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ABSTRACT

Background: Cell-free DNA (cfDNA) holds promise as a tumor marker of clinical importance. We aimed to investi-
gate the prognostic value of baseline ¢cfDNA in non small-cell lung cancer (NSCLC). Material and Methods: During a
three-year period, patients with newly diagnosed, previously untreated advanced NSCLC were included in a consecu-
tive, prospective marker-trial. Plasma was isolated from a pre-treatment peripheral blood sample and the level of total
cfDNA was measured by an in-house assay qPCR-method. The treatment comprised carboplatin (AUC 5) intravenously
day 1), and vinorelbine (30 mg/m” intravenously day 1 and 60 mg/m” perorally day 8) q3w for a maximum of six cycles.
The primary end-point was overall survival (OS). Secondary end-points were progression free survival (PFS) and over-
all response rate (ORR). Results: 245 patients were included and received a minimum of 1 cycle of chemotherapy (me-
dian 4). The median OS was 8.9 months, the median PFS by intention to treat 5.4 months and the ORR was 25%. The
patients were divided into four groups based on quartiles of cfDNA and subsequently dichotomized by the 75th percen-
tile revealing a significantly worse prognosis for patients in the upper 75th percentile (median OS 4.9 months) com-
pared to patients with lower levels (10.0 months) (HR 2.1, 95%CI 1.4 - 3.1, p < 0.0001). A multivariate analysis con-
firmed the independent prognostic value of cfDNA. A subgroup analysis of patients with high ¢cfDNA and poor per-
formance status (PS = 2) identified a group of patients with even worse prognosis (median OS 2.0 versus 9.1 months,
HR 3.6, 95%CI 1.4 - 9.2, p < 0.0001). Similar and significant results were found when comparing level of cfDNA and
PFS. Conclusions: High pre-treatment level of cfDNA seems to have a strong prognostic impact in patients with newly
diagnosed advanced NSCLC. Combined with PS it identifies a patient group with minimal or no benefit of chemother-

apy.
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1. Introduction have been identified and used in clinical settings.

DNA detectable in plasma and serum, referred to as
cell free DNA (cfDNA) is a potential marker which was
discovered in 1948 by Mandel and Metais. It gained little
interest until the 1960’s where high levels of cfDNA
were demonstrated in patients with systemic lupus ery-
thematosus [3]. The first evidence of increased levels of
cfDNA in cancer patients was published in the seventies
[3,4]. Since then, cfDNA in cancer patients has been in-
vestigated in several settings, but so far it has not been
clinically implemented. The biological mechanisms be-
hind the presence of cfDNA in blood are not yet fully
understood. It is present under both normal and patho-

Non-small-cell lung cancer (NSCLC) is one of the most
common malignant diseases worldwide, and one of the
leading causes of cancer related deaths [1]. When diag-
nosed at a localized stage, curatively intended treatment
by surgery may be an option, but most patients have ad-
vanced disease at the time of diagnosis, where the only
treatment available is palliative systemic treatment [2].
The effect, however, is moderate with only a minor sub-
group benefiting from the treatment, and improving the
patient selection is crucial. Consequently, predictive and
prognostic tumor markers are gaining mounting impor-

tance and interest, but so far only few reliable markers
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logical conditions, probably due to apoptosis and necro-
sis leading to release into the bloodstream, but also active
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release from the cells has been suggested. Under malign-
nant conditions, the level of cfDNA is increased, possi-
bly due to higher activity in the aforementioned proc-
esses, but additional hypotheses regarding increased re-
lease of DNA from tumor-surrounding tissue due to tu-
mor invasion have also been suggested [5-7]. Further-
more, it has been proposed that some of the cfDNA may
origin from circulating tumor cells (CTC:s) lysing in the
circulation [5].

The fact that the level increase of ¢cfDNA during ma-
lignant conditions makes it feasible as a marker of dis-
ease activity and prognosis. The baseline level of cfDNA
as well as variations during the course of treatment and
disease may provide important information regarding the
behavior of the disease, and the prognosis.

But despite numerous studies and different approaches,
no consensus upon the role of cfDNA has been reached.
Although there is agreement of its potential as a bio-
marker, the question of whether it is diagnostic, predic-
tive, or prognostic remains unanswered and requires fur-
ther investigation [8].

Further studies in larger, homogeneous cohorts under
standardized procedures and techniques are needed in
order to determine the clinical role of cfDNA.

