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1. Introduction 
 

1.1 Neuroendocrine neoplasia 

Neuroendocrine neoplasms (NENs) are a heterogeneous and potentially malignant group of 

tumors that derive from hormonal and nervous system cells and occur in all organs. The 

incidence rate of NENs is about 5.6/100.000 per year 1. NENs are divided into two groups: 

active and non-active. Almost half of NENs are functionally active where the endocrine cells 

secrete hormones, hormone-like messenger components, or neurotransmitters such as 

insulin, gastrin, vasoactive intestinal peptide, glucagon, or somatostatin1–7. This functionally 

active group of NENs has the most common symptoms: diarrhea, stomach pain, flatulence, 

loss of appetite, fluctuations in blood pressure, shortness of breath and hypoglycemia, or 

hyperglycemia. In addition, they have specific clinical symptoms such as carcinoid or 

hypoglycemic or Zollinger-Ellison syndrome. Carcinoid syndrome is an effect of 

unmetabolized overproduced serotonin, whereas hypoglycemic syndrome and Zollinger-

Ellison syndrome are caused by insulinoma and gastrin secretion, respectively8. 

Approximately 50% of NENs are non-functional and do not release hormones, hormone-like 

substances, or neurotransmitters. The inactive NENs are rarely associated with symptoms 

and are clinically clear from increasing masses, pain, or bleeding. Still, the symptoms from 

local growth can be seen, like stenosis of the affected part of the intestine leading to 

unspecific abdominal complaints or Jaundice due to compression of the common bile duct. 

NENs occur in the ileum, duodenum, pancreas (islet cells), stomach, appendix, colon, 

rectum, adrenal medulla on kidneys, pituitary adenoma, thyroid, thymus, urogenital tract, 

ovaries, skin, and lungs (about 25% of all NENs). Approximately 70 % of NENs appear in the 

gastroenteropancreatic (GEP) system; these NENs arise from the gastrointestinal tract and 

pancreas endocrine cells and are called gastroenteropancreatic neuroendocrine neoplasms 

(GEP-NENs).  

 

The classification of the NENs is based on the spread of the tumor (staging) or tissue 

differentiation (grading). Cancer staging describes the disease based on the size of the 

tumor, localization of the primary tumor, and the spread of cancers (metastasized). 

 

According to the World Health Organization (WHO) 2010 classification, NENs are subdivided 

based on histopathological grading into well to moderately differentiated G1/G2 

neuroendocrine tumors (NETs) and neuroendocrine carcinomas (NECs) G3, which improves 

therapeutic decisions and evaluation of prognosis. Clinically and morphologically, pancreatic 

NECs G3 can be separated into a differentiated NET G3 subgroup and the more aggressive 

and undifferentiated ‘classical' NEC G3 group, which has recently been incorporated into the 

actual WHO classification of pancreatic NENs 9(Table 1).  Quantification of the proliferative 

activity of the tumor tissue is important for the staging as well and is reported as the Ki67 

index.  

NEN diagnosis starts with the simple biochemical quantification of general neuroendocrine 

markers in the plasma or serum of patients with suspected NENs. The abnormal levels of the 

markers are assessed further with deepening diagnostic tests12. The histopathological 
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examination is used to confirm NENs diagnosis that histopathological confirmation completes 

with immunohistochemistry based on Ki-67 expression. Imaging diagnostics such as 

magnetic resonance imaging (MRI), ultrasound with endoscopic ultrasound (EUS), and 

positron emission tomography-computed tomography (PET-CT) are recommended for 

patients with biopsy-confirmed NEN and unclear primary site. PET-CT determines the 

somatostatin receptor density using Ga-68-labeled somatostatin analogs 13.  

 
Table 1: WHO classification NENs (2019)10,11 

 

Type (morphology) differentiation Grade Ki67 Index 

Neuroendocrine tumor 

(NET) 
well-differentiated 

G1(Low) <3% 

G2 (Intermediate) 3–20% 

G3 (High) >20% 

Neuroendocrine 

carcinoma (NEC) 
poor-differentiated G3 

small-cell NECs 

large-cell NECs 
>20% 

Mixed neuroendocrine / non-neuroendocrine neoplasm (MiNEN) 

 

 

The high-density expression of somatostatin receptors usually characterizes NENs, and 

therefore, somatostatin analogs are the most widely used treatment for NEN patients. 

Somatostatin analogs are a synthetic version of the natural hormone somatostatin that bind 

specifically to different somatostatin receptors and allow the diagnostics and treatment with 

high sensitivity and specificity14. The somatostatin analogs, such as Octreotide and 

Lanreotide, have an antiproliferative effect via apoptosis induction and inhibit various growth 

factors. Additional to tumor growth inhibition, somatostatin analogs slow down the production 

of hormones and messenger substances such as gastrin, insulin, and serotonin, reducing the 

symptoms in functionally active NENs15–17. Following the determination of somatostatin 

receptor expression, peptide receptor radionuclide therapy (PRRT) is a promising treatment 

option for NET patients. In this nuclear medical procedure, the somatostatin-like peptides are 

coupled to radioactive nuclides and are injected intravenously. The selective uptake via 

somatostatin receptors leads to a directly targeted high radiation dose to the cancer cells. 

Lutetium-177 (Lu-177) and Yttrium-90 (Y-90) are the most radionuclides used as radiation 

sources 14,18.  

There are different chemotherapeutic options for NEN treatment. Although the targeted 

agents such as everolimus19, sunitinib 20, and interferon-alpha (IFN-α)21 are used, the most 

common chemotherapy drugs are alkylating agents streptozocin and temozolomide that 

reduce the rapid proliferation of cells in the malignancies22,23. 

However, the most common first-line treatment of NENs is complete surgical or endoscopic 

resection of the primary tumor ± local lymph node metastases. The treatment options are 

used depending on the respective tumor entity or the anatomical location of GEP-NEN. The 

treatment should be individualized based on each patient's characteristics and require time 

and cost. Besides, the varied symptoms, complicated diagnostics, and frequent liver 

metastasis at the initial diagnosis make the therapy harder in these patients. 

 

1.2 Circulating biomarkers for neuroendocrine neoplasms (NENs) 

The biological substances that increase significantly in the body fluids due to malignant 

tumors are called tumor markers. Most tumor markers are proteins that are produced by 



Introduction 

3 

 

normal cells as well as by cancer cells. Many different tumor markers are used as a 

diagnostic tool, but they have some limitations: 

 

a) Some tumor markers are not unique for only one cancer type. 

b) Tumor markers are not elevated in all cancer entities alike. 

c) There is no known tumor marker for all types of cancer.  

d) Non-cancerous, pathological conditions or interactions with food can affect a tumor 

marker 

 

NENs involve a heterogeneous group of tumors with different pathological and clinical 

statements hampers the development of NENs biomarkers. However, the classic circulating 

biomarkers for NENs are categorized into two main groups, namely specific and non-specific 

markers. The former is produced by mostly functioning NETs and varies according to 

hormone production. Practically all NETs27 makes the latter.  

 

1) non-specific markers  

Chromogranins are released with catecholamines from chromaffin cells and nerve endings, 

making them a good marker for NETs 24. Chromogranins, particularly chromogranins A and B, 

are water-soluble acidic glycoproteins. Chromogranin A (CgA) has been accepted as the 

most common liquid biomarker for the diagnosis, follow-up, and treatment monitoring of NEN 

patients25. Its level in the blood is associated with the size (load) of the tumor, tumor 

progression 26, presence of metastases27, and response to treatment in NENs. The overall 

clinical sensitivity of CgA in the diagnosis of NETs is around 84%, and overall efficiency is 79 

%, positive and negative predictive values are 42 % and 96 %, respectively 28. The sensitivity 

of CgA for different types of NETs is in the range of 60–100% and 70–100% for specificity 29. 

The CgA level can be influenced by several non-pathological factors, including the different 

backgrounds of CgA levels in populations and the food intake30,31. Furthermore, pitfalls exist 

with measuring plasma CgA due to false-positive elevation in several non-neoplastic 

endocrine diseases like cardiac, inflammatory diseases 32, severe hypertension 18, renal 

insufficiency 36, and steroid or proton pump inhibitors (PPIs) treatment 18,33.  

Another non-specific biomarker of NENs is neuron-specific enolase (NSE). NSE is a soluble 

cerebral protein, which presents in neurons and neuroendocrine cells 34. The sensitivity of 

NSE is lower than CgA (33%), but its specificity is relatively high and similar to CgA (73%) 
18,25. NSE is a crucial enzyme of the glycolytic pathway, where NSE-overexpressing may 

show neuroendocrine cells that undergo oncogenic transformation 35. It is shown that the 

increase of the NSE level is correlated to the high death rate of cells with neuroendocrine 

differentiation 36. The NSE level is directly related to tumor differentiation, aggressiveness, 

and size 37,38. It correlates inversely with overall survival (OS) in ENETS TNM stage IV 38 and 

progression-free survival (PFS) 19. NSE may be elevated in 38–40% of high-grade GEP-

NENs, so it has a predictive value for a more aggressive period of the disease 38. NSE can 

differentiate NETs from nonendocrine tumors with low specificity and sensitivity 26. Also, the 

NSE level can be increased in other diseases, such as thyroid cancer, prostate carcinoma, 

neuroblastoma, and small cell lung carcinoma 39,40.  

Pancreatic polypeptide (PP) is also used as a nonspecific NET marker. PP is a 36 amino acid 

linear oligopeptide produced by the pancreas and the colon and has a role in the 

autoregulation of secretion 41,42. PP is a neuroendocrine differentiation marker with 67% 

specificity and 31-63% sensitivity12. Many factors can elevate the PP level, such as physical 
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exercise, hypoglycemia, and food intake 43. Somatostatin, hyperglycemia, diarrhea, laxative 

abuse, increased age, inflammatory processes, and chronic renal disease decrease the PP 

concentration44. Despite the above limitation, the PP test is used for diagnosis and follow-up 

in pancreatic NET in clinical use 25. The decrease in PP level during patient monitoring is 

considered a significant prognostic marker 26.  

 

2) Specific Marker 

NENs specific biomarkers are bioactive peptides in the blood of functional NEN patients. The 

increase in these hormones is associated with symptoms that help diagnose and identify the 

primary site of disease45.  

Serotonin or 5-hydroxytryptamine (5-HT) is a monoamine neurotransmitter. 5-

hydroxyindoleacetic acid (5HIAA) is a metabolite of serotonin that is mainly used to indicate 

hypersecretory activity in patients with NENs, especially in midgut NENs 36. The specificity 

and sensitivity of 5HIAA tests are 90% and 35–68%, respectively18. The elevated secretion of 

serotonin in NET is associated with hyperhidrosis, hypertension, tachycardia, insomnia, and 

hot flushes. The false-positive results occur in using some foods, e.g., pineapples, bananas, 

eggplant, walnut, and medications such as caffeine, paracetamol, and naproxen. In contrast, 

the treatment of patients by acetylsalicylic acid, adrenocorticotropin, levodopa, and 

phenothiazine derivatives leads to false-negative results 18. However, in NETs, CgA and 5-

HIAA markers are the gold standard for tumor bulk and tumor functionality, respectively. 

Since these gold standard tests may not apply to every type of NET, this generally accepted 

term is changing.  

Neurokinins are neuropeptides that include mostly neurokinin A, neurokinin B, and substance 

P in humans. These neurotransmitters involve various processes such as smooth muscle 

contraction, the transmission of pain, and the control of inflammatory processes. Neurokinin 

A (NKA) or substance K is assumed to be valuable for identifying patients with more 

aggressive NETs. Plasma NKA is an accurate marker for gut-NENs that shows therapeutic 

responses to somatostatin analogs 46,47. 

Gastrin is a linear peptide hormone secreted by G–cells of the pyloric antrum, duodenum, 

and pancreas. This specific biomarker controls chloride acid release into the stomach, gastric 

motility, and pancreatic secretion. The functional NENs that produce gastrin are named 

gastrinomas. 

Insulin, another specific biomarker, is a hormone produced by pancreatic beta cells that 

increases glucose uptake from the blood.  Insulin circulates in high levels in patients with 

insulin-secreting pancreatic tumors (insulinomas), resulting in hypoglycemia. Insulinomas are 

small neoplasms; hence local tumor mass effects are rare, unlike other NETs. Around 90% 

of insulinomas are benign and sporadic. About 10% of patients are found with multiple 

endocrine neoplasia type 1 (MEN1) syndrome. The 72-h supervised fasting test is used for 

insulinoma diagnosis. Serum samples are analyzed for glucose and insulin levels every six h 

and monitored for symptoms of hypoglycemia40,48. 

Glucagon is a peptide hormone that is secreted by the α-cells of the pancreatic islets. The 

glucagon secretion stimulates glycogenolysis and gluconeogenesis, acting as an antagonist 

to insulin. The functional NENs associated with increased plasma glucagon level (more than 

500 pg/mL) are called glucagon-producing endocrine pancreatic tumors (glucagonomas).   

However, serum insulin and plasma glucagon can also be increased in nononcologic 

conditions. Therefore, their concentration alone does not represent a robust marker for 

insulinoma or glucagonoma 39,40. 
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Somatostatin is a peptide hormone physiologically secreted by the hypothalamus, D cells of 

the pancreas, stomach, and intestines. Somatostatin acts as an antagonist of somatotropin 

on producing many other hormones, e.g., Growth hormone (GH), Thyroid-stimulating 

hormone (TSH), glucagon, insulin, gastrin, and histamine.  The elevated level of 

somatostatin can result in diabetes, diarrhea, the formation of gallstones, and fat intolerance 

in the diet (Low, 2004).  Furthermore, increased somatostatin levels are seen in 

somatostatinoma of the pancreas and various extra-pancreatic NENs, including medullary 

carcinoma of the thyroid, pheochromocytoma, and paraganglioma49.  

Vasoactive Intestinal Peptide (VIP) is a 28-residue amino acid peptide hormone released by 

pancreatic and brain cells. This specific biomarker is a neurotransmitter and a vasodilator 

that regulates smooth muscle activity, epithelial cell secretion, and blood flow in the 

gastrointestinal tract. VIP secreting tumors (VIPomas) are rare tumors, which most 

commonly develop in the pancreatic tail. The VIPomas show the symptoms such as watery 

diarrhea, hypokalemia, and achlorhydria 25. 

GEP-NETs are rising worldwide while the early diagnosis is commonly delayed (a ∼5-year) in 

these patients. At present, available biomarkers for NENs have limitations. There is a 

continuing need for tumor markers that can help clinicians for early diagnosis, prognosis and 

follow-up, classification of patients for therapy choice, and postoperative recurrence 

detection in NENs patients. Liquid biopsy of NEN patients may provide these next-generation 

biomarkers with a non-invasive procedure 25,50,51. 

 

 

1.3 Biopsy 

The process of standard biopsy includes the removal of a small amount of tissue from a 

living organism. With the help of pathological examinations, tissue samples can be classified 

as benign or malignant 52. Phenotypic elements enable the subclassification of a tumor, its 

histological grading, and the determination of the extent of its spread or its pathological stage 

in the case of malignant samples. The using different biopsy methods depends on the organ 

type. The most common biopsy types are bone marrow, needle, skin (cutaneous), surgical,  

and endoscopic biopsy (cystoscopy collects tissue from inside the bladder, bronchoscopy 

from inside the lung, and colonoscopy from inside the colon). Although a tissue biopsy is a 

unique method to characterize the nature of the tumor (the type of cancer, gene expression 

of the tumor, and treatment-resistant mutations), it faces several biological and technological 

challenges. Tumors are heterogeneous, so different areas of the tumor may have different 

mutations and genetic expressions, so there is a possibility that small fragments of tissue 

cannot provide accurate information about the entire tumor53. 

In some cases, a tissue biopsy is not possible because the tumor is not accessible or 

possible clinical complications in connection with the invasive methods are in no relation to 

the information gained from a biopsy. Finally, tissue biopsies increase the time and the cost 

of patient care, as well as side effects such as the risk of infection, bleeding, or long recovery 

time52. However, tumors change over time, and the track of tumors is essential, but the 

follow-up of cancer patients and repeated biopsies are difficult because of the mentioned 

risks 54. 

Traditional circulating biochemical biomarkers and molecular biomarkers can be analyzed by 

liquid biopsy. Cancer-derived material circulating in the body fluids, especially blood, has 

become a new way to monitor tumor genetics and dynamics. Tissue biopsy is the standard 
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gold method for clinical molecular investigations, cancer diagnosis, and evaluation. Still, this 

exciting alternative, “liquid biopsy,” promises to overcome some of the before-mentioned 

challenges (Fig.1).  Liquid biopsy can give information about the tumor's molecular 

characteristics because it inherits circulating nucleic acids from all body tissue, including the 

malignant tissue 55–60. The tumor molecular material sources, which can be evaluated by 

liquid biopsy, are circulating cell-free DNA (cfDNA), a subset of cfDNA representing 

circulating tumor DNA (ctDNA), cell-free RNA (cfRNA) including mRNA and microRNA 

(miRNA), and circulating tumor cells (CTCs). Up to date, there is not a standard method for 

isolation, analysis, and quality of processing these circulating nucleic acids. Since identifying 

genomic alterations within a tumor is the goal of molecular liquid biopsy, the results help 

choose the best treatment for cancer patients at each disease phase.  

 

 

 

 
     
Figure 1. Overview of light biopsy   

The potential clinical advantages of molecular (genetic) liquid biopsy analyses in cancer management; (circulating 

cell-free DNA (cfDNA), cell-free RNAs (cfRNAs), and circulating tumor cells (CTCs)) 
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1.4 cfDNA  

DNA is mainly located in the nucleus of cells, where it exists in linear form in protein 

complexes. For the analysis of this DNA, a cell disruption with subsequent DNA purification is 

necessary. Body fluids, including blood, urine, and cerebrospinal fluid (CSF) also contain 

DNA, which is not packaged in a cell nucleus but is available in a cell-free form as cell-free 

DNA (cfDNA). There are two separate mechanisms for the liberation of cfDNA: the release of 

newly synthesized nucleic acids by an active process and the release of the end products of 

necrotic or apoptotic cell death by the passive process 61–64. These mechanisms can be 

influenced by age, gender, ethnicity, diet, body-mass index, organ health, glucose levels, 

oxidative stress, smoking, physical activity, medication status, infections, menstruation, and 

pregnancy 63,65,66. 

The cfDNA sequences are generally corresponding to the entire genome. This cfDNA can be 

analyzed for placental aneuploidy, cancer-specific variants, and graft-versus-host disease 

(GvHD) despite its small percentage in the blood 67,68.  

Fragmented cfDNA was first discovered in the human body in 1948. cfDNA is a broad term, 

which describes DNA that is freely circulating in the bloodstream. Included are different forms 

of cfDNA, like ctDNA, a tumor-derived fragmented DNA in the bloodstream that is not 

associated with cells, and cell-free fetal DNA (cffDNA), fetal DNA that circulates freely in the 

maternal blood 69–71. In healthy people, the cfDNA concentration in blood is in a wide range 

between 2.5 to 27.0 ng/ml 72.  

Most cfDNAs are released via cleavage of genomic DNA in apoptotic cells, producing DNA 

fragments of less than 200 bp 73,74. Another DNA liberation procedure is necrosis, which by 

unspecific digestion releases cfDNA fragments greater than ~ 10,000 bp 75–79. In contrast to 

the cellular destruction process, some fractions of cfDNA (ranging 1000-3000bp) are derived 

from active cellular secretions 62,80–87 and carried fractions (ranging 150-6000 bp) by 

extracellular vesicles such as exosomes 88,89. In 1977 study results were published, which for 

the first time showed higher cfDNA levels in the serum of cancer patients compared to 

healthy controls. Monitored therapy showed that cfDNA level increases during metastasis but 

decreases during radiation therapy 90. Since then, many studies have investigated the 

potential uses of the cfDNA or the ctDNA as a diagnostic, prognostic, and predictive 

approach in cancer disease. Several subsequent studies confirmed the results: Cancer 

patients generally show higher cfDNA concentrations than healthy subjects91–97. 

