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Introduction: Plasma cell-free DNA (cfDNA) estimation offers a non-invasive
method to potentially diagnose, monitor, and prognosticate patients with
malignancy. This prospective study aimed to assess plasma cfDNA levels in
patients with differentiated thyroid cancer (DTC) to determine its role in
predicting disease status in the post-operative setting.

Materials and methods: This was a single-center prospective observational
study conducted at a public medical research university and hospital in New
Delhi, India. 254 patients with DTC in the post-operative setting were included:
95 in Group 1 (active structural disease) and 159 in Group 2 (disease-free). Blood
samples were collected for plasma separation and cfDNA extraction. The cfDNA
concentrations were quantified and compared across various disease states.

Results: Median values of plasma cfDNA (ng/ulL) in groups 1 and 2 were found to
be 0.272 (IQR: 0.137-0.442) and 0.222 (IQR: 0.123-0.398), respectively with no
significant difference (p=0.122). cfDNA levels were significantly higher in patients
in the age group >55 years (p=0.016). However, the cfDNA levels were not
significantly associated with any of the other known prognostic markers of DTC.

Discussion: Based on the results of this study, plasma cfDNA levels did not
significantly predict disease status in patients with DTC in the post-
operative setting.
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1 Introduction

Thyroid cancer is the most prevalent endocrine malignancy,
accounting for about 2% of all cancers (1, 2). Its diagnosis generally
involves ultrasonography, fine-needle aspiration cytology (FNAC),
conventional and scintigraphic imaging methods. Treatment for
differentiated thyroid cancer (DTC) typically includes surgical
removal of the thyroid gland followed by radioiodine therapy for
patients at intermediate to high risk. Monitoring for potential
recurrences or metastasis includes measuring serum thyroglobulin
(Tg) levels, conventional CT/MR imaging, and ['*'I]I" whole body
scans (DxWBS) (3-6). In cases where DxWBS is negative but Tg
levels are elevated, ['*F]FDG PET/CT is particularly useful (7).

Approximately one-third of DTC patients develop radioactive
iodine-refractory DTC (RR-DTC), which has a poor prognosis and
requires early identification (8). However, there are still unresolved
issues regarding the diagnostic definitions, therapeutic approaches,
and follow-up strategies for thyroid cancers, indicating unmet
medical needs.

Liquid biopsy, a non-invasive method, analyzes biological
samples released from tumors such as circulating tumor cells
(CTQ), circulating tumor DNA (ctDNA) or even cell-free DNA
(cfDNA) into body fluids. The potential advantages of liquid biopsy
include minimal invasiveness, repeatability, and real-time
monitoring of molecular changes, thus overcoming challenges
associated with invasive tissue biopsies and imaging. It is
presumed that ¢fDNA is released due to apoptosis, necrosis,
degeneration of circulating tumor cells, and even from metastatic
deposits (9-11) to the circulation, thus could be used as a suitable
biomarker material for diagnosing of cancer. Recently, a few
authors advocated that ¢fDNA monitoring can be successfully
used for detection of tumors not visible on imaging and involves
no radiation exposure, unlike radiological or nuclear imaging
techniques (13-15). However, circulating tumor DNA constitute
about 10% of cfDNA, the bulk of cfDNA comes from degeneration
of white blood cells (12).

While cfDNA is found in various body fluids and contains
genomic and mitochondrial DNA, the biological and pathological
information it provides is often inconsistent and non-specific,
raising questions about its reliability for diagnosis, prognosis
estimation, and treatment response monitoring in oncology. The
full nature and behavior of cfDNA are still not fully understood,
casting doubt on its utility as a biomarker in oncology. Although it
is promoted for detecting microsatellite instability, loss of
heterozygosity, somatic mutations, polymorphisms, methylation,
and integrity, the evidence supporting these claims is not robust (9,
13, 16). Furthermore, not all ¢fDNA alterations detected may be
attributable to cancer, as increased levels of cfDNA can be found in
benign diseases and tissue trauma (17, 18).

In the context of thyroid cancer, some studies report that
cfDNA is useful in differentiating benign from malignant thyroid
nodules and monitoring disease progression. However, their
reliability is uncertain due to small sample sizes (19-21). In this
large prospective study, we aimed to evaluate the potential role of
plasma cfDNA in predicting disease status in post-operative DTC
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patients. We tested the null hypothesis that plasma cfDNA levels in
post-operative DTC patients are similar between those who have
active structural disease when compared to those who are disease-
free/in remission (negative control). If the cfDNA values could
separate out these two groups without overlapping, then cfDNA
analysis could be validated as useful biomarker.

2 Materials and methods
2.1 Study design and patient population

This was a single-center prospective study conducted as a
collaborative effort between the Departments of Nuclear
Medicine, Pathology, and Surgical Oncology, at the All India
Institute of Medical Sciences (AIIMS), New Delhi, India. The
research protocol was approved by the Institute Ethics Committee
(IECPG-158/24.03.2022). The study was conducted in accordance
with the principles in the Helsinki Declaration and was carried out
over a period of 20 months from the date of ethical clearance.

