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Abstract

Background The low level of circulating tumor DNA (ctDNA) in the blood is a well-known challenge for

the application of liquid biopsies in early-stage non-small cell lung cancer (NSCLC) management. Studies of
metastatic NSCLC indicate that ctDNA levels are associated with tumor metabolic activity as measured by
18F-fluorodeoxyglucose positron emission tomography ('®F-FDG PET/CT). This study investigated this association
in NSCLC patients considered for potentially curative treatment and explored whether the two methods provide
independent prognostic information.

Method Patients with stage I-lIl NSCLC who had routinely undergone an '®F-FDG PET/CT scan and exploratory
ctDNA analyses were included. Tumor glucose uptake was measured by maximum standardized uptake value
(SUVmax), metabolic tumor volume (MTV), and total lesion glycolysis (TLG) from the "®F-FDG PET/CT scans. ctDNA
detectability and quantity, using variant allele frequency, were estimated by tumor-informed ctDNA analyses.

Results In total, 63 patients (median age 70 years, 60% women, and 90% adenocarcinoma) were included. The tumor
glucose uptake (SUVmax, MTV, and TLG) was significantly higher in patients with detectable ctDNA (n=19, p<0.001).
The ctDNA quantity correlated with MTV (Spearman’s p=0.53, p=0.021) and TLG (Spearman’s p=0.56, p=0.013) but
not with SUVmax (Spearman’s p=0.034, p=0.15). ctDNA detection was associated with shorter OS independent of
MTV (HR: 2.70, 95% Cl: 1.07-6.82, p=0.035) and TLG (HR: 2.63, 95% Cl: 1.06-6.51, p=0.036). Patients with high tumor
glucose uptake and detectable ctDNA had shorter overall survival and progression-free survival than those without
detectable ctDNA, though these associations were not statistically significant (p > 0.05).

Conclusion There was a positive correlation between plasma ctDNA quantity and MTV and TLG in early-stage
NSCLC patients. Despite the correlation, the results indicated that ctDNA detection was a negative prognostic factor
independent of MTV and TLG.
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Introduction

The analysis of tumor-specific mutations in circulat-
ing tumor DNA (ctDNA) can provide diagnostic and
prognostic information in non-small cell lung cancer
(NSCLC) [1]. The low ctDNA quantity in plasma is,
however, a well-known limitation of the utility of ctDNA
analysis in NSCLC patients receiving potentially curative
treatment [2].

Previous studies, including studies on NSCLC, have
reported that high ctDNA quantity is associated with
high tumor metabolic activity, which can be estimated
by '®F-fluorodeoxyglucose positron emission tomogra-
phy (*®F-FDG PET/CT) [1, 3-12]. By this method, the
glucose uptake level in the tumor region is semi-quan-
tified as the standardized uptake value (SUV), and used
to identify malign lesions based on their higher-than-
normal SUV. 8F-FDG PET/CT is routinely used to accu-
rately assess the extent of disease in NSCLC patients
eligible for potentially curative therapy, though the high
normal glucose uptake in the brain limits the ability to
detect brain metastases. In addition, the metabolic tumor
volume (MTV) and total lesion glycolysis (TLG) can also
be derived from the '*F-FDG PET/CT scans. The highest
SUV in the lesion (SUVmax), MTYV, and TLG are candi-
date prognostic factors in NSCLC [13].

The association between the glucose uptake level and
ctDNA quantity is interesting for two reasons. First, it
may contribute to a better understanding of what charac-
terizes patients with detectable ctDNA and thus, identify
those who might benefit from ctDNA analyses. Second,
ctDNA analyses and '®F-FDG PET/CT-derived param-
eters might provide overlapping prognostic information.
This is especially relevant for early-stage NSCLC for
which F-FDG PET/CT is routinely performed, poten-
tially limiting the prognostic value of ctDNA analyses.
On the other hand, ctDNA might support findings on
BE_FDG PET/CT scans and aid the interpretation, espe-
cially when lesions with low '®F-FDG uptake are seen.
Few studies have investigated the association between
ctDNA detection and glucose uptake in early-stage
NSCLC.

