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A B S T R A C T   

Background: The kinetics of circulating tumor DNA (ctDNA) release following commencement of radiotherapy or 
chemoradiotherapy may reflect early tumour cell killing. We hypothesised that an increase in ctDNA may be 
observed after the first fraction of radiotherapy and that this could have clinical significance. 
Materials and methods: ctDNA analysis was performed as part of a prospective, observational clinical biomarker 
study of non-small cell lung cancer (NSCLC) patients, treated with curative-intent radiotherapy or chemo
radiotherapy. Blood was collected at predefined intervals before, during (including 24 h after fraction 1 of 
radiotherapy) and after radiotherapy/chemoradiotherapy. Mutation-specific droplet digital PCR assays used to 
track ctDNA levels during and after treatment. 
Results: Sequential ctDNA results are available for 14 patients with known tumor-based mutations, including in 
EGFR, KRAS and TP53, with a median follow-up of 723 days (range 152 to 1110). Treatments delivered were 
fractionated radiotherapy/chemoradiotherapy, in 2–2.75 Gy fractions (n = 12), or stereotactic ablative body 
radiotherapy (SABR, n = 2). An increase in ctDNA was observed after fraction 1 in 3/12 patients treated with 
fractionated radiotherapy with a complete set of results, including in 2 cases where ctDNA was initially unde
tectable. Neither SABR patient had detectable ctDNA immediately before or after radiotherapy, but one of these 
later relapsed systemically with a high detected ctDNA concentration. 
Conclusions: A rapid increase in ctDNA levels was observed after one fraction of fractionated radiotherapy in 
three cases. Further molecular characterization will be required to understand if a “spike” in ctDNA levels could 
represent rapid initial tumor cell destruction and could have clinical value as a surrogate for early treatment 
response and/or as a means of enriching ctDNA for mutational profiling.   

Introduction 

The primary curative-intent treatment modality for patients with 
unresectable non-small-cell lung cancer (NSCLC) is radiotherapy (RT), 
either given alone or with concurrent platinum-based chemotherapy 
[1]. Small, favorably located tumors can be treated with stereotactic 
body ablative radiotherapy (SABR). Patients with unresectable, stage III 
NSCLC may receive adjuvant anti-PD-L1 antibody durvalumab after 

chemoradiation [2]. The use of immunotherapy has been a major 
advance in NSCLC. Early cell death may be immunogenic and could have 
significance in the immunotherapy setting. Despite therapeutic ad
vances, most patients with locoregionally advanced NSCLC die with 
recurrent disease. Circulating biomarkers that could predict or 
accurately-assess therapeutic responses and guide subsequent treatment 
management decisions would be extremely valuable. 

The analysis of circulating tumor DNA (ctDNA) provides enormous 
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potential as a non-invasive prognostic and predictive biomarker that can 
be used to track disease kinetics following treatment [3]. However, the 
clinical validity of using ctDNA in the context of radiotherapy or che
moradiotherapy treatment is not well understood. Importantly, since 
both treatment modalities result in acute tumor cell death, we hypoth
esized that ctDNA levels may rapidly rise after the first fraction of 
radiotherapy exposure and provide a readout of a responsive tumor. 
Through the analysis of plasma samples collected before and shortly 
after initial treatment from a cohort of NSCLC patients, this study aimed 
to determine if this rapid ctDNA rise is observed. 

Materials and methods 

Patients 

Samples were derived from a prospective, observational clinical 
study of NSCLC patients treated with curative-intent radiotherapy, with 
or without concurrent chemotherapy (Australian New Zealand Clinical 
Trials Registry ACTRN1262200079173). Written informed consent was 
obtained from all patients under an approved Human Research Ethics 
Committee protocol. Fractionated RT was 60 Gy in 30 fractions with 
concurrent chemotherapy or 55 Gy in 20 fractions single-modality. 

Study conduct 

Blood was collected at predefined intervals prior to treatment, 24 h 
after the first fraction of radiotherapy or chemoradiation, during treat
ment, post-treatment (4–6 weeks after treatment cessation) and at the 
time of disease progression. Patients had baseline and post treatment 
18F-labeled fluorodeoxyglucose positron emission tomography (FDG- 
PET) scans and were followed up for clinical outcomes including 
progression-free and overall survival. Post-treatment blood collection 
coincided with FDG-PET. 

Circulating tumor DNA analysis 

Tumour specific mutations were identified through routine molec
ular diagnostic testing of tumor tissue. Up to 5mls of plasma were 
extracted for cell-free DNA using the Qiagen circulating nucleic acid 
extraction kit. Cell-free DNA was isolated from up to 5 ml of plasma and 
droplet digital dPCR (ddPCR) was performed using the Bio-Rad QX200 
ddPCR system. ctDNA was defined as detectable if there was ≥ 1 copy of 
mutant DNA detected in both duplicate reactions. 