Patients with histologically proven DTC (age =18 years) in the
post-operative setting were recruited. The patients were recruited
into two broad groups. Group 1 (active structural disease) included
two subgroups - new cases of DTC post-surgery (blood sample
taken between 1-3 months post-surgery) with lymph nodal or
distant metastasis on the first [*'I]I" DxWBS (subgroup 1A) and
patients with DTC post-surgery having recurrent/persistent disease,
radioiodine refractory DTC (RR-DTC), and those with disease
progression on systemic therapies (subgroup 1B). Group 2
(disease-free) also comprised of two subgroups - new cases of
DTC post-surgery (blood sample taken between 1-3 months post-
surgery) with no disease or only remnant tissue on first [*'I]T’
DxWBS (subgroup 2A) and patients with DTC post-surgery that
have been disease-free for at least 5 years (subgroup 2B) (Figure 1).
All the patients provided written informed consent. Patients
suffering from any other malignancy and pregnant/lactating
women were excluded from the study. The following details were
recorded for each patient — age at diagnosis, sex, initial presenting
complaint, surgical details, histopathology reports, biochemical
investigations (serum Tg), ["*'1]I" DxWBS, and their risk category
was defined as per the 2015 American Thyroid Association (ATA)
guidelines (4).

2.2 Blood sample processing and
cfDNA extraction

10mL of patients’ blood was drawn from a peripheral vein and
collected in ethylenediaminetetraacetic acid (EDTA) tubes. The
tubes were inverted 8-10 times to mix the blood and
anticoagulant and stored at 4 °C. The blood samples were
centrifuged within 6-8 hours of being drawn at 3000g for 15
minutes at 4 °C. The supernatant plasma was carefully aspirated
using a micropipette to not disrupt the cell layers and was
transferred into 5mL Eppendorf tubes. The plasma was stored at
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Patients with differentiated thyroid cancer (DTC) (N=254)
Group 1 (N=95) Group 2 (N=159)
Active structural disease Disease-free
Group 1A (N=44) Group 2A (N=59)
Histologically proven new cases Histologically proven new
of DTC patients post surgery cases of DTC patients post
(sample taken between 1-3 surgery (sample taken
months post-surgery) with between 1-3 months post-
lymph nodal or distant surgery) with no disease or
metastasis on the first ['3']I only remnant on the first
DxWBS [T DxWBS
Group 1B (N=51)
Histologically proven cases of Group 2B (N=100)
DTC post surgery with
recurrent/persistent disease, Histologically proven cases
radioiodine refractory DTC (RR+ of DTC post surgery that have
DTC), and those with disease been disease-free for >5years
progression on systemic
therapies
I
Plasma cfDNA extraction and
quantitation
FIGURE 1

Flowchart illustrating study design.

-20 °C till further use. The plasma samples were thawed and
equilibrated to room temperature before cfDNA extraction.

The cfDNA was extracted from 3mL plasma using the ZYMO
DNA Kit (Quick-cfDNA Serum & Plasma Kit Cat No: D-4076)
according to the instructions provided by the manufacturer. The
cfDNA was eluted in 40yl elution buffer. The cfDNA concentration
was then quantified using a Qubit fluorometer (Qubit™ 4

Fluorometer, Invitrogen by Thermo Fisher Scientific).

2.3 Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics
version 27.0. Sample size calculation was done using the G*Power
software. Assuming power of 95% with two-sided alpha level of 5%,
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and sampling loss rate of 10%, a sample size of 254 patients was
required to detect a mean difference of 0.Ing/uL between the
diseased and non-diseased groups (allocation ratio ~ 1:1.5).
Categorical data were expressed as frequencies and percentages.
The normality of the continuous variables was checked by the
Kolmogorov-Smirnov test. The non-normal continuous variables
were expressed as median and interquartile range (IQR). The
comparison of cfDNA among the two groups was made using the
non-parametric Mann-Whitney U Test. The non-parametric
Kruskal-Wallis Test (for > two groups) and Mann-Whitney U
Test (for two groups) were used to determine the association
between the levels of plasma ¢fDNA in DTC patients and other
prognostic markers such as age, sex, pathological subtype, risk
category, TNM stage, vascular invasion, capsular invasion, extra-
thyroidal extension, focality of lesion and presence of distant
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metastasis. For comparisons between more than two groups, the
significance values were adjusted by the Bonferroni correction as a
post-hoc test. Results with two-sided p-value <0.05 were considered
statistically significant.

3 Results

3.1 Demographic and
clinical characteristics

A total of 254 patients with DTC were included in the study. Of
these 254 patients, 95 belonged to Group 1 (active structural
disease), and 159 belonged to Group 2 (disease-free). The
demographic and clinical characteristics of the patients are
summarized in Table 1. The median age of the entire cohort was
37 years (IQR:30-48 years), and a female preponderance (n=180/
254, 70.8%) was noted. Of 254 patients, 220 (86.6%) had an initial
presentation of a solitary thyroid nodule. Postoperatively, 223 of
254 (87.8%) patients had a histological diagnosis of papillary
thyroid carcinoma (PTC). A majority (192/254, n=75.6%) of the
patients had stage I disease and 113/254 (44.5%) of patients were
classified as ATA low-risk. The demographic characteristics of the
patients were observed to be comparable between the two groups.
The groups 1 and 2 were further divided into subgroups 1A, 1B, 2A,
and 2B as described in the Materials and Methods. The subgroup
analysis of the demographic and clinical characteristics of the
patients is summarized in Table 2.