Further studies have found cancer-associated mutations in the cfDNA before symptoms 

appear98–101 or in the early stages of cancer 102–107  up to 2 years before the cancer is 

diagnosed 108,109. These observations underscore the enormous potential of cfDNA as a 

biomarker in cancer diagnosis, especially in the early stages of cancer, where the small 

tumor cannot be detected using usual methods 110. Additionally, it is known that the level of 

cfDNA can change in recurrence or response to treatment 97,111. The amount of cfDNA is 

affected by tumor size and stage 105,112. By taking all findings up to now, the cfDNA 

concentration seems to be a new chance for non-invasive cancer diagnosis and therapy 

monitoring113,114. 
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1.5 cfDNA integrity index as a tumor marker 

In addition to measuring cfDNA concentrations, the level of cfDNA fragmentation has also 

been considered in cancer management 78. The DNA integrity index (DII), represented by the 

ratio of longer fragments to shorter fragments of DNA from the same genetic locus, can be 

used for tumor diagnosis. In healthy individuals, apoptotic cells are the primary source of 

freely circulating DNA. Apoptotic cells release DNA fragments typically 185 to 200 base pairs 

(bp) long; this evenly cut DNA is generated by a programmed enzymatic cleavage process 

during apoptosis. The cell death in tumor tissue can be traced back to necrosis, autophagy, 

or mitotic catastrophe, resulting in DNA fragments with different strand lengths due to the 

random and incomplete digestion of the genomic DNA by many deoxyribonucleases. 

Therefore, elevated levels of long DNA fragments can be a good marker for detecting 

malignant tumors57,115–117. Boynton et al.2003 reported a highly significant relationship 

between long DNA fragments in stool and colorectal cancer. This observation may be related 

to disease-associated differences in the regulation of proliferation and apoptosis. 

Nonapoptotic cells shed from tumors may contain less degraded DNA than DNA fragments 

from the healthy colonic mucosa118.  

Given the hypothesis that the normal apoptotic cells release highly fragmented DNA (about 

180-200 bp lengths) due to enzymatic cleavage of nucleosome units. In contrast, the tumor 

cells (necrotic cells) produce longer DNA fragments by a non-specific cleavage, the relation 

between those has been studied75,119. The induction of human tumors in mice showed that 

the tumor-derived cfDNA was shorter than the background mice cfDNA. The finding from this 

xenograft model suggests lower DNA integrity in tumor patients 120. Since the tumors are the 

origin of the most cfDNA in the xenograft models, this model cannot transfer 100% to the 

case of the body's neoplasia 121. It is found that the ratios of short cfDNA fragments (180 bp) 

are associated negatively with the tumor-derived cfDNA concentration in liver cancer patients 
122.  

Real-time PCR is used to measure DII. The short and long cfDNA fragments are amplified, 

and the amount is determined based on a sequence in which the smaller fragments are an 

integral part of the larger fragments 123. The non-coding genomic DNA repeat sequences 

such as ALU and LINE-1 are the most promising genetic alterations used for calculating DII 

so far.  

 

1.5.1 Non-coding genomic DNA repetitive elements: ALU and LINE-1 

Mobile DNA elements, also known as jumping genes, transposons, or transposable elements 

(TEs), are the most repeated sequences in humans. They move from one location on the 

genome to another and make the genome highly dynamic. Autonomous transposons can 

move on their own, while nonautonomous elements require the presence of other 

transposable elements. Since the nonautonomous elements do not have the gene for the 

transposase or reverse transcriptase, they must borrow this essential protein for 

transposition from another element. There are four classes of transposable elements in 

mammals 124 (Table 2):  

1) Long interspersed nuclear elements (LINEs) 

2) Short interspersed elements (SINEs) 

3) Retrovirus-like elements 

4) DNA transposon fossils 
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Table 2. Classes of transposable elements in the human genome 

Transposable elements Classification Length Copy number Genome fraction (%) 

LINEs Autonomous 6-8kb 850,000 21 

SINEs Non-

autonomous 

100-300bp 1,500,000 13 

Retrovirus-like elements Autonomous 6-11kb 450,000 8 

Non-

autonomous 

1.5-3kb 

DNA transposon fossils Autonomous 2-3kb 300,000 3 

Non-

Autonomous 

80-3,000bp 

 

 

Many mobile sequences that move by reverse transcriptase are called retrotransposons. This 

mechanism is called "retrotransposition. “which has three steps125–127  (Fig.2): 

 

 1) Transcription of original retrotransposon 

 2) Reverse transcription of the RNA 

 3) Integration of the cDNA into a new genomic location 

 

 

 

 
 

Figure 2. A schematic of Retrotransposition assay 

The steps during retrotransposition event: a) Transcription of an active element to produce RNA(orange 

rectangle), b) Reverse transcription of RNA to produce a cDNA(green rectangle), c)Cleavage of second DNA 

strand of the target site to produce a break, d)Integration of cDNA into the break, i.e., new genomic location.   
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Although a large proportion (45%) of the human genome consists of transposable elements, 

only a tiny percentage (<0.05%) of them remain active at present. The most abundant active 

transposons in humans are Arthrobacter luteus (ALU) and LINE-1 (∼33%). These belong to 

the non-long terminal repeats (non-LTRs) retrotransposon group 124. 

LINEs are in many eukaryotic genomes. Three LINE families are discovered in the human 

genome: LINE-1, LINE-2, and LINE-3, but only LINE-1 is active. LINE-1 contains two intact 

open reading frames, ORF1 and ORF2, which encode proteins necessary for LINE-1 

retrotransposition. LINEs-1 are about 6000 bp long in humans and are ∼500,000 copies per 

human genome (equal ∼to 17% of the total genome) 124. The LINE machinery is used to 

retrotranspose the non-autonomous SINEs 124. 

ALU elements are the only active SINEs family in the human genome. They derive their 

name from a single recognition site for the restriction endonuclease Arthrobacter Lectus I 

(ALU)128. 

ALU repeats are primate-specific transposable elements with approximately 300-bp in length. 

They are the most abundant sequence with more than 1million copies in the human genome 

(equal ∼11% of the total human genome) 129. A distinction is made between different ALU 

families 130–132: 

 

                        ALU J (actively mobile till∼55–65 million years ago) 

                        ALU S (actively mobile till∼35 million years ago) 

                        ALU Y (remain actively mobile today) 

 

The genome of an individual will contain many thousands of ALU elements from all different 

subfamilies. 

The two repeat families (LINE-1 and ALU) are considered 60% of all interspersed repeat 

sequences in humans. The cfDNA sequences mostly correspond uniformly to the entire 

genome, so ALU and LINE-1 are plenty in the blood. Hence, ALU or LINE-1-based real-time 

PCR is a logical approach for measuring human blood cfDNA 124,133,134. 

 

 

1.6 cfDNA epigenetic modifications as a tumor marker (hypomethylation) 

Epigenetic modifications represent epigenetic elements that control gene expression. The 

epigenome is a collection of all epigenetic markers that are reversible and can be passed on 

from one generation to the next. These epigenetic modifications change the secondary 

structure of DNA but not the base sequence. Therefore, epigenetic modifications influence 

the accessibility of DNA for transcription, leading to regulating gene expression and being 

involved in several cellular processes such as differentiation, development, and 

tumorigenesis. The destruction of epigenetic balance is correlated with various diseases 

such as coronary heart disease, type II diabetes, osteoporosis, cancer, autoimmune disease, 

neurological disorder, and metabolic diseases 135. 

Epigenetic modifications include DNA methylation, histone modification, and microRNA 

regulation136. Among all studied epigenetic biomarkers, DNA methylation is the most 

promising biomarker for early cancer detection, monitoring the effect of applied therapies, 

and patient monitoring 137. Since hypomethylation of DNA is a hallmark of cancer, thus its 

analysis has been suggested as a tumor marker.  
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The covalent addition of a methyl group to the ring system of the base cytosine in the C-5 

position is called DNA methylation. DNA methylation is catalyzed by three DNA 

methyltransferases (DNMT 1, 3A, and 3B) by transferring the methyl groups from S-

adenosyl-methionine (SAM) to the DNA (Fig.3). The DNMT1 ensures that existing 

methylation patterns are maintained after DNA replication; the other two methyltransferases 

are attributed to de novo methylation.  

 

 

 
Figure 3. Schematic representation of DNA methylation 
The DNA methyltransferase (DNMT) transfers a methyl residue from S-adenosyl methionine (SAM) to the C-5 

position of a cytosine base in CpG dinucleotides and convert to S-adenosylhomocysteine (SAH); hence, 5-

methylcytosine is produced. Created with BioRender.com 

 

 

 

Unlike mutations, DNA methylation appears in particular regions of the DNA that can be 

consistently measured. The DNA methylation occurs mainly on CpG motifs, where a guanine 

base immediately follows a cytosine base in the 3 'direction. There are over 28 million CpG 

dinucleotides in humans, up to 80% of which are methylated. A cluster of CpG dinucleotides 

that contains a large number of CpG dinucleotide repeats is called a CpG island.  In 

mammalian genomes, CpG islands are typically 300-3,000 base pairs in length, and most of 

these CpG high-density regions are unmethylated138–140. Statistically, a small percentage 

(about 6%) of CpG dinucleotides are found in the human genome, but the frequency of CpG 

dinucleotides is much lower. In turn, they are restricted to only two locations in DNA: in a 

methylated form in the long repetitive sequences of non-coded DNA sections as a protective 

mechanism against foreign DNA (for example, viral origin) and also in the promoter area of a 

gene where they are often not methylated141. 

 The associated gene is “switched off” by methylation in the promoter region and is no longer 

expressed. This inhibition of transcription is used in the context of genetic imprinting. The 

female inactivated X chromosome represents a unique feature in which the fully methylated 
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CpG islands precede the switched-off genes and the inactivated alleles, which are also 

methylated in genomic imprinting 142.  

It is known that the altered methylation profile results in chromosome instability and changed 

gene expression, and it is an event at early-stage carcinogenesis 64,143,144. These findings 

confirm the importance of DNA methylation changes among the most promising candidates 

in cancer biomarker development. The methylation of promoter CpG islands 

(hypermethylation) and global hypomethylation are typical characteristics of tumor cells 
143,145. It is demonstrated that methylation of specific genes correlates with cancer risk 146. 

Compared to the healthy cell, the malignant tumor cell shows an opposite pattern regarding 

its methylation status.  It is identified a significant loss of methylation in the heavily 

methylated area of non-coded DNA sections and a considerable increase in methylation in 

the unmethylated promoter area of a gene section, which is also referred to as promoter 

hypermethylation. 

In summary, methylated and unmethylated sections are essential for maintaining stable cell 

function. There are different methods for measuring global DNA methylation, but the most 

used techniques are based on the repeat elements. The methylation occurs mainly in regions 

where CpG density is low or at repeat DNA sites. The typically methylated repetitive 

elements spread in the human genome and have high copy numbers. More than half of CpG 

dinucleotides are located within repeat elements in the human genome. Among repeat 

sequences, ALU elements are more significant to use as a reporter of global DNA 

methylation. They contain the highest fraction of CpG sites in the genome (25.4%), and they 

are located as highly methylated gene-rich regions in somatic tissues 124,140. 
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1.7 Aim of the work 

The current study is being conducted to determine whether plasma cfDNA, cfDNA 

hypomethylation, cfDNA integrity index or quantitative concentrations of ALU 115-, ALU 260-, 

LINE-1 97-, LINE-1 266-bp fragments can be robust biomarkers for the diagnosis and 

prognosis of NENs. The aim is to establish a new biomarker for the diagnosis and follow-up 

of NEN patients on a molecular basis. 

There have been investigations about cfDNA in NET patients before. Those researches focus 

mostly on circulating tumor cell analysis, mutation analysis, or sequencing. In contrast, my 

work focus on cfDNA concentration, and the corresponding analysis of cfDNA fragmentation 

and hypomethylation. The application of total cfDNA levels has not been widely studied in 

NENs. Nothing is known about the cfDNA integrity in plasma of NEN patients. In the case of 

ALU hypomethylation, research currently focuses mainly on hypermethylation, with tissue 

being used as the test material. We measured the hypomethylation in cell-free tissue, the 

cfDNA, which has not yet been published for NEN patients. 

In addition, the possibility of characterizing, differentiating, and staging tumors with these 

parameters was evaluated in this research. cfDNA concentration, cfDNA fragmentation, 

cfDNA integrity, and hypomethylation are compared with the already recognized NENs 

biomarker CgA in order to find their specific clinical relationship.  

The following questions will be addressed in the course of the experiments: 

 

 

1.  Is there a difference in cfDNA plasma concentration between the NEN patients and 

the control group?  Can a difference be noted between the different tumor loads or stages of 

cancer? 

 

2. Are there different concentrations of long and short cfDNA fragments, measured on 

LINE-1 and ALU, between the control and the patient group? Is there a connection between 

the cfDNA fragmentation and patients with different tumor burdens or cancer stages? 

 

3. Is there a difference in cfDNA integrity, as measured by LINE-1 and ALU, between 

the control and patient groups? Can a different cfDNA integrity be determined between 

patients with different tumor burdens or cancer stages? 

 

4. Does the measurement of hypomethylation from the cfDNA allow differentiation 

between NEN patients and control groups?  

 

5. Is there a correlation between the parameters and the patients' clinical condition (age, 

gender, tumor grade, tumor burden, tumor origin, and CgA level)?
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2. Material and Methods    

2.1 Material 

2.1.1 Devices  

 

Equipment Manufacturer 

Centrifuge, 5717R Eppendorf, Hamburg; Germany 

Centrifuge, 5702R Eppendorf, Hamburg; Germany 

CO2-Incubator Thermo Heraeus HeraCell, Germany 

Freezer, comfort Liebherr, Biberach a.d. Riss; Germany 

Inverted microscope, IX 70 Olympus, Hamburg; Germany 

LC Carousel Centrifuge Roche, Germany 

Magnetic separation rack (for 15- and 2-ml 

tubes) 

OZ Biosciences, Marseille, France 

Pipetting aid, Pipetboy IBS, Integra Bioscience, Wallisellen, 

Switzerland 

Qubit Fluorometer Invitrogen, Life Technologies, CA, USA 

Steam sterilizer, Varioclave H+P, Oberschleißheim; Germany 

Vacuum aspiration system BVC Professional, Vacuubrand, 

Wertheim, Germany 

Sterile bench Hera Safe, Heraeus, Hanau, Germany 

Thermo Cycler 480 Real-Time PCR system Roche Diagnostics, Mannheim, 

Germany 

Thermomixer compact Eppendorf, Germany 

Vortexer, REAX 1DR Minishaker Heidolph, Schwabach, Germany 

Water bath Memmert, Germany 
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2.1.2 Laboratory materials 

 

Materials Manufacturer 

Centrifuge tubes, Pointed bottom (15 &50 

ml) 

 

Greiner Bio-one GmbH, Frickenhausen, 

Germany  

Cell culture flask Greiner Bio-one GmbH, Frickenhausen, 

Germany   

Cell culture plates (6 &96- Hole plates) 

           

Nunc, Wiesbaden; Germany 

Disposable pipettes (5,10&25ml)                                    Greiner Bio-one GmbH, Frickenhausen, 

Germany 

Powder-free Nitrile gloves Star Guard comfort Starlab, Hamburg, 

Germany 

LightCycler® Capillaries (20 μl) 

 

Roche, Germany 

Monovette EDTA KE/9ml 

 

Sarstedt, Nümbrecht, Germany 

Microcentrifuge tubes (1.5 & 2ml) 

 

Eppendorf, Hamburg; Germany 

Multichannel pipette (30-300µl) 

 

Brand, Wertheim, Germany 

Multipette tips (10 & 1 ml) 

 

Eppendorf, Hamburg; Germany 

Neubauer counting chamber 

 

Marienfelda, Lauda-Königshofen Germany 

Pipette tips with filter (5, 10, 100 &1000 

µl)    

 

STAR LAB, Germany 

Pasteur pipettes 

 

Brand, Wertheim, Germany 

Qubit assay tubes 500 tubes 

 

Invitrogen, Thermo fisher scientific, Germany 

Single-channel pipettes 

(0.1-2.5, 0.5-10,10-100 &100-1000 µl)      

Eppendorf, Hamburg, Germany 
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2.1.3 Chemicals 

Chemicals Manufacturer 

DMEM /F12 cell culture media  Gibco, UK 

DNase AWAY Molecular bioproducts, SanDiego, CA 

RNase AWAY                                 Molecular bioproduct, SanDiego, CA 

Trypan blue stain (0.4%) Gibco, USA 

Ethanol (96–100%) Sigma Aldrich,Germany 

Sera; FBS       Gibco, UK 

Human Genomic DNA  Promega, USA 

Isopropanol (100%) Sigma Aldrich,Germany 

Penicillin–streptomycin      Sigma, USA 

PCR grade water         Invitrogen, UK 

Terralin Schülke, Germany 

10X Tango buffer Thermo Scientific, Germany 

10X T4 ligase buffer Thermo Scientific, Germany 

 

 

2.1.4 Kits with manufacturer information 

 

Kits Manufacturers 

FastStart DNA Master SYBR Green I   Roche Diagnostics, Mannheim, Germany 

QIAamp MinElute ccfDNA Mini Kit Qiagen, Hilden, Germany 

QIAamp DNA Blood Mini Kit  Qiagen, Hilden, Germany 

Qubit dsDNA HS Assay kit Fisher Scientific, Germany 

MycoBlue Mycoplasma Detector  Vazyme, Germany 

 

 

 

2.1.5 Enzymes with manufacturer information 

Enzyme Manufacturers 

T4 DNA ligase (5 Weiss U/uL) Thermo Fischer scientific, Germany 

MspI (10 U/uL) Thermo scientific, Germany 

HpaII (10 U/uL) Thermo scientific, Germany 

Trypsine       Sigma, USA 
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2.1.6 Software with manufacturer information 

Software manufacturer 

MS Office 2003 Microsoft, Seattle, USA 

GraphPadPrism 9.1           California,USA 

Jamovi    1.6  (2021) Sydney, Australia 

 

 

2.1.7 Adaptor and primer sequences  

The used primer sequences were obtained in the purity from Biomers.net GmbH (Ulm, 

Germany). A stock solution with a concentration of 100 pmol / μl was prepared from the 

initially freeze-dried material by dissolving it in an appropriate amount of PCR water. The 

stock solution had to be diluted 1:10 with PCR water to obtain a ready-to-use solution with a 

concentration of 10 pmol primer / µl and was stored at a temperature of -20 ° C. 

