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Plasma cell-free DNA and circulating tumor cells as prognostic
biomarkers in small cell lung cancer patients
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Background: Lack of biomarkers for treatment selection and monitoring in small cell lung cancer (SCLC)
patients with the limited therapeutic options, result in poor outcomes. Therefore, new prognostic biomarkers
are needed to improve their management. The prognostic value of cell-free DNA (¢fDNA) and circulating
tumor cells (CTCs) have been less explored in SCLC.

Methods: We quantified ¢fDNA in 46 SCLC patients at different times during first-line of chemotherapy
or chemo-immunotherapy. Moreover, CTCs were analyzed in 21 patients before therapy onset using
CellSearch® system. The possible association between both biomarkers and patients’ outcomes was
investigated in order to develop a prognostic model.

Results: High ¢fDNA levels before therapy were associated with shorter progression-free survival (PFS)
and overall survival (OS). Furthermore, cfDNA levels at 3 weeks and at progression disease were also
associated with patients’ outcomes. Multivariate analyses confirmed the independence of cfDNA levels
as a prognostic biomarker. Finally, the three-risk category prognostic model developed included Eastern
Cooperative Oncology Group Performance Status (ECOG PS), gender and baseline ¢fDNA levels was
associated with a higher risk of progression and death.

Conclusions: We confirmed the prognostic utility of ¢fDNA quantitative analysis in SCLC patients before
and during therapy. Our novel risk prognostic model in clinical practice will allow to identify patients who
could benefit with actual therapies.
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Introduction

Small cell lung cancer (SCLC), which accounts for 15% of
all lung cancer cases, is characterized by its aggressiveness,
its strong association with tobacco and the poor outcome.
About 70% of patients present extensive disease SCLC
(ED-SCLC) where only 2% survive 5 years after diagnosis
(1-3). For many years, chemotherapy was the unique option
to treat this tumor type. However, the scenario has changed
in the last years (3). New therapies, such as immunotherapy,
have been recently incorporated into the management of
SCLC patients and, although some survival improvements
have been reported in the patients with ED-SCLC (4-8), the
majority of them do not benefit from this new treatment (9).
The genomic profile of SCLC is characterized by extensive
chromosomal rearrangements and a high mutational
burden, including in nearly all, inactivation of the tumor
suppressor genes 7P53 and RBI (10). However, nowadays
the selection of treatment in SCLC patients is not
dependent on the characteristics of the tumor (11), and the
criteria to stratify patients is not clear, since no predictive
biomarkers have been validated for the clinical practice (12).
In this context, the use of liquid biopsies as a tool to guide
treatment and/or for monitoring the patients’ response
represent a valuable alternative (13,14).

Circulating tumor DNA (ctDNA), derived from tissue
tumor cells, has demonstrated its clinical utility and
represents a promising tool for guiding precision medicine
in several cancer types (15,16). In SCLC, different studies
have investigated the importance and the clinical value
of analyzing ctDNA levels. However, driver mutations
known in SCLC are limited to RBI and TP53 genes (17).
In contrast, total cell-free DNA (cfDNA) consists of a
heterogeneous and complex DNA fraction released in
body fluids by any cell type through cell death mechanisms
(18,19). The short half-life of ¢fDNA enables real-time
monitoring for response or relapse, being an easy-to-
implement biomarker to monitor cancer evolution and
response to therapy (20). In fact, in lung cancer and other
solid tumors, cfDNA analysis has been explored as a
prognostic marker and surrogate for monitoring treatment
response (21,22). High ¢fDNA level or positive ctDNA
detection is clearly correlated tumor burden. Besides pre-
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treatment levels of ctDNA have value to predict long-term
survival in locally advanced non-small cell lung cancer
(NSCLC) (23). Early ¢fDNA/ctDNA changes can be
detected at first follow-up to predict radiographic response
being their decreasing levels also been associated with
improved survival rates as our group previously described in
NSCLC (24-26).

Circulating tumor cells (CTCs) are tumor cells
originated from the primary or metastatic sites that are able
to enter the circulation and disseminate to distant sites,
and constitutes another frequent circulating biomarker
investigated in cancer (14). As a high metastatic tumor type,
SCLC is characterized by a strong release of CTCs, with
detection rates of 60.2-94% (17), suggesting that CTCs
could be employed as a disease surrogate in SCLC. The
analysis of CTCs originated from the primary or metastatic
sites (27) as a prognostic biomarker has been reported in
different cancer types (28-30) including SCLC. However,
the prognostic threshold in SCLC has been not well
established (31-35). The low proportion of CTCs in the
bloodstream together with the molecular heterogeneity that
characterizes these cells is the principal challenge for CTC
isolation and detection. For this reason, several platforms
have been developed in the last years (14,36). Despite their
different nature, the combined analysis of total cfDNA and
CTGCs in patients with SCLC could provide complementary
information for improving SCLC patients’ management.