3.2 Comparison of plasma cfDNA levels
between the two groups

The median values of plasma ¢fDNA (ng/uL) in groups 1 and
2were found to be 0.272 (IQR:0.137-0.442) and 0.222 (IQR:0.123-
0.398) ng/uL, respectively. Slightly higher concentrations of cfDNA
was observed in the patients with active structural disease, however,
the difference was not found to be statistically significant (p=0.122).
The box and whisker plot depicting the cfDNA concentration in the
two groups is shown in Figure 2.

3.3 Subgroup analyses for plasma
cfDNA levels

The median values of plasma cfDNA (ng/uL) in post-operative
DTC patients with lymph node/distant metastasis on the first [**'T]
I' DxWBS (subgroup 1A, n=44) and those with recurrent/
persistent/progressive/RR-DTC (subgroup 1B, n=51) were 0.275
(IQR:0.122-0.505) and 0.272 (IQR:0.184-0.439), respectively. In
contrast, the median values (ng/pL) in post-operative DTC
I DxWBS showing no uptake outside the
thyroid bed (subgroup 2A, n=59), and those disease-free for >5
years (subgroup 2B, n=100) were found to be 0.206 (IQR:0.101-
0.290), and 0.248 (IQR:0.151-0.483), respectively. The differences in

patients with first [
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cfDNA levels between the subgroups at the time of first r
DxWBS (subgroup 1A versus 2A), as well as those with long-term
follow-up (subgroup 1B versus 2B), were not observed to be
statistically significant (p=0.134, and p=1.000, respectively).

3.4 Plasma cfDNA levels and association
with other prognostic markers in patients
with DTC

We checked the association of cfDNA levels in patients with
DTC with other prognostic markers such as patient age, sex,
histopathology, TNM staging, multifocality of lesion, vascular
invasion, capsular invasion, extra-thyroidal extension,
pathological tumor (pT) and nodal (pN) stage of tumor, lymph
node involvement, distant metastasis, and risk status. The results
are summarized in Table 3. The cfDNA levels (ng/uL) were
significantly higher in patients who were >55 years of age
compared to those <55 years of age (median 0.324, IQR: 0.209-
0.442 versus median 0.237, IQR: 0.120-0.419, p=0.016). However,
the cfDNA levels were not significantly associated with any of the
other known prognostic markers of DTC.

4 Discussion

Estimating plasma cfDNA has been proposed as a promising
non-invasive method for diagnosing, monitoring, and
prognosticating cancer patients, though the supporting evidence
remains weak (22, 23). Recent studies have examined the role of
cfDNA in patients with thyroid nodules and thyroid cancer (21, 24).
However, to our knowledge, no study has comprehensively assessed
and compared plasma cfDNA levels in post-surgical DTC patients
across different disease states. This study aims to fill this gap by
quantitatively evaluating plasma cfDNA levels in post-surgical DTC
patients and comparing them across various disease states to
determine its clinical utility in predicting disease status.

We measured cfDNA levels using a Qubit fluorometer
(QubitTM 4 fluorometer, Invitrogen by Thermo Fisher Scientific)
due to its ease of use, efficiency, and comparable measurements to
quantitative polymerase chain reaction (QPCR) (25). Our analysis
included plasma cfDNA levels from 254 DTC patients, categorized
into groups with active structural disease and those without
(disease-free). The study was adequately powered to detect a
minimum difference of 0.1ng/uL in cfDNA levels between the two
groups based on previous smaller studies (21, 22). However, our
results showed only a minimal, non-significant difference of 0.05ng/
pL in median plasma cfDNA levels between the active structural
disease group and the disease-free group. Additionally, no
significant difference in plasma cfDNA concentration was found
between patients with recurrent/persistent/progressive disease and
those who remained disease-free on long-term follow-up.

Previous studies have reported a significant decrease in cfDNA
concentrations following surgery in cancer patients, indicating the
primary tumor as the major source of preoperatively raised cfDNA
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TABLE 1 Demographic and clinical characteristics.

Parameter GROUP 1 GROUP 2
(Active structural disease) (Disease-free)
(N=95) (N=159)
1 Age in years Median (IQR) 45.0 (33.0-55.0) 35.0 (26.0-46.0)
Range 18-77 18-73
2 Age category, n (%) <55 years 67 (70.5) 145 (91.2)
>55 years 28 (29.5) 14 (8.8)
3 Sex, n (%) Female 65 (68.4) 115 (72.3)
Male 30 (31.6) 44 (27.7)
4 Initial Presentation, n (%) Solitary thyroid nodule 78 (82.1) 142 (89.3)
MNG 10 (10.5) 14 (8.8)
Cervical lymph node(s) 2(2.1) 3(1.9)
Metastases 5(5.3) 0 (0.0)
5 Surgery, n (%) TT/NTT/STT 89 (93.7) 136 (85.5)
HT 6 (6.3) 23(14.5)
6 Nodal dissection, n (%) Done 47 (49.5) 62 (39.0)
Not done 48 (50.5) 97 (61.0)
7 Histopathology, n (%) Papillary carcinoma 76 (80.0) 147 (92.4)
Follicular carcinoma 15 (15.8) 10 (6.3)
High-grade DTC 4(4.2) 2(1.3)
9 Pathological T stage (pT), n (%) = T1 13(13.7) 42 (26.4)
T 42 (44.2) 75 (47.2)
T3 25 (26.3) 33 (20.8)
T4 4 (4.2) 5(3.1)
Status unknown 11 (11.6) 4(2.5)
10 Pathological N stage (pN), n (%) | NO 8 (8.4) 30 (18.9)
N1 49 (51.6) 62 (39.0)
NX 38 (40.0) 67 (42.1)
11 Focality, n (%) Unifocal 81 (85.3) 144 (90.6)
Multifocal 14 (14.7) 15 (9.4)
12 Stage, n (%) I 43 (45.3) 149 (93.7)
il 35(36.8) 9(5.7)
11 1(11) 1(0.6)
IVA 2(21) 0 (0.0)
1VB 14 (14.7) 0 (0.0)
13 Risk, n (%) Low 2 (2.1) 111 (69.8)
Intermediate 19 (20.0) 40 (25.2)
High 74 (77.9) 8 (5.0)
14 Thyroglobulin (Tg) Median (IQR) 69.5 (10.1-265.0) 0.2 (0.2-2.0)

