-agnostic and a tumor-informed 
marker (n = 1/28)19 or a tumor-agnostic marker 
and cfDNA level (n = 2/28).17,18 For the remain-
ing studies, cfDNA level and/or fragment length 
were evaluated (n = 4/28).15,37–39

The limit of detection was the most frequently 
chosen cutoff (n = 22/28).2,12,14,17,19–28,30–36,40

Only a few studies reported on the coordination 
between blood sampling and neo-adjuvant  
and/or post-interventional adjuvant therapy 
(n = 4/28).12,23,25,29,27

Pre-ablation circulating DNA and outcome
A total of 18 studies reported on the correlation 
between pre-ablation circulating DNA and 
treatment response, recurrence, or survival 
(Table 1).

Two studies evaluated the association between 
circulating DNA and treatment response 
(defined as complete or partial response accord-
ing to RECIST).41 In one study, circulating 
DNA level below the cutoff was associated with 
treatment response to HAI.15 In contrast, the 
other study did not find any statistically signifi-
cant association with treatment response to 
DEBIRI-TACE.38

Eight studies evaluated the association between cir-
culating DNA and recurrence.14,19,21,28,29,24,26,27 
One study reported a statistically significant asso-
ciation, with a higher risk of recurrence in patients 
with circulating DNA above the cutoff (n=1/8).21  
The remaining studies were either descriptive 
(n = 2/8)14,24 or reported no significant association 
(n = 5/8).19,26,27,28,29

Eleven studies evaluated the association between 
circulating DNA and RFS . Four studies reported 
a statistically significantly shorter RFS in patients 
with circulating DNA above the cutoff 
(n = 4/11).18,19,21,22 Of note, the results were 
ambiguous in two studies depending on the 
selected cutoff,22 or which study participants 
were eligible for the analysis.19 The remaining 
studies reported no significant association 
(n = 7/11).17,20,23–26,29 

Meta-analysis of the association between pre-
ablation circulating DNA and RFS included five 
eligible studies.19,21–23,26 Circulating DNA above 
the cutoff in a pre-ablation sample was associated 
with a shorter RFS (pooled HR = 2.8, 95% CI 
1.4–5.7, n = 162) (Figure 4(a)), and the funnel 
plot indicated no major publication bias 
(Supplemental Figure 2). Minimal heterogeneity 
was observed among the reports (χ2 = 4.69, df = 5, 
p = 0.32, I2 = 20.3%).

Nine studies evaluated the association between 
circulating DNA and OS. Five studies reported a 
statistically significantly shorter OS in patients 
with circulating DNA above the cutoff 
(n = 5/9).12,15,17,20,40
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Of note, the results were ambiguous in three studies 
depending on the selected circulating DNA marker,17 
cutoff,20 or time of sampling.12 The remaining stud-
ies were either descriptive (n = 1/9) 38 or reported no 
significant association (n = 3/9).21,23,24 The remaining 
studies evaluated the association without statistically 
significant results (n = 3/18),21,23,24 described the 
association without statistical tests (n = 1/18),38 or did 
not report on the association between circulating 
DNA and OS (n = 9/18). 14,18,19,22,25–29

Meta-analysis of the association between pre-abla-
tion circulating DNA and OS included three eligi-
ble studies.12,20,23 Circulating DNA above the 
cutoff in a pre-ablation sample was associated with 
a shorter OS (pooled HR = 4.7, 95% CI 1.1–20.6, 
n = 105) (Figure 4(b)), and the funnel plot indi-
cated no major publication bias (Supplemental 
Figure 2). Some heterogeneity was observed among 
the reports (χ2 = 5.0, df = 3, p = 0.08, I2 = 63.9%).

Despite inter-study heterogeneity and lack of sys-
tematic analysis of the prognostic value, results 
indicate that pre-ablation circulating DNA could 
have prognostic value across treatment modalities 
and methods.