In this study, we hypothesized that total cfDNA levels can
serve as a useful biomarker for prognostic and follow-up of
SCLC patients under first line of therapy. For this purpose,
we analyzed the total cfDNA levels in a cohort of 46 patients
with SCLC prior to the start of therapy, at 3 weeks after the
first dose, and at the time of progression of the disease. The
additional value of CTCs was investigated in our cohort
in order to provide a more complete view of the disease
dynamics. Finally, we developed a simple model to segregate
patients into three categories based on risk of progression
and death (taking into account the cfDNA levels, Eastern
Cooperative Oncology Group Performance Status (ECOG
PS) and gender of patients). To our knowledge, this study
is the first one to examine the possible role of total cfDNA
levels as a prognostic and follow-up biomarker in SCLC
patients. We present this article in accordance with the
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REMARK reporting checklist (available at https://tler.
amegroups.com/article/view/10.21037/tler-22-273/rc).

Methods
Patients and blood sample collection

We design a prospective study including newly diagnosed
SCLC patients treated with first-line of standard
chemotherapy or immunotherapy plus chemotherapy
(chemo-immunotherapy). Inclusion criteria were newly
diagnosed SCLC patients who received first-line treatment
and adequate plasma collection, processing and storage.
Forty-six patients treated between June 2017 and June
2021, at the Department of Medical Oncology of Complexo
Hospitalario Universitario de Santiago de Compostela
were enrolled in the study. In total 111 blood samples were
collected at different time points: before therapy onset
(baseline) (n=46), 3 weeks after therapy start (n=40) and at
the progression of the disease (n=25). A control cohort of
20 healthy individuals was also included in order to select
the better assay to quantify total cfDNA.

Data of clinical characteristics such as age, sex, the
ECOG PS, smoking status, stage, number of metastasis
and liver metastasis were collected, in order to develop a
prognostic model together the ¢fDNA levels and CTCs
detected at baseline.

The study was performed in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Ethics Committee of Santiago de
Compostela and Lugo Ethics Committee (Ref: 2017/538).
Written informed content was obtained from every
participant prior to enrolling in the study and could
withdraw their consent at any time.

Clinical endpoints

Progression-free survival (PFS) was defined as the
time from the date of initial treatment until the date of
progression disease, death or last follow-up, whichever
occurred first. Progression date was defined as the date
of disease progression based on RECIST (v.1.1), or the
date of clinical progression if the patient discontinued the
treatment due to clinical deterioration despite not meeting
criteria for RECIST progression. Overall survival (OS) was
defined as the time from the date of initial treatment to
the date of death or the last date of follow-up. For survival
analyses about cfDNA levels at progression disease, OS was
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defined as the time from the date of sample obtained (at
progression disease) to the date of death or the last date of
follow-up.

Sample processing and cell free DNA isolation

Peripheral blood was obtained by direct venepuncture in
CellSave tubes (Menarini, Silicon Biosystems, Bologna,
Italy) and processed within 96 hours after blood collection,
since CellSave tubes allow to maintain blood samples up
to 96 hours without affect ¢cfDNA levels (37). Plasma and
cellular components were separated by centrifugation at
1,600 g for 10 minutes at room temperature. Plasma was
centrifugated a second time at 5,500 g for 10 minutes
at room temperature in order to remove any remaining
cellular debris and aliquoted for storage at —-80 °C until the
time of cfDNA extraction. cfDNA was isolated from 3 mL
of plasma using the QIAamp Circulating Nucleic Acid Kit
(Qiagen, Hilden, Germany) using a vacuum pump, according
to the manufacturer’s instructions and eluted in LoBind®

tubes (Eppendorf AG, Hamburg, Germany).

Total cell free DNA quantification

CfDNA levels were quantified using two different
approaches: Qubit 4 Fluorometer (Thermo Fisher Scientific,
Waltham, MA, USA) and quantitative PCR (qPCR) method
by analyzing the telomerase reverse transcriptase (hTERT)
single-copy gene (Thermo Fisher Scientific, Waltham, MA,
USA).

"Two pL of the sample were employed to quantify by the
fluorometric instrument Qubit 4 using the Qubit dsDNA HS
Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA).

In the other hand, samples were quantified by a qPCR
assay, described previously (26). Briefly, each qPCR
reaction was carried out in a final volume of 20 pL: 10 pL.
of TagMan Universal Mastermix (Thermo Fisher Scientific,
Waltham, MA, USA), 1 pL of #TERT hydrolysis probe and
2 pL of the sample. Each sample was analysed in duplicate.
In addition, each plate included a calibration curve and
negative controls. The calibration curve calculated based
on a dilution series of a commercial standard human
genomic DNA (Roche Diagnostics, Mannheim, Germany),
was fragmented in 184 bp using Covaris® E220 Focused-
ultrasonicator (Covaris, Massachusetts, USA) using the
following protocol: 430s duration, peak incident power of
175 Watts, duty factor of 10% and 200 cycles per burst.
Fragments size were then determined using a TapeStation
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4700 (Agilent, Santa Clara, CA, USA) and the High
Sensitivity DNA ScreenTape® (Agilent, Santa Clara, CA,
USA). Amplification was performed under the following
cycling conditions using a QuantStudio™™ 3 real-time
PCR system (Thermo Fisher Scientific, Waltham, MA,
USA): 50 °C for 2 min; 95 °C for 10 min; 40 cycles of
95 °C 15 s; and 60 °C for 1 min. Data were analyzed with
QuantStudio™ Design & Analysis software, version 2.5.1
(Thermo Fisher Scientific, Waltham, MA, USA).