MNG, multinodular goitre; TT, total thyroidectomy; STT, subtotal thyroidectomy; NTT, Near total thyroidectomy; HT, hemithyroidectomy; DTC, differentiated thyroid cancer.
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TABLE 2 Demographic and clinical characteristics (sub-group).

GROUP 1
(N=95)

GROUP 2
(N=159)

Parameter

Age in years

Median (IQR)

1A (N=44)

34.5 (26.0-49.5)

1B (N=51)

51.0 (41.0-58.0)

2A (N=59)

34.0 (27.0-46.0)

2B (N=100)

35.0 (28.0-44.0)

Range 18-77 24-75 19-73 18-65

2 Age category, n (%) <55 years 37 (84.1) 30 (58.8) 50 (84.7) 95 (95.0)
=55 years 7 (15.9) 21 (41.2) 9 (15.3) 5 (5.0)

3 Sex, n (%) Female 32 (72.7) 33 (64.7) 47 (79.7) 68 (68.0)
Male 12 (27.3) 18 (35.3) 12 (20.3) 32 (32.0)

4 Initial Presentation, n (%) Solitary thyroid nodule 33 (75.0) 45 (88.2) 51 (86.4) 91 (91.0)
MNG 7 (15.9) 3 (5.9) 8 (13.6) 6 (6.0)
Cervical lymph node(s) 1(2.3) 1(2.0) 0 (0.0) 3(3.0)
Metastases 3 (6.8) 2 (3.9) 0 (0.0) 0 (0.0)

5 Surgery, n (%) TT/NTT/STT 43 (97.7) 46 (90.2) 54 (91.5) 82 (82.0)
HT 1(23) 5(9.8) 5 (8.5) 18 (18.0)

6 Nodal dissection, n (%) Done 21 (47.7) 26 (51.0) 29 (49.2) 33 (33.0)
Not done 23 (52.3) 25 (49.0) 30 (50.8) 67 (67.0)

7 Histopathology, n (%) Papillary carcinoma 35 (79.6) 41 (80.4) 54 (91.5) 93 (93.0)
Follicular carcinoma 7 (15.9) 8 (15.7) 4 (6.8) 6 (6.0)
High-grade DTC 2 (4.5) 2 (3.9) 1(1.7) 1(1.0)

9 Pathological T stage (pT), n (%) T1 11 (25.0) 2(3.9) 17 (28.8) 25 (25.0)
T2 19 (43.2) 23 (45.1) 21 (35.6) 54 (54.0)
T3 7 (15.9) 18 (35.3) 14 (23.7) 19 (19.0)
T4 0 (0.0) 4(7.8) 3(5.1) 2(2.0)
Status unknown 7 (15.9) 4(7.8) 4 (6.8) 0 (0.0)

10 Pathological N stage (pN), n (%) | NO 5(11.4) 3 (5.8) 15 (25.4) 15 (15.0)
N1 25 (56.8) 24 (47.1) 18 (30.5) 44 (44.0)
NX 14 (31.8) 24 (47.1) 26 (44.1) 41 (41.0)

11 Focality, n (%) Unifocal 36 (81.8) 45 (88.2) 52 (88.1) 92 (92.0)
Multifocal 8 (18.2) 6 (11.8) 7 (11.9) 8 (8.0)

12 Stage, n (%) I 26 (59.1) 17 (33.3) 57 (96.6) 92 (92.0)
I 13 (29.5) 22 (43.1) 2 (3.4) 7 (7.0)
I 0 (0.0) 1(2.0) 0 (0.0) 1(1.0)
IVA 1(23) 1(2.0) 0 (0.0) 0 (0.0)
1VB 4(9.1) 10 (19.6) 0 (0.0) 0 (0.0)

13 Risk, n (%) Low 2 (4.5) 0 (0.0) 29 (49.2) 82 (82.0)
Intermediate 19 (43.2) 0 (0.0) 22 (37.3) 18 (18.0)
High 23 (52.3) 51 (100) 8 (13.5) 0 (0.0)

14 Thyroglobulin in ng/mL Median (IQR) 213 (1.3-208.7)  42.0 (1.0-388.0) 3.0 (2.0-17.0) 0.2 (0.2-0.2)

MNG, multinodular goitre; TT, total thyroidectomy; STT, subtotal thyroidectomy; NTT, Near total thyroidectomy; HT, hemithyroidectomy; DTC, differentiated thyroid cancer.
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CfDNA (ngluL)