Post-ablation circulating DNA and outcome
A total of 18 studies reported on the correlation 
between post-ablation circulating DNA and 
recurrence or survival (Table 2). No studies 
investigated the association between post-abla-
tion circulating DNA and treatment response. 
Sixteen studies evaluated the association between 
circulating DNA and recurrence. Six of the stud-
ies reported a statistically significant association, 
with a higher risk of recurrence in patients  
with circulating DNA above the cutoff 
(n = 6/16).23,25,28,29,34,36 The remaining studies 
were either descriptive (n=3/16) 14,24,32 or 

Figure 4.  Forest plots of the association between circulating DNA and survival. Forest plots of the association 
between circulating DNA above the cutoff in a pre-ablation sample and RFS (a) and OS (b); between circulating 
DNA above the cutoff in a post-ablation sample and RFS (c) and OS (d); all under the random-effects model. 
Studies ordered according to publication date.
CI, confidence interval; HR, hazard ratio; n, number of patients included in the analysis; OS, overall survival; RFS, 
recurrence-free survival.
*More than one result with complete data due to test of different circulating DNA markers. Results from the analysis with 
circulating tumor DNA detectability as marker are included in the meta-analysis. **Same research group.
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reported no significant association 
(n = 7/16).2,19,27,30,31,33,35

Eleven studies evaluated the association between 
circulating DNA and RFS. A majority of studies 
reported a statistically significantly shorter RFS in 
patients with circulating DNA above the cutoff 
(n = 10/11).2,23,27–29,31,34–36 The remaining study 
reported no significant association n = 1/11).18 

Meta-analysis of the association between post-
ablation circulating DNA and RFS included 10 
eligible studies.2,23,25,27–29,31,34,35,36 Circulating 
DNA above the cutoff in a post-ablation sample 
was associated with a shorter RFS (pooled 
HR = 4.5, 95% CI 3.4–6.1, n = 569) (Figure 4(c)), 
and the funnel plots indicated no major publica-
tion bias (Supplemental Figure 2). Minimal het-
erogeneity was observed (χ2 = 10.5, df = 10, p =  
0.31, I2 = 28.5%).

Five studies evaluated the association between 
circulating DNA and OS. Four studies reported a 
statistically significantly shorter OS in patients 
with circulating DNA above the cutoff 
(n = 4/5).23,33,34,36 The remaining study reported 
no significant association (n = 1/5).15

Meta-analysis of the association between post-
ablation circulating DNA and OS included two 
eligible studies.23,34 Circulating DNA above the 
cutoff in a post-ablation sample was associated 
with a shorter OS (pooled HR = 7.5, 95% CI 2.0–
27.3, n = 161) (Figure 4(d)). Some heterogeneity 
was observed among the reports (χ2 = 2.21, df = 2, 
p = 0.14, I2 = 54.8%).

Despite inter-study heterogeneity and lack of sys-
tematic analysis of the prognostic value, results 
were uniform and indicate that post-ablation cir-
culating DNA has prognostic value across treat-
ment modalities and methods.

Post-resection circulating DNA and outcome.  Of 
the 18 studies reporting on the correlation 
between post-ablation circulating DNA and treat-
ment recurrence or survival, 11 studies evaluated 
solely resection as loco-regional treatment modal-
ity.18,23–25,28–30,32–34,36 All studies reporting a statis-
tically significant association between circulating 
DNA above the cutoff and a higher risk of recur-
rence23,25,28,29,34,36 and/or shorter OS 23,33,34,36 was 
among these 11 studies.

Dynamics in circulating DNA and outcome
Only three studies reported on the correlation 
between dynamics in circulating DNA and recur-
rence or survival (Table 3). None of the studies 
investigated dynamics in circulating DNA in rela-
tion to treatment response.

Iwai and colleagues reported on the association 
between quantitative changes in circulating DNA 
and recurrence.39 The results were ambiguous 
depending on the selected circulating DNA 
marker. There were statistically significant higher 
risk of recurrence and shorter RFS in patients 
with decreasing ratio compared to patients with 
an increasing ratio. A similar association was not 
observed when evaluating dynamics in integrity 
or cfDNA level.39

Janowski and colleagues evaluated the association 
between dynamics in circulating DNA and RFS 
without significant results. However, they 
reported a statistically significant shorter OS 
(counted from the time of diagnosis) in patients 
with a fragmentation index <1 compared to 
patients with a fragmentation index >1.37

Boysen and colleagues described an association 
between dynamics in circulating DNA and OS 
but did not perform any statistical tests.38

Due to the limited number of studies and diverg-
ing results, no definite conclusions can be drawn 
on the correlation between dynamics in circulat-
ing DNA and prognosis.