This study explored associations between tumor glu-
cose uptake (measured by SUVmax, MTV, and TLG) and
both ctDNA detectability and quantity in patients con-
sidered for potentially curative treatment. Furthermore,
we explored whether ctDNA detection and 8F-FDG
PET/CT-derived parameters were independent prognos-
tic factors.

Methods

Study population, approvals, and data collection
Biological material was retrieved from the regional
research biobank, Biobank1, approved by the Norwegian
Regional Committee for Medical and Health Research
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Ethics in Central Norway, the Ministry of Health and
Care Services, and the Norwegian Data Protection
Authority. Biobank participants were 18 years or older
and gave written informed consent. Patients were treated
and followed according to local routines.

The present study included patients with stage I-III
NSCLC from three previous studies on ctDNA who had
available '8F-FDG PET/CT scans obtained during their
diagnostic workup. Clinical data were collected from the
patient’s hospital medical records, which included accu-
rate survival data. The disease stage was assessed accord-
ing to TNM v8 [14].

ctDNA-analyses

ctDNA data was available from three previous studies
[15-17]. In one cohort, tumor tissue DNA was screened
for a pathogenic mutation in the gene Kirsten Rat Sar-
coma Viral Oncogene Homolog (KRAS) [18]. Tumor tissue
DNA in the other cohorts were screened for pathogenic
mutations in 22[17] or 275[16] genes using next-gen-
eration sequencing (NGS). Tumor-informed analyses
of ctDNA were performed in these studies using digi-
tal droplet polymerase chain reaction (ddPCR)[18] or
NGS,[16, 17] and detection was defined as identifying =
one tumor-specific mutation(s) in ctDNA. ctDNA was
quantified using the variant allele frequency.

'®F-FDG PET/CT scans

BE_FDG PET/CT was not available at our hospital until
autumn 2013. Thus, patients underwent *F-FDG PET/
CT at three different hospitals: Haukeland University
Hospital, Bergen (n=3), Oslo University Hospital, Oslo
(n=9), and St. Olav’s Hospital, Trondheim (n=51). All
hospitals used scanners from Siemens Healthcare (Erlan-
gen, Germany), specifically the Biograph 40 in Bergen,
the Biograph 64 in Oslo and the Biograph mCT 64 in
Trondheim. The European Association of Nuclear Medi-
cine (EANM) granted an EANM Research Ltd. (EARL)
BE_FDG PET/CT accreditation in September 2015 for
the FDG PET/CT scanner at St. Olavs University Hos-
pital. The EARL accreditation status for the other centers
between 2011 and 13 is unknown.

Image reconstruction was performed with iterative
reconstruction, point-spread-function (PSF), decay-,
attenuation-, and scatter-correction. Time-of-flight
(TOF) was used when available. Different matrix sizes
were applied at different sites. All examinations were
done following the EANM procedure guidelines for
tumor imaging version 2.0 [19]. Patients fasted at least
four hours (median 14 h) before administration of 4
MBq !F-FDG/kg. Blood glucose level was 4.4-9.5
mmol/L (median 5.6 mmol/L), and the interval between
I8E_FDG administration and the start of the acquisition
was 51-159 min (median 60 min). A low-dose CT for
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attenuation correction and anatomical localization was
done in the same session.

Datasets were transferred from the hospital’s picture
archiving and communication systems and reprocessed
using standard clinical software (AW Server 3.2 Ext. 3.0,
General Electric Company) by a nuclear medicine physi-
cian (HJ). The physician was blinded for the ctDNA data
but not the previous "*F-FDG PET/CT reports. A 3D iso-
contour model with a threshold of SUV of 2.5 was used
when computing MTV and TLG (=product of MTV and
SUVmean). MTV and TLG were calculated manually in
separate sessions for each lesion when 8F-FDG uptake
from lesions conflated. The highest value of SUVmax
in any lesion was used for each patient. For both MTV
and TLG, the sum of all lesions was used for statistical
analyses. The raw PET data were not available and thus,
the original AC-PET reconstructions were used to assess
MTV and TLG.