 

Table 3. Adaptor and primer sequences 

Primer direction sequences Reference 

ALU 260-bp 

(Long fragment) 

Forward ACGCCTGTAATCCCAGCA 147 

Reverse CGGAGTCTCGCTCTGTCG 

LINE-1-97-bp 

(Short fragment) 

Forward TGGCACATATACACCATGGAA 147 

Reverse TGAGAATGATGGTTTCCAATTTC 

LINE-1-266 -bp 

(Long fragment) 

Forward ACTTGGAACCAACCCAAATG 147 

Reverse CACCACAGTCCCCAGAGTG 

ALU 115-bp 

(Short fragment) 

Forward CCTGAGGTCAGGAGTTCGAG 148 

Reverse CCCGAGTAGCTGGGATTACA 

Met. ALU Forward AGCTACTCGGGAGGCTGAG 140 

Reverse ATTCGCAAAGCTCTGACGGGTT 

Adaptor 1 Forward  AAAGCTCTGA 140 

Adaptor 2 Reverse CGTCAGAGCTTTGCGAAT  
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Table 4. The short ALU primers sequences used for qPCR setting up 

Primer Direction Sequence Reference 

ALU 111-bp Forward F:5′- CTGGCCAACATGGTGAAAC -3′                      147 

Reverse  5′-AGCGATTCTCCTGCCTCAG-3′ 

ALU 105-bp     Forward 5′-GGTGAAACCCCGTCTCTACT-3                        149 

Reverse 5′- GGTTCAAGCGATTCTCCTGC-3′ 

ALU 102-bp Forward 5′-CGGTGGCTCACGCCTGTAAT-3′                     Self-design 

Reverse 5′-GGGGTCTCGCTATGTTGCCC-3′ 

ALU 92-bp                                     Forward 5′-AATTAGCCGGGCGTGGTGGC-3′                    Self-design 

Reverse 5′-GCAGCCTCGAACTCCTGGGC-3 

ALU 70-bp                                     Forward 5′-CCCAGCACTTTGGGAGGCCG-3 Self-design 

Reverse 5′-TGTTGCCCAGGCTGGTCTCG-3′ 

ALU 90-bp                                Probe 5′ -CGCCCGGCTAATTTTTGTAT-3′ 149 

 

 

2.1.8 Clinical sample (Human Participants) 

NET patients who visited the department of endocrinology and metabolism at the university 

medical center, Mainz, in 2019 and 2020 were included in the study. Written informed 

consent was obtained from all individuals included in this study. The study was approved by 

the local ethics committee of the Mainz university medical center (vote number 2019-14664). 

Blood samples were collected following diagnosis from two patient groups: 

(a) patients with a histologically confirmed endocrine cancer disease  

(b) patients with an endocrine disorder and no malignant disease 

The healthy controls had no history of cancer, autoimmune disease, tissue injury, or trauma 

at the time of examination and their hematological-biochemical profile was normal. The 

average age of control was 52 years and 64 years for patients. The included patients were 7 

NECs, 47 metastatic NETs (mNETs) and 8 non-metastatic NETs (non-mNETs). Table 7 

(result part) provides an overview of the patients' clinical data and the pathological 

parameters. 
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2.1.9 Media and Cell line 

BON-1 Cells 

BON-1 are adherent human pancreatic tumor cells. BON-1 cells were isolated from a 

peripancreatic lymph node metastasis of a 28-year-old male with pancreatic neuroendocrine 

tumors 150. The BON-1 cell line produces neurotensin, pancreastatin, CgA, 5-HT, 5-

hydroxytryptophan (5-HTP), and 5-HIAA 151. 

BON-1 cell line was provided by Dr. Buchholz (University of Marburg). The cell line was 

confirmed as mycoplasma-free, using MycoBlue Mycoplasma Detector (Vazyme, Germany). 

The BON-1 cell line was cultured in DMEM /F12 media (31331-028 Gibco, UK), 

supplemented with 10% heat-inactivated (v/v) FCS, 1% penicillin-streptomycin.  The cell line 

was cultured in a humidified incubator at 5% CO2 and 37 °C. Cells were split twice a week. 

 

 

 

2.2 Methods 

2.2.1 Sample collection 

Peripheral blood was collected in 9 ml EDTA tubes (S-Monovette R, Sarstedt, Nümbrecht, 

Germany) and stored in a refrigerator at 4°C. The blood samples were processed within 2 

hours of blood collection. Whole blood was centrifuged at 1900 x g for 10 minutes at 4°C, 

and the 95% of supernatant was pipetted off to the Eppendorf tube without disturbing the 

Buffy coat or red cell pellet. A second centrifuge was done at 16000 x g for 10 minutes at 4°C 

to ensure that the plasma was free of cells or cell debris. The supernatant was transferred 

into storage tubes. These were stored in aliquots of 4.5 ml each at a temperature of -20 ° C 

until further use. Before extraction, only one freeze-thaw cycle was ensured for all plasma 

samples. 

 

2.2.2 cfDNA purification and isolation 

Using QIAamp® MinElute® ccfDNA Midi Kit 

Samples were thawed on ice before the cfDNA extraction was performed. Once melted, the 

plasma was centrifugated at 3000x g for 3 minutes at 4°C to remove any cell debris in the 

supernatant. The cfDNA was isolated from the plasma samples using QIAamp® MinElute® 

ccfDNA Midi Kit with a protocol recommended by the manufacturer (i.e., lyse, bind, wash, 

and elute). The kit can provide the maximum possible concentration of cfDNA present in low 

concentrations in humans (typically 1–100 ng/ml plasma). The 4 ml of plasma was processed 

in a standard 15 ml centrifuge tube. The kit has a small magnetic bead suspension as a 

functional component. These beads have different binding properties for nucleic acids, 

depending on the ambient pH. By adding bead binding buffer in pre-concentration of 

circulating nucleic acids step, the pH lowers, and the surface of beads becomes positive; 

thus, the beads bind to negatively charged nucleic acids at low pH.  Another addition to the 

mixture is proteinase K, which digests the contaminating proteins and enzymes, such as 

DNase, leading to the complete release of nucleic acids from bound proteins. For lysis of 
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sample and binding of magnetic beads to cfDNA, the mixture was incubated for 10 minutes 

at room temperature (15–25°C) while slowly rotating end-over-end. 

The bounded cfDNA-magnetic beads were collected in a pellet on a magnet rack, and the 

supernatant was discarded. The bounded nucleic acids are released from beads if the 

ambient pH is elevated by bead elution buffer. Then, the no-bound cfDNA beads are 

separated from pre-eluate on a magnetic rack. The DNA's pre-eluate is transferred onto a 

QIAamp® MinElute column and centrifuged to adsorb cfDNA onto the silica membrane. In 

the cleanup step, buffer ACB was added to the column to change the pH value leading to 

optimal binding of the cfDNA to the membrane. By adding and removing buffer ACW2, 

proteins and other contaminations were eliminated while cfDNA remained bound to the 

QIAamp MinElute membrane. For removing ethanol, the membrane is dried. 

In the elution step, 32 μl of ultra-clean water was used to elute extracted cfDNA in 1.5 ml 

Microcentrifuge tubes. The pH increase of the mixture cause separation of bound DNA on 

the column. QIAamp® MinElute® ccfDNA columns can bind fragmented nucleic acids. The 

size of cfDNAs in the blood is generally as short fragments of <1000 bp. The eluate was re-

applied onto the column, and the final released cfDNA solution was divided into aliquots of 8 

µl each in separate tubes. Then, these eluted cfDNAs were stored at -20 ° C until further 

processing. The isolated cfDNA samples were stored in the low DNA adsorption tubes as 

recommended 79.  

 

2.2.3 cfDNA measurement 

The cfDNA concentration was measured using the Qubit dsDNA HS Assay kit (Fisher 

Scientific, Germany) on a Qubit Fluorometer (Invitrogen, Life Technologies, USA) according 

to the manufacturer’s instructions. The kit consists of a dye (fluorophore) that binds to DNA 

or RNA in the sample. Briefly, 2 µl of the sample was added to each tube containing Qubit® 

working solution for a final volume of 200µl. To each standard tube, 10µl from standards 1 or 

2 and 190 μL of Qubit® working solution were mixed. The tubes were incubated at room 

temperature for 2min and then read by  Qubit Fluorometer. The measuring range of the kit is 

10pg/µl to 100 ng/µl. 

 

2.2.4 Isolation of the genomic DNA from BON-1 cell culture 

DNA from BON-1 (passage number 7) was isolated using a QIAamp DNA Mini Kit (Qiagen, 

Germany), following the manufacturer's instructions. 1*10^6 harvested cells were 

resuspended in PBS to a final volume of 200 μl. 20 μl proteinase K and 200 μl buffer AL are 

added, and the mixture is incubated at 56°C for 10 min. After adding 200 μl ethanol (96–

100%) to the mix, it was applied to the QIAamp Mini spin column and centrifuged at 6000g 

for 1 min. Later, 500 μl Buffer AW1 was added to the column and centrifuged at 6000g for 1 

min. Following discarding the collection tube with the filtrate, 500 μl buffer AW2 was added to 

the column. Subsequently, two steps centrifuges were applied at 20,000g for 3 min and 1 

min to obliterate buffer AW2. Then, 200 μl buffer AE was added to the QIAamp Mini spin 

column and incubated at room temperature (15–25°C) for 1 min. In the final step, the DNA 

was collected by centrifuge at 6000g for 1 min. 
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2.2.5 Measurement of the BON-1 genomic DNA  

The concentration of the isolated DNA was quantified using a Qubit fluorometer (Invitrogen, 

Life Technologies, USA) with a Qubit dsDNA HS Assay kit (Fisher Scientific, Germany) 

according to the manufacturer’s instructions.  

 

2.2.6 Quantitative polymerase chain reaction 

The concentration of different fragments under investigation was measured using the 

absolute quantification method. For this purpose, quantitative polymerase chain reaction 

(qPCR) using SYBR®Green Master Mix (Roche Diagnostics, Mannheim, Germany) and the 

Light Cycler 480 Real-Time PCR system (Roche Diagnostics, Mannheim, Germany) was 

applied. The critical enzyme is the DNA polymerase enzyme, and the cyclical changes in the 

reaction temperature control the total reaction in PCR. The cfDNA samples were diluted 

before use to achieve a 20pg/µl concentration or 100pg/reaction. LightCycler® Capillaries 

(Roche, Germany) are used, and a 20µl reaction mixture per capillary is applied. The 

reaction mixture contains 5 µl prepared template (20pg/µl), each 1µl solution with forward 

and reverse primer, according to 0.5 pmol/µl of each primer, as well as 4µl qPCR master mix 

and 9µl PCR- Water. The cfDNA double helix is denatured into two single strands at 95 ° C 

for 10 minutes in the first step. In the second step, the primer pairs bind complementarily to 

the corresponding sequences on the DNA parent strands. All primer sequences are given in 

table 3.  In this step, which is called the annealing process, the temperature has to be 

lowered. The required temperature depends on the melting temperature of the primers to 

form a stable bond to complementary sequences and less stable connections to similar 

sequences. In the next step, the elongation step, the temperature is set near the optimum 

temperature of the DNA polymerase to sufficiently elongate the new DNA strand. The 35 

cycles follow with the same sequence of denaturing, annealing and elongation. cfDNAs in 

blood plasma were analyzed by amplifying short and long fragments of two different loci of 

repetitive DNA elements: ALU (ALU-115-bp, ALU-260-bp) and LINE-1 (LINE-1-97-bp, LINE-

1-266-bp) during independent reactions as shown in table 5. This work uses a fluorescent 

dye, SYBR®Green, which binds to the DNA double-strand and transmits a fluorescence 

signal, which can be measured; thus, the present DNA can be measured in the reaction after 

each cycle. The level of the signal is correlated with the amount of DNA and can be shown 

graphically. At first, the fluorescent cannot be distinguished from the non-specific background 

because the signal is weak. As the amount of a product increases, the fluorescence signal 

becomes more robust, and it separates from the “background signals” in a particular 

threshold value for the first time. The apart takes a certain number of cycles that is called the 

Ct value (Cycle threshold). The exponentially increasing fluorescence signal shows the 

exponential growth of the amount of DNA. The consumption of some components of the 

reaction mixture, e.g., primer, nucleotides, leads to slow down and the end of the reaction 

later. For all real-time PCR reactions, the samples, a positive control made of commercial 

genomic DNA, and negative control of water blanks are applied in duplicate to each run. 

Samples with a quantification cycle value (Ct) > 35 were removed from further analysis. The 

sample replicates with a difference ≥of 1 Ct was re-checked.  

DII was calculated according to Umetani et al. 152 as the ratio of longer fragment 

concentration to shorter ones for each gene: ALU-260-/115-bp, LINE-1-266-/97-bp. Since the 
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short sequences of each gene are represented within the annealing sites of long fragments, 

this ratio can range theoretically from 0 to 1. A classic process is demonstrated in Fig. 4. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. PCR representation with one sample 

Ct = Threshold cycle, ∆Rn= Fluorescence emission of the product at each time point minus  

fluorescence emission of the baseline 153.  

 

 

 

Table 5. Amplicon length and qPCR assay conditions for each primer 

Gene     Amplicon size (bp)              Real-time protocol 

ALU 260 Thermal cycling began with an initial denaturation step 

(95°C for 10 min) followed by 35 cycles of DNA denaturation 

(95°C for 10s), primer annealing (70°C for the 30s), and 

primer extension (72°C for 30s). The temperature transition 

rate (C/s) is set at 20 min. 

ALU 115 Thermal cycling began with an initial denaturation step 

(95°C for 5min) followed by 35cycles of DNA denaturation 

(95°C for 5s), primer annealing (68°C for the 30s). The 

temperature transition rate (C/s) is set at 20 min. 

LINE-1 266 & 97 Thermal cycling began with an initial denaturation step 

(95°C for 10 min) followed by 35 cycles of DNA denaturation 

(95°C for 10 s), primer annealing 62°C for the 30s), and 

primer extension (72°C for 30s). The temperature transition 

rate (C/s) is set at 20 min. 

           

*(Abbreviation: bp – base pair) 

 

 

 

2.2.6.1 Melting curve 

The crucial final point of the amplification process is the melting curve to assess the 

specificity of the PCR products. There are some difficulties in PCR, such as the formation of 

primer-dimers and nonspecific binds. The binding of complementary pieces of primer to each 

other is called primer dimers. The fluorescent dye recognizes these dimer forms as double-
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strand DNA and binds to them, which led to a false signal. The melting curve analysis is used 

to realize this reaction. With continuously increasing temperature, the fluorescence signal 

decreases slowly. At a specific point, the melting temperature, the DNA double helix of the 

product is divided into its two single strands, and the signal reduces suddenly because of the 

release of the fluorescent dye. The melting temperature depends on the length and base 

composition of each strand of DNA; thus, the primer dimers have a lower melting point 

because they have a shorter length than the desired PCR product. A typical melting curve is 

shown in Fig.5. The PCR machine was programmed for the melting curve step for all qPCR 

reactions as one cycle: (1) 95 ° C for 0s (2) 65 ° C for the 60s with a ramping rate of 20min. 

This step is completed with a final stage of 95 °C for 0s and a temperature transition rate (° 

C/s) 0.10s. 

 

 

 
 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

Figure 5. Typical melting curve graph and its temperature derivative 

The graph illustrates a standard melting curve. A melting curve shows the relation between  

fluorescence and temperature for determining the melting temperature of the amplification product, which in this 
case is about 79.5 C. 

 

 

2.2.6.2 Calculation of qPCR efficiency 

A serial dilution of commercial human genomic DNA (Promega, USA) was measured for 

each primer set for the amplification efficiency test. DNA dilution was done by a 1:10 series, 

covering five dilution points (10-0.001 ng) in duplicate for LINE-1 97-, LINE-1 266-, ALU 115-

bp series, and (1-0.00001 ng) for ALU 260-bp. qPCR analysis of each sample was done 

according to the established protocol for each primer set (see 2.2.6), followed by 

amplification with a standard dissociation curve analysis. 

In the optimal case, which describes 100% efficient primers, DNA would be doubled in the 

reaction mixture within a cycle. Therefore, the amount of amplified DNA could be calculated 

easily as D1 = D0 x 2Z, where (D1) is the amount of amplified DNA, (D0) is the amount 

initially present, and (Z) is the number of cycles. In reality efficiency of primers rarely reach 

exact 100% and will be calculated from the slope of the standard curve of each primer as E = 

10 −1/slope−1. A range between 90-110% is considered to be great. 

Primer efficiency was calculated using Microsoft Excel. 
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2.2.6.3 Standard curve 

A standard curve was applied for each primer to quantify the absolute quantitative of 

fragments presenting in the samples. In this study, 10-fold serial dilution of known amount 

commercial human genomic DNA (Promega, USA) was used in 5 dilution steps (10, 1, 0.1, 

0.01, 0.001 ng/µl) for LINE-1 97-, LINE-1 266- and ALU 115-bp, but 6 dilution steps (1, 0.1, 

0.01, 0.001, 0.0001,0.00001 ng/µl) for ALU 260-bp. Additionally, a negative control was used 

for quality control. All measurements were done in duplicates. After RT-PCR, the Ct values of 

the dilutions were plotted against the concentration, and a standard line was made by linear 

regression. In Excel, the straight-line equation is used to calculate the concentration of an 

unknown sample by its Ct value. 

 

2.2.7 cfDNA hypomethylation test 

The hypomethylation test is performed according to described protocol by Buj et al., 2016140. 

In this technique, the percentage of unmethylated ALU is used as a reporter of global 

hypomethylation. This method has three steps (Fig.6): 

1. Digestion of cfDNA with isoschizomers HpaII/MspI  

2. Ligation of an adaptor  

3. qPCR using specific primers for the ALU consensus sequence 

 

2.2.7.1 Preparation of an adaptor 

A synthetic adaptor was ligated to the digested DNA fragments. For synthetic adaptor 

preparation, 5 μl of the adaptor 1 (100nmol/L) and 5 μl of the adaptor 2 (100nmol/L) (Table 3) 

were incubated at 65°C for 2 min, then cooled at room temperature for 35 minutes. The 1 ml 

synthetic adaptor (1nmol/L) was made by adding 990 μl PCR water to the tube. After mixing, 

it was aliquoted and kept at -20°C. 

 

2.2.7.2 Treatment with restriction enzymes 

The treatment of cfDNA samples with restriction enzymes is critical to distinguish between 

methylated and unmethylated DNA fragments. HpaII and MspI are the restriction enzymes in 

this process to digest cfDNA. These isoschizomers, HpaII and MspI, recognize CCGG in 

ALU consensus sequence AACCCGG, a specific base sequence present in 14.4% of ALU 

elements in CpG islands. The endonucleases break down DNA as C/CGG leading to 

produce fragments with specific and same sticky ends. HpaII is sensitive to methylation; 

thus, it cuts the cfDNA in unmethylated cytosine residues (no CpG methylations). MspI is 

methylation-insensitive and can cut enzymatically methylated and unmethylated cfDNA. For 

the reaction, 0.2 µl T4 ligase (5 Weiss U/ µl), 1µl of tango buffer 10x (Thermo scientific, 

Germany), 2 µl of T4 ligase buffer 10x (Thermo scientific, Germany), 1 µl of the synthetic 

adaptor (1nmol/L) were transferred to two separated Eppendorf tubes. Subsequently, 0.1µl of 

HpaII (Thermo scientific, Germany) or MspI (Thermo scientific, Germany), each 

corresponding to 1 U (unit) of the restriction enzymes, were added in each reaction tube in 

parallel. Additionally, two ng of cfDNA are added to each reaction tube. PCR water was 

added to obtain a final volume of 30 µl, mixed carefully by pipetting up and down.  The tubes 

were incubated for 1 hour at 37 ° C and 16 ° C for 2 hours in a thermomixer. Then, incubation 

takes place at 65° C for 20 minutes to inactivate the enzymes. 
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2.2.7.3 Quantification of unmethylated ALU in cfDNA by qPCR  

After digestion of cfDNA with enzymes, the unmethylated ALU was quantified in cfDNA by a 

qPCR assay. The used primer is shown in table 4. The primer is complementary to the 

AACC + synthetic adaptor. qPCR of the MspI digestion mixture quantified all the amplifiable 

ALU elements regardless of their methylation status. Whereas qPCR of HpaII digestion only 

amplifies unmethylated CpG ones. LINE-1 97 is used to normalize the DNA input for both 

MspI and HpaII digestions. The process is performed in a final reaction volume of 10 μl as 

follows: Briefly, five μl of SYBR®Green Master Mix (Roche, Germany), 0.1 μl of forward 

primer (100nmol/L), 0.1 μl of reverse primer(100nmol/L), one μl of the enzyme-treated cfDNA 

from diluted 1:20 equivalent to 0.0034 ng of cfDNA, 3.8 μl Nuclease-free water were mixed. 