The final concentration of each sample was calculated by
interpolation of the mean of cycle quantification values (Cq)
with the calibration curve. Values with a Cq confidence
interval (CI) less than 0.95 were discarded. Moreover, only
assays with R’ values greater than 0.98 for the standard
curve and with an efficiency >88.8% were used. Results
obtained from both approaches (Qubit vs. ATERT qPCR)

were compared.

CTC detection and enumeration

CTCs analyses were performed using the CellSearch®
system (Menarini, Silicon Biosystems, Bologna, Italy).
Peripheral whole blood of each patient was collected in
CellSave preservative tubes (Menarini, Silicon Biosystems,
Bologna, Italy), stored at room temperature and processed
within 96 hours after the blood was drawn.

Briefly, 7.5 mL of whole blood were mixed with 6 mL
of buffer and centrifugated at 800 g for 10 minutes at
room temperature. Next, samples were processed in the
CellTracks Autoprep system using the Circulating Tumor
Cell Kit (Menarini, Silicon Biosystems, Bologna, Italy).
The kit consists of ferrofluids coated with epithelial cell-
specific anti-EpCAM antibodies to immunomagnetically
enrich epithelial cells; a mixture of antibodies directed
to cytokeratins (CKs) 8, 18, and 19 conjugated to
phycoerythrin (PE); an antibody to CD45 conjugated to
allophycocyanin (APC); nuclear dye 4',6-diamidino-2-
phenylindole (DAPI) to fluorescently label the cells as well
as buffers to fix, permeabilize, wash and resuspend the cells.
Finally, samples were analyzed with the Cell Tracks Analyzer
IT according to the manufacturer’s instructions. The CTCs
were identified as round or oval cells with an intact nucleus

(DAPT), CK positive and CD45 negative.
Statistical analysis

Continuous data were summarized as mean, median and
range whereas frequency and percentage were presented
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for categorical variables. Categorical variables were
compared using the chi-square test or Fisher’s exact test.
Swimmer plot was provided to visualize the times of sample
collection, every patient’s therapy and clinical outcomes.
Pearson test was used to evaluate a pairwise correlation
between the different strategies to quantify the cfDNA, by
fluorometry and qPCR. The Mann-Whitney-Wilcoxon
U-Test was used to compare continuous variables between
groups. Receiver operating characteristics (ROC) curves
were computed based on ¢fDNA levels of SCLC patients
and healthy controls, representing the area under the curve
(AUC) values and computing the CI at 95% confidence
levels. ROC curves were also constructed to evaluate the
thresholds of ¢fDNA levels for PFS and OS analyses. In
order to determine the CTCs cut-off, we analysed the
prognostic value of different levels of CTCs to discriminate
progression or death using the Evaluate Cutpoints tool
(available in http://wnbikp.umed.lodz.pl/Evaluate-
Cutpoints/). Kaplan-Meier method was used to plot the
survival curves applying the log-rank test. Univariate and
multivariate Cox regression analyses were used to evaluate
factors independently associated with PFS and OS. A
final prognostic model for PFS and OS was developed.
Comparisons of Cox proportional hazard regression models
were made using the Akaike information criterion (AIC)
technique (38), with a smaller AIC value indicating the
better model. A stepwise backward elimination procedure
was performed to minimize the AIC. All statistical analyses
were performed using R version 4.1.1. The following R
packages were used: survival (39), survminer, ggplot2 (40),
pROC (41), gtsummary (42), swimplot, stats, rstatix.

Results
Patient characteristics and sample collection

Forty-six SCLC patients were included in the study. Their
clinicopathological characteristics are presented in Table 1.
The median age was 67 (range, 47-83) years, all the patients
were current or former smokers, and most were males
(84.78%) and stage IV tumors (89.13%). The ECOG PS <2
accounted for 67.39% of cases and 52.17% of patients had a
number of metastases >2. The majority of patients included
into the study were treated with chemotherapy (carboplatin
and etoposide) (n=33; 71.74%), while 13 (28.26%)
patients were treated with chemotherapy in combination
with immunotherapy (n=9 carboplatin, etoposide and
atezolizumab; n=4 carboplatin, etoposide and durvalumab).
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Table 1 Association between patients’ demographics/clinical characteristics and baseline cfDNA levels

1999

Characteristics N (%) Baseline cfDNA, median (GE/mL) P value

Age (years), median [range]; mean + SD 67 [47-83]; 66.83+8.1
Below median 24 (52.17) 6,488.23 0.79
Above median 22 (47.82) 8,403.79

Gender
Male 39 (84.78) 6,130.59 0.61
Female 7 (15.22) 15,699.93

Stage
1l 5(10.87) 1,409.11 0.031
\% 41 (89.13) 7,658.99

ECOG PS
<2 31 (67.39) 4,652.13 0.025
>2 15 (32.61) 22,459.61

Smoking
Smoker 26 (56.52) 6,488.23 0.94
Former smoker 20 (43.48) 6,155.56

Number of metastasis
<2 22 (47.82) 4,563.83 0.05
>2 24 (52.17) 12,973.33

Liver metastases
No 23 (50.0) 3,355.91 0.0002
Yes 23 (50.0) 24,759.83

Bone metastases
No 18 (39.13) 3,265.055 0.17
Yes 28 (60.87) 3,355.91

Lymph node metastases
No 10 (21.74) 4,563.83 0.12
Yes 36 (78.26) 7,658.99

Treatment
Chemotherapy 33 (71.74) 6,130.59 0.36
Chemotherapy plus immunotherapy 13 (28.26) 10,676.99

cfDNA, cell-free DNA; GE, genomic equivalents; SD, standard deviation; ECOG PS, Eastern Cooperative Oncology Group Performance Status.