Statistics

SUVmax was compared between patients with and with-
out detectable ctDNA using the Mann-Whitney U test
since the values were not normally distributed. Spear-
mans’ correlation was used to investigate the correlation
between SUVmax and the ctDNA quantity, measured by
the highest variant allele frequency in cases of >1 variant.
Logistic multivariable regression models included SUV-
max (continuous), histology, and disease stage to inves-
tigate the association between tumor glucose uptake and
ctDNA detection. All analyses were repeated for MTV
and TLG.

PES was defined as the time from lung cancer diagno-
sis until progression or death of any cause, and OS was
defined as the time from diagnosis until death of any
cause. The median follow-up times for PFS and OS were
estimated using the reverse Kaplan-Meier method, and
the median PFS and OS were estimated using the Kaplan-
Meier method. The impacts of ctDNA detectability and
SUVmax on OS and PFS were estimated by univariable
Cox proportional hazard models. To investigate the
relationship between only ctDNA analysis and '*F-FDG
PET/CT as prognostic factors, multivariable models for
PES and OS were performed, including SUVmax as a
continuous factor and ctDNA detection. Additionally,
Cox proportional hazard analyses were performed for
PES and OS including age, sex, WHO performance sta-
tus, disease stage, histology, treatment modality, ctDNA
detection and SUVmax. The combined prognostic value
of ctDNA detection and tumor glucose uptake was
explored in patients with high SUVmax (>median value
in our cohort) by comparing outcomes between those
with and without detectable ctDNA using the Kaplan-
Meier method. All analyses of OS and PFS were repeated
for MTV and TLG.
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Statistical analyses were performed using R (ver-
sion 3.6.1) with 0.05 as the threshold for statistical
significance.

Results

Patient characteristics

In total, 63 patients diagnosed between July 2009 and
May 2018 met the eligibility criteria for the present study
(Table 1). The median age was 70, 38 (60%) were female,
and 59 (94%) were smokers or former smokers. Fifty-
seven patients (90%) had adenocarcinoma, two (3%) had
squamous cell carcinoma, three (5%) had NSCLC not
otherwise specified, and one (2%) had large cell neuro-
endocrine carcinoma. Twenty-eight patients (44%) had
stage I disease, 12 (19%) stage II, and 23 (37%) stage III.
ctDNA was detected in plasma from 19 patients (30%).
Patients with detectable ctDNA had higher disease stage
and median MTV, TLG, SUVmax, and lower surgical rate
than those without detectable ctDNA. Otherwise, patient
characteristics were similar between the two groups.

Tumor glucose uptake in patients with and without
detectable ctDNA

Patients with detectable ctDNA had significantly
higher MTV (p<0.001), TLG (p<0.001), and SUV-
max (p<0.001) than patients without detectable ctDNA
(Fig. 1).

The ctDNA quantity correlated with MTV (Spear-
man’s p=0.53, p=0.0211) and TLG (Spearman’s p=0.56,
p=0.0127), but not with SUVmax (Spearman’s p=0.34,
p=0.15) in patients with detectable ctDNA (Fig. 2).

Tumor glucose uptake as a predictor of ctDNA detection
Higher MTV (OR 19.3, 95% CI: 5.4-116.9, p<0.001),
TLG (OR 9.0, 95% CI: 3.4-33.8, p<0.001), and SUVmax
(OR 47.3, 95% CI: 5.2-937.4, p=0.0030) were associated
with ctDNA detection in univariable logistic regression
analyses. MTV (OR 1.03, 95% CI: 1.01-1.05, p=0.019)
remained associated with ctDNA detection independent
of disease stage and histology in multivariable analysis
(Table 2). Similarly, TLG (OR 1.00, 95% CI: 1.00-1.01,
p=0.038) was independently associated with ctDNA
detection, while SUVmax was not (OR: 1.07, 95% CI:
0.98-1.20, p=0.19). Since ctDNA was not detected in
stage I patients, sensitivity analyses including only stage
II-1II patients were performed, with similar results (Table
S1).