The thermocycler was programmed according to like 10 min 95 ° C, 40 cycles of 10 seconds 

at 95° C and 10 seconds at 65° C. The melting curve is analyzed to check primer-dimer 

formation with the program: 0s at 95°C followed by 60s at 65°C and 0s at 95°C. The cooling 

step was at 40 °C for the 30s. DNA normalization is performed by parallel amplification of a 

standard gene of LINE-1 97. Each sample was measured in duplicate. In addition, each 

assay includes water as a negative control, and the negative control should not have Ct <34. 

 

 

 

 
 
Figure 6.Illustration of unmethylated ALU elements measurement technique 

 

 

 

2.2.7.4 Efficiency for methylation primer 

A standard curve calculated the efficiency value for each primer pair (met. ALU and LINE-1 

97-bp). Different amounts of genomic BON-1 cell culture ranging from 1 to 100 ng are plotted 

against Ct values, and Microsoft Excel evaluated assay efficiency.  
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2.2.7.5 Calculation of percentage of hypomethylation  

The relative amount of unmethylated ALU repeats are identified as a marker for global 

hypomethylation. The percentage of hypomethylation was determined using the following 

formula:      

 

Percentage of unmethylated ALU elements =  

       

[[(EALU H)-Ct ALU H/ (ELINE H)-Ct LINE H] / [(EALU M)-Ct ALU M/ (ELINE M)-Ct LINE M]] x 100 

 

  

 

 

 

 

 

 

 

 

 

 

In this equation, the variable and base data are Ct and E, respectively. ALU H and ALU M 

describe unmethylated ALU elements and the total amplifiable ALU elements, while LINE-1 

H and LINE-1 M were used for normalization. 

 

 

2.2.8 Determination of established tumor marker 

Cg A was measured by an enzyme-linked immunosorbent assay (ELISA) in medical labor. 

 

 

2.2.9 Statistical analysis 

All samples were running in the three replicates. The statistical analysis was carried out 

using GraphPad Prism software (version 6.1) and Jamovi (version 1.6), whereby p ≤ 0.05 

was defined as the significance level. The normality test was the Shapiro-Wilk test. The 

distribution is not normal, then non-parametric tests were applied further. The cfDNA 

concentration, cfDNA integrity, and hypomethylation play a key role here. Data in the text and 

graphs were presented as a median with interquartile ranges (IQR). The outliners cannot be 

deleted in medical data because they can show a remarkable occurrence. The outlier can 

seriously affect the mean, range, and standard deviation. Thus, the median is resistant to the 

outliers and is the midpoint of a distribution. The IQR is the distance between the 1st quartile 

(25th percentile) and the 3rd quartile (75th percentile). It is the middle 50% of data. IQR was 

used to identify the outliers to set up the minimum and maximum limits. A data is an outlier if 

it falls more than 1.5 IQR above the 3rd quartile or more than 1.5 IQR below the 1st quartile. 

The normality test was the Shapiro-Wilk test. The p<0.05 means the normality test result is 

significant; the data is not normal. 

E qPCR efficiency 

Ct cycle threshold 

Ct ALU H Ct from qPCR using Met-ALU primer of HpaII digested 

cfDNA 

Ct ALU M Ct from qPCR using Met-ALU primer of MspI digested 

cfDNA 

Ct LINE-1 H Ct from qPCR using LINE-1 97-bp primer of HpaII digested 

cfDNA 

Ct LINE-1 M Ct from qPCR using LINE-1 97-bp primer of MspI digested 

cfDNA 



Material and Methods 

27 

 

Welch’s t-test was applied for the comparison of the patients and control groups. Welch’s t-

test compares the means of two independent groups, and the test does not assume identical 

variances. Welch’s t-test test also evaluated the comparison of each biomarker with gender. 

 For comparison between three or more independent groups was applied. 

  

Kruskal-Wallis H test. It is an extension of Mann–Whitney U test. This nonparametric test is 

rank-based and uses summed rank scores to determine the results. The mean rank is the 

average of the ranks for all observations within each sample used to calculate the test 

statistic (H-value). It tells if there is a significant difference between groups. It will not reveal 

which groups are different. If the Kruskal–Wallis test is substantial, Dwass-Steel-Critchlow-

Flinger pairwise comparison test is used as a post-hoc analysis to determine which groups 

differ from each other group. The Kruskal–Wallis test compared the subgroups and the study 

groups regarding tumor grade and localization in this study. 

 

The relationship between two variables can be compared with correlation analysis. All 

correlation tests, including age, tumor burden, and CgA level, were calculated by 

spearman’s rank correlation coefficient test. In this nonparametric test, data are given as 

correlation coefficient (r).  The value of (r) is a statistical measure of the strength of a 

relationship between paired data. The correlation between variables can be positive or 

negative. The strength of the correlation demonstrated using the following guide for r: 

 

0.00 - 0.19 very week 

0.20 -  0.39 weak 

0.40 - 0.59 moderate 

0.60 - 0.79 strong 

0.80 - 1.0 very strong 

 

The discriminatory power of the biomarkers was determined with the help of receiver 

operating characteristic analysis (ROC). All statistics were calculated with a 95% 

confidence interval. In a ROC curve, the sensitivity was plotted against specificity at all 

possible cut-off points to screen asymptomatic individuals in the tests. The sensitivity 

describes the proportion of true positive results (the ratio of correctly identified patients). In 

contrast, specificity shows the proportion of true negative (false positive or the ratio of 

healthy individuals who are correctly identified) results. The area under the curve (AUC) 

shows the discriminative potential of the biomarker, i.e., its accuracy.  The AUC indicates a 

more precise diagnostic test if closer to 1.0, whereas values comparable to the lowest limit of 

0.5 were associated with the weakest results.  

The below categorizations can be used to describe the diagnostic power of the ROC curve: 

AUC  

0.9-1.0 very good 

0.8-0.9  good 

0.7-0.8  fair 

0.6-0.7  poor 

0.5-0.6  fail 
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The cut-off value is where the sum of specificity and sensitivity is maximum and, in this point, 

patients and healthy differentiate with high efficiency 154–159. Also, other indicative parameters 

such as sensitivity, specificity, positive predictive value, negative predictive value were 

calculated to assess the discrimination power of the individual or combined biomarkers.
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3. Results 
 

3.1 Real-time PCR assay performance 

RT-PCR was applied using the ALU and LINE-1 genes as the amplifying target (Fig. 7). The 

specificity of qPCR amplification products was validated by melting curve analysis. All 

plasma cfDNA samples displayed a single peak corresponding to about 91 ° C, 81 ° C,   81 ° 

C, 79 ° C for ALU 260-bp, ALU 115-bp, LINE-1 266-bp, LINE-1 266-bp, respectively in their 

melting curves. This outcome supported the high specificity of the selected primers and the 

lack of nonspecific amplification products in qPCR assays. For ALU 115-bp, all plasma 

cfDNA samples showed a short peak before the single peak corresponding to 81 ° C.  This 

short peak at a relatively low temperature might be because of primer dimer. More early 

templates may help overcome this problem, but it was impossible for some of the samples. 

Later, it was tried to resolve this issue by decreasing the primer concentration, increasing the 

annealing temperature, reducing the annealing time, and using DMSO and formamide for 

specific binding. In parallel, some other ALU primers as the short primer were tested (Table 

4). The broad melting peak or two peaks in all tested short ALU primers was observed 

(melting curves are not shown), which might be because of the complexity of the ALU family. 

 

In the hypomethylation test, RT-PCR was applied using the ALU and LINE-1 genes as the 

amplifying target. Met-ALU and LINE-1 97-bp primers were applied. All the qPCRs related to 

a sample were applied for Met.ALU for HpaII and MspI and LINE-1 97-bp for HpaII and MspI 

(Fig.8). The specificity of qPCR amplification products was validated by melting curve 

analysis. All plasma cfDNA samples displayed a single peak corresponding to about 83.24 ° 

C, 83.84 ° C,   78.58° C, 78.58 ° C for Met. ALU H, Met.ALU M, LINE-1 97-bp H, LINE-1 97-

bp M, respectively, in their melting curves. This observation supported the high specificity of 

the selected primers and the lack of nonspecific amplification products in qPCR assays. 
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 A B 

ALU 260-bp 

 

ALU 260-bp 

 
ALU 115-bp 

 

ALU 115-bp 

 
LINE-1 266-bp 

 

LINE-1 266-bp 

 
LINE-1 97-bp 

 

LINE-1 97-bp 

 
Figure 7. Establishing qPCR to measure cfDNA fragmentation 

A) Amplification and B) Melting curves of ALU 115- and 260-, LINE-1 97- and 266-bp primer pairs with five 

different samples, each with double determination; The almost similar melting curves of the five separate 

determinations are shown. 
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A B 

  

  
Figure 8. Establishing qPCR to measure cfDNA Hypomethylation 

Representation of the PCR amplification and melting curves of A) Met.ALU and LINE -1 97-bp primers for HpaII 

and B) Met.ALU and LINE -1 97-bp primers for MspI for three different samples. All the qPCRs related to a 

sample (Met. ALU for HpaII and MspI and LINE-1 97 for HpaII and Msp I) should be analyzed in the same plate. 

All quantitative PCRs performed in double; the almost similar melting curves of the three separate determinations 

are shown. 

 

 

3.1.1 Efficiency and standard curves 

The standard curves were applied to correct different primers' efficiencies. The standard 

curves were plotted by serial dilution of human genomic DNA to absolute quantification of 

each primer. The qPCR assay performance demonstrated a very high logarithmic of product 

amplification assessed. According to the Ct values, the sample concentration was concluded 

from the standard curves for each fragment.  

An efficiency curve shows the dilution series's amplification log with a known concentration 

(Fig.9 and 10). The PCR primer efficiency was calculated as 2.04, 1.92, 1.98, and 2.02 for 

ALU 115-, ALU 260-, LINE-1 97- and LINE-1 266-bp, respectively. In the hypomethylation 

test, the qPCR efficiencies were 2.01, 1.89, 2.11, and 2.11 for Met. ALU H, Met.ALU M, 

LINE-1 97-bp H, LINE-1 97-bp M, respectively. In the hypomethylation test, the converted 

efficiency data were applied in a related equation described in section 2.7.5. Detailed data 

are shown in table 6. 
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A B 

  

  

  

  
 
Figure 9.Standard and efficiency curves 

for ALU 115-bp, 260-bp, LINE-1 97-bp, and 266-bp primer pairs using a serial dilution of commercial human 

genomic DNA. 
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Figure 10. Efficiency curves of digested cfDNA for hypomethylation analysis 

Efficiency curves of Met.ALU H, Met.ALU M LINE-1 97-bp H and LINE-1 97-bp M primer using a serial dilution of 

BON-1 genomic DNA. H for HpaII and M. for MspI digestion. Met. ALU M: qPCR using the cfDNA obtained in 

MspI digested cfDNA. Met. ALU H: qPCR using the cfDNA obtained in HpaII digested cfDNA.  

 

 

 
      Table 6. The detailed amplification efficiency for each primer 

Primer R2 Slop Efficiency 

% 

Converted efficiency 

(Efficiency /100)+ 1 

ALU 260-bp 0.99 -3.52 92.39 1.92 

    ALU 115-bp 0.94 -3.22 104.37 2.04 

LINE-1 266-bp 0.99 -3.27 102.14 2.02 

LINE-1 97-bp 0.99 -3.38 97.70 1.98 

Hypomethylation test 

Met.ALU H 0.99 -3.3 100.92 2.01 

Met.ALU M 0.99 -3.63 88.74 1.89 

LINE-1 97 H 0.96 -3.08 111.45 2.11 

LINE-1 97 M 0.95 -3.08 111.19 2.11 
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3.2 The study population characteristics  

Sixty-two patients with confirmed NEN disease and 29 noncancerous volunteers with 

endocrine illness were enrolled. The clinicopathological data of controls and patients 

suffering from neuroendocrine cancer, including age, gender, degree of differentiation 

(grading), and tumor origin, are summarized in Table 7.  

The mean age of controls was 52 years old, and the mean age was 52 years old, ranging 

from 24 to 77 years. Of 29 controls, 12 (~ 41 %) were male with a mean age of 51 years old, 

ranging from 25 to 77 years, and 17 (~59%) females with a mean age of 53 years old, 

ranging from 24 to 74 years. Of 62 NEN patients, 33 (~53%) were male with a mean age of 

65 years, ranging from 33 to 87 years and 29 (~47%) females with a mean age of 63 years 

old, ranging from 33 to 81 years. The patients were divided into more specific subgroups: 

NET (n=55) and NEC (n=7). The mean age of the NEC and NET patients was 61 and 64 

years old, respectively. NET patients were further separated as with mNET (n=47) and non-

mNET (n=8). Most of the cases represent NETs with mNET, as can be seen in Table 5.  

Concerning the appearance of the cancerous cells, the study patients’ group was separated 

into four subgroups:  Grade 1 (n=27), Grade 2 (n=21), Grade 3 (n=10), not identified (n=4). 

The majority was with G1 and G2 groups. 

Clinical evaluation was undertaken for the determination of the tumor burden by the treating 

physician. The tumor burden of the patients was categorized between 0 and 3. The value 

zero means the patient has no known tumor in the body. Stage 3 means the patient has a 

very large amount of tumor tissue spread in various organs (such as e.g. lungs, liver, or 

bones). Regarding to tumor origin, the major tumor types included ileum NET (n=16, ~23%), 

small intestine NET (n=12, ~17%), pancreatic NET (n=12, ~17%), stomach NET and NEC 

(n=7,  ~10%; n=5 and n=2, respectively), rectum NET (n=4, ~6%), lung NET and NEC (n= 3, 

~4  % n=2 and n=1). There are some limitations for analysis between primary sites because 

of the small sample size of some subgroups. 

 
Table 7. Clinicopathological features of the study groups 

Detailed baseline clinicopathological features of the study groups including sex, age, differentiation grade (G1: 

Grade 1, G2: Grade 2, G3: Grade 3, NA: not identified), Tumor burden (N: no tumor, L: low, M: moderate, H: high) 

and location of the tumor. 

A 
Characteristics 

Groups / 

Subgroups 
Nr.* Age Gender Grading Tumor burden 

  Mean 

(Range) 

Men Woman G1 G2 G3 NA N L M H 

Control 29 52 

(24-77) 

12 17 - - - - 29 - - - 

All Patients 62 64 

(33-87) 

33 29 27 21 10 4 8 23 23 8 

NET 55 64 

(33-87) 

30 25 27 21 3 4     

mNET 47 64 

(33-87) 

25 22 21 19 3 4 - 22 20 5 

non-mNET 8 65 

(52-74) 

5 3 6 2 - - 8 - - - 

NEC 7 61 

(41-82) 

3 4 0 0 7 - - 1 3 3 
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*Nr. : number 

 

 

 

 

 

3.3. Assessment of biomarkers 

The biomarkers, namely cfDNA concentration, ALU 260-bp fragment level, ALU 115-bp 

fragment level, LINE-1 97-bp fragment level, LINE-1 266-bp fragment level, ALU DII, LINE-1 

DII, and hypomethylation percentage were measured and analyzed in the following study.  

 

 

3.3.1 Plasma cfDNA quantification  

The amount of cfDNA was determined in plasma samples from patients and healthy controls.  

Two commonly used kits for cfDNA isolation were tested to get the highest cfDNA population 

by using the same sample in this study. The spin column (QIAamp DNA Blood Mini kit) and 

the magnetic beads (QIAamp® MinElute® ccfDNA Midi kit) were two affinity-based methods. 

The spin-column method changed the parameters like the plasma and protease amount, 

degree and time of incubation in thermomixer, elution volume (AE buffer), and elution time.  It 

was observed that the QIAamp® MinElute® ccfDNA Midi Kit extraction method recovered 

more cfDNA yield than the QIAamp DNA Blood Mini Kit method (data are not shown).  

The cfDNA isolation was continued by QIAamp® MinElute® cfDNA Midi Kit. In each case, 

cfDNA was extracted from 4 mL of plasma. The range of cfDNA level of patients was 

between 0.11 and 58.20 ng/ µL with a median of 0.92 (IQR 0.72) and 0.21 to 1.59 ng/µL with 

B                                                                                       Characteristics 

Primary cancer 

(Tumor origin) 

Nr.* Age Gender Grading Tumor burden 

 Mean 

(Range) 

Men Woman G1 G2 G3 NA N L M H 

Appendix 1 33 - 1 1 - - - 1 - - - 

Cervix 1 41 - 1 - - 1 - - 1 - - 

Gallbladder 1 61 1 - - - 1 - - - 1 - 

Ileum 16 67 

(52-81) 

9 7 13 2 - 1 5 4 6 1 

Neck 1 57 0 1 - - 1 - - - 1 - 

Lung 3 72 

(63-81) 

1 2 1 1 1 -  1 1 1 

Rectum 4 64 

(53-78) 

2 2 - 3 1 -  2 1 1 

Pancreas 11 63 

(39-87) 

5 6 2 6 1 2  6 5 1 

Pharynx 1 33 1 - - 1  -  1 - - 

Stomach 7 67 

(58-82) 

4 3 2 3 2 - 2 2 - 3 

Small intestine 12 66 

(49-81) 

9 3 8 4 - - 1 5 6 - 

Thymus 1 49 0 1 - 1 - - - - 1 - 

Unknown 2 70 

(63,77) 

1 1 - - 2 - - - 1 1 
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a median of 0.67 (IQR 0.49) ng/µL for the control group (Fig. 11 A). 27 of 62 patients had 

cfDNA concentrations of ≥ 1 ng / µL (~ 44%), while only 8 of 29 controls had cfDNA 

concentrations of ≥ 1 ng / µL (28%).  

A further division of the patient group into patients with the metastatic and non-metastatic 

NET disease and histologically confirmed NEC enables a more detailed examination of the 

biomarkers depending on the clinical picture. 

The plasma cfDNA level presented the highest concentration in the mNET patient subgroup 

with a median of 1.04 (IQR 0.77) ng / µL, followed by NEC patients with 0.91 (IQR 12.7) ng / 

µL. The lowest concentration was found in the healthy controls with a median of 0.67 (IQR 

0.49) ng / µL. Shapiro-Wilk analysis confirmed significant deviations from a normal 

distribution in all subgroups. Therefore, the quantitative results were further compared using 

Kruskal-Wallis non-parametric ANOVA and revealed a substantial difference in the group 

(X2= 9.084; p=0.028). A further pairwise comparison by Dwass-Steel-Critchlow-Flinger 

revealed a significant difference between the control and mNET groups (p=0.037) (Fig. 11 

B). 

 

 

A B

C
ontr

ols

Pat
ie

nts
 

0.1

1

10

100

c
fD

N
A

 [
n

g
/µ

l]

p=0.072

C
ontr

ols

non-m
et

as
ta

tic
 N

E
T 

m
et

as
ta

tic
 N

E
T 

N
E
C

0.1

1

10

100

c
fD

N
A

 [
n

g
/µ

l]

p=0.037

 
Figure 11.Distribution of plasma cfDNA level in the study groups 

Plasma cfDNA levels in (A) NEN patients and the controls and (B) the patients' subgroups and the controls were 

measured by a fluorometric assay. Welch´s t-test (A) and Kruskal-Wallis (B) analysis were performed to test the 

differences in plasma cfDNA levels between the study groups. Dwass-Steel-Critchlow-Flinger was applied as a 

post hoc test; P values ≤0.05 were considered significant. 

 

 

 

The selectivity of the cfDNA level was calculated using the ROC curve. 