In the present study, we aimed to address the prognos-
tic value of baseline plasma cfDNA, in a large cohort of
patients with advanced or disseminated NSCLC, treated
with first line chemotherapy.

2. Material and Methods
2.1. Patients

During a three-year period (2007-2010) patients with
newly diagnosed advanced NSCLC were prospectively
included in a marker-trial at the Department of Oncology,
Vejle Hospital. The inclusion criteria were; histopa-
thologically verified NSCLC, stage III-IV disease, no
previous chemotherapy, and performance status (PS) al-
lowing chemotherapy (PS < 2). The patients were treated
with first-line chemotherapy according to standard guide-
lines of our department and comprised carboplatin (AUC
5), administered intravenously on day 1 every three
weeks) in combination with vinorelbine (30 mg/m® ad-
ministered intravenously on day 1 and 60 mg/m* pero-
rally on day 8 every three weeks) for a maximum of six
cycles. Palliative radiotherapy was given when indicated.
In a few cases (n = 14) the initial chemotherapy was fol-
lowed by curatively intended radiotherapy due to sig-
nificant reduction in disease burden. A pre-treatment
blood sample was collected within two weeks ahead of
treatment start and subsequently analyzed for the base-
line level of cfDNA. All patients had a baseline CT of
the chest and upper abdomen within a month before the
first treatment.

Copyright © 2013 SciRes.

The primary endpoint was overall survival (OS). Sec-
ondary endpoints were progression free survival (PFS)
and response rate (RR). Objective response was evalu-
ated according to RECIST v. 1.0 by CT scans of the
chest and upper abdomen after every two cycles and reg-
istered as best overall response [9]. Patients who had
partial (PR) or complete response (CR) were character-
ized as responders. Disease control (DC) was defined as
response or stable disease (SD). Written informed con-
sent was obtained before enrolment and the study was
conducted in accordance with Danish law after approval
by the Regional Scientific Ethical Committee for South-
ern Denmark.

2.2. Analyses of cfDNA in Plasma

From the pre-treatment peripheral blood sample which
was collected in EDTA-tubes, plasma was obtained by
centrifugation at 2000 x g for 10 minutes and stored at
—80°C. The plasma was separated within 2 hours after
sampling. Total nucleic acid was obtained from 1.0 ml
plasma by the use of a QIAsymphony virus/bacteria
midi-kit on a QIAsymphony robot (Qiagen) according to
the manufacturer’s instructions. To determine the level of
c¢fDNA, the amount of the peptidylprolyl isomerase A-
gene (PPIA), was measured by qPCR using an in-house
assay providing plasma-sample DNA, which subse-
quently was converted to number of DNA alleles/ml. The
method has been described in detail previously [10].

2.3. Statistics

The association between objective response rates and the
level of cfDNA was investigated by Wilcoxon Rank-sum
or X’-test. The same methods were used for associations
between patient characteristics and cfDNA. Survival
analyses were performed by the Kaplan-Meier method
and differences according to level of cfDNA were esti-
mated by the log-rank-test. Hazard ratios were evaluated
by the Mantel-Haenszel-method.

OS was defined as the time from date of first treatment
until date of death by any cause. PFS was defined as the
time from date of first treatment until date of progression
or death by any cause. Patients who had neither pro-
gressed nor died were censored. Date of last observation
was the 1st of November 2012.

The independent values of different variables were in-
vestigated in multivariate Cox regression analyses. Known
prognostic variables and variables with a p-value < 0.2 in
univariate analyses were included in the model.

Two-sided p-values <0.05 were considered significant.
Statistics were performed with NCSS statistical software
(NCSS Statistical Software, Kaysville, UT, USA, version
07.1.15, 2009).

JCT



The Prognostic Value of Cell-Free DNA in Advanced Non-Small-Cell Lung Cancer 3

3. Results

3.1. Pre-Treatment Characteristics and
Bio-Marker Levels

Patient characteristics are demonstrated in Table 1. A
total of 245 patients were included in the analyses. All
patients had advanced disease at the time of diagnosis
and were candidates for palliative treatment.

The median level of cfDNA was 3212 alleles/ml
(range 478-1048538). The correlation between patient
characteristics at baseline and the level of cfDNA was

Table 1. Patient characteristics.