Discussion
Loco-regional treatment of CRC metastases is a 
fast-growing therapeutic field, where eligible 
patients typically present with oligometastatic/
limited disease. There is an increasing number 
of patients being offered loco-regional thera-
pies, using various ablative modalities.16 Loco-
regional treatment can potentially improve 
survival and enhance the quality of life for 
patients with an otherwise poor prognosis.42,43 
To continue the development of this field, prog-
nostic and predictive biomarkers are needed to 
assist in more optimal selection for individual 
modalities and to optimize the most relevant 
time-points for response evaluation and treat-
ment adaption. Circulating DNA might offer 
the chance to improve the selection of patients 
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with oligometastatic disease who are eligible for 
loco-regional treatment, sparing patients unnec-
essary therapies and saving money for health-
care systems.

Summary of main results
Twenty-eight studies were included in the system-
atic review, and 16 of those were eligible for an 
investigation on the prognostic impact of circulat-
ing DNA in a pre- and/or post-ablation plasma 
sample across different treatment modalities. Based 
on these publications, we were able to demonstrate 
a clear prognostic value of post-ablation circulating 
DNA. The prognostic value of pre-ablation circu-
lating DNA was less clear and needs to be eluci-
dated from adequately designed prospective 
studies. None of the included studies were designed 
to investigate if circulating DNA is a predictive bio-
marker and the role of dynamics in circulating 
DNA remains only very briefly investigated.

Overall completeness and applicability of 
evidence
Most studies investigated if circulating DNA in a 
pre- and/or post-ablation sample could predict 
prognosis. Few studies evaluated if a change in 
circulating DNA comparing pre- and post-abla-
tion samples could predict treatment response 
and/or prognosis. The study setups were hetero-
geneous, for example, in terms of metastatic site, 
treatment intent, and treatment modality. 
Interestingly, some studies did not report on met-
astatic site and/or treatment modality, which 
hampers generalizability of the results.

Although all studies used plasma as the source of 
circulating DNA according to current recom-
mendations,44 there were variations in pre-analyt-
ical and analytical procedures, which may 
confound the identified associations between cir-
culating DNA and outcome. For example, the 
processing steps (i.e., centrifugation, storage), 
and thereby the risk of contamination with leuco-
cytes, varied. Furthermore, the studies utilized 
varying volumes of plasma, from which the circu-
lating DNA was extracted. Low sample volumes 
can potentially limit the detection of ctDNA and 
subsequently affect test sensitivity. Within the 
past years, significant work has been conducted 
to reach a consensus on the standardization of 
pre-analytical and analytical steps. This will hope-
fully improve the generalizability and applicability 
of future research results.

The optimal time-point for blood sampling is not 
known. From the studies included in this review, it 
is not possible to identify the optimal time period 
between loco-regional treatment and blood sam-
pling. We observed heterogeneity in the studies 
included both with regard to timing with neo-adju-
vant or post-interventional adjuvant therapies. We 
believe timing may depend on disease stages and 
ablative modalities, as each modality may give rise 
to different biological reactions and affect circulat-
ing DNA in its own way. Resection induces cfDNA 
increase, which may persist for weeks and could be 
reflected in the measurement of circulating DNA.45 
Less is known about how circulating DNA is 
affected by other treatment modalities. An example 
is SBRT of cranial and extra cranial primary or 
metastatic tumors which has shown excellent out-
comes with high local control rates and low proba-
bility of normal tissue toxicity.46,47 Traditional 
radiobiological studies demonstrated radiation-
induced DNA damage and cell kill via apoptosis 
induction and reproductive cell death. Experiments 
in immune radiobiology clearly show that the cell 
killing effect of radiation is largely dependent on 
tumor-infiltrating cytotoxic CD8+ T cells. 
Radiation interacts with immunological activation 
cascades at different levels. Radiation thus not only 
impacts tumor cells but has multiple effects on 
immune cells within the tumor tissue and on nor-
mal cells of the tumor microenvironment.48 These 
biological factors could all influence the pattern of 
circulating DNA release into the blood following 
the procedures, and much relevant knowledge can 
be expected from prospective studies of circulating 
DNA dynamics after SBRT. Similar complex bio-
logical mechanisms can be expected following 
SIRT, also frequently used in liver-dominant meta-
static disease.