Tumor glucose uptake and ctDNA detection as prognostic
factors

The median follow-up time for OS was 57.0 months (95%
CIL: 50.7-64.0), and 33 patients were alive at the time of
analysis. Overall, median OS was not reached (95% CI:
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Table 1 Patient characteristics
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All patients ctDNA detected ctDNA not
detected

Total 63 19 44

Age (median) 70 (52-83) 68 (52-83) 70 (52—
81)

Sex

Female 38 60% 11 58% 27 61%

Male 25 40% 8 42% 17 39%

Smoking status

Smoker/former smoker 59 94% 17 89% 42 95%

Never smoker 4 6% 2 11% 2 5%

Histology

Adenocarcinoma 57 90% 16 84% 41 93%

Non-adenocarcinoma 6 10% 3 16% 3 7%

WHO performance status

0 37 59% 11 58% 26 59%

1 23 37% 8 42% 15 34%

2 2 3% 0 0% 2 5%

3 1 2% 0 0% 1 2%

Disease stage

I 28 44% 0 0% 28 64%

Il 12 19% 5 26% 7 16%

Il 23 37% 14 74% 9 20%

Treatment

Surgery 48 76% 8 42% 40 91%

Curative radiotherapy with or without chemotherapy 11 17% 9 47% 2 5%

Palliative therapy 4 6% 2 11% 2 5%

ctDNA detection method

NGS" 33 52% 13 68% 20 45%

ddPCR 30 48% 6 32% 24 55%

8 F-FDG PET/CT parameters (median)

MTV (cm?) 75 61.2 37

TLG (g/mL x cm?) 39.1 460.5 148

SUVmax (g/mL) 11.8 19.2 9.1

*One patient was included from a study analyzing ctDNA by a 275 NGS gene panel, and cfDNA from the other 32 patients was analyzed by patient-specific NGS
panels. ddPCR: droplet digital polymerase chain reaction, NGS: next-generation sequencing, MTV: metabolic tumor volume, SUV: standardized uptake value, TLG:

total lesion glycolysis

39.9 months - not reached [NR]). Higher MTV (HR 1.00,
95% CI: 0.995-1.00, p=0.017), TLG (HR: 1.00, 95% CI:
0.995-1.00, p=0.017), and SUVmax (HR: 1.05, 95% CL:
0.948-1.02, p=0.004) were associated with worse OS in
univariable analyses (Table 3).

Multivariable analyses (Table 4) showed that ctDNA
detection was associated with worse OS independently of
MTV (HR: 2.70, 95% CI: 1.07-6.82, p=0.035) and TLG
(HR: 2.63, 95% CI: 1.06—6.51, p=0.036), but not SUVmax
(HR: 2.30, 95% CI: 0.977-5.42, p=0.056). The *F-FDG
PET/CT-derived parameters were not independently
associated with OS in the same models (MTV, HR: 1.00,
95% CI: 0.996-1.01, p=0.55. TLG, HR: 1.00, 95% CI:
1.00-1.00, p=0.43. SUVmax, HR: 1.03, 95% CIL: 0.995-
1.08, p=0.087.) In multivariable analyses including estab-
lished prognostic factors for NSCLC, neither ctDNA

detection nor any F-FDG PET/CT-derived parameter
was significantly associated with OS (Table S3).

The median follow-up time for PFS was 57.0 months
(95% CIL: 50.7-65.6), and 29 patients were alive and pro-
gression-free at the time of analysis. The median PFS was
61.8 months (95% CIL: 19.1-NR). ctDNA detection and
higher MTV, TLG, and SUVmax were significantly asso-
ciated with worse PFS in univariable Cox proportional
hazard analyses (p<0.05, Table S2). None of the factors
were independently associated with PFS in multivariable
analyses (Table S4 and S5).