Number  Percent
(n=245)  (100)

Age

Median (range) 66 (40 - 80)
Gender

Male 151 62

Female 94 38
Histology

Adenocarcinomas 149 61

Squamous cell carcinoma 75 31

Large cell carcinoma 8 3

Other 13 5
Stage

III 57 23

v 188 77
Metastatic sites

0 115 47

1-2 118 48

>2 12 5
ECOG" performance status at baseline

0 88 36

1 125 51

2 32 13
LDH at baseline (n = 230)

Normal 140 61

Elevated 90 39
Number of cycles

Median (range) 4(1-6)
Radiotherapy

None 192 78

Palliative 39 16

Curative 14 6

"ECOG = Eastern Cooperative Oncology Group.

Copyright © 2013 SciRes.

investigated and revealed a significantly higher (p =
0.015) median level of cfDNA among patients in PS 2
(4152 alleles/ml) than PS 0 - 1 (3115 alleles/ml). Fur-
thermore, patients with increased LDH at baseline had a
significantly higher (p < 0.0001) median level of cfDNA
(2681 alleles/ml) than patients with normal LDH (4370
alleles/ml).

3.2. Survival Analyses

The median OS for the entire group was 8.9 months
(95%CI 7.0 - 9.7 months). Ten patients were still alive at
the end of the observation period and censored. The me-
dian PFS was 5.4 months (95%CI 4.8 - 5.6) with five
patients censored. The patients were divided into four
groups by the level of cfDNA. Cut-off was based on
quartiles (lower 1st quartile at 1910 alleles/ml, median
3212 alleles/ml and upper 4th quartile at 6062 alleles/ml).
A clear association between high levels of cfDNA and
poor survival was demonstrated (Figure 1). When study-
ing the survival curves, it was obvious that the patients in
the upper quartile had the worse prognosis. The median
OS of this group was only 4.9 months, whereas the me-
dian OS in the lower three quartiles ranged from 8.0 -
11.3 months, leading us to further investigation by di-
chotomizing OS by the upper 75th percentile. The Kap-
lan-Meier curves showed a significantly shorter OS (HR:
2.1,95%CI 1.4 - 3.0, p < 0.0001) of patients in the upper
75th percentile (median 4.9, 95%CI 3.7 - 6.8 months)
than patients with a cfDNA-level below the upper 75th
percentile (median 10.0, 95%CI 8.9 - 11.4 months).

A similar correlation between levels of cfDNA and
PFS was seen when patients were grouped by both quar-
tiles (p = 0.0005) and dichotomized by the upper 75th
percentile (p < 0.0001). Survival curves and data are
demonstrated in Figure 1.

3.3. Multivariate Analyses

To examine the independent effect of the cfDNA-level,
multivariate analyses of both OS and PFS were per-
formed. The model was defined by including known
prognostic markers and potentially prognostic patient
characteristics with a p-value below 0.2 when tested in
univariate analyses of OS and PFS. The final model is
demonstrated in Table 2. Elevated LDH and adenocarci-
nomas were independently correlated with a shorter OS,
whereas neither stage nor the presence of distant metas-
tases showed any significant correlation with outcome.
c¢fDNA and PS remained independent prognostic factors
of both OS and PFS.

3.4. Subgroup Analyses

The correlation between high levels of cfDNA, impaired
prognosis, and poor performance status inspired to a
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Figure 1. Progression free survival (PFS) and overall survival (OS) in months, according to level of baseline cfDNA. A: PFS
according to quartiles of cfDNA. Median PFS < 25%: 5.4 (4.4 - 5.7), 25% - 50%: 5.7 (4.9 - 6.2), 50% - 75%: 5.7 (5.3 - 6.1),
>75%: 2.9 (2.5 - 4.5), p = 0.0005. B: PFS according to 75th percentile of cfDNA. Median PFS < 75%: 5.7 (5.3 - 5.8), >75%: 2.9
(2.5 -4.5), HR: 1.80 (1.27 - 2.54), p < 0.0001. C: OS according to quartiles of cfDNA. Median OS <25%: 11.2 (8.9 - 14.9), 25%
- 50%: 11.3 (8.9 - 13.8), 50% - 75%: 8.0 (6.8 - 9.6), >75%: 4.9 (3.7 - 6.8), p < 0.0001. D: OS according to 75th percentile of
cfDNA. Median OS < 75%: 10.0 (8.9 - 11.4), >75%: 4.9 (3.7 - 6.8), HR: 2.08 (1.44 - 2.99), p < 0.0001. A + C: Blue line < 25%,
dark green line 25% - 50%o, light green line 50% - 75%, red line >75%. B + D: Blue line = cfDNA below the 75th percentile;