Equally important when searching for the optimal 
time-point for blood sampling is the clinical ques-
tion at hand. A pre-ablation sample could be valu-
able when deciding whether the patient will benefit 
from loco-regional treatment or not, thereby limit-
ing the number of unnecessary treatments. 
Alternatively, evaluating the effect of neo-adjuvant 
chemotherapy prior to loco-regional treatment. A 
post-ablation sample could be valuable in guiding 
post-interventional adjuvant chemotherapy and 
follow-up (i.e., intensified in patients with circu-
lating DNA above the cutoff and de-escalated in 
patients circulating DNA below the cutoff). 
Standard of care adjuvant chemotherapy, admin-
istered after loco-regional treatment of CRC 
metastases, can clear ctDNA from the circulation, 
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but recurrence of ctDNA after the termination of 
chemotherapy may indicate the need of intensified 
post-interventional adjuvant chemotherapy.2 On 
the other hand, patients without detectable 
ctDNA after treatment of oligometastatic CRC 
may not benefit from treatment with post-inter-
ventional adjuvant chemotherapy. This is being 
evaluated in an ongoing randomized study by our 
group (OPTIMISE, NCT04680260) where 
ctDNA-guided post-interventional adjuvant ther-
apy is evaluated against standard of care.49 The 
purpose of an intensified follow-up would be to 
detect recurrence in a less advanced stage with a 
potentially higher chance of cure.

In order to gain further insight into the optimal 
time-point for blood sampling in the context of 
different loco-regional modalities, we believe it is 
of utmost importance to evaluate this in individ-
ual prospective clinical trials with consecutive 
post-ablation samples. The trials should carefully 
take into consideration pre-analytical/analytical 
standardization and alignment of sampling, in 
addition to the cfDNA biology of the ablation 
modality and the clinical questions at hand. 
Furthermore, we believe it will be important to 
integrate biological information from circulating 
DNA with advanced imaging modalities (i.e., dif-
fusion-weighted magnetic resonance imaging in 
patients treated with TACE, SIRT, or SBRT).

Quality of the evidence
The body of evidence suggests that pre- and post-
ablation circulating DNA above a chosen cutoff con-
fer a poor prognosis for patients undergoing 
loco-regional treatment of CRC metastases. 
However, it is still unclear to what degree circulating 
DNA can replace/complement the current standard 
of care (i.e., radiological assessment) since there was 
no consensus among studies as to the optimal 
method, marker, cutoff, or time of sampling.

Circulating DNA as a prognostic marker in the 
loco-regional treatment of CRC metastases is a 
novel research field. Consequently, studies 
included in this review tended to be descriptive, 
exploratory, retrospective, and with few included 
participants. Even though well conducted, studies 
often had a high risk of bias in one or more domains 
as seen from the QUIPS bias assessment. The risk 
of bias in individual studies could have been 
reduced by the systematic use of the REMARK 
guidelines.13

Limitations
Our review has several limitations. Firstly, we 
described the results both qualitatively and quan-
titatively depending on the data availability due to 
great inter-study heterogeneity. Consequently, 
only 16 out of 28 studies had sufficient data for 
inclusion in the meta-analyses. Secondly, all stud-
ies providing sufficient data were included in the 
meta-analyses despite great variance in quality 
and risk of bias, which could lead to imprecisions 
of the combined effect measures. Thirdly, we did 
not search unpublished material for inclusion. 
This could introduce publication bias and subse-
quently overestimate combined effect measures. 
Of note, we did not see any major tendencies of 
publication bias when visually assessing the fun-
nel plots. Finally, due to the great heterogeneity 
among studies, it was not possible to further 
investigate whether discrepancies in results were 
attributed to specific study characteristics.

Future perspectives
In conclusion, circulating DNA has a clear prog-
nostic potential in patients undergoing loco-
regional treatment of CRC metastases. Prospective 
clinical trials with standardized methodologies 
are needed to evaluate if circulating DNA can be 
a cost-effective tool that add clinical value (i.e., 
improved survival and quality of life) in the care 
pathway of this patient group.
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