FIGURE 2

3.0000

25000

2.0000

1.5000

Active structural disease

GROUP

Disease free

Box and whisker plot showing the cfDNA concentration (ng/pL) in Group 1 (active structural disease) and Group 2 (disease-free). The bold horizontal
line splitting the boxes in two is the median. The lower and the upper sides of the box are the lower (Q1) and upper (Q3) quartiles. The median
values of plasma cfDNA (ng/pl) in groups 1 and 2 were found to be 0.272 (IQR: 0.137-0.442) and 0.222 (IQR: 0.123-0.398) ng/uL, respectively.
Slightly higher concentrations of cfDNA were observed in the patients with active structural disease, however, the difference was not statistically
significant (p=0.122). Circles are outliers and asterisks are the extreme outliers.

TABLE 3 Cell-free DNA levels and association with various other prognostic markers.

VARIABLES Cell-free DNA concentration
(ng/pL)
Median (IQR)

Age <55 years (N=212) 0.237 (0.120-0.419) 0.016
255 years (N=42) 0.324 (0.209-0.442)

Sex Female (N=180) 0.231 (0.123-0.398) 0.149
Male (N=74) 0.281 (0.159-0.478)

Pathological subtype Papillary carcinoma (N=223) 0.252 (0.129-0.412) 0.897
Follicular carcinoma (N=25) 0.268 (0.116-0.460)
High-grade DTC (N=6) 0.274 (0.216-0.430)

TNM staging I (N=192) 0.245 (0.122-0.422) 0.103
1T (N=44) 0.220 (0.127-0.399)
11T (N=2) 0.364 (0.195-0.363)
IVA (N=2) 0.297 (0.164-0.399)
IVB (N=14) 0.361 (0.271-0.761)

Multifocality Yes (N=29) 0.219 (0.096-0.348) 0.219
No (N=225) 0.256 (0.131-0.430)

Vascular invasion Present (N=37) 0.191 (0.108-0.305) 0.06
Absent (N=217) 0.268 (0.135-0.425)

Capsular invasion Present (N=14) 0.254 (0.111-0.456) 0.951
Absent (N=240) 0.253 (0.129-0.416)

Extra-thyroidal extension Present (N=19) 0.222 (0.123-0.292) 0.319
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TABLE 3 Continued

VARIABLES P value

Cell-free DNA concentration
(ng/pL)

Median (IQR)

Absent (N=235) 0.257 (0.128-0.427)

Pathological T stage, pT* T1 (N=55) 0.184 (0.108-0.303) 0.022
T2 (N=117) 0.281 (0.160-0.448)
T3 (N=58) 0.258 (0.136-0.459)
T4 (N=9) 0.260 (0.219-0.334)

Pathological N stage, pN** Present (N=111) 0.223 (0.117-0.389) 0.384
Absent (N=38) 0.242 (0.146-0.519)

Distant metastases None (N=205) 0.246 (0.123-0.410) 0.452
Lungs (N=22) 0.275 (0.154-0.513)
Bones (N=27) 0.272 (0.165-0.444)

RISK Low (N=113) 0.250 (0.138-0.423) 0.510

Intermediate (N=59) 0.188 (0.120-0.433)

0.269 (0.158-0.419)

High (N=82)

* Status unknown in 15 patients.
** Status unknown in 105 patients.

(10, 21). However, our study, focusing on post-operative patients,
did not observe meaningful differences in ¢fDNA levels across
different disease states, suggesting that perhaps only the primary
tumor significantly contributes to plasma cfDNA levels. This needs
to be re-validated in multicentric larger sample studies. Another
possible explanation for the similarity in ¢fDNA levels across
groups could be the low-grade nature of DTCs, which may
release smaller amounts of circulating cfDNA compared to more
aggressive cancer types (26). No significant difference has been
demonstrated between different histotypes of DTC such as papillary
and follicular sub-types (27).

Most of our disease-free patients had Stage I disease,
characterized by low disease burden, which may have contributed
to reduced tumor DNA shedding into the bloodstream, but patients
with extensive structural disease also showed lower cfDNA is
puzzling observation. Thus, the lack clear separation of cfDNA
values between positive and negative controls puts the question
mark on the utility of cfDNA as a valid biomarker in patients
with DTC.

There are other limitations of liquid biopsies that may restrict
their widespread use. The small quantity of cfDNA in the blood can
make detection and sequencing challenging and costly. Achieving
standardization across different laboratories and vendors is crucial
for consistent results. Additionally, not all cfDNA alterations
detected may be attributable to cancer, as bulk of increased levels
of cfDNA can be found in benign lesions, autoimmune diseases,
inflammatory diseases, and tissue trauma (17, 18). These limitations
may be partially offset by estimating ctDNA levels as it is derived
specifically from tumor cells, containing the same genetic mutations
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and alterations as the primary tumor. This specificity allows for
more accurate identification and monitoring of cancer-related
changes compared to cfDNA, which includes DNA from both
tumor and normal cells (12, 28). Plasma ctDNA also serves as an
alternative to tumor tissues for detecting mutations and companion
diagnostic purposes. The analysis of the clinical utility of ctDNA for
cancer care includes qualitative and quantitative assessment (29).
Sato et al. (2021) studied the role of plasma ctDNA carrying the
BRAFV600E mutation in 22 PTC patients before and after surgery
in predicting outcomes, finding that detection of the BRAFV600E
mutation in presurgery plasma can provide information on the local
progression of the primary tumor and the presence of mutated
BRAFV600E in postsurgery ctDNA might predict PTC recurrence
(30). However, its routine clinical utility is still limited by its low
sensitivity, technical complexity, and lack of standardization (28,
29). CtDNA levels have also been shown to correlate with metastatic
status (31). However, studies regarding role of plasma cfDNA levels
in metastatic thyroid cancer are lacking.