The sensitivity of cfDNA in the patient group and mNET plus NECs subgroups were 

determined at several specificity levels. The corresponding sensitivities and actual cut-off 

points producing Fig. 12 are given in Table 8.  The healthy donors and cancer patients could 

be differentiated with 69.4% sensitivity and 55.2% specificity based on the cfDNA 

concentration. A cfDNA cutoff of 0.715 ng/µl, with an AUC of 0.662  (95% confidence interval 

(CI), 0.549 to 0.775), (P=0.013) was established to identify NEN patients. The diagnostic 

power of cfDNA concentration did not change markedly when the patients were divided into 

the subgroups of mNET+ NEC patients (AUC= 0.689 (95% CI, 0.575 to 0.802; P=0.004). 
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Analysis of cfDNA in plasma of mNET+ NEC patients vs controls showed a 44.4    % 

sensitivity and 89.7  % specificity using the cut-off value of 1.18  ng/µl (Fig. 12). 

The subgroups of none-mNET (n=8) and NEC (n=7) were not selected for ROC Curve 

analysis due to the small number of cases. 
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Figure 12: cfDNA level receiver operating characteristic (ROC) plots 

ROC from the comparison of controls vs. patients and controls vs. mNET+ NEC subgroups. 

 

 
Table 8.cfDNA sensitivity and the corresponding cut-off level 

From the comparison controls vs. patients and controls vs. mNET+ NEC patient`s subgroup at specificity levels 

between 60-95%. 

                                                           SPECIFICITY [%] 

  95 % 90 % 85 % 80 % 70 % 60 % 

SENSITIVITY [%] Patients 32.3 37 40.5 42 45 55 

 Cut-off [ng/µl] 1.22 1.2 1.13 1.05 0.98 0.86 

 mNET+NEC 35.19 40.4 44 46.3 50 57.41 

 Cut-off [ng/µl] 1.21 1.19 1.13 1.06 0.99 0.85 

 

 

 

3.3.1.1 Correlation of cfDNA plasma concentration with clinical characteristics  

Nonparametric comparison of plasma cfDNA level with tumor grade, tumor burden, and 

localization tumor was evaluated by the Kruskal-Wallis test. The Spearman correlation test 

calculated the correlation to age, tumor burden, and CgA. Welch´s t-Test assessed the 

relationship to gender. A P value ≤ of 0.05 was considered statistically significant. In the 

patients, various clinical factors effects on biomarkers were analyzed in all plasma samples 

irrespective of whether they belonged to which subgroups of patients. The impact of tumor 

burden on cfDNA concentration was analyzed in all plasma samples regardless of whether 

they belonged to which group. 

 

Correlation between cfDNA concentration and age or gender 

A correlation study was carried out to rule out any influence of the cfDNA on the age of the 

tested people. The plasma cfDNA concentration appears to increase with age. The plasma 
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cfDNA concentration seems to increase with age. A significant correlation between age and 

cfDNA plasma concentration could be demonstrated in patients and control with p = 0.006. A 

reflection of the individual groups: control or patients showed no dependence of age on 

plasma cfDNA concentration (Fig.13). 
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Figure 13. Plasma cfDNA correlation to age 

The cfDNA level was measured by a fluorometric assay. Spearman correlation test was used to assess any 

differences between the age and plasma cfDNA level in A) total subjects, B) controls, and C) patients.  

 

 

Differences between plasma cfDNA concentration and gender were assessed. For men, the 

median for the measured plasma cfDNA concentration was 0.778 (IQR 0.667), and for 

women, it was 0.904 (IQR 0.500). When using Welch´s t-test, men and women show no 

significant difference in the cfDNA concentration. 

 

 

 

Correlation between cfDNA concentration and tumor grade 

For the patients with a G1-graded tumor, cfDNA amounts between 0.29-4.98 ng/µL were 

measured. For the patients with a G2-confirmed tumor, 0.12-6.99 ng/µL and 0.68-58.2 ng/µL 

for the G3-graded tumor patients were found. Kruskal-Wallis test was used to evaluate the 

differences in cfDNA values between the samples from control, G1, G2, and G3 tumors and 

was found significant (X2=9.98; p=0.019). With a post hoc test, Dwass-Steel-Critchlow-

Flinger, the lowest p-value of 0.024 was measured between the control and G3-graded tumor 

groups (Fig.14). 
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Figure 14. cfDNA Plasma concentration grouped by tumor grades 

The cfDNA level was determined in the patient's plasma by a fluorometric assay. The data are divided into 

different groups depending on the tumor grade (controls, G1 (grade 1), G2 (grade 2), and G3(grade 3)tumor 

grade). Kruskal-Wallis analysis was performed to test differences in plasma cfDNA levels between the groups. 

Dwass-Steel-Critchlow-Flinger was applied as a post hoc test; P values ≤0.05 were considered significant. 

 

 

In the current ROC curve analysis, the plasma cfDNA concentration was able to 

distinguish between the patients with G1 (n= 27) and G2 (n=21) tumor grade from the 

controls with an estimated AUC of 0.66 (95% CI, 0.514 to 0.813; P=0.036) and 0.61 (95% CI, 

0.451 to 0.777; P=0.172), respectively (Fig. 15). The patients with a G3 tumor grade (n=10) 

had a significant AUC of 0.803 (95% CI, 0.651 to 0.956; p= 005). cfDNA concentration had a 

sensitivity of 50% and a specificity of 100% at 1.64 ng/µl cutoff for the detection of patients 

with a G3 tumor grade. The cut-off levels at different specificity levels are given in Table 9. 
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Figure 15. cfDNA level receiver operating characteristic (ROC) plots for tumor grades 

ROC analysis of plasma cfDNA level for distinguishing the controls from the patients with tumor grade G1 (grey), 

G2 (pink), and G3 (black), along with the area under the curve (AUC). 
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Table 9. The sensitivity and corresponding cut-off levels of cfDNA level for tumor grades 

From the comparison controls vs. patients with a G1-tumor or a G2- tumor at specificity levels between 60-95%. 

 

                                                           SPECIFICITY [%] 

  95 % 90 % 85 % 80 % 70 % 60 % 

SENSITIVITY [%] G1 40.74 43 48.15 48.15 51.85 59.26 

 Cut-off [ng/µl] 1.25 1.2 1.10 1.05 0.97 0.86 

 G2 19.05 25.50 35.11 38.10 42.86 47.62 

 Cut-off [ng/µl] 1.22 1.2 1.10 1.06 0.98 0.85 

 G3 50 50 50 50 50 70 

 Cut-off [ng/µl] 1.28 1.19 1.11 1.07 0.98 0.85 

 

 

 

Correlation between cfDNA concentration and tumor burden 

cfDNA level was significantly correlated to tumor burden (r = 0.412; p <0.0001). For the 

samples with no tumor, the cfDNA amount of 0.71(IQR 0.45)  ng/µL was measured. cfDNA 

levels were 0.82(IQR 0.58)  ng/µL and 1.19(IQR 0.68)  ng/µL for the patients with low tumor 

load, i.e. 1, and moderate tumor load, i.e. 2, respectively. The patients with large tumor 

load,i.e 3, showed the highest cfDNA level of 3.12(IQR 10.1)ng/µL. Kruskal-Wallis test 

calculated significant differences in cfDNA values between the samples from different 

classes of tumor burdens (X2= 17.36; p< 0.001). With a post hoc test, Dwass-Steel-Critchlow-

Flinger, the p-values of 0.007 and 0.016 were measured between samples with no tumor and 

moderate or large tumor burden groups, respectively. A p-value of 0.062 was obtained 

between patients with low and high tumor load (Fig.16). 
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Figure 16. cfDNA Plasma concentration grouped by tumor burden  

The cfDNA level was determined in the patient's plasma by a fluorometric assay. The data are divided into 

different groups depending on the tumor burden (no tumor, low, moderate, or high tumor burden). Kruskal-Wallis 

analysis was performed to test differences in plasma cfDNA levels between the groups. Dwass-Steel-Critchlow-

Flinger was applied as a post hoc test; P values ≤0.05 were considered significant. 

 

In the current ROC curve analysis, the plasma cfDNA concentration was able to 

distinguish between the patients with a different load of the tumor from the group with no 

tumor in the body with an estimated AUC of 0.69 (95% CI, 0.579 to 0.794; P=0.003). An AUC 

of 0.77 distinguished the patients with moderate and high tumor burden (95% CI, 0.657 to 
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0.885; p= 0001). The patients with a massive tumor load had a good AUC of 0.84 (95% CI, 

0.601 to 1.00; p= 003) Using the cut-off value of 1.64, cfDNA level could distinguish high 

tumor load patients with 75% sensitivity and 97.4% specificity (Fig. 17). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. cfDNA level receiver operating characteristic (ROC) plots for tumor burdens 

ROC analysis of plasma cfDNA level for distinguishing the group with no tumor from the patients with low, 

moderate, and high tumor burden (TB). Tumor burdens of low plus moderate and high (grey), moderate plus high 

(orange), and high (red), along with the area under the curve (AUC). 

 

 

 

Correlation between cfDNA concentration and tumor origin 

Regarding the origin of the tumor, the highest cfDNA level could be measured in the patients 

with a primary tumor in the small intestine, with 1.43 ng/µl (IQR 1.2). Subsequently, the 

patients with a primary tumor in rectum 1.21 (IQR 4.65) ng/µL and lung (1.20 (IQR 24.77) 

ng/µL showed higher cfDNA levels compared to other patient subgroups. The cfDNA level 

was 0.91 (IQR 2.92), 0.82 (IQR 0.69), 0.71(IQR 0.36) ng/µL in the patients with stomach, 

ileum, and pancreas tumor origin, respectively (Fig.18). A Kruskal-Wallis test compared the 

differences among tumor origin subgroups; a significant difference could be calculated 

among the groups (X2=12.84; p= 0.025). A pairwise comparison as a post hoc test revealed 

significant differences between the patients with lung and ileum tumor origin (p=0.025). 
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Figure 18.cfDNA plasma concentration grouped by tumor origin 

The cfDNA level was determined in the patient's plasma by a fluorometric assay. The data are divided into 

different groups depending on the tumor origin.                                
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Correlation between cfDNA concentration and serum-CgA level 

The relationship between the increase in CgA and the cfDNA level was analyzed in the 

different patient groups. CgA value was not available for four patients: four NETs (three 

mNETs, one non-mNET). CgA level was only determined in the patients with malignant 

disease. The CgA value for the subgroup with mNET was 105.5 (IQR 191) ng/ml, for non-

mNETs 58 (IQR 366) ng/ml, and NEC patients 125 (IQR 7861) ng/ml (Fig. 19A). No 

significant differences were found using the Kruskal-Wallis test. In some patients, high levels 

of cfDNA were found along with high levels of CgA. A substantial correlation between CgA 

and plasma cfDNA level could be calculated by the Spearman correlation test (p=0.031) with 

a week positive correlation coefficient of 0.29 (Fig. 19B). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19.Correlation of CgA hormonal status vs. cfDNA level in the patient group 

A: CgA level in patients' subgroups 

B: Correlation of CgA and plasma cfDNA plasma in the patients. Spearman correlation revealed a week 

correlation. P values ≤0.05 were considered significant. 

 

 

3.3.2   Evaluation of cfDNA fragment size distribution   

The isolated cfDNA samples were used to determine the different fragment sizes by 

amplifying 97-bp and 266-bp within LINE-1, and 115-bp and 260-bp within ALU target 

sequences, respectively.  

 

3.3.2.1 Analysis of ALU fragmentation level  

ALU fragmentation level of cfDNA was determined by PCR analysis.  

We distinguished between two different fragmentation sizes, a short fragment of 115-bp and 

a longer cfDNA fragment of 260-bp length. The total amount of short fragments will always 

be higher than the longer fragments because ALU 115-bp fragments represent short and 

long cfDNA fragmentations. 

As shown in Fig.20A, the median of ALU 115-bp fragment level was similar in the patients of 

29 (IQR 29.4) pg/µL and the controls with 29.0(IQR 39.7) pg/µL. Welch's t-test showed no 

significant difference (p=0.329). 
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 Regarding the patients' subgroups, ALU 115-bp fragment level in non-metastatic NETs 

(33.2(IQR 26.4) pg/ µL) was higher than the controls (29 (IQR 39.7) pg/ µL). The NEC 

patients revealed the highest ALU115 bp-fragment concentration with a median of 38.1 (IQR 

25.7) pg/µl. The metastatic NET patients showed the lowest levels of ALU 115-bp fragments 

of 24.4 (IQR 29.6) pg/ µL (Fig. 20B). Plasma levels of ALU 115-bp fragment did not 

discriminate significantly between the single groups (P˃0.05). Kruskal-Wallis test was used 

to evaluate the differences in ALU 115-bp fragment values between samples from the control 

group and patients’ subgroups; no significant differences could be measured (p= 0.730).   
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Figure 20.Distribution of ALU 115-bp fragment level in the study groups 

ALU 115-bp fragment level in (A) NEN patients and controls and (B) patients' subgroups and controls were 

measured by qPCR. Welch´s t-test (A) and Kruskal-Wallis (B) analysis were performed to test differences 

between the study groups.  

 

 

The ALU 260- bp fragments represent the long cfDNA fragments. Measured values are 

illustrated in Fig. 21. The control group showed a slightly higher ALU 260 bp-fragment level 

compared to the patients (5.52 (IQR 3.02) pg/ µL vs. 5.03 (IQR 3.37) pg/ µL) (Fig.21A). No 

significant differences in ALU 260-bp fragment level between the samples from the control 

and patients were calculated by Welch´s t-test (p=0.056). 

By dividing the patients' group into subgroups, the mNET and NEC patients revealed the 

lowest ALU 260-bp fragments of 4.75 (IQR 3.6) and 5.06 (IQR 2.80) pg/µl, respectively. The 

patients with a non-mNET showed the highest amount of ALU 260-bp fragment with a 

median of 6.35 (IQR 1.99) pg/µl (Fig.21B). Results were further compared using the Kruskal-

Wallis non-parametric ANOVA test and revealed no significant difference among patients' 

subgroups (X2=4.23; p=0.238). 
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Figure 21.Distribution of ALU 260-bp fragment level in the study groups 

ALU 260-bp fragment level in (A) NEN patients and controls and (B) patients' subgroups and controls were 

measured by qPCR. Welch´s t-test (A) and Kruskal-Wallis (B) analysis were performed to test differences 

between study groups. P values ≤0.05 were considered significant. 

 

The ROC curve was analyzed to test if the differences in ALU fragmentation level could 

discriminate the controls from the patients. The sensitivity of cfDNA in the patients and 

metastatic NET+NEC subgroups was determined at several specificity levels. The 

corresponding sensitivities and actual cut-off points producing Fig. 22 are given in Tables 10 

and 11.   

Comparison of ALU 115-bp fragment level between the controls and patients revealed an 

area under the curve of AUC = 0.56 (95% confidence interval (CI), 0.432 to 0.689; p=0.360) 

When using the subgroups of mNET +NEC, the differences could be increased slightly (AUC 

= 0.57, 95% confidence interval (CI), 0.437 to 0.697; p=0.314) (Fig 22A).  
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Figure 22. ALU fragmentation receiver operating characteristic (ROC) plots 

ROC curves from the comparison of controls vs. patients and controls vs. metastatic NET+NEC subgroups; A) 

ALU 115-bp fragment and B) ALU 260-bp fragment level. 

 

 

The controls and cancer patients could be differentiated by ALU 260-bp with an AUC of 0.61 

based on ALU 260-bp fragment level (95% confidence interval (CI), 0.494 to 0.733, 

P=0.083). The diagnostic power of ALU 260-bp fragment concentration could slightly be 



Results 

45 

 

increased when the patients have included only the subgroups of mNET+ NEC patients with 

a significant AUC of 0.63 (95% confidence interval (CI), 0.507 to 0.750; p=0.055) (Fig.22B). 

 

 
Table 10. ALU 115-bp fragment concentration sensitivity and the corresponding cut-off level 

From the comparison control vs. patients and control vs. metastatic NET+ NEC patients' subgroups at specificity 

levels between 60-95%. 

 

                                                           SPECIFICITY [%] 

  95 % 90 % 85 % 80 % 70 % 60 % 

SENSITIVITY [%] Patients 8.07 9.68 19.35 27.42 41.94 48.39 

 Cut-off [pg/µl] 7.35 8.13 13.30 16.35 22.80 25.60 

 Metastatic NETs 

+ NECs 

9.26 11.11 22.22 31.48 42.59 50 

 Cut-off [pg/µl] 7.37 7.98 13.40 16.22 22.95 25.89 

 

 
Table 11. ALU 260-bp fragment concentration sensitivity and the corresponding cut-off level 

From the comparison control vs. patients and control vs. metastatic NET +NEC patients' subgroups at specificity 

levels between 60-95%. 

 

                                                           SPECIFICITY [%] 

  95 % 90 % 85 % 80 % 70 % 60 % 

SENSITIVITY [%] Patients 20.97 29.03 30.65 40.32 43.55 50 

 Cut-off [pg/µl] 2.77 3.53 3.69 4.2 4.69 5.02 

 metastatic NETs 

+NECs  

22.22 29.63 31.48 42.59 46.30 53.70 

 Cut-off [pg/µl] 2.76 3.50 3.75 4.19 4.7 5.01 

 

 

 

 

3.3.2.1.1 Correlation of ALU fragmentation level with clinical characteristics  

Nonparametric comparison of short and long ALU fragmentation levels with tumor grade, 

tumor burden, and localization was evaluated by the Kruskal-Wallis test. The Spearman 

correlation test calculated correlation to tumor burden, age, and CgA. Welch´s t-Test 

assessed the relationship to gender. A P value ≤ of 0.05 was considered statistically 

significant. In the patients, various clinical factors effects on biomarkers were analyzed in all 

plasma samples irrespective of whether they belonged to which subgroups of patients. The 

impact of tumor burden on ALU fragmentation was examined in all plasma samples 

regardless of whether they belonged to which group. 

 

Correlation between ALU fragmentation and age or gender 

The Spearman correlation test calculated correlation to age. A P value ≤ of 0.05 was 

considered statistically significant. No significant correlation could be calculated for age and 

ALU fragmentation levels in the totality of the test subjects (patients and controls) and the 

controls. A significant correlation between age and ALU-115-bp fragment concentration could 

be demonstrated in the patient group (p = 0.04). The correlation of short and longer ALU 

fragments to age is shown in Fig.23. 
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2) ALU 260-bp fragment level 
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Figure 23.Correlation of age and ALU fragmentation level in cfDNA 

ALU fragmentation levels were measured by qPCR. Spearman correlation test was used to assess any 

differences between the age and ALU fragmentation in A) total subjects, B) controls, and C) patients. 

 

 

Differences between ALU 115-bp fragment level and gender were assessed. For men, the 

median was 30.3 (IQR 34) pg/µl, and for women, 25.3 (IQR 29.1) pg/µl. Welch's t-test 

confirmed no gender-specific differences for short ALU fragments (p= 0.485). 

Differences between ALU 260-bp fragment level and gender were assessed. For men, the 

median was 5.52 (IQR 3.93) pg/µl, and for women, 5.07 (IQR 2.88) pg/µl. Using the Welch t-

test, men and women show no significant difference in long ALU fragments' plasma 

concentration (p= 0.825). 