The median number of chemotherapy or chemotherapy/

immunotherapy treatment cycles was 5 (range, 1-11).
At the time of analysis, 41 of the 46 (89.13%) evaluable
patients had experienced disease progression and 38 of the
46 (82.6%) evaluable patients had died. Sample collection
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was performed before therapy onset (n=46), 3 weeks
after initiation of therapy (n=40; 2 patients died and in 4
patients sample collection was not possible) and at the time
of progression disease (n=25; 4 patients not progressed, 10
patients died and in 7 patients sample collection was not
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Alive patients are represented with the black arrow head. SCLC, small cell lung cancer; cfDNA, cell free DNA; CTCs, circulating tumor cells.
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Figure 2 cfDNA levels are higher in SCLC patients than healthy controls. (A) Total cfDNA levels in healthy controls and patients with SCLC.

Statistical analysis between both groups was performed by the Mann-Whitney-Wilcoxon U-Test. (B) ROC curve for gPCR assay shows high
sensitivity and specificity to discriminate healthy controls and SCLC patients. QPCR, quantitative PCR; ¢fDNA, cell free DNA; CI, confidence

interval; GE, genomic equivalents; SCLC, small cell lung cancer; AUC, area under the curve; ROC, receiver operating characteristic.

possible) (Figure 1). Median PFS and OS were 174 (range,
4-483) and 229 (range, 4-748) days, respectively.

CfDNA levels are specifically increased in SCLC patients

First, we chose the qPCR assay by analyzing the ATERT
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single-copy gene (Thermo Fisher Scientific, Waltham,
MA, USA) as the standard method to quantify total cfDNA
levels, obtained similar results in comparison with Qubit
4 Fluorometer (Thermo Fisher Scientific, Waltham, MA,
USA) (Figure S1). In addition, 20 healthy controls were
included in order to compare their ¢fDNA levels with our
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patient cohort. We found that total cfDNA levels in healthy
controls were statistically lower than in those found in the
SCLC cohort (Wilcoxon test P=1.5x10"") (Figure 24). Our
gPCR assay showed an excellent AUC =0.954 (specificity
95% and sensibility 85%) (Figure 2B). These results
evidenced that ¢fDNA levels were increased as a result of
the malignant disease in SCLC patients showing the clear
association between cfDNA levels and the high disease
burden that characterized SCLC disease and reinforced
their interest as a potential biomarker to follow-up the
disease evolution.

Clinical interest of fDNA analysis at baseline
Total cfDNA was quantified by qPCR assay at different

time points in our patient cohort with the goal to evaluate
its potential as a monitoring tool (Table S1). CIDNA levels
at baseline were significantly higher in patients with stage
IV cancer, poor performance status, an elevated number
of sites of metastasis and presence of liver metastases (P
value <0.05) (1able I). There was no statistically significant
association with respect to age, gender, smoking status,
presence of bone metastasis, presence of lymph node
metastases and the treatment used.

In addition, the possible role of ¢fDNA as a prognostic
biomarker before therapy in SCLC was investigated. Thus,
the cfDNA levels were log-transformed and the patients were
dichotomized into high and low ¢fDNA level groups based
on ROC analysis (Table S2). The thresholds of baseline log
cfDNA levels were chosen at 7.650 [~2,100.65 genomic
equivalents (GE)/mL plasma] and 8.077 (~3,219.56 GE/mL
plasma) for PFS and OS analyses, respectively. We found
that patients with high levels of total cfDNA at baseline
presented shorter PFS [log-rank P=0.0005, hazard ratio
(HR), 5.06; 95% CI: 1.89-13.6] and OS (log-rank P=0.002,
HR, 3.32; 95% CI: 1.50-7.37) than those with low levels of
total cfDNA (Figure 34,3B). The median PFS of patients in
the low baseline ¢fDNA group was 350 days versus 156 days
in the high baseline ¢fDNA group, whereas the median OS
was 426 and 210 days in the two respective groups (low vs.
high baseline total cfDNA levels) (Table 2).

Longitudinal analysis of total fDNA levels during therapy

To determine whether ¢fDNA levels can be employed to
monitor patients’ evolution during therapy, we quantified
longitudinal ¢fDNA levels at 3 weeks after initiation
of treatment (n=40) and at progression disease (n=25).

© Translational Lung Cancer Research. All rights reserved.
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We found that levels of total cfDNA were significantly
higher before therapy than at 3 weeks after therapy onset
(Wilcoxon test P=0.002; Figure 3C), suggesting clearance
of ctDNA after therapy start which impact on ¢cfDNA
levels. However, no significant differences between cfDNA
levels at baseline and at progression disease were found
(Figure 3C).