Contradictory data exist regarding the association of ¢cfDNA in
DTC patients with various clinicopathological features of thyroid
cancer. While some studies report higher cfDNA levels associated
with high-risk features of malignancy, others find no significant
relation between cfDNA concentrations and clinicopathological
features of thyroid cancer (21, 32).

Dutta et al. (2021) analyzed the relationship between plasma
cfDNA with histopathological parameters of thyroid cancer in 37
patients with DTC and found that significantly higher cfDNA levels
were associated with high-risk features of malignancy such as nodal
involvement, vascular & capsular invasion, extrathyroidal
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extension, and advanced tumor stage (21). Conversely, Klimaite
et al. (2022) estimated the concentration of plasma ¢fDNA using
qPCR in 68 patients with PTC and found no statistically
significant relation between ¢fDNA concentrations and various
clinicopathological features of PTC such as age, sex, pathological
tumor stage, lymph node metastases, pathological subtype,
extrathyroidal extension, and lymphovascular invasion (32). In
our study, cfDNA levels were significantly higher (p=0.016)
in patients in the age group =55 years, aligning with the known
adverse prognosis for this age group. However, the cfDNA levels
were not significantly associated with any of the other known
prognostic markers of DTC such as sex, pathological subtype,
TNM staging, lymph nodal involvement, vascular invasion,
capsular invasion, extra-thyroidal extension, primary tumor
focality, risk category.

Overall, our study suggests caution in relying solely on plasma
cfDNA levels for predicting disease status in DTC patients. A
multimodal approach, combining clinical, imaging, and molecular
information, may provide a more accurate assessment of disease
status. Although our initial hypothesis regarding cfDNA as a
predictor for disease status in DTC patients was not supported by our
data, this negative result provides valuable insights for refining future
research directions and underscores the need for a comprehensive
approach to biomarker discovery and validation in thyroid cancer.

Our study has limitations, including the lack of specific mutation
detection from cfDNA samples, single-time-point blood sample
collection, and exclusion of pre-operative DTC patients. Nonetheless,
the prospective nature of our study, adequate power, and inclusion of
patients at different disease spectra are significant strengths.

5 Conclusion

In conclusion, our study found that plasma ¢fDNA levels did
not significantly predict disease status in post-operative patients
with DTC. Apart from age, plasma cfDNA levels also did not show
an association with other prognostic markers of malignancy, casting
doubt on its relevance as a biomarker for DTC. Overall, these
findings raise concerns about the reliability of plasma cfDNA levels
in predicting disease status in DTC patients.

Data availability statement

De-identified patient data can be made available to bonafide
researchers affiliated to an institution upon reasonable request to
the corresponding author following publication.

Ethics statement

The studies involving humans were approved by the Institute
Ethics Committee (IECPG-158/24.03.2022), All India Institute of

Frontiers in Oncology

10.3389/fonc.2024.1473262

Medical Sciences, New Delhi, India. The studies were conducted in
accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study.

Author contributions

RG: Data curation, Formal analysis, Investigation, Visualization,
Writing - original draft. SS: Formal analysis, Supervision, Validation,
Writing - review & editing. KC: Formal analysis, Supervision,
Validation, Writing — review & editing. SB: Conceptualization,
Supervision, Validation, Writing - review & editing. SA:
Conceptualization, Supervision, Validation, Writing - review &
editing. SD: Conceptualization, Supervision, Validation, Writing —
review & editing. MT: Conceptualization, Supervision, Validation,
Writing - review & editing. CB: Conceptualization, Formal analysis,
Methodology, Project administration, Resources, Supervision,
Validation, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

We are extremely thankful to all residents and staff of the
Thyroid Clinic for collecting patient information over the several
decades. We are also thankful to our patients and families for
supporting us.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1473262
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Goel et al.

References

1. Brown RL, de Souza JA, Cohen EE. Thyroid cancer: burden of illness and
management of disease. ] Cancer. (2011) 2:193-9. doi: 10.7150/jca.2.193

2. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics CA Cancer ] Clin.
(2021) 71(1):7-33. doi: 10.3322/caac.21654

3. Lind P, Kohlfiirst S. Respective roles of thyroglobulin, radioiodine imaging, and
positron emission tomography in the assessment of thyroid cancer. Semin Nucl Med.
(2006) 36:194-205. doi: 10.1053/j.semnuclmed.2006.03.002

4. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel §J, Nikiforov YE,
etal. 2015 American thyroid association management guidelines for adult patients with
thyroid nodules and differentiated thyroid cancer: the American thyroid association
guidelines task force on thyroid nodules and differentiated thyroid cancer. Thyroid.
(2016) 26:1-133. doi: 10.1089/thy.2015.0020