Results 

Between December 2016 and January 2022, 74 patients with diag
nosed stage I-IV NSCLC treated with radiotherapy were enrolled. To 
facilitate ctDNA analysis via a tumor informed approach, key somatic 
driver mutations were identified from routine molecular testing results 
in 14 patients in genes such as KRAS (n = 8), EGFR (n = 3) and TP53 (n 
= 3) (Table 1, Supplementary Table S1). Overall, there were 2 stage I, 2 
stage II, 8 stage III (n = 12) and 2 oligometastatic stage IV patients. 
Fractionated RT for stage II-IV was given as single modality (n = 5), 
concurrent chemoRT (n = 4) or chemoRT followed by adjuvant durva
lumab (n = 3). Both stage I patients received SABR. The median follow- 
up was 723 days (range 152 to 1110). 

ctDNA analysis was performed in a total of 73 plasma samples 
collected from the 14 patients using mutation specific digital PCR assays 
with all patients analysed at a baseline timepoint prior to treatment, at a 
24-hour timepoint after the first fraction of radiotherapy and at least two 
timepoints following treatment including at the time of disease pro
gression (Median total of 5 timepoints per patient). At baseline, ctDNA 
was detected in 9/14 patients with a median ctDNA level of 16 copies/ 
ml of plasma (range 0–2880 copies/ml) and a median variant allele 
frequency (VAF) of 0.18 % (range 0–10.2 %). Consistent with other 
reports [4], ctDNA levels provided prognostic information with detec
tion of ctDNA associated with worse progression free and overall sur
vival, although this did not meet statistical significance due to the 
limited number of cases analysed (Supplementary Fig. S1). 

Serial analysis of ctDNA levels closely mirrored the clinical course of 
patients as assessed by PET imaging. For example, in patients with either 
a partial or complete metabolic response to treatment (LCB002, 
LCB0065, LCB0068), ctDNA levels decreased from baseline and 
remained undetectable for several weeks following treatment (Fig. 1A). 
In contrast, multiple patients had increasing levels of ctDNA following 
treatment that coincided with progressive disease as assessed by PET 
imaging (LCB005, LCB049, LCB051) (Fig. 1B). In general, these results 
reaffirm the potential clinical utility of ctDNA analysis to provide a 
prognostic and disease monitoring tool for NSCLC cancer patients. 

To understand how radiotherapy affects early ctDNA dynamics, we 
examined ctDNA levels from a plasma sample collected 24 h immedi
ately following treatment. ctDNA was detected in 10/14 patients at this 
timepoint. We defined those with an increase or decrease in ctDNA 
levels based on a greater than 30 % difference in ctDNA levels between 
the baseline and the 24 h timepoint (Supplementary Table S1). 

In 3/14 (21.4 %) cases, there was no detection of ctDNA at baseline, 
including both stage I patients treated with SABR, suggesting disease 
burden was below the threshold of detection. Neither SABR patient had 
a detectable spike in ctDNA but one had a subsequent systemic relapse, 
associated with high detected ctDNA levels, confirming the ability of the 
assay to detect above threshold for ctDNA detection in that case (Fig. 2). 
In 5/14 patients (35.7 %), ctDNA levels decreased after fraction 1 and 3/ 
14 (21.4 %) patients had no significant change in ctDNA between the 
two timepoints. Significantly, we observed an increase in ctDNA in 3 
patients, including in 2 cases where baseline ctDNA was undetectable 
(Fig. 3). All 3 patients had histologically proven adenocarcinomas with a 
KRAS activating mutation. Two of these patients had stable disease 
following treatment and one patient had a partial metabolic response. 
Overall, in this study, ctDNA levels exhibited widely differing early 

Table 1 
Baseline characteristics of patients.  

Patient Characteristics Number of Patients (%) 

Age, y, median (range) 69.5 (56-80) 

Gender  

M 6 (43.9%) 

F 8 (57.1%) 

Stage  

I 2(14.3%) 

II 2(14.3%) 

III 8(57.1%) 

IV 2(14.3%) 

Mutation identified from tumor  

KRAS 8 (57.1%) 

EGFR 3(21.4%) 

TP53 3 (21.4%) 

Treatment  

SABR 2 (14.3%) 

RT 5 (35.7%) 

Chemo/RT 4 (28.6%) 

Chemo/RT + durvalumab 3 (21.4%) 

Y, year; M, Male; F, Female; SABR, stereotactic ablative body radiotherapy; RT, 
radiotherapy, Chemo/RT, Chemoradiotherapy. 
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Fig. 1. Longitudinal analysis of ctDNA levels in patients with A) either a partial or complete metabolic response to treatment or with B) progressive disease following 
initial treatment. Absolute levels of ctDNA are shown for each patient with response to treatment as assessed by FDG-PET imaging indicated by the dashed line. CMR, 
Complete metabolic response; PMR, Partial metabolic response; PD, Progressive disease, SABR, stereotactic ablative body radiotherapy. 
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kinetics after fractionated radiotherapy, including 25 % of cases with a 
notable “spike” in ctDNA levels after fraction 1. 

Discussion 

ctDNA is emerging as a promising non-invasive cancer biomarker. 