To analyze the possible prognostic role of cfDNA
monitoring during therapy, cfDNA levels were also log-
transformed and the patients were dichotomized into
high and low c¢fDNA level groups based on ROC analysis
(Table S2) in each sample time. The threshold of three
weeks post-treatment log ¢fDNA levels was chosen at
7.879 (~2,641.23 GE/mL plasma) both for PFS and OS
analyses. Thus, the possible prognostic role of monitoring
cfDNA levels at 3 weeks after initiation of treatment was
investigated. cfDNA levels were defined as high or low
depending the threshold obtained with ROC curves
analyses described above. Patients with low cfDNA levels at
3 weeks showed a shorter PFS (log-rank P<0.0005, HR, 3.5;
95% CI: 1.69-7.23) and OS (log-rank P<0.0005, HR, 3.67;
95% CI: 1.72-7.82) (Figure 3D,3E) than the patients with
high ¢fDNA levels.

Finally, cfDNA quantification at the time of progression
disease was performed in 25 SCLC patients. Our results
reported that patients with high ¢fDNA levels at this time
point survive fewer days than patients with low cfDNA
levels (log-rank P<0.001, HR, 5.73; 95% CI: 1.93-17.0; 177
days in the high c¢fDNA levels group versus 74.5 days in the
low c¢fDNA levels group) (Figure 3F).

CTCs analyses and prognostic value

CTCs analyses were performed in 21 patients with SCLC
before starting the treatment. 85.71% of patients (18 of
21 patients) presented at least 1 CTC with a median of
26 CTCs (range, 0-4,796) (Figure S2A,S2B). Different
cut-offs were analyzed in order to determine the possible
prognostic value of CTCs (Table S3). Thus, we found
that the presence of 2150 CTCs/7.5 mL of blood was
significantly associated with shorter PFES rates (log-rank
P=0.02, HR, 3.47; 95% CIL: 1.14-10.6) (Tuble 2; Figure
S2C). We also found CTC clusters (2 CTCs or CTC with
white blood cells) in all patients with >10 CTCs/7.5 mL of
blood, however no additional prognostic value was found.
In another hand, CTCs number at baseline was
significantly higher in patients with extensive disease (stage
IV) and with poor ECOG PS (Figure S3A-S3]). Also, the
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Figure 3 ¢fDNA levels as a prognostic biomarker at different time points of therapy. (A,B) Kaplan-Meier survival analysis of cfDNA levels
at baseline for PFS (A) and OS (B). (C) CfDNA levels in SCLC patients at different time-points (baseline, 3 weeks after treatment onset
and at progression disease). Total cfDNA levels at baseline were significantly higher than at 3 weeks after the therapy onset (Wilcoxon test
P=0.002). (D,E) Kaplan-Meier survival analysis of cfDNA levels at 3 weeks for PFS (D) and OS (E). (F) Kaplan-Meier survival analysis
of cfDNA levels at progression disease for OS. cfDNA, cell free DNA; PFS, progression-free survival; OS, overall survival; GE, genomic

equivalents; PD, progression disease; SCLC, small cell lung cancer.
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Table 2 Univariate and multivariate Cox regression analyses of cfDNA levels, CT'C counts and clinical parameters

Univariate Multivariate
Variable
P value HR (95% ClI) P value HR (95% ClI)

PFS

Baseline log cfDNA (high vs. low cfDNA) 0.001 5.06 (1.89-13.6) 0.005 46.0 (3.16-672)

Baseline CTC count, CellSearch (=150 vs. <150) 0.028 3.47 (1.14-10.6)

ECOG PS (=2 vs. <2) <0.001 3.57 (1.72-7.40) 0.04 17.9 (1.11-289)

Sex (male vs. female) 0.2 1.76 (0.74-4.22)

Age (continue) 0.5 1.01 (0.97-1.05)

Stage (IV vs. Ill) 0.07 3.00 (0.91-9.91)

Number of metastasis (>2 vs. <2) 0.1 1.70 (0.90-3.19)

Liver metastasis (yes vs. no) 0.08 1.74 (0.93-3.23)

Smoking (smoker vs. former smoker) 0.8 0.92 (0.49-1.70)

3 weeks log cfDNA (high vs. low cfDNA)* <0.0001 3.50 (1.69-7.23) 0.004 3.49 (1.50-8.12)
(O]

Baseline log cfDNA (high vs. low cfDNA) 0.003 3.32 (1.50-7.37) 0.004 32.4 (3.05-344)

Baseline CTC count, CellSearch (=150 vs. <150) 0.07 2.71 (0.93-7.88)

ECOG PS (22 vs. <2) <0.001 4.54 (2.13-9.68)

Sex (male vs. female) 0.2 1.80 (0.75-4.36)

Age (continue) 0.5 1.01 (0.97-1.06)

Stage (IV vs. Ill) 0.08 2.86 (0.86-9.47)

Number of metastasis (>2 vs. <2) 0.5 1.23 (0.65-2.33)

Liver metastasis (yes vs. no) 0.3 1.45 (0.77-2.76)

Smoking (smoker vs. former smoker) 0.5 0.82 (0.43-1.55)

3 weeks log cfDNA (high vs. low cfDNA)* <0.001 3.67 (1.72-7.82) 0.002 4.35(1.68-11.3)