Combined prognostic value of ctDNA analyses and '8F-FDG
PET/CT-derived parameters

Among patients with MTV above median value, those
with detectable ctDNA had shorter OS than those with-
out detectable ctDNA (median 20.4 months vs. NR,
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Fig. 1 MTV, TLG and SUVmax derived from '®F-FDG PET/CT scans from patients with and without detectable ctDNA. ctDNA: circulating tumor DNA, MTV:
metabolic tumor volume, TLG: total lesion glycolysis, SUVmax: maximum standardized uptake value
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Fig.2 MTV, TLG, SUVmax and the ctDNA quantity, measured as the highest variant allele frequency

Fig. 3), though the difference was not statistically signifi-
cant (HR: 2.2, 95% CI: 0.8-6.2, p=0.15). A similar dif-
ference was observed among patients with TLG above
median value (median 20.4 months vs. NR, HR: 2.2, 95%
CI: 0.8-6.2, p=0.15) and SUVmax above median value
(median 20.4 months vs. NR, HR: 1.9, 95% CI: 0.7-5.4,
p=0.202). Similarly, among patients with MTV, TLG, or
SUVmax above the median value, those with detectable
ctDNA had shorter PFS than those without detectable
ctDNA, though the differences were not statistically sig-
nificant (Figure S1). There were too few patients (n<4)

with detectable ctDNA among those with MTV, TLG, or
SUVmax below median values to perform such analyses.

Discussion

In this study of patients with stage I-III NSCLC consid-
ered for potentially curative therapy, we found that tumor
glucose uptake was significantly higher in patients with
detectable ctDNA, and the ctDNA quantity correlated
with MTV and TLG. Nevertheless, ctDNA detection was
a negative prognostic factor for OS independently of the
I8E_FDG PET/CT-derived parameters.
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Table 2 Multivariable logistic regression models with ctDNA detection as a response

MTV TLG SUVmax

OR 95% Cl p OR 95% Cl p OR 95% Cl p
Stage | 1.00 1.00 1.00
Stage ll 8.75E+07 0-NA 0.99 1.14E+08 0-NA 0.99 1.75E+408 0-NA 0.99
Stage lll 1.32E+08 0-NA 0.99 1.76E+08 0-NA 0.99 3.00E+08 0-NA 0.99
Adenocarcinoma 1.00 1.00 1.00
Non-adenocarcinoma 3.59 0.29-87.72 034 3.74 0.3-90.89 0.32 2.72 0.28-61.19 042
MTV 1.03 1.01-1.05 0.019 - - - - - -
TLG - - - 1.00 1.00-1.01 0.038 - - -
SUVmax - - - - - - 1.07 0.98-1.20 0.19

Statistically significant p-values are shown in bold. Cl: confidence interval; ctDNA: circulating tumor DNA; MTV: metabolic tumor volume; OR: odds ratio, SUVmax:

maximum standardized uptake value; TLG: total lesion glycolysis

Table 3 Univariable Cox proportional hazard analyses of OS

HR 95%Cl p
CtDNA detected 313 146-673  0.0034
MTV 100 1.00-101  0.017
TG 100 1.00-100 0.013
SUVmax 105 1.02-109  0.0036

Statistically significant p-values are shown in bold. Cl: confidence interval;
ctDNA: circulating tumor DNA; HR: hazard ratio, MTV: metabolic tumor volume,
SUVmax: maximum standardized uptake value; TLG: total lesion glycolysis

There is limited research on the association between
BE_FDG PET/CT and ctDNA detection in early-stage
NSCLC. Our results reflect those of Chabon et al., who
included 85 early-stage NSCLC patients and found that
those with detectable ctDNA had higher MTV and that