Red line = cfDNA above the 75th percentile.

subgroup analysis of patients categorized by cfDNA
above the 75th percentile combined with PS = 2 at base-
line. These criteria were met by 15 patients. As demon-
strated in Figure 2 both OS and PFS were investigated,
revealing a remarkably worse prognosis for the subgroup
compared to the other patients. In the subgroup the me-
dian OS was only 2.0 months (95%CI 0.9 - 2.6) com-
pared to 9.1 months (95%CI 7.6 - 10.3) in the other
group (HR: 3.6, 95%CI 1.4 - 9.2, p < 0.0001). The PFS
was also significantly worse in the subgroup with a me-
dian PFS of 1.5 (95%CI 0.9 - 2.0) versus 5.6 months
(95%CI 5.1 - 5.7) in the other group (HR: 4.0, 95%CI 1.5
-10.7, p<0.0001).

3.5. Response to Chemotherapy

All patients available for objective response evaluation
were included in the response analyses. Four patients did

Copyright © 2013 SciRes.

not fulfill evaluation criteria and were excluded. The
overall response rate (ORR) was 25%. When considering
response (CR + PR versus SD and progression (PD))
according to level of cfDNA, no significant relation was
found (data not shown).

4. Discussion

The intriguing possibility of extracting tumor DNA from
a simple blood sample has raised grand expectations of
clinical application. The perspective of a “liquid biopsy”
is prepossessing, especially in lung cancer where access
to tumor material by conventional methods often proves
difficult. So far, tumor tissue has been the primary source
of tumor DNA and thus material for genetic analyses.
This approach has its advantages, but it requires a repre-
sentative sample and is often associated with significant
inconvenience to the patient. Beyond the patient friendly
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Table 2. Multivariate cox regression analyses of progression free survival (PFS) and overall survival (OS).

PFS oS
Variables
Risk ratio (95%CI) p-value Risk ratio (95%CI) p-value
Plasma cfDNA
<75%
1.6(1.2-2.2) 0.003 1.9(1.3-2.5) 0.0002
>75%
ECOG PS’
0-1
1.9(1.3-2.8) 0.002 1.8(1.2-2.6) 0.004
2
Histology
Adenocarcinomas
0.7 (0.5 - 0.96) 0.03 0.7 (0.6 - 0.98) 0.04
Other NSCLC
Stage
3
1.0 (0.9-1.2) 0.6 1.0 (0.9 - 1.1) 0.7
4
Distant metastases
No
1.3(0.9-1.8) 0.2 1.4(1.0-1.9) 0.07
Yes
Elevated LDH
No
1.3(1.0-1.7) 0.09 1.5(1.1-1.9) 0.01
Yes

All variables were dichotomized. The Risk Ratio refers to moving from the reference group to the other group; "ECOG PS = Eastern Cooperative Oncology
Group Performance Status.

1.0 1.0
0.8 4 0.8 +
0.6 0.6
0.4 0.4 4
0.2 4 0.2 4
0.0 T T T T T ) 0.0 T T T T T T T ]
0 5 10 15 20 25 30 0 5 10 15 20 25 30 35 40
Months Months
(@) (b)

Figure 2. Progression free survival (PFS) and overall survival (OS) in months, in the subgroup-analysis. A: PFS in high-risk
subgroup versus all other patients. Median PFS High risk group: 1.5 (0.9 - 2.0), All other patients: 5.6 (5.1 - 5.7), HR: 3.98
(1.47 - 10.74), p < 0.0001. B: OS in high-risk subgroup versus all other patients. Median OS High risk group: 2.0 (0.9 - 2.6),
All other patients: 9.1 (7.6 - 10.3), HR: 3.58 (1.39 - 9.22), p < 0.0001. Patients with cfDNA above the 75th percentile and PS = 2
were identified as a potential high risk group, and survival analyses of this group (n = 15) versus all other patients (n = 231)
were performed. Red line = High risk group; Blue line = All other patients.

and relatively uncomplicated procedure of blood sam- portant aspect in this era of targeted therapy. These con-
pling, blood samples also allow repetitive measurements siderations inspired the present study with the main ob-
and thus closely genetic monitoring of the tumor, an im- jective of investigating the prognostic value of cfDNA in

Copyright © 2013 SciRes. JCT
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plasma.