 

Correlation between ALU fragmentation and tumor grade 

Regarding tumor grading, a slightly elevated ALU 115-bp fragment level was determined in 

the G2 patients with 42.30(IQR 30.1) pg/µl compared to the controls with 29(IQR 39.7) pg/ 

µL. A reduced ALU 115-bp fragment level of 22.2 (IQR 23.4) pg/ µL was observed in the G1 

patients, followed by the patients with a G3 tumor with 26.4(IQR 26.7) pg/ µL. Kruskal-Wallis 

test revealed no significant differences between the groups (X2= 5.12; p= 0.164) (Fig. 24A). A 

decrease of ALU 260-bp fragment level was observed in patients' subgroups concerning the 

tumor grade. The patients with G1(5.19(IQR 3.50) pg/ µL), G2(4.75 (IQR 2.62) pg/ µL) and 

G3( 4.68 (IQR 2.51) pg/ µL) tumor showed lower ALU 260-bp fragment level compared to the 
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control with 5.52 (IQR 3.02) pg/ µL. Kruskal-Wallis test was used to evaluate the differences 

in ALU 260-bp fragment values between samples from the controls, G1, G2, and G3 tumors 

(X2= 3.53; p= 0.317)(Fig.24B). 
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Figure 24.cfDNA ALU fragmentation level  grouped by  tumor grades 

A) ALU 115-bp and B) ALU 260-bp fragment level was determined in the patients' plasma using qPCR. The data 

are divided into different groups depending on the tumor grade (controls, G1 (grade 1), G2 (grade 2), and G3 

(grade 3) tumors). 

 

Correlation between fragmentation and tumor burden 

No correlation was found between ALU 115-bp fragments level and tumor burden by 

Spearman test(r=-0.123; p=0.246), but there was a negative correlation with ALU 260-bp 

fragments level (r=-0.31; p=0.003).  

The groups with no tumor and moderate tumor load showed the highest concentration of 

ALU 115-bp fragments with 29.3  (IQR 35.2) pg/µ  and 30.1  (IQR 27.1) pg/µl, respectively. 

The level ALU 115-bp fragments were 26.4  (IQR 32.8) pg/µl in the patients with high tumor 

load.  The patients with a low tumor load had the lowest concentration of  ALU115-bp pieces 

with 22.8  (IQR 29.1) pg/µl (Fig. 25). 
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Figure 25. cfDNA ALU fragmentation level grouped by tumor burden 

A) ALU 115-bp and B) ALU 260-bp fragment level was determined in the patients' plasma using qPCR. The data 

are divided into different groups depending on the tumor burden (no tumor, low, moderate, high). Kruskal-Wallis 

analysis was performed to test differences in plasma cfDNA levels between the groups. Dwass-Steel-Critchlow-

Flinger was applied as a post hoc test; P values ≤0.05 were considered significant. 
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The highest concentration of ALU 260-bp fragments was obtained in the group with no tumor 

(5.94 (IQR 2.95)) pg/µl, where the lowest was in the patients with moderate tumor burden, 

with 3.84 (IQR 3.80) pg/µl. The concentration of ALU 260-bp fragments was higher in 

patients with low tumor load than high tumor burden (5.61 (IQR 2.61) vs. 4.05 (IQR 2.25) 

pg/µl. 

Upon analysis of fragmentation, a significant difference was found for ALU 260-bp fragments 

between the groups by Kruskal-Wallis test (X2= 9.49; p= 0. 0.023) but not for ALU 115-

bp(X2= 2.89; p= 0. 0.409). A significant difference was observed between no tumor samples 

and patients with high tumor load by Dwass-Steel-Critchlow-Flinger test as post hoc test 

(p=0.035) (Fig. 25). 

 

By ROC curve analysis, the ALU 260-bp fragment concentration was able to 

distinguish between the patients with different tumor loads(low, moderate, and high) from the 

group with no tumor with an estimated AUC of 0.640 (95% CI, 0.526 to 0.753; p=0.024). An 

AUC of 0.70 distinguished the patients with moderate and high tumor burden (95% CI, 0.670 

to 0.824; p= 005). The patients with a large tumor load had a high significant AUC of 0.81 

(95% CI, 0.660 to 0.952; p= 0.007). The cutoff point of 5.78 pg/µl provided 100% sensitivity 

and 52.6% specificity in discriminating patients with high tumor load from individuals with no 

tumor (Fig. 26). 
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Figure 26. ALU 260-bp fragment level receiver operating characteristic (ROC) plots for tumor burdens 

ROC analysis of ALU 260-bp fragment level for distinguishing the group with no tumor burden from the patients 

with low, moderate, and high tumor burden (TB). Tumor burdens of low plus moderate and high (grey), moderate 

plus high (orange), and high (red), along with the area under the curve (AUC). 

 

 

 

Correlation between ALU fragmentation and tumor origin 

The tumor origin groups with less than three members were not considered in the 

comparison. The highest ALU 115-bp fragment level was measured in the patients with a 

primary tumor in the rectum (33.92 (IQR 89.9) pg/µl), stomach (30.34 (IQR 45.26) pg/µl) and 

pancreas (29.80 (IQR 31.57) pg/µl) in compared to other patients' subgroups (Fig.27A). 

Kruskal-Wallis test was showed no correlation between ALU 115-bp fragment level and 

tumor origins (X2= 2.301; p= 0.806).  
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The highest ALU 260-bp fragment level could be measured in patients with a primary tumor 

in the pancreas (5.64 (IQR 3.20) pg/µl), followed by the ileum (5.54 (IQR 3.20) pg/µl) and 

rectum 4.58 (IQR 7.88) pg/µl). The lowest ALU 260-bp fragment level was measured in the 

patients with stomach as tumor origin (2.53 (IQR 4.34) pg/µl (Fig.27B).  The Kruskal Wallis 

test showed no significant differences (X2= 9.674, P= 0.085) between the ALU 260-bp 

fragment concentration and the tumor origin.  
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Figure 27. cfDNA ALU fragmentation level grouped by tumor origin 

A) ALU 115-bp and B) ALU 260-bp fragments levels were determined using quantitative PCR in the patients' 

plasma. The data are divided into different groups depending on the tumor origin.  

 

 

Correlation between ALU fragment level and serum-CgA level 

A correlation with the serum-CgA level of the patients revealed a negative relation with ALU 

fragmentation level in cfDNA (Fig.28). No significant correlation could be calculated by 

Spearman Correlation test for ALU 115-bp fragments (p=0.126), nor for ALU 260-bp 

(p=0.092) fragment concentration. 
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Figure 28.Correlation of CgA hormonal status and ALU fragmentation level in the patients 

Spearman correlation revealed a very weak, no significant correlation for A) ALU 115-bp and B) ALU 260-bp 

fragments levels. 
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3.3.2.2 Analysis of LINE-1 fragmentation level  

LINE-1 fragmentation level of cfDNA was determined by qPCR analysis.  

We distinguished between two different fragmentation sizes, a short cfDNA fragment of 97-

bp and a longer fragment of 266-bp length. The total amount of short fragments will always 

be higher than long fragments because LINE-1 97-bp fragments represent short and long 

cfDNA fragmentations. 

The amount of LINE-1 97-bp fragment in the controls could be measured with 16.1 (IQR 

4.84) pg/ µL. The NEN patients showed a slightly decreased LINE-1 97-bp fragment level of 

16 (IQR 4.77) pg/ µL. No significant differences in LINE-1 97-bp fragment level between the 

samples from control and patients were calculated by Welch´s t-test (p=0.317) (Fig.29A). 

Regarding the patients' subgroups, metastatic NET patients had a lower LINE-1 97-bp 

fragment level of 15.8 (IQR 5.11) pg/ µL compared to the controls 16.1 (IQR 4.84). NEC 

patients showed a higher LINE-1 97-bp fragment level of 17.1 (IQR 3.47) pg µL-1 than the 

controls. Non-metastatic NETs showed the same LINE-1 97-bp fragment level concentration 

as the controls of 16.1 (IQR 3.7) pg/ µL (Fig.29B).  Kruskal-Wallis test was used to evaluate 

the differences in LINE-1 97-bp fragment values between samples from the control group 

and patients' subgroups. No significant differences could be calculated (X2= 0.969; p=0.809).  
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Figure 29.Distribution of LINE-1 97-bp fragment level in the study groups 

LINE-1 97-bp fragment level in (A) NEN patients and controls and (B) patients' subgroups and controls were 

measured by qPCR. Welch´s t-test (A) and Kruskal-Wallis (B) analysis were performed to test differences 

between the study groups. 

 

 

The  LINE-1 266-bp fragment level in the controls could be defined with 4.50(IQR 2.13) pg/ 

µL. NEN patients showed a slightly reduced LINE-1 266-bp fragment of 4.10(IQR 2.12) pg/ 

µL. No significant difference in LINE-1 266-bp fragment level between samples from the 

controls and patients was calculated by Welch´s t-test (p=0.144) (Fig.30A). 

Regarding patients' subgroups, the lowest concentration of LINE-1 266-bp fragment was 

observed in NECs with 3.82(IQR 1.48) pg/ µL. A decrease of LINE-1 266-bp fragment level 

was identified in mNETs and NECs compared to the controls 4.09(IQR 2.20) and 3.82(IQR 

1.48) pg/ µL, respectively. Non-active NET demonstrated the highest LINE-1 266-bp 

fragment level of 5.22(IQR 1.01) pg/ µL among the patients' subgroups as well as compared 

to the controls (Fig.30B).  
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Kruskal-Wallis test was used to evaluate the differences in LINE-1 266-bp fragment values 

between samples from the control group and patients' subgroups. No significant differences 

could be calculated (X2= 6.643; p=0.084). 
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Figure 30.Distribution of LINE-1 266-bp fragment level in the study groups 

LINE-1 266-bp fragment level in (A) NEN patients and controls and (B) patients' subgroups and controls were 

measured by qPCR. Welch´s t-test (A) and Kruskal-Wallis (B) analysis were performed to test differences 

between the study groups. 

 

The ROC curve analyzed the discriminatory power of the LINE-1 fragmentation level. The 

corresponding sensitivities and actual cut-off points producing Fig. 31 are given in Tables 12 

and 13. The controls and cancer patients could be differentiated by LINE-1 97-bp fragment 

levels with an AUC of 0.545 (95% confidence interval (CI), 0.413 to 0.676; P=0.496), and by 

LINE-1 266-bp fragment with an AUC of 0.589 (95% confidence interval (CI), 0.465 to 0.712; 

p=0.174) (Fig 31).  

For LINE-1 97-bp fragment, the differentiation to the aggressive subgroups reduced the AUC 

to 0.532 (95% confidence interval (CI), 0.398 to 0.666; P=0.733). The diagnostic power of 

LINE-1 fragmentation concentration could slightly be increased for LINE-1-266-bp fragment 

when the patients were included only to the subgroups of metastatic NETs and NECs to an 

AUC of 0.620 (95% confidence interval (CI), 0.495 to 0.744; p=0.073) (Fig 31). 
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Figure 31.LINE-1 fragmentation receiver operating characteristic (ROC) plots 

ROC curves from the comparison of controls vs. patients and controls vs. metastatic NET+NEC subgroups; 

A)LINE-1 97-bp fragment and B) LINE-1 266-bp fragment level. 
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Table 12. LINE-1 97-bp fragment concentration sensitivity and the corresponding cut-off level 

From the comparison control vs. patients and control vs. metastatic NET+NEC patients' subgroups at specificity 

levels between 60-95%. 

 

                                                           SPECIFICITY [%] 

  95 % 90 % 85 % 80 % 70 % 60 % 

SENSITIVITY [%] Patients 6.45 16.13 25.81 25.81 31.5 38.5 

 Cut-off [pg/µl] 24.70 20.49 19.17 19.03 18.30 17.25 

 Metastatic NETs 

+NECs 

5.56 16.67 25.93 25.93 31 37.90 

 Cut-off [pg/µl] 24.85 20.49 19.15 19.03 18.29 17.30 

 

 
Table 13. LINE-1 266-bp fragment concentration sensitivity and the corresponding cut-off level 

From the comparison control vs. patients and control vs. metastatic NET+NEC patients' subgroups at specificity 

levels between 60-95%. 

 

                                                           SPECIFICITY [%] 

  95 % 90 % 85 % 80 % 70 % 60 % 

SENSITIVITY [%] Patients 8.07 24.70 25.81 25.81 45.16 51.61 

 Cut-off [pg/µl] 2.18 2.91 2.96 3 3.96 4.17 

 Metastatic NETs 

+NECs 

9.26 28.10 29.63 29.63 48.15 55.56 

 Cut-off [pg/µl] 2.19 2.92 2.97 2.99 3.97 4.18 

 

 

 

3.3.2.2.1 Correlation of LINE-1 fragmentation with clinical characteristics  

Nonparametric comparison of short and longer LINE-1 fragments levels with tumor grade, 

tumor burden, and localization was evaluated by the Kruskal-Wallis test. The Spearman 

correlation test calculated correlation to age and CgA. Welch´s t-test assessed the 

relationship to gender. A P value ≤ of 0.05 was considered statistically significant. In the 

patients, various clinical factors effects on biomarkers were analyzed in all plasma samples 

irrespective of whether they belonged to which subgroups of patients. The impact of tumor 

burden on LINE-1 fragmentation was investigated in plasma samples regardless of whether 

they belonged to which group. 

 

 

Correlation between LINE-1 fragmentation and age or gender 

No significant correlation could be calculated for age and LINE-1 fragmentation level. The 

correlation of short and longer LINE-1 fragments to age is shown in Fig.32. 

Differences between LINE-1 97-bp fragment level and gender were assessed. The median 

LINE-1 97-bp fragment level for men was 15.9 (IQR 4.68) pg/µl, and for women, 16.6(IQR 

5.15) pg/µl. Welch's t-test confirmed no gender-specific differences for the amount of short 

LINE-1 fragments (p= 0.471). 

Differences between LINE-1 266-bp fragment level and gender were assessed. The median 

LINE-1 266-bp fragment level for men and women was 4.31 (IQR 2.39) and 4.19 (IQR 2.10) 

pg/µl, respectively. 

Using Welch's t-test, men and women showed no significant difference in the plasma 

concentration of long LINE-1 fragments (p= 0.270). 
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1)  LINE-1 97-bp fragment level 
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2) LINE-1 266-bp fragment level 
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Figure 32. Correlation of age and LINE-1 fragmentation level in cfDNA 

LINE-1 fragmentation levels were measured by qPCR for (1) LINE-1 97 bp cfDNA fragments or (2) LINE-1 266 bp 

fragments. Spearman correlation test was used to assess any differences between the age and LINE-1 

fragmentation in A) total subjects, B) controls, and C) patients. 

 

 

Correlation between LINE-1 fragmentation and tumor grade 

Regarding tumor grade, G3 patients showed a higher LINE-1 97-bp fragment level of 17.5 

(IQR 3.68) than the controls with 16.1 (IQR 4.84) pg/ µL. Unlike, a reduced amount of LINE-

97-bp fragment was detected in earlier grades, namely G1 and G2, with 15.6 (IQR 3.61) and 

15.30(IQR 6.21) pg/ µL, respectively compared to the control (16.11(IQR 4.84) pg/ µL. 

Among the tumor grade' subgroups, the G3 patients showed the highest level of LINE-1 97-

bp fragment of 17.5(IQR 3.68) pg/ µL. Kruskal-Wallis test was used to evaluate the 

differences in LINE-1 97-bp fragment values between samples from the controls, G1, G2, 

and G3 tumor groups (X2= 2.54, p=0.469). No significant differences could be identified 

between the control group with each subgroup concerning tumor grade as well as among the 

tumor grade ' subgroups (P > 0.05) (Fig.33A). 

For the long LINE-1 fragments, G1, G2, and G3 subgroups showed a reduced LINE-1 266-

bp fragment level of 4.09(IQR 2.04), 4.39(IQR 2.43), and 3.92(IQR 1.67) pg/ µL compared to 

the controls with 4.50 (IQR 2.13) pg/ µL.  The levels of LINE-1 266-bp fragment were higher 

in G2 patients with 4.39(IQR 2.43) pg/ µL than G1 and G3 patients with 4.09(IQR 2.04) pg/ 
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µL and 3.92(IQR 1.67) pg/ µL, respectively (Fig.33B). Kruskal-Wallis test was used to 

evaluate the differences in LINE-1 266-bp fragment values between samples from the 

control, G1, G2, and G3 tumors (X2= 3.11; p=0.376). No significant differences could be 

detected between the control group with each tumor grade subgroup and among the tumor 

grade' subgroups (P > 0.05). 
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Figure 33.cfDNA LINE-1 fragmentation level grouped by tumor grades 

A) LINE-1 97-bp and B) LINE-1 266-bp fragments levels were determined in the patients' plasma using qPCR. 

The data are divided into different groups depending on tumor grade (controls, G1 (grade 1), G2 (grade 2), and 

G3 (grade 3) tumor). 

 

 

Correlation between LINE-1 fragmentation and tumor burden 

Tumor burden hat a negatively correlation with LINE-1 266-bp but not with LINE-1 97-bp 

fragments level by spearman test (r=-0.30; p=0.004 and r=0.037; p=0.73, respectively). 

The highest LINE-1 97 and LINE-1 266 concentration was observed in the no tumor group 

with 16.4   (IQR 4.52) pg/ µL and 4.70(IQR 2.01) pg/ µL, respectively (Fig.34). 

Figure 34.cfDNA LINE-1 fragmentation level grouped by tumor burden 

A) LINE-1 97-bp and B) LINE-1 266-bp fragments levels were determined in the patients' plasma using qPCR. 

The data are divided into different groups depending on tumor burden (no tumor, low, moderate, and high). 

Kruskal-Wallis analysis was performed to test differences in plasma LINE-1 fragmentation level levels between 

the groups. Dwass-Steel-Critchlow-Flinger was applied as a post hoc test; P values ≤0.05 were considered 

significant. 
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Higher LINE-1 97-bp fragment concentrations were observed in the plasma samples of 

patients with moderate tumor load compared with low and high tumor load (16.1 (IQR 5.29) 

pg/ µL vs.  15.5 (IQR 4.66) pg/ µL and   15.7 (IQR 5.13) pg/ µL.    

A decreased tendency was found from low tumor load group to moderate and large tumor 

load groups for LINE-1 266-bp fragments level (4.16(IQR 1.29), 3.45(IQR 2.59) and 2.68(IQR 

2.13) pg/ µL, respectively). Kruskal-Wallis test was applied to evaluate the differences in 

LINE-1 97-bp fragment values between samples from different tumor burdens (X2= 1.63; 

p=0.652). No significant differences could be detected between groups (P > 0.05). 

A significant difference for LINE -1 266-bp was obtained between samples from different 

tumor burdens by the Kruskal-Wallis test (X2= 8.80; p=0.0.032). Dwass-Steel-Critchlow-

Flinger was applied as a post hoc test. We did not observe any difference in LINE-1 266  

concentration in the samples with different tumor burden classes. 

 

 

 

Correlation between LINE-1 fragmentation and tumor origin 

No difference was observed among different tumor origins by Kruskal-Wallis test for short 

LINE-1 fragments (X2=3.722, P=0.590) and long LINE-1 fragments (X2= 8.355, P=0.138).  

The highest concentration of LINE-1 97-bp fragment was observed in the patients with lung 

tumor origin (18.02 (IQR 5.76) pg/ µL). The lowest LINE-1 97-bp fragment level of 14.44 (IQR 

3.12) pg/ µL were measured in the patients with primary stomach tumors, respectively. The 

patients with tumor origin of small intestine and pancreas had LINE-1 97-bp fragment levels 

of 16.86 (IQR 4.73) pg/ µL and 16.28 (IQR 7.24) pg/ µL, respectively. The patients with the 

rectum and ileum tumor origin had LINE-1 97-bp fragment levels of 15.42 (IQR 13.06) and 

15.25 (IQR 2.5) pg/ µL, respectively (Fig.35A). 
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Figure 35.cfDNA LINE-1 fragmentation level grouped by tumor origin 

A) LINE-1 97-bp and B) LINE-1 266-bp fragments levels were determined in the patients' plasma using 

quantitative PCR. The data are divided into different groups depending on tumor origin. 