PD log cfDNA (high vs. low cfDNA)* <0.001 5.73 (1.93-17.0) 0.006 9.24 (1.87-45.6)

*

, multivariate Cox regression model including sex, age, ECOG PS, stage, number of metastases, presence of liver metastasis and

smoking status. The levels of cfDNA were determined as low (< cut-off) or high (= cut-off) based on the cut-off obtained from the ROC
curve analyses. cfDNA, cell free DNA; Cl, confidence interval; CTC, circulating tumor cell; ECOG PS, Eastern Cooperative Oncology
Group Performance Score; PD, progression disease; HR, hazard ratio; OS, overall survival; PFS, progression-free survival; ROC, receiver

operating characteristics.

presence of CTCs and high ¢fDNA levels were significantly
associated (Figure S3K), indicating that both markers are
reflecting the tumor burden.

Multivariate analyses and prognostic model for PFS and OS

Univariate and multivariate Cox regression analyses of
PFS and OS were performed considering various clinical
and demographic variables (ECOG PS, sex, age, stage,

© Translational Lung Cancer Research. All rights reserved.

number of metastases, presence of liver metastasis and
smoking status) (Table 2). Multivariate regression analyses
confirmed the value of the cfDNA levels at baseline as an
early independent predictor biomarker for PFS and OS
(HR, 46.0; 95% CI: 3.16-672; P=0.005 and HR, 32.4; 95%
CI: 3.05-344; P=0.004, respectively). Regarding the cfDNA
at 3 weeks, multivariate regression analyses also confirm
its independence as a prognostic biomarker of PFS and OS
(HR, 3.49.0; 95% CI: 1.50-8.12; P=0.004 and HR, 4.35;
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Figure 4 Final multivariate Cox regression prognostic model for PFS and OS (A) and Kaplan-Meier survival analysis according to risk-
group for PFS and OS (B,C). ¢fDNA, cell free DNA; HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology

Group Performance Score; PFS, progression-free survival; OS, overall survival; NA, not available.

95% CI: 1.68-11.3; P=0.002, respectively) (Tuble 2). In
contrast, multivariate analysis in CTCs did not show value
as an independent predictive biomarker of PFS and OS.
Next, an independent prognostic model for both PFS
and OS was developed. Three variables were retained in
the final prognostic model: cfDNA levels (high vs. low
levels), ECOG PS (<2 vs. 22) and sex (male vs. female).
The detailed results of the multivariate analyses are shown
in Figure 44. Subsequently, we segregated patients into
three risk categories: patients with all adverse prognostic
factors were classified in the poor-risk category (high
cfDNA levels, ECOG PS >2 and male gender), patients
with two adverse prognostic factors were classified in the
intermediate-risk category, and patients with one or none
adverse prognostic factor were classified in the favorable-
risk category. The Kaplan-Meier curves representing the
three risk categories and median PFS and OS are presented

© Translational Lung Cancer Research. All rights reserved.

in Figure 4B,4C. Median PFS ranged from 124 to 289 days
based on the number of adverse prognostic factors present
before therapy. Median OS ranged from 115 to 514 days.

Our prognostic model indicates an increased risk of
5 times to present disease recurrence (HR =5.37, 95% CI:
2.32-12,4; P=3x107) and 6 times the risk of death (HR
=6.02, 95% CI: 2.66-13.6; P=3x10") in the unfavorable
category (intermediate and poor groups) than in the
favorable group (Table S4).

Discussion

Precision medicine has the objective of optimizing the
selection of the best therapy for each patient. In this context,
liquid biopsy has emerged as a promising and minimally
invasive tool for this due to its ability to provide a total
image of primary and metastatic tumors at different times
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across therapy (43). Recently, the management of SCLC has
changed and new therapies, such as immunotherapy among
others, have been investigated and approved for clinical use
(17,44,45). Nevertheless, the necessity to find a prognostic
biomarker for helping to select the therapy prescribed
and to monitor the evolution of the disease during the
treatment, remains a challenge in SCLC patients. In this
study, we report for the first time the possibility to employ
the ¢fDNA and its quantification as a prognostic biomarker
in SCLC prior to starting therapy and at different time
points. Our analyses allow us to identify a group of low-
risk patients characterized by low cfDNA levels at baseline
who probably will benefit from both: chemotherapy in
monotherapy or the combination of immunotherapy and
chemotherapy. The study of another common circulating
biomarker, CTCs, also provided us information for the
prognostic of patients before starting therapy, although the
results were less clear. We found a significant association
between presence of a high number of CTCs (=150 CTCs)
and worse PFS.