To measure the level of ¢fDNA, an in-house assay
gPCR-method targeting the PPIA-gene was used. The
method has been validated and used in comparable set-
tings in the study of cfDNA in metastatic colorectal can-
cer [10]. The target gene (PPIA) is tumor-independent
and present in both tumor-and normal tissue, thus pro-
viding a measure of the total level of cfDNA present in
the blood stream. This aspect has been the subject of
many discussions regarding the most appropriate way of
determining the level of cfDNA. Since the method pro-
vides a non-tumor specific estimate of cfDNA, it has
been argued that this approach is insufficient in order to
foresee tumor related events such as progression and
death. Previous studies have used different methods and
target genes which to some extent may explain the di-
verging results [11]. One of the most common target
genes is the human telomerase reverse transcriptase
(hTERT), which is known to be over-expressed in most,
but not all, NSCLC tumors [12]. Camps et al. managed
to demonstrate a correlation between increased hTERT in
serum and poor prognosis [13]. Similar results in plasma
have also been reported, but the results have not been
validated by other authors [14,15]. In this cohort of pa-
tients with known advanced lung cancer, we find the use
of PPIA feasible, as it does not depend on tumor-related
genes and therefore provides an estimate of the total
cfDNA [16].

The clinical role of ¢cfDNA in lung cancer remains to
be defined. In addition to the aforementioned methodo-
logical discrepancies, there are several problems in the
comparison of different studies. In a cohort of 185 pa-
tients, Gautschi et al. demonstrated a significant associa-
tion between high levels of cfDNA and poor prognosis,
but the cut-off was based on measurements in 46 healthy
controls, making the transferal into other settings diffi-
cult [17]. A study of 46 patients with newly diagnosed,
previously untreated NSCLC confirmed these results,
while another study of 42 patients did not [11,18]. Both
studies were limited by a small number of patients.
Fournie et al. also found a positive correlation between
high levels of cfDNA and poor prognosis, but the study
was biased by the mixing of NSCLC and SCLC [19]. In
an attempt to address these problems, we performed a
consecutive, prospective study including only chemo-
naive patients with stage III or IV NSCLC. All patients
received the same standardized treatment at a single in-
stitution and were evaluated by objective criteria, thus
constituting a homogenous approach. Furthermore, our
study included a reasonable number of patients allowing
for analyses of relevant statistical power.

To ensure an independent value of cfDNA we per-
formed multivariate analyses of both PFS and OS. These
results further confirmed the prognostic value of baseline

Copyright © 2013 SciRes.

cfDNA, as it remained highly significant in both analyses.
In addition to cfDNA, performance status remained an
independent prognostic factor, with baseline PS of 2 be-
ing significantly related to a poor PFS and OS. This is in
consistence with previous knowledge of PS as a well-
documented and clinically used prognostic factor [20].
Also, adenocarcinomas and increased LDH were inde-
pendent prognostic factors, which is also in accordance
with previous knowledge. Disease stage is another known
prognostic factor, but showed no correlation with out-
come in our patients. This is most likely due to the fact
that only patients with stage III and IV disease were in-
cluded in the study, thereby eliminating the prognostic
differences between high and low stages.

The results from the multivariate analysis inspired us
to a subgroup analysis combining patients with a high
baseline level of ¢fDNA and a poor PS (PS = 2). This
approach, which to our knowledge is the first, attempt to
outline a subgroup of patients, who based on these two
parameters have a markedly worse prognosis than the
rest of the patients. Even though the number of patients
in the subgroup was small, it is important to identify
those patients who may be better of without treatment.

In conclusion, our results demonstrate a highly signi-
ficant, independent prognostic value of the baseline
cfDNA in patients with advanced, newly diagnosed
NSCLC treated with chemotherapy. In a time where
treatment is almost mandatory, the level of cfDNA, sug-
gestively in combination with PS, may offer a prognostic
grid to help identifying a group of patients who most
probably will not benefit from systemic treatment but
instead should be offered best supportive care. These
intriguing results add new knowledge to the clinical role
of cfDNA and call for further investigation and valida-
tion.
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