 

The highest concentration of LINE-1 266-bp fragment was observed in the patients with 

ileum as tumor origin side (4.85 (IQR 2.17) pg/µl. The lowest amount was calculated for 

patients with a stomach tumor (2.86 (IQR 2.93) pg/µl). The patients with lung, pancreas and 

rectum tumor origin had LINE-1 266-bp fragment levels of 3.14(IQR 1.69), 4.22(IQR 1.89), 

and 4.21(IQR 4.03) pg/ µL, respectively. The tumors with small intestine origin had lower 
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LINE-1 266-bp fragment concentration than those with ileum (3.14(IQR 1.75) vs. 4.85(IQR 

2.17) pg/ µL) (Fig.35B).  

 

 

Correlation between LINE-1 fragmentation level and serum-CgA level 

The serum-CgA level of the patients revealed a negative relation with LINE-1 fragments 

(Fig.36). No significant correlation could be calculated by Spearman correlation test for LINE-

1 97-bp fragments (p=0.205), nor for LINE-1 266-bp (p=0.070) fragments concentration.  
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Figure 36.Correlation of CgA hormonal status and LINE-1 fragmentation level in the patients 

Spearman correlation revealed a very weak, no significant correlation for A) LINE-1 97-bp, and B) LINE-1 266-bp 

fragments levels. 

 

 

3.3.3 Analysis of cfDNA integrity indexes 

cfDNA integrity indexes were reported using: ALU 260-bp/115-bp ratio and LINE-1 266-

bp/97-bp ratio.  

The cfDNA-ALU DII (ALU cfDII) was slightly decreased in the patients of 0.165 (IQR 0.22) 

compared to the controls of 0.17 (IQR 0.16). No significant difference for ALU cfDII was 

found by Welch´s t-test (p=0.546).  Likewise, the decrease of ALU integrity index was 

observed in metastatic NETs of 0.15 (IQR 0.23). In contrast, the ALU cfDII came up in NECs 

of 0.21 (IQR 0.16) compared to the control cases. Non-metastatic NETs also showed an 

increase of ALU integrity index (0.20 (IQR 0.14) compared to the controls. The ALU cfDII in 

non-metastatic NET patients was comparable to the NEC patients (0.201(IQR 0.14) vs. 

0.205 (IQR 0.16), respectively). The Kruskal-Wallis test evaluated the differences in ALU 

cfDII values between samples from the control group and patients' subgroups. The plasma 

ALU cfDII did not significantly discriminate between the different groups (X2=0.089, p=0.993) 

(Fig.37A and C).  

The cfDNA-LINE-1 integrity index (LINE-1 cfDII) in the controls could be defined with 0.30 

(IQR 0.10). The NEN patients showed a reduced LINE-1 cfDII of 0.24 (IQR 0.10). Welch´s t-

test reveals a significant difference for the LINE-1 cfDII (p=0.006). Similarly, the decrease of 

LINE-1 cfDII was detected in the subgroups of NEC patients with 0.23 (IQR 0.07) and mNET 

with 0.24 (IQR 0.10) compared to the controls. Among the patients' subgroups, the non-

mNETs had the highest LINE-1 cfDII with 0.27 (IQR 0.10), but lower than the control group. 
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mNETs had a slightly higher LINE-1 cfDII of 0.24 (IQR 0.10) than NECs with 0.23 (IQR 0.07). 

Kruskal-Wallis test was used to evaluate the differences in LINE-1 cfDII values between 

samples from the control group and patients’ subgroups. Kruskal Wallis test showed a 

significant difference between LINE-1 cfDII (X2=8.89; p=0.031). The post hoc test revealed a 

significant difference between the control and mNET groups (p=0.053) (Fig.37B and D).  

 

The discriminatory power of integrity indexes was calculated using the ROC curve. 

The sensitivity of the integrity index in the patient group and metastatic NET+NEC subgroups 

was determined at several specificity levels. The corresponding sensitivities and actual cut-

off points producing Fig. 38 are given in Tables 14 and 15.  The healthy donors and cancer 

patients could be differentiated with an AUC of 0.52 (95% confidence interval (CI), 0.388 to 

0.643; p=0.812) and 0.67(95% confidence interval (CI), 0.555 to 0.79; p=0.008) based on the 

ALU and LINE-1 integrity indexes, respectively (Fig. 38). The diagnostic power of ALU and 

LINE-1 cfDIIs did not change remarkably when the patients were included only the  

subgroups of mNET+NEC patients (AUC= 0.517(95% CI, 0.386 to 0.648; p=0.800) and 

AUC= 0.69 (95% CI, 0.569 to 0.810;p=0.005), respectively. Using the cutoff value of 0.30 for 

LINE-1 cfDIIs, we were able to identify mNET+NEC patients with a sensitivity of 77.8% and 

specificity of 55.2%. 
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Figure 37.cfDNA- ALU and -LINE-1 integrity indexes in the study groups 

ALU and LINE-1 integrity index values in (A, B) NEN patients and the controls and (C, D) patients' subgroups and 

the controls were determined by a ratio of ALU 260-bp/115-bp and LINE-1 266-bp/97-bp. Welch´s t-test (A, B) 

and Kruskal-Wallis (C, D) analysis were performed to test the differences in integrity indexes between the study 

groups. Dwass-Steel-Critchlow-Flinger was applied as a post hoc test; P values ≤0.05 were considered 

significant. 
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Figure 38. cfDNA integrity index receiver operating characteristic (ROC) plots 

ROC curves from the comparison of controls vs. patients and controls vs. metastatic NET+NEC subgroups; A) 

ALU integrity index and B) LINE-1 integrity index. 

 
Table 14.The sensitivity and corresponding cut-off levels for ALU integrity index 

From the comparison control vs. patients and control vs. metastatic NET+NEC patients' subgroups at specificity 

levels between 60-95%. 

 

                                                           SPECIFICITY [%] 

  95 % 90 % 85 % 80 % 70 % 60 % 

SENSITIVITY [%] Patients 10 10.92 13.10 16.13 36 40.90 

 Cut-off  0.05 0.05 0.06 0.08 0.12 0.13 

 metastatic 

NET+NEC  

9.3 10 14 16.67 36 41 

 Cut-off  0.05 0.06 0.07 0.08 0.12 0.14 

 

 
Table 15. The sensitivity and corresponding cut-off levels of LINE-1 integrity index 

From the comparison control vs. patients and control vs. metastatic NET+ NEC patients' subgroups at specificity 

levels between 50-95%. 

 

                                                           SPECIFICITY [%] 

  95 % 90 % 80 % 70 % 60 % 50 % 

SENSITIVITY [%] Patients 17 32 35 54 70 76 

 Cut-off  0.17 0.21 0.22 0.25 0.28 0.30 

 Metastatic 

NET+NEC  

19.10 33 37 58 73 78 

 Cut-off  0.16 0.21 0.22 0.25 0.28 0.29 

 

 

 

3.3.3.1 Correlation of cfDNA- integrity indexes with clinical characteristics  

Nonparametric comparison of cfDIIs with tumor grade, burden, and localization was 

evaluated by the Kruskal-Wallis test. The Spearman correlation test calculated correlation to 

age and CgA. Welch´s t-test assessed the relationship to gender. A P value ≤ of 0.05 was 

considered statistically significant. In the patients, the effect of various clinical factors on 

biomarkers was analyzed in plasma samples irrespective of whether they belonged to which 
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subgroups of patients. The impact of tumor burden was analyzed regardless of the 

corresponding group. 

 

Correlation between cfDNA- integrity indexes and age or gender 

The relationship age of the cohorts was evaluated with measured cfDII data. Spearman 

correlation did not show any significant correlation for ALU- or LINE-1 cfDIIs, except for ALU 

DII in the control group. The correlation of cfDIIs to age is shown in Fig.39. 

Differences between the ALU cfDII and gender were assessed. For men, the median of ALU 

cfDII was 0.15 (IQR 0.132), and for women, 0.192 (IQR 0.257). Welch t-test confirmed no 

gender-specific differences (p= 0.068). 

Differences between the LINE-1 cfDII and gender were assessed. For men, the median of 

LINE-1 cfDII was 0.251 (IQR 0.113) and 0.250 (IQR 0.085) for women. Using the Welch t-

test, men and women showed no significant difference for the cfDII of LINE-1 fragments (p= 

0.515). 
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2) LINE-1 integrity index 
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Figure 39.Correlation of age and cfDNA integrity indexes 

Integrity indexes values were determined for (1) ALU integrity index by a ratio of ALU 260-bp/115-bp and (2) 

LINE-1 integrity index by LINE-1 266-bp/97-bp. Spearman correlation test was used to assess any relationship 

between the age and integrity indexes in A) total subjects, B) controls, and C) patients. 
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Correlation between cfDNA- integrity indexes and tumor grade 

Regarding tumor grade, an elevated ALU cfDII was demonstrated in G3 patients of 0.173 

(IQR 0.2) and G1 patients of 0.195 (IQR 0.26) compared to the control with 0.17 (IQR 0.17). 

Unlike, G2 patients showed a reduced ALU integrity index of 0.15 (IQR 0.1) (Fig.40A). 

Kruskal-Wallis test was used to evaluate the differences in ALU cfDII values. No significant 

differences could be calculated (X2 =1.86; p=0.602).  

For LINE -1 cfDII, a decreased tendency was observed from early tumor grade to late graded 

tumors. An increase of the LINE -1 cfDII was determined in the control (0.30(IQR 0.10) 

compared to different tumor grade' subgroups; namely G1 (0.25 (IQR 0.12), G2 (0.24 (IQR 

0.07) and G3 (0.22 (IQR 0.08) (Fig.40B). Significant differences between the groups could be 

calculated by the Kruskal-Wallis test (X2 = 10.31; p=0.016).  A pairwise comparison with the 

Dwass-Steel-Critchlow post hoc test did reveal a significant difference between the controls 

and patients with the G3 tumor group (p=0.024). 
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Figure 40. cfDNA integrity index grouped by tumor grades 

A) ALU integrity index and B) LINE-1 integrity index was determined by the ratio of ALU 260-bp/115-bp and LINE-

1 266-bp/97-bp. The data are divided into different groups depending on the tumor grade (controls, G1 (grade 1), 

G2 (grade 2), G3 (grade 3) tumor).  

 

In the current ROC curve analysis, the LINE-1 cfDII was able to distinguish between the 

patients with G1 (n= 27) and G2 (n=21) tumor grade from the controls with an 

estimated AUC of 0.62 (95% CI, 0.472 to 0.769; P=0.121) and 0.67 (95% CI, 0.552 to 0.826; 

P=0.037), respectively The ROC curve distinguishing patients with a G3 tumor grade from 

controls indicated 90% sensitivity and 69% specificity at 0.25 cut-off ( (AUC=0.803, 95% CI, 

0.644 to 0.963; p= 005) (Fig. 41). The cut-off levels at different specificity levels is given in 

Table 16. 

 
Figure 41.LINE-1 integrity index receiver operating 

characteristic (ROC) curve for tumor grades 

ROC analysis of LINE-1 integrity index for distinguishing 

the controls from the patients with tumor grade G1 (grey), 

G2 (pink), and G3 (black), along with the area under the 

curve (AUC). 
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Table 16. The sensitivity and corresponding cut-off levels of LINE-1 integrity index for tumor grades 

From the comparison controls vs. patients with a G1-grade tumor or a G2-grade tumor at specificity levels 

between 60-95%. 

                                                           SPECIFICITY [%] 

  95 % 90 % 85 % 75 % 70 % 60 % 

SENSITIVITY      [%] G1 22.22 25.93 33.33 37.04 48.15 59.26 

 Cut-off  0.17 0.21 0.22 0.23 0.25 0.28 

 G2 14.22 23.88 28.57 38.10 60 71.43 

 Cut-off  0.1 0.2 0.2 0.2 0.2 0.2 

 G3 40 40 50 60 80 90 

 Cut-off  0.1 0.17 0.2 0.2 0.2 0.2 

 

 

Correlation between integrity and tumor burden 

No correlation found between ALU cfDII and tumor burden(r=-0.061; p=0.56). There was an 

association between LINE-1 cfDII and tumor burden (r=-0.40; p<0.0001). 

The median ALU cfDII in groups with no tumor, low, moderate, and large tumor load was 

0.175 (IQR 0.178), 0.190 (IQR 0.190), 0.120(IQR 0.205), and 0.135 (IQR 0.165), 

respectively. Kruskal-Wallis analysis showed no difference for ALU cfDII among groups 

(X2=2.44; p= 0.485) (Fig.42A). 

A decreased tendency was observed for LINE-1 cfDII from group with no tumor (0.3 (IQR 

0.100)) to high tumor load (0.155(IQR 0.100)). Groups with low and moderate tumor load had 

LINE-1 cfDII of 0.25(IQR 0.058) and 0.23(IQR 0.105), respectively. A significant difference 

was found among groups by Kruskal-Wallis (X2=15.11; p= 0.002).  
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Figure 42.cfDNA- ALU and -LINE-1 integrity indexes grouped by tumor burden 

A) ALU integrity index and B) LINE-1 integrity index were determined by a ratio of ALU 260-bp/115-bp and LINE-1 

266-bp/97-bp. The data are divided into different groups depending on tumor burden (no tumor, low, moderate, 

and high). Kruskal-Wallis analysis was performed to test differences in plasma ALU and -LINE-1integrity indexes 

between the groups. Dwass-Steel-Critchlow-Flinger was applied as a post hoc test; P values ≤0.05 were 

considered significant. 

 

 

The pairwise analysis revealed a difference in LINE-1 cfDII between the group with no tumor 

with moderate and high tumor load groups (p=0.030 and p=0.019, respectively). Also, low 

and high tumor burden groups had a significant difference (p=0.040) (Fig.42B). 
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In the current ROC curve analysis, the LINE-1 cfDII distinguished between the patients with 

different tumor loads from the group with no tumor burden with an estimated AUC of 0.69 

(95% CI, 0.579 to 0.800; P=0.002).  

An AUC of 0.74 distinguished the patients with moderate and large tumor burden (95% CI, 

0.624 to 0.859; p= 0006). The LINE-1 cfDII distinguished samples with different tumor burden 

and no tumor burden with 73.6 % sensitivity and 60.5% specificity at the cut-off of 0.28, 

whereas samples with moderate and large tumor burden were differentiated with 77.4% 

sensitivity and 60.5% specificity from samples with no tumor burden at the cut-off of 0.28. 

The patients with a high tumor load had a highly significant AUC of 0.83 (95% CI, 0.644 to 

1.00; p= 004) (Fig.43). The best sensitivity (87.5%) and specificity (71%) were obtained in 

the patients with a high tumor burden at a cut-off value of 0.24. 

 

0 20 40 60 80 100

0

20

40

60

80

100

100% - Specificity%

S
e

n
s

it
iv

it
y

%

high TB                        AUC=0.829 ; p=0.0038

moderate+high TB        AUC=0.742 ; p= 0.0006

low+moderate+high TB  AUC=0.689 ; p=0.002

 
Figure 43.cfDNA-LINE-1 integrity index receiver operating characteristic (ROC) plots for tumor burdens 

ROC analysis of plasma cfDNA level for distinguishing the group with no tumor burden from the patients with low, 

moderate, and high tumor burden (TB). Tumor burdens of low plus moderate and high (grey), moderate plus 

high(orange), and high (red), along with the area under the curve (AUC). 

 

 

Correlation between cfDNA- integrity indexes and tumor origin 

The highest ALU cfDII of 0.24 (IQR 0.34) was detected in the patients with ileum tumor 

origin. The patients with lung and stomach tumor origin showed the ALU cfDII of 0.19 (IQR 

0.28) and 0.19 (IQR 0.19), respectively. The lowest ALU integrity index was measured in the 

patients with the rectum (0.13(IQR 0.17) and small intestine (0.13(IQR 0.12) primary tumor 

(Fig.44A). Kruskal-Wallis test shows no significant differences for ALU cfDII related to tumor 

origin (X2 = 5.868, p=0.319). 

The highest LINE-1 cfDII of 0.29 (IQR 0.12) was detected in the patients with ilium primary 

tumor. The patients with pancreas, rectum, and stomach tumor origin had LINE-1 cfDII of 

0.26 (IQR 0.06), 0.25 (IQR 0.25), and 0.23 (IQR 0.14). The lowest LINE-1 cfDII was 

observed in the small intestine (0.19 (IQR 0.08), followed by lung (0.2 (IQR 0.07) primary 

tumors (Fig.44B). Kruskal-Wallis test shows a significant difference for LINE-1 cfDII and 

tumor origin (X2=15.08, p=0.010). A pairwise comparison with Dunn's multiple comparisons 

test reveals a significant difference between the patients with ileum and small intestine tumor 

origins (p<0.05). 
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Figure 44.cfDNA integrity indexed grouped by tumor origin 

A) ALU integrity index and B) LINE-1 integrity index were determined by the ratio of ALU 260-bp/115-bp and 

LINE-1 266-bp/97-bp. The data were divided into different groups depending on tumor origin. 

 

 

 

Association between cfDNA- integrity indexes with serum-CgA level 

For ALU and LINE-1 cfDIIs, a week negative correlation with serum-CgA level was observed 

in the patients, but it was not significant (p = 0.091 and 0.173, respectively) (Fig.45). 
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Figure 45.Correlation of CgA hormonal status and integrity indexes in the patients 

Spearman correlation revealed a very weak correlation for A) ALU integrity index and B) LINE-1 integrity index.  
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3.3.4 Analysis of ALU hypomethylation percentage 

Methylation levels of the major variant of ALU were quantified. 

The NEN patients showed a slightly higher hypomethylation of 1.39 % (IQR 0.53) compared 

to the control with 1.23 % (IQR 0.36) (Welch´s t-test p= 0.167) (Fig. 46A).  

Regarding the subgroups, the highest hypomethylation was calculated for the NEC and 

mNET subgroups (1.56 (IQR 1.02) and 1.45 (IQR 0.51) %, respectively). In contrast, the non-

mNET subgroup showed the lowest hypomethylation rate of 1% (IQR 0.28). Shapiro-Wilk 

analysis confirmed significant deviations from a normal distribution. Therefore, the 

quantitative results were further compared using Kruskal-Wallis non-parametric ANOVA and 

revealed a considerable difference (X2=14.23; p=0.003). A further pairwise comparison by 

Dwass-Steel-Critchlow-Flinger revealed a significant distinction between the mNET and the 

non-mNET subgroups (p=0.005) (Fig. 46B).  
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Figure 46.Percentage of hypomethylation in the study groups 

The percentage of hypomethylation in (A) NEN patients and controls and (B) patients' subgroups and controls 

were measured by unmethylated cfDNA-ALU percentage. Welch´s t-test (A) and Kruskal-Wallis (B) analysis were 

performed to test the differences in hypomethylation percentage between the study groups. Dwass-Steel-

Critchlow-Flinger was applied as a post hoc test; P values ≤0.05 were considered significant. 

 

 

The ROC curve was analyzed to discriminate the controls from the patients by 

hypomethylation level. Hypomethylation sensitivity in the patients and mNET plus NEC 

subgroups were determined at several specificity levels. The corresponding sensitivities and 

actual cut-off points producing Fig. 47A are given in Table 17. 

The hypomethylation level could differentiate the controls and cancer patients with an AUC of 

0.58 (95% confidence interval (CI), 0.460 to 0.702; p=0.217) (Fig.47). The diagnostic power 

of hypomethylation could slightly be increased when controls were compared to the mNET 

plus NEC subgroups, to an AUC of 0.64 (95% confidence interval, 0.513 to 0.759; p=0.042). 

The hypomethylation level at a cut-off of 1.38% yielded a specificity of 69% and sensitivity of 

57.4% to differentiate mNET plus NEC subgroups from controls. 