5. Black EG, Gimlette TMD, Maisey MN, Cassoni A, Harmer CL, Oates GD, et al.
Serum thyroglobulin in thyroid cancer. Lancet. (1981) 318:443-5. doi: 10.1016/50140-
6736(81)90776-5

6. Herle AJ, Uller RP. Elevated serum thyroglobulin. A marker of metastases in
differentiated thyroid carcinomas. J Clin Invest. (1975) 56:272-7. doi: 10.1172/
jcil08090

7. Wang W, Macapinlac H, Larson SM. 18F]-2-fluoro-2-deoxy-D-glucose positron
emission tomography localizes residual thyroid cancer in patients with negative
diagnostic (131)I whole body scans and elevated serum thyroglobulin levels. J Clin
Endocrinol Metab. (1999) 84:2291-302. doi: 10.1210/jc.84.7.2291

8. Mu Z-Z, Zhang X, Lin Y-S. Identification of radioactive iodine refractory
differentiated thyroid cancer. Chonnam Med ]. (2019) 55:127-35. doi: 10.4068/
cm;j.2019.55.3.127

9. Schwarzenbach H, Hoon DSB, Pantel K. Cell-free nucleic acids as biomarkers in
cancer patients. Nat Rev Cancer. (2011) 11:426-37. doi: 10.1038/nrc3066

10. Schwarzenbach H, Alix-Panabiéres C, Miiller I, Letang N, Vendrell J-P, Rebillard X,
et al. Cell-free tumor DNA in blood plasma as a marker for circulating tumor cells in prostate
cancer. Clin Cancer Res. (2009) 15:1032-8. doi: 10.1158/1078-0432.ccr-08-1910

11. Underwood JJ, Quadri RS, Kalva SP, Shah H, Sanjeevaiah AR, Beg MS, et al.
Liquid biopsy for cancer: review and implications for the radiologist. Radiology. (2020)
294:5-17. doi: 10.1148/radiol.2019182584

12. Bittla P, Kaur S, Sojitra V, Zahra A, Hutchinson J, Folawemi O, et al. Exploring
circulating tumor DNA (CtDNA) and its role in early detection of cancer: A Systematic
Review. Cureus. (2023) 15:e45784. doi: 10.7759/cureus.45784

13. Yan Y-Y, Guo Q-R, Wang F-H, Adhikari R, Zhu Z-Y, Zhang H-Y, et al. Cell-free
DNA: Hope and potential application in cancer. Front Cell Dev Biol. (2021) 9:639233.
doi: 10.3389/fcell.2021.639233

14. Romano C, Martorana F, Pennisi MS, Stella S, Massimino M, Tirro E, et al.
Opportunities and challenges of liquid biopsy in thyroid cancer. Int J Mol Sci. (2021)
22:7707. doi: 10.3390/ijms22147707

15. Xu R-H, Wei W, Krawczyk M, Wang W, Luo H, Flagg K, et al. Circulating
tumour DNA methylation markers for diagnosis and prognosis of hepatocellular
carcinoma. Nat Mater. (2017) 16:1155-61. doi: 10.1038/nmat4997

16. Condello V, Macerola E, Ugolini C, De Napoli L, Romei C, Materazzi G, et al.
Analysis of circulating tumor DNA does not improve the clinical management of

patients with locally advanced and metastatic papillary thyroid carcinoma. Head Neck.
(2018) 40:1752-8. doi: 10.1002/hed.25155

Frontiers in Oncology

10

10.3389/fonc.2024.1473262

17. Nikanjam M, Kato S, Kurzrock R. Liquid biopsy: current technology and clinical
applications. ] Hematol Oncol. (2022) 15:131. doi: 10.1186/s13045-022-01351-y

18. Mondelo-Macia P, Castro-Santos P, Castillo-Garcia A, Muinelo-Romay L, Diaz-
Pefia R. Circulating free DNA and its emerging role in autoimmune diseases. J Pers
Med. (2021) 11:151. doi: 10.3390/jpm11020151

19. Salvianti F, Giuliani C, Petrone L, Mancini I, Vezzosi V, Pupilli C, et al. Integrity
and quantity of total cell-free DNA in the diagnosis of thyroid cancer: Correlation with
cytological classification. Int ] Mol Sci. (2017) 18(7):1350. doi: 10.3390/ijms18071350

20. Allin DM, Shaikh R, Carter P, Thway K, Sharabiani MTA, Gonzales-de-Castro
D, et al. Circulating tumour DNA is a potential biomarker for disease progression and
response to targeted therapy in advanced thyroid cancer. Eur ] Cancer. (2018) 103:165—
75. doi: 10.1016/j.ejca.2018.08.013

21. Dutta S, Tarafdar S, Mukhopadhyay P, Bhattacharyya NP, Ghosh S. Plasma cell-
free DNA to differentiate Malignant from benign thyroid nodules. J Clin Endocrinol
Metab. (2021) 106:2262-70. doi: 10.1210/clinem/dgab030

22. Caglar O, Cilgin B, Eroglu M, Cayir A. Evaluation of circulating cell free DNA in
plasma as a biomarker of different thyroid diseases. Braz J Otorhinolaryngol. (2020)
86:321-6. doi: 10.1016/j.bjorl.2018.12.008