Table 4 Multivariable Cox proportional hazard analyses of OS

ctDNA quantity correlated with MTV [12]. In addition,
they found that ctDNA detection was a negative prognos-
tic factor independent of both MTV and disease stage.
Another study of 92 patients enrolled in the TRACERx
study found that high '8F-FDG avidity, defined as the
ratio between tumor and mediastinal SUVmax, predicted
ctDNA detection [11]. That study did not investigate
whether the prediction was independent of other patient
and disease characteristics. While SUVmax was signifi-
cantly higher in patients with detectable ctDNA in our
study, it was not independently associated with ctDNA
detection after adjusting for disease stage and histology.
Several studies have investigated the association
between ctDNA characteristics and all three SF-FDG
PET/CT-derived parameters in advanced NSCLC [1, 4, 6,

MTV TLG SUVmax

HR 95%Cl p HR 95%Cl p HR 95%Cl p
ctDNA not detected 1.00 1.00 1.00
ctDNA detected 270 107-682 0.035 263 106-651 0.036 230 0977-542 0.056
MTV 1.00 0.996-1.01 0.55
TLG 1.00 1.00-1.00 043
SUVmax 1.03 0995-1.08 0.087

Statistically significant p-values are shown in bold. Cl: confidence interval; ctDNA: circulating tumor DNA; HR: hazard ratio, MTV: metabolic tumor volume, SUVmax:
maximum standardized uptake value; TLG: total lesion glycolysis
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Fig. 3 Kaplan-Meier plots showing OS for patients with A: MTV, B: TLG and C: SUVmax above the median value and split on ctDNA status
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7]. Although these are mostly small studies (n=37-128)
with methodological variations, they indicate a positive
correlation between ctDNA release and glucose uptake.
In agreement with our results, one study reported a cor-
relation between ctDNA quantity and MTV and TLG
but not with SUVmax [4]. Other studies found a positive
correlation with SUVmax as well,[6, 7] such as the recent
study of Jee and colleagues which included 128 advanced
NSCLC patients, the largest study to date [1].

A few studies on advanced NSCLC found no cor-
relation between ctDNA release and tumor metabolic
activity [7, 8, 20]. Common for these studies is that
they analyzed the total cfDNA quantity rather than the
mutant ctDNA fraction. Notably, Gonzilez de Aledo-
Castillo et al. observed that cfDNA at 100—250 bp length,
which includes the typical length of ctDNA, correlated
with glucose uptake, while total cfDNA quantity did not
[8]. The total cfDNA quantity may be influenced by non-
cancer related factors [21].

We and others observed cases of undetectable or low
ctDNA quantity but high glucose uptake and vice versa
[1, 3, 5, 6, 8, 12]. Although the two variables usually cor-
relate, evidence from studies on NSCLC suggests that
ctDNA analysis and "*F-FDG PET/CT may provide inde-
pendent prognostic information [1, 3, 5, 12]. Studies of
metastatic cancers, including NSCLC, have also indi-
cated a combined value of the two analyses [1, 3, 9, 10].
For example, Jee et al. demonstrated that ctDNA detec-
tion was a negative prognostic factor both for patients
with high and low glucose uptake [1]. The high number
of stage I patients without detectable ctDNA was the rea-
son for not investigating the prognostic role of detect-
able ctDNA among our patients with low glucose uptake
levels.

The results of this study must be interpreted in the con-
text of its limitations and strengths. This was a retrospec-
tive study of mostly adenocarcinoma patients, of which
56% had a KRAS mutation, compared to ~38% in the
Norwegian lung adenocarcinoma population [18]. The
sample size did not allow adjusting for other established
prognostic factors such as disease stage, performance
status, or therapy in the multivariable OS and PES analy-
ses. Additionally, tumor characteristics associated with
ctDNA detectability, such as proliferation rate, the extent
of necrosis, and vascular infiltration, were not assessed.