Continuing research is ongoing to help us understand its clinical validity 
and its potential roles in prognostication and disease monitoring. While 
longitudinal analysis of ctDNA as a means to track disease burden in the 
context of systematic treatment has been well studied, there is a paucity 
of data reporting early ctDNA dynamics, i.e., within hours after starting 
treatment. Early ctDNA dynamics may be important as increasing levels 
of ctDNA may correlate with tumor cell destruction and provide a sur
rogate biomarker of treatment response. Early ctDNA dynamics docu
mented previously in the context of chemotherapy have varied and 
reports of a spike following treatment have been conflicting [5–8]. 

There is little information in the literature on ctDNA dynamics in 
curative-intent radiotherapy for NSCLC and study timepoints have 
varied. Walls et al. reported on 5 patients with samples at baseline and at 
3 and 5 days of RT and did not observe a spike [9]. Nygard et al. reported 
stable ctDNA concentrations at 2 h post RT in 10 chemoRT patients [10]. 
Breadner et al. reported a varied NSCLC cohort, including 10 cases 
treated with chemoRT, with ctDNA analyses at 3, 6, 24 and 48 h post RT. 
They showed increases in ctDNA at 24 and 48 h [11]. In several cases, as 
in our own series, ctDNA became detectable only after RT. Also 
consistent with other studies, we observed that sequential ctDNA 
mirrored the disease course of our patients and gives supplementary 
information to that gained from imaging. Other groups have reported 
that baseline ctDNA levels are associated with survival [12,13]. 

Conclusions 

In conclusion, we observed rapid changes in the early ctDNA dy
namics between patients, with a spike in ctDNA levels in 3/12 (25 %) 
patients after the first fraction of radiotherapy, including in 2 patients 
with negative baseline results. While the number of patients analysed in 
this study is too small to conclude that a 24-hour timepoint could be 
used as a surrogate of tumor response, in association with the results of 
Breadner at al, we can conclude that rapid treatment-related changes in 
ctDNA occur in the first days after commencing curative intent RT in 
NSCLC. The mechanism(s) driving these changes are unknown. RT is 
known to increase tumor immunogenicity and anti-tumor responses 
[14] and early ctDNA changes could relate to immune clearance of dying 
cancer cells. 

ctDNA may be represent an alternative source for mutational 
profiling to tumor tissue [15], and our findings have implications for 
selecting the optimal timepoint for testing for patients treated with 
radiotherapy. Testing in the first 24–48 h post RT may provide the 
highest yield for this still expensive diagnostic test. Our findings strongly 
emphasize the need to further study early ctDNA dynamics, to help 

Fig. 2. ctDNA levels in a patient treated with stereotactic body ablative 
radiotherapy. ctDNA levels remained undetectable until progression disease 
was observed. SABR, stereotactic body ablative radiotherapy; PD, progres
sive disease. 

Fig. 3. Patients showing a measurable spike in ctDNA levels following radiotherapy treatment. ctDNA levels are shown for each patient with response to 
treatment as assessed by FDG-PET imaging indicated by the dashed line. Red arrows indicate sites of disease. 
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develop personalized treatment monitoring strategies for NSCLC 
patients. 

CRediT authorship contribution statement 

Michael MacManus: Methodology, Conceptualization, Formal 
analysis, Investigation, Resources, Funding acquisition, Project admin
istration, Writing – original draft. Laura Kirby: Methodology, Investi
gation, Formal analysis. Benjamin Blyth: Conceptualization, 
Methodology, Investigation, Formal analysis, Project administration. 
Owen Banks: Methodology. Olga A. Martin: Conceptualization, 
Methodology, Funding acquisition. Miriam M. Yeung: Visualization. 
Nikki Plumridge: Methodology, Resources. Mark Shaw: Methodology, 
Resources. Fiona Hegi-Johnson: Methodology, Resources, Conceptu
alization. Shankar Siva: Methodology, Resources. David Ball: Meth
odology, Resources, Conceptualization, Funding acquisition. Stephen 
Q. Wong: Methodology, Conceptualization, Formal analysis, Investi
gation, Resources, Project administration, Writing – original draft. 

Declaration of Competing Interest 

FH-J has clinical trial funding, has received honoraria and partici
pated in advisory boards for Astra Zeneca. She has received payments 
and honoraria from BeiGene and MSD for lectures and presentations. 
She receives clinical trial support from Telix Pharmaceuticals. The au
thors otherwise have no disclosures to report. 

Acknowledgements 

This work was funded through a National Health and Medical 
Research Council (NHMRC) project grant (ID1104139). S.Q.W is sup
ported by an NHMRC investigator grant (#1194783). F-H. J. is sup
ported by the Peter Mac Foundation and the Victorian Cancer Agency. 
Clinical trial coordinator support was provided by a grant from the 
Cancer council of Victoria. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ctro.2023.100682. 

References 

[1] Mason J, Blyth B, MacManus MP, Martin OA. Treatment for non-small-cell lung 
cancer and circulating tumor cells. Lung Cancer Manag 2017;6(4):129–39. 

[2] Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami S, Hui R, et al. Durvalumab 
after chemoradiotherapy in stage III non-small-cell lung cancer. New Engl J Med 
2017;377(20):1919–29. 
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