Total ¢fDNA refers to a heterogeneous and complex
DNA fraction free released in body fluids by any cell type
(not only tumoral) through several cell death mechanisms
such as secretion, apoptosis and necrosis (18,19). Of note,
the source of ¢fDNA is an intriguing question in cancer.
According to previous studies, the fraction of ctDNA varies
from 0.1-89% of cfDNA but it increases it accordance with
the tumor burden. Therefore, although ¢fDNA content
is not tumor specific, it can be assumed that total ¢fDNA
in cancer patients originates from tumor cells, cells in the
tumor microenvironment or from cells involved in the
antitumor response (20). Therefore, cfDNA can be uses
as a surrogate of ctDNA, but always taking into account
that they are different entities that can provide us different
information. In line with our results, it’s well reported that
cancer patients present higher ¢fDNA levels than healthy
controls (46,47) but few studies have investigated the
possible prognostic and predictive value of total cfDNA
quantification in patients with SCLC. In contrast, the
ctDNA, the tumor-derived fraction of this cfDNA, has been
reported as a prognostic and predictive biomarker in several
works (48-52). Almodovar et al. reported that changes in the
mutant allele frequencies on ctDNA were associated with
response to treatment and relapse. Twenty-seven patients
with SCLC were analysed by next-generation sequencing
(NGS) custom panel, however, the lack of driver mutations
known in SCLC, limited the number of genes analyzed (48).
In another work, Devarakonda et 4l. analyzed 564 patients
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using a larger NGS panel, including 73 genes, and, according
to previous results into the bibliography, RBI and TP53
were the most frequent mutant, however, no prognostic or
predictive value was reported in this study (53).

In this way, total ¢fDNA quantification allows to detect
the total DNA released from normal and also tumor
cells into the blood. Thus, despite the few known driver
mutations found in SCLC, ¢fDNA quantification allows to
quantify the total levels before treatment and monitor the
changes during therapy. Recently, our group demonstrated
the feasibility to quantify cfDNA levels in NSCLC patients
and its association with patients’ outcomes (26), suggesting
its possible utility in SCLC.

Thus, in the present work, we quantified total cfDNA
levels using two different technologies, a fluorometric
assay, Qubit and a more specific one, the qPCR assay
analyzing the ATERT gene. CIDNA quantification by both
technologies showed good concordance. Furthermore, the
concordance of ¢cfDNA levels at any time point of therapy
using both methods also showed a good concordance.
Therefore, both methods could be used to robustly
measure the cfDNA content. However, to complete our
study we chose the qPCR assay, which is a high sensitive
and specific assay for ¢tDNA quantification in SCLC
patients, and was previously employed in studies focused
on NSCLC (26,54-56).

Regarding the clinical meaning of ¢cfDNA content, we
found that high levels were significantly associated with
shorter PFS and OS before therapy onset, being a robust
independent prognostic biomarker in newly diagnosed
SCLC patients. Also, cfDNA levels at baseline were higher
in patients with stage IV that could be a consequence of
more aggressive disease. This can be partially explained
by an increase of ctDNA levels released from the tumor
cells to the bloodstream, increasing the total cfDNA
fraction. Moreover, analyses showed that ¢fDNA levels
at 3 weeks are associated with patients’ outcomes, being
those patients with high values at 3 weeks, the ones with
the worst prognosis. In addition, high ¢fDNA levels at the
time of disease recurrence were associated with a higher
risk of death. Of note, multivariate analyses showed the
independence of cfDNA levels at 3 weeks and at progression
disease as a prognostic biomarker. These results suggest that
cfDNA monitoring could provide valuable information for
the management of SCLC as our group previously reported
in NSCLC (26). Thus, in clinical practice, in those SCLC
patients with high levels of cfDNA at the time of disease
recurrence, the selection of a more aggressive therapy or
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the intensification of clinical visits would be considered.

Besides cfDNA levels, we investigated the prognostic
value of additional biomarkers such as CTCs and clinical
characteristics. CTCs were analyzed in a cohort of 21
SCLC patients using the CellSearch® system, the only
Food and Drug Administration (FDA)-approved device
for CTC enumeration in prostate, breast and colorectal
cancer. According to the literature (17), a detection rate of
85.71% was found in our study. Moreover, the CT'C count
at baseline determined using the CellSearch® system was
significantly associated with PFS and OS (31,34,35,57,58).
For example, Naito et al. reported that the presence of >8
CTCs/7.5 mL of blood was associated with worse OS (31),
however, another study employed 50 CTCs as cut-off
for PFS and OS (35). In fact, a consensus regarding the
optimal cut-off of CTCs and the prognostic value remains a
challenge (17). In this work, we found a discrete association
between the presence of >150 CTCs and a shorter PFS,
however multivariate analyses did not show independent
value for the CTC count. Interestingly, high ¢fDNA levels
and the presence of CTCs at baseline were significantly
associated, reporting the clear association between both
circulating biomarkers and disease burden. CTCs release
in the bloodstream is related to the intravasation process
of potentially metastatic cancer cells. Nevertheless, ccDNA
is released by any cell type including tumoral and normal
cells, however, how cfDNA release relates to tumor biology
is currently unknown. In another hand, we evaluate several
factors that could influence the patients’ outcomes. Thus,
we proposed a simple model to segregate patients into three
categories based on risk of progression and death (taking
into account the cfDNA levels, ECOG PS and gender of
patients). We found that patients with one or less adverse
prognostic factors were classified in the favorable-risk
category and present a longer PFS and OS. Regarding the
clinical relevance of these results, some limitations in our
design should be considered. First, the sample size of our
CTC cohort was relatively small and CTC monitoring
during therapy could provide more valuable information.
Second, our patient cohort are not homogenous regarding
treatment regimen, 71.74% SCLC patients were treated
with while 28.26% SCLC patients were treated with
chemo-immunotherapy. In addition, a validation study of
our prognostic model in a larger independent cohort is
needed.