The BF-FDG PET/CT scans were performed on several
scanners and sites using various dosages of 'F-FDG/kg,
though 80% of scans were performed on the scanner
at our site using the same protocol. The values of the
BE_FDG PET/CT-derived parameters are, in principle,
dependent on the characteristics of the PET/CT cam-
era, reconstruction parameters, matrix size, and PSF,
which could cause a batch effect. Although raw data
was not available from the other hospitals and different
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parameters may have influenced the calculated values,
we do not believe that a potential batch effect has signifi-
cantly influenced the overall result. The variation in MTV
and TLG was less than 5% when values assessed locally
were compared with centrally reconstructed parameters,
and measures were taken to compensate for the par-
tial volume effects, including the tissue fraction effects.
Importantly, no tumors in our study were <3 mm, lim-
iting the risk of SUVmax underestimation. It is unclear
which 8E-FDG PET/CT variable holds the most prog-
nostic information, but most other studies have used the
same variables as we did [1, 3, 4, 6, 7]. Finally, we did not
have information about co-existing conditions (e.g. sar-
coidosis) or medications that might have influenced the
I8E_FDG uptake.

The lack of standardized methods for ctDNA detec-
tion and accurate quantification is a general challenge for
ctDNA research. Using the variant allele frequency for
ctDNA quantification is common but not optimal since
the frequency depends on the total cfDNA quantity.

The high sensitivity and specificity are strengths of the
tumor-informed approach applied for ctDNA analysis in
this study. Nevertheless, we cannot rule out the possibil-
ity of false negatives. Another study detected ctDNA in
45% of early-stage NSCLC patients and noted that the
likelihood of ctDNA detection increased with the num-
ber of analyzed mutations [12]. The tumor DNA screen-
ing limited the number of mutations for ctDNA analysis,
and there was only knowledge of one mutation in the
KRAS-positive cohort. Other contributing factors to the
low detection rate may be the high proportion and stage
I patients and adenocarcinomas, which probably release
less ctDNA than other types of NSCLC [11].

The inclusion of early-stage patients was, in our opin-
ion, the main feature of our study. Although many
lower-stage NSCLC patients are cured by surgery and
radiotherapy, the relapse rates are still relatively high. The
effectiveness of adjuvant EGER tyrosine kinase inhibitors
and immunotherapy has recently been demonstrated, but
similar to adjuvant chemotherapy, the absolute survival
benefit is limited. There is an unmet need for tools iden-
tifying those with the highest risk of relapse who should
be offered such adjuvant therapy to reduce the number
of patients receiving unnecessary medication [22, 23].
One might argue that the clinical implications of the
prognostic information of ctDNA detection and *F-FDG
PET/CT variables are fewer since most of these patients
receive treatment anyway. In that setting, biomarkers
predicting outcomes of specific treatments are more
important.

The question remains what is the relationship between
ctDNA release and tumor metabolism. It is important to
remember that "8F-FDG PET/CT estimates the level of
tumor glucose uptake and cannot be used to explain the
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metabolic state of the tumor. Elevated glucose uptake can
reflect an elevated level of aerobic metabolism or a shift
towards anaerobic metabolism due to hypoxia or the
Warburg effect. Studies on NSCLC have indicated that
squamous cell carcinomas are associated with anaerobic
metabolism and adenocarcinomas with aerobic metabo-
lism [24]. According to a recent publication, elevated glu-
cose uptake might not reflect elevated metabolic activity
at all [25]. The authors demonstrated that solid tumors
in mice have a high glucose uptake without an increase
in energy production and suggested that this is tolerated
by the tumor cells by shutting down energy-costly tissue-
specific processes. It is yet to be understood whether
tumors in these different metabolic states have a similar
rate of ctDNA release and whether the prognostic mean-
ing of its release remains the same.

Conclusion

We found a positive correlation between plasma ctDNA
quantity and tumor glucose uptake measured by *F-FDG
PET/CT in early-stage NSCLC patients. Nevertheless,
the result indicated that ctDNA analysis provided inde-
pendent prognostic information from '8F-FDG PET/
CT and larger studies are needed to investigate if there
is a combined prognostic value of the two analyses. Fur-
thermore, there is a need for a better understanding of
the mechanism behind ctDNA release and the biological
rationale behind the potential prognostic impact since it
cannot be explained by the tumor glucose uptake alone.

List of abbreviations
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"8F-FDG PET/CT  "8F-fluorodeoxyglucose positron emission tomography
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SUVmax maximum standardized uptake value
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