23. Hu S, Ewertz M, Tufano RP, Brait M, Carvalho AL, Liu D, et al. Detection of
serum deoxyribonucleic acid methylation markers: a novel diagnostic tool for thyroid
cancer. J Clin Endocrinol Metab. (2006) 91:98-104. doi: 10.1210/jc.2005-1810

24. Huang S, Xiong Q. The efficacy of plasma circulating tumor dna content
combined with braf~(v600e) gene detection in the diagnosis of thyroid cancer. Acta
Med Mediterr. (2021) 37:201-5. doi: 10.19193/0393-6384_2021_1_30

25. Jeon K, Lee ], Lee J-S, Kim M, Kim H-S, Kang H]J, et al. Quantification of cell-free
DNA: A comparative study of three different methods. J Lab Med Qual Assur. (2019)
41:214-9. doi: 10.15263/jlmqa.2019.41.4.214

26. Bettegowda C, Sausen M, Leary RJ, Kinde I, Wang Y, Agrawal N, et al. Detection
of circulating tumor DNA in early- and late-stage human Malignancies. Sci Transl Med.
(2014) 6:224ra24. doi: 10.1126/scitranslmed.3007094

27. Higazi AM, El Hini SH, El-Sharkawy EA, Gayyed MF, Aziz NA, Matta RA.
Diagnostic role of cell-free DNA integrity in thyroid cancer particularly for Bethesda IV
cytology. Endocr Pract. (2021) 27:673-81. doi: 10.1016/j.eprac.2021.02.005

28. Dao ], Conway PJ, Subramani B, Meyyappan D, Russell S, Mahadevan D. Using
cfDNA and ctDNA as oncologic markers: A path to clinical validation. Int ] Mol Sci.
(2023) 24(17):13219. doi: 10.3390/ijms241713219

29. Dang DK, Park BH. Circulating tumor DNA: current challenges for clinical
utility. J Clin Invest. (2022) 132(12):e154941. doi: 10.1172/jci154941

30. Sato A, Tanabe M, Tsuboi Y, Niwa T, Shinozaki-Ushiku A, Seto Y, et al.
Circulating tumor DNA harboring the BRAFV600E mutation may predict poor
outcomes of primary papillary thyroid cancer patients. Thyroid. (2021) 31:1822-8.
doi: 10.1089/thy.2021.0267

31. Almubarak H, Qassem E, Alghofaili L, Alzahrani AS, Karakas B. Non-invasive
molecular detection of minimal residual disease in papillary thyroid cancer patients.
Front Oncol. (2019) 9:1510. doi: 10.3389/fonc.2019.01510

32. Klimaite R, Kazokaite M, Kondrotiene A, Dauksiene D, Verkauskiene R,
Zilaitiene B, et al. Diagnostic value of circulating cell-free DNA in patients with
papillary thyroid cancer. Anticancer Res. (2022) 42:2289-99. doi: 10.21873/
anticanres.15708

frontiersin.org


https://doi.org/10.7150/jca.2.193
https://doi.org/10.3322/caac.21654
https://doi.org/10.1053/j.semnuclmed.2006.03.002
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1016/s0140-6736(81)90776-5
https://doi.org/10.1016/s0140-6736(81)90776-5
https://doi.org/10.1172/jci108090
https://doi.org/10.1172/jci108090
https://doi.org/10.1210/jc.84.7.2291
https://doi.org/10.4068/cmj.2019.55.3.127
https://doi.org/10.4068/cmj.2019.55.3.127
https://doi.org/10.1038/nrc3066
https://doi.org/10.1158/1078-0432.ccr-08-1910
https://doi.org/10.1148/radiol.2019182584
https://doi.org/10.7759/cureus.45784
https://doi.org/10.3389/fcell.2021.639233
https://doi.org/10.3390/ijms22147707
https://doi.org/10.1038/nmat4997
https://doi.org/10.1002/hed.25155
https://doi.org/10.1186/s13045-022-01351-y
https://doi.org/10.3390/jpm11020151
https://doi.org/10.3390/ijms18071350
https://doi.org/10.1016/j.ejca.2018.08.013
https://doi.org/10.1210/clinem/dgab030
https://doi.org/10.1016/j.bjorl.2018.12.008
https://doi.org/10.1210/jc.2005-1810
https://doi.org/10.19193/0393-6384_2021_1_30
https://doi.org/10.15263/jlmqa.2019.41.4.214
https://doi.org/10.1126/scitranslmed.3007094
https://doi.org/10.1016/j.eprac.2021.02.005
https://doi.org/10.3390/ijms241713219
https://doi.org/10.1172/jci154941
https://doi.org/10.1089/thy.2021.0267
https://doi.org/10.3389/fonc.2019.01510
https://doi.org/10.21873/anticanres.15708
https://doi.org/10.21873/anticanres.15708
https://doi.org/10.3389/fonc.2024.1473262
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Plasma cell-free DNA as predictor of disease status in patients with differentiated thyroid cancer - a prospective study from a tertiary care institution
	1 Introduction
	2 Materials and methods
	2.1 Study design and patient population
	2.2 Blood sample processing and cfDNA extraction
	2.3 Statistical analyses

	3 Results
	3.1 Demographic and clinical characteristics
	3.2 Comparison of plasma cfDNA levels between the two groups
	3.3 Subgroup analyses for plasma cfDNA levels
	3.4 Plasma cfDNA levels and association with other prognostic markers in patients with DTC

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