In conclusion, we describe an important potential role of
cfDNA levels as a prognostic biomarker in newly diagnosed
SCLC patients and also could provide useful information

© Translational Lung Cancer Research. All rights reserved.

about disease evolution. Finally, a prognostic model based
on c¢fDNA levels and some clinical characteristics (ECOG
PS and gender) would allow us to stratify patients and detect
those who could particularly benefit from the treatment.
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Figure S1 (A) Scatter plot representing correlation between ¢fDNA levels using Qubit method and qPCR assay at different times of therapy
(baseline, 3 weeks and progression disease) using Pearson’s correlation method. A good correlation between both approaches at different
times of therapy (baseline, 3 weeks, and progression disease) was found (R’ =0.959). (B) Total ¢fDNA levels in healthy controls and patients
with SCLC using Qubit method. Statistical analysis between both groups was performed by the Mann-Whitney-Wilcoxon U-Test. Using
fluorometer method, total cfDNA levels in healthy controls were statistically lower than in those found in the SCLC cohort (Wilcoxon test
p=1.2x10""). (C) ROC curve for Qubit method shows high sensitivity and specificity to discriminate healthy controls and SCLC patients,
similar to our gPCR assay. (AUC=0.94; specificity 100%; sensibility 80%). cfDNA, cell free DNA; GE, genomic equivalents; AUC, area

under the curve; CI, confidence interval.

Table S1 Statistics of cfDNA levels at baseline, at 3 weeks after the onset of therapy and at disease progression

Sample size Mean (GE/mL) Median (GE/mL) Standard deviation Range (GE/mL)

Baseline, cfDNA levels 46 81174.03 6488.23 342126.8 660.7-2320370.4
Three weeks post-treatment, cfDNA levels 40 9034.88 2912.55 18500.36 709-98040
Progression disease, cfDNA levels 25 11595.13 3747.6 18398.2 705.1-80440.3
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Table S2 Receiver operating characteristic curves analysis to determine the value of ¢fDNA levels to discriminate progression or death

Parameters AUROC Threshold Sensitivity Specificity
PFS
Log cfDNA at baseline 0.834 7.650 0.854 0.800
Log cfDNA at 3 weeks 0.754 7.879 0.629 1.000
0s
Log cfDNA at baseline 0.783 8.077 0.789 0.750
Log cfDNA at 3 weeks 0.707 7.879 0.625 0.750
Log cfDNA at progression disease 0.606 8.495 0.545 1.000
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Figure S2 (A) Example of CTCs detected in our cohort using the CellSearch® system. (B) Number of CTCs detected in each patient.

Patients with presence of <10 CTCs are represented in red columns (C) The presence of >150 CTCs/7.5mL of blood was significantly

associated with shorter PFS rates.
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Table S3 Analysis to determine the prognostic value of CTCs to discriminate progression or death

CellSearch® CTC %) PFS 0s

count Median (days) HR (95%Cl) Pvalue  Median (days) HR (95%Cl) P value
0 3 (14.29) - - - - - -
>1 18 (85.71) 179 7.18 (0.92-56.3) 0.07 236 4.98 (0.65-38.1) 0.09
>2 17 (80.95) 179 3.93 (0.88-17.6) 0.08 229 3.2 (0.72-14.2) 0.08
>5 13 (61.91) 185 1.64 (0.61-4.41) 0.4 244 1.62 (0.58-4.52) 0.35
>10 12 (57.14) 179 1.72 (0.66-4.5) 0.3 236 1.62 (0.6-4.41) 0.2
>50 9 (42.86) 163 1.81 (0.7-4.67) 0.11 229 1.71 (0.63-4.68) 0.3
>100 8 (38.1) 171 1.63 (0.62-4.26) 0.2 254 1.52 (0.55-4.25) 05
>150 6 (28.57) 158 2.52 (0.81-7.86) 0.03 217 2.32 (0.76-7.15) 0.07
>500 5 (23.81) 163 2.8 (0.81-9.7) 0.10 229 2.4 (0.73-7.9) 0.2
>1000 3 (14.29) 154 4.6 (0.92-23) 0.04 205 2.07 (0.46-9.43) 0.2

CellSearch® CTC levels: CTC, median (range), 26 (0-4,796); mean + SE, 579.2+284.5. The results obtaneid with the different CTCs cut-
offs were calculated using the Evaluate Cutpoints tool (available in http://wnbikp.umed.lodz.pl/Evaluate-Cutpoints/). PFS, progression-free
survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval.
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Figure S3 CTCs and association with clinical characteristics. The number of CTCs detected in our cohort were significantly associated
with the stage of patients and a poor performed status. Also, high ¢fDNA levels and the presence of CTCs at baseline were significantly

associated.
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Table S4 Progression-free survival and overall survival probabilities estimated according two risk groups

PFS (O]
Risk groups
HR 95% Cl P value HR 95% CI P value
Favorable 1 (Ref.) - 1 (Ref.) -
Intermediate-poor 5.37 2.32-12.4 < 0.001 6.02 2.66-13.6 < 0.001

PFS, progression-free survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval.
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