In addition, the ROC curve was analyzed to test if the differences in hypomethylation level 

could be useful to discriminate non-mNET from mNET patients. An AUC of 0.87 (95% 

confidence interval, 0.748 to 0.989; p=0.0009) was achieved. If all aggressive forms of the 

disease, namely mNETs, and NECs were included, the discriminatory power was not 
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changed. Comparing the subgroups of mNET and NEC to non-mNET, an AUC of 0.87 (95% 

confidence interval, 0.753 to 0.986, P=0.0008) could be calculated. The output data of 

performed ROC curves to differentiate mNET and NEC from non-mNET cases revealed that 

hypomethylation at a cut-off of 1.14% yielded (87.5%) sensitivity and (79.6%) specificity. The 

corresponding sensitivities and actual cut-off points producing Fig. 47B are given in Table 16. 
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Figure 47. Hypomethylation receiver operating characteristic (ROC) plots 

A) Comparison between the controls to patients and the controls to metastatic NET+NEC subgroups.  

B) Comparison between non-metastatic NET and metastatic NETs+ NECs subgroups.  

 

 
Table 17. The sensitivity and corresponding cut-off levels of ALU-hypomethylation 

The comparison control vs. patients, control vs. metastatic NET+ NEC subgroups, and metastatic NET+ NEC vs. 

non-metastatic NET subgroup specificity levels between 60-90%. 

 

                                                           SPECIFICITY [%] 

   90 % 80 % 70 % 60 % 

  Patients  19.4 27.4 47 51.6 

SENSITIVITY CONTROL TO  Cut-off [%]  1.80 1.59 1.41 1.33 

          [%]  Metastatic 

NET+NEC 

 22.2 31.5 53.7 57.4 

  Cut-off [%]  1.8 1.58 1.40 1.33 

 Non-metastatic NET   

TO 

Metastatic 

NET+NEC 
 33 79 81 89 

  Cut-off [%]  1.4 1.13 1.12 1.06 

        

 

 

3.3.4.1 Correlation of hypomethylation percentage with clinical characteristics  

The Kruskal-Wallis test evaluated a nonparametric comparison of hypomethylation 

percentage with tumor grade, tumor burden, and localization. The Spearman correlation test 

calculated correlation to age and CgA. Welch´s t-test assessed the relationship to gender. A 

P value ≤ of 0.05 was considered statistically significant. In the patients, various clinical 

factors effects on biomarkers were analyzed in all plasma samples irrespective of whether 

they belonged to which subgroups of patients. The impact of tumor burden on 

hypomethylation was examined in plasma samples regardless of whether they belonged to 

which group. 
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Association between the percentage of hypomethylation and age or gender 

No significant correlation could be calculated by the Spearman correlation test for age and 

hypomethylation level (p>0.05).  The correlation of hypomethylation percentage to age is 

shown in Fig.48. 
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Figure 48.Correlation of hypomethylation percentage to age 

The percentage of hypomethylation was measured by unmethylated cfDNA-ALU percentage. Spearman 

correlation test was used to assess any differences between the age and hypomethylation percentage in A) total 

subjects, B) controls, and C) patients. 

 

 

 

Differences between hypomethylation percentage and gender were assessed. The median of 

hypomethylation was 1.28 (0.52 IQR) % and 1.32 (0.47 IQR) % for men and women, 

respectively. Welch´S t-test confirmed no significant differences for gender-specific 

hypomethylation (p=0.317). 

 

 

 

Association between the percentage of hypomethylation and grades 

Regarding tumor grade, a higher hypomethylation percentage was observed in G1 (1.27(IQR 

0.36) %, G2 (1.39(IQR 0.48) % and G3 (2.83(IQR 6.37)) tumor grade patients compared to 

the controls with 1.23(IQR 0.36) %. Comparison of the percentage of ALU unmethylation in 

different grades determined an elevated tend of the hypomethylation percentage from G1 to 

G2 and G3 (Fig.49). Kruskal-Wallis test was used to evaluate the differences in the 

hypomethylation percentage values between the samples from controls, G1, G2, and G3 

tumors. A significant difference was found among groups (X2= 7.72, P=0.052). Dwass-Steel-

Critchlow-Flinger was revealed a significant difference between the controls with patients 

with tumor G3 (p=0.054). 
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Figure 49. Hypomethylation percentage grouped by to tumor grade 

Hypomethylation percentage values were determined by cfDNA-ALU unmethylated percentage. The data are 

divided into different groups depending on the tumor grade (controls, G1 (grade 1), G2 (grade 2), and G3 (grade 

3) tumors). 

 

 

In the current ROC curve analysis, the hypomethylation percentage was able to 

distinguish between the patients with G3 (n= 10) tumor grade from the controls with an 

estimated AUC of 0.77 (95% CI, 0.572 to 0.973; P=0.011). From the ROC curve, a cut-off of 

1.53% of hypomethylation gave a sensitivity of 70% and a specificity of 79.3% for the 

detection of patients with G3 tumors (Fig. 50). The cut-off levels at different specificity levels 

are given in Table 18. 
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Figure 50. Hypomethylation receiver operating characteristic (ROC) curve for tumor grade 3  

ROC analysis of hypomethylation level for distinguishing the controls from the patients with G3 tumor, along with 

the area under the curve (AUC). 

 
Table 18.The sensitivity and corresponding cut-off levels of ALU-hypomethylation for G3 tumor 

From the comparison controls vs. patients with a G3 tumor at specificity levels between 60-95%. 

                                                           SPECIFICITY [%] 

  95 % 90 % 85 % 80 % 70 % 60 % 

SENSITIVITY [%] G3 50 50 60 60 70 70 

 Cut-off [%] 2.70 1.8 1.64 1.59 1.40 1.33 
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Correlation between hypomethylation level and tumor burden 

The Spearman test showed a positive correlation between hypomethylation percentage and 

tumor burden (r=0.424, p <0.0001). 

An increasing tendency was observed from the no tumor group (1.13 (IQR 0.31))%  to the 

group with high tumor load (4.34 (IQR 7.69) %. The hypomethylation percentage was in 

patients with low and moderate tumor burdens as (1.27 (IQR 0.540) and (1.39 (IQR 0.3), 

respectively.  

Kruskal Wallis test showed a significant difference among groups (X2=22.62;p<0 .001). The 

patients with high tumor load were significantly different from groups with no tumor, with low 

and moderate tumor burdens (p< .001, p=0.004, and p< .001, respectively)(Fig.51). 
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Figure 51. The percentage of hypomethylation grouped by tumor burden 

The percentage of hypomethylation was measured by unmethylated cfDNA-ALU percentage. The data are 

divided into different groups depending on tumor burden (no tumor, low, moderate, and high). Kruskal-Wallis 

analysis was performed to test the differences in hypomethylation percentage between the groups. Dwass-Steel-

Critchlow-Flinger was applied as a post hoc test; P values ≤0.05 were considered significant. 

 

 

In the current ROC curve analysis, the percentage of hypomethylation was able to 

distinguish between the patients with different tumor loads (low, moderate, and high) from 

the group with no tumor burden with an AUC of 0.70 (95% CI, 0.590 to 0.808; P=0.001). At a 

cutoff of 1.18%, patients with different tumor burdens could be detected at a sensitivity of 

77.4% and a specificity of 55.3%. An AUC of 0.75 distinguished the patients with moderate 

and high tumor burden (95% CI, 0.638 to 0.869; p= 0003). The sensitivity and specificity for 

the patients with moderate and high tumor burden were 87.1 and 55.3% at the cut-off value 

of 1.17.  

At a cutoff of 1.60%, patients with a high tumor load could be detected at a sensitivity of 

100% and a specificity of 86.8%. The AUC of the ROC curve was 0.96 (95% CI, 0.915 to 

1.00; p<0001) (Fig.52). 
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Figure 52. Hypomethylation receiver operating characteristic (ROC) curve for tumor burdens 

ROC analysis of hypomethylation percentage for distinguishing the group with no tumor from the patients with 

low, moderate, and high tumor burden (TB). Tumor burdens of low plus moderate and high (grey), moderate plus 

high (orange), and high (red), along with the area under the curve (AUC). 

 

 

 

Association between the percentage of hypomethylation and tumor origin  

Regarding tumor origin, the hypomethylation percentage was higher in the patients with lung 

(1.57(IQR 2.36) %), rectum (1.57(IQR 6.04) %), and pancreas (1.46(IQR 0.72) %) tumor 

origin compared to other groups. The patients with stomach, small intestine, and ileum tumor 

origin had the hypomethylation percentage of (1.13(IQR 0.99) %), (1.34(IQR 0.48) %) and 

(1.23(IQR 0.40) %). Kruskal Wallis test shows no significant difference between the tumor 

origin groups corresponding to hypomethylation percentage (X2= 4.680; P = 0.456) (Fig.53).  
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Figure 53. Hypomethylation percentage grouped by tumor origin 

Hypomethylation percentage was determined by cfDNA-ALU unmethylated percentage. The data are divided into 

different groups depending on tumor origin. 

 

 

Association between the percentage of hypomethylation with serum-CgA level 

A correlation with the serum-CgA level of the patients revealed a significant positive relation 

with hypomethylation percentage in the total patient group (p = 0.009) (Fig.54).  



Results 

70 

 

 

 

10 100 1000 10000 100000
0.1

1

10

100

CgA [ng/ml]

H
y
p

o
m

e
th

y
la

ti
o

n
 [

%
]

r = 0.337
p = 0.010

 
Figure 54.Correlation of CgA hormonal status and hypomethylation percentage in the patient group 

Spearman correlation revealed a weak and significant correlation for hypomethylation levels. The correlation was 

considered significant at ≤the 0.05 level. 

 

 

 

3.3.5 Biomarkers correlation analysis  

The Spearman-Rank-correlation test performed the correlation of measured biomarkers in 

the control and patients. No correlation between biomarkers in the control group was 

observed; thus, the graphs and data were not shown. The correlation was considered 

significant at ≤the 0.05 level. 

 

3.3.5.1 Correlation of cfDNA level with longer fragments concentration 

Comparing cfDNA with ALU 260-bp or LINE-1 266-bp fragments level showed that they 

characterized two dependent biomarkers. In the patient group, total cfDNA had a moderate 

negative correlation with ALU 260-bp fragments level (r = -0.49, P <0.0001), as well as with 

LINE-1 266-bp fragments level (r = -0.46, P = 0.0002) (Fig.55).  

 
Figure 55. Correlation of cfDNA level with langer fragments 

The correlation of cfDNA level with ALU 260-bp and LINE-1 266-bp fragments was analyzed by the Spearman-

Rank-correlation test. The data was illustrated in the patients. The correlation was considered significant at ≤the 

0.05 level.  
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3.3.5.2 Correlation of cfDNA level with shorter fragments concentration 

The comparison of cfDNA and short fragments level showed that they characterized two 

independent biomarkers. The interaction between cfDNA level and ALU 115 fragments level 

was very week negative correlation (r = -0.159, p = 0.217). There was a very week 

correlation between cfDNA with LINE-1 97-bp fragments level (r =0.008, p = 0.952). The 

correlation was not significant for both fragments (Fig.56). 
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Figure 56.Correlation of cfDNA level with shorter fragments 

The correlation of cfDNA level with ALU 115-bp and LINE-1 97-bp fragments was analyzed by the Spearman-

Rank-correlation test. The data was illustrated in the patients. The correlation was considered significant at ≤the 

0.05 level.  

 

 

 

 

3.3.5.3 Correlation of cfDNA level with integrity indexes 

The results of cfDNA concentration and cfDNA integrity for LINE-1 had a moderate negative 

correlation (r = -0.479, p<0.0001). The cfDNA concentration and cfDNA integrity for ALU 

showed a weak negative correlation (r= -0.122, p=0.344). According to a significant 

relationship between cfDNA level and LINE-1 cfDII, it was apparent that the cfDNA level and 

LINE-1 cfDII represent two dependent biomarkers (Fig.57). 
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Figure 57.Correlation of cfDNA level with integrity indexes 

The correlation of cfDNA level with the integrity indexes was analyzed by the Spearman-Rank-correlation test. 

The data was illustrated in the patients. The correlation was considered significant at ≤the 0.05 level.  



Results 

72 

 

3.3.5.4 Correlation of cfDNA level with hypomethylation percentage 

The comparison of cfDNA and hypomethylation percentage showed that they characterized 

two dependent biomarkers in the patient group but with weak correlation (r = 0.375, p = 

0.003) (Fig. 58). 
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Figure 58.Correlation of cfDNA level with hypomethylation percentage 

The correlation of cfDNA level with hypomethylation percentage was analyzed by the Spearman-Rank-correlation 

test. The data was illustrated in the patients. The correlation was considered significant at ≤0.05 level.  

 

 

 

 

3.3.5.5 Correlation of hypomethylation percentage with longer fragments 

concentration 

The comparison of cfDNA and longer fragments level showed that they characterized two 

independent biomarkers. The interaction between cfDNA level and ALU 260-bp fragments 

level was very week negative correlation (r = -0.211, p = 0.099). There was a very weak 

negative correlation between cfDNA and LINE-1 266-bp fragments level (r =-0.198, p = 

0.123). The correlation was not significant for both fragments (Fig.59). 
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Figure 59.Correlation of hypomethylation percentage with longer fragments 

The Spearman-Rank-correlation test analyzed the correlation of hypomethylation percentage with longer 

fragments. The data was illustrated in the patients. The correlation was considered significant at ≤the 0.05 level.  
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3.3.5.6 Correlation of hypomethylation percentage with shorter fragments 

concentration 

The comparison of cfDNA and shorter fragments levels showed that they characterized two 

independent biomarkers. The interaction between cfDNA level and ALU 115-bp fragment 

levels was very week negative correlation (r = -0.030, p = 0.814). There was a very week 

correlation between cfDNA with LINE-1 97-bp fragment levels (r =0.046, p = 0.721). The 

correlation was not significant for both fragments (Fig.60). 
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Figure 60.Correlation of hypomethylation percentage with shorter fragments 

The Spearman-Rank-correlation test analyzed the correlation of hypomethylation percentage with shorter 

fragments. The data was illustrated in the patients. The correlation was considered significant at ≤the 0.05 level.  

 

 

3.3.5.7 Correlation of hypomethylation percentage with integrity indexes 

Hypomethylation percentage and ALU cfDII represent a very weak negative correlation in (r 

=-0.091, p = 0.482). There was a weak negative interaction between hypomethylation 

percentage and LINE-1 cfDII (r= -0.175, p = 0.174). A significant relationship was not 

observed between the hypomethylation percentage and both cfDIIs. It was apparent that the 

hypomethylation percentage and both cfDIIs represent two independent biomarkers (Fig.61). 
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Figure 61.Correlation of hypomethylation percentage with integrity indexes 

The Spearman-Rank-correlation test analyzed the correlation of hypomethylation percentage with integrity 

indexes. The data was illustrated in the patients. The correlation was considered significant at ≤the 0.05 level.  
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3.3.6 Prognostic value evaluation 

The multiple logistic regression of measured potential biomarkers was performed to assess 

the ability to differentiate the cancer patients from the controls by the measured value.  

The control group was compared to the mNET patients plus NEC patients to predict a 

prognostic potential. The different combinations of biomarkers showed different AUCs for 

ROC curve analysis (Fig.62).  
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Figure 62. Receiver operating characteristic (ROC) curve analysis for controls vs. metastatic NET+NEC 

subgroups by a combination of investigated biomarkers 

Receiver operating characteristic (ROC) curves of the biomarkers for distinguishing controls from metastatic 

NET+NEC subgroups were analyzed combined, a logistic regression model was used for the combination of 

these biomarkers. Biomarkers included cfDNA level, hypomethylation, LINE-1, and ALU integrity indexes.  
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If we compared the non-mNETs to mNETs plus NEC, more discriminatory power would be 

achieved for the combination of cfDNA+hypomethylation level and 

cfDNA+hapomethlytaion+LINE-1 cfDII (Fig.63).  

The calculated ROC AUC was 0.87 (95% CI, 0.756–0.984; P=0.001), which was suggestive 

of a good discrimination power for cfDNA+hypomethylation biomarkers.  A positive predictive 

value of 66.7% and a negative predictive value of 89.8% were demonstrated. 

The combination of cfDNA+hapomethlytaion+LINE-1 cfDII in the plasma for the identification 

of non-metastatic NETs from mNET+NEC presented an AUC of 0.887(95% CI, 0.793–0.980; 

P=0.001), with positive and negative predictive values of 66.7%, and 89.8%, respectively. 
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Figure 63. Receiver operating characteristic (ROC) curve analysis for non-metastatic NETs vs. metastatic 

NET+NEC subgroups by a combination of investigated biomarkers 

Receiver operating characteristic (ROC) curves of the biomarkers for distinguishing non-metastatic NETs from 

metastatic NET+NEC subgroups were analyzed combined, a logistic regression model was used for the 

combination of these biomarkers. Biomarkers included in each plot are (A) cfDNA level+ hypomethylation; (B) 

cfDNA level+ hypomethylation +LINE-1 integrity index. 

 

The serum-CgA level was not determined in the control group; thus, the non-mNETs were 

compared to mNETs plus NEC. An AUC of 0.57 (95% CI=0.339 to 0.801; p=0.551) for 

serum-CgA level between non-mNET and mNET+ NEC patients was achieved.  

If we combined the serum-CgA level with other biomarkers, the AUC was increased. A good 

AUC was calculated with combination of serum-CgA and hypomethylation level (AUC= 0.87, 

95% CI=0.738 to 1.00; p=0.002). The negative and positive predictive powers were 90.91 

and 66.67%, respectively. The combination of the serum-CgA level with cfDNA and 

hypomethylation showed a great AUC of 0.91(95% confidence interval 0.825 to 0.995; 

p=0.001) and negative and positive predictive powers of 90.91 and 66.67%, respectively. 

Also, a very good AUC was achieved when the serum-CgA level was combined with cfDNA, 

LINE-1 cfDII, and hypomethylation levels (AUC= 0.91, 95% confidence interval 0.813 to 

0.996; p=0.001), with negative predictive and positive predictive powers of 89.29 and 50.00, 

respectively (Fig.64). 
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Figure 64. Receiver operating characteristic (ROC) curve analysis of 1) individual CgA level biomarker and 2) 

combined with investigated biomarkers in non-metastatic NETs and metastatic NET+NEC subgroups  

Receiver operating characteristic (ROC) curves of the biomarkers for distinguishing non-metastatic NETs from 

metastatic NET+NEC subgroups were analyzed combined, a logistic regression model was used for the 

combination of CgA level with investigated biomarkers. Biomarkers included in each plot are (A)CgA +cfDNA 

level; (B) CgA level+ hypomethylation; (C) CgA level+ cfDNA+ hypomethylation;(D) CgA level+ 

cfDNA+hypomthylation + LINE-1 integrity index. 
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The group with no tumor (control+non-mNETs) was compared to the patients categorized in 

different tumor burden groups to predict a prognostic potential. The different combinations of 

biomarkers showed different AUCs for ROC curve analysis (Fig.65). The ROC analysis 

indicated that a combination of cfDNA levels with hypomethylation or LINE-1 DII  showed 

moderate accuracy to distinguish samples with no tumor load from patients with low, 

moderate, and high tumor loads(AUC =0.724 and 0.716, respectively). cfDNA concentrations 

added little information to a combination of LINE-1 DII and hypomethylation to differentiate 

samples with no tumor load from patients with low, moderate, and high tumor loads as it 

increased the AUC from 0.743 to 0.758. 
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Figure 65. Receiver operating characteristic (ROC) curve analysis for samples with no tumor burden 

(control+non-mNETs) from low, moderate, and high tumor burden subgroups 

Receiver operating characteristic (ROC) curves of the biomarkers for a distinguishing group with no tumor burden 

(control+non-mNETs) from low, moderate, and high tumor burden subgroups were analyzed combined, a logistic 

regression model was used for the combination of these biomarkers. Biomarkers included cfDNA level, 

hypomethylation, and LINE-1 integrity index. 

 

 

 

To include the CgA level of the patients for Multiple logistic regression analysis the healthy 

controls were excluded from the reference group. The serum-CgA level was not determined 

in the control group; thus, the group with no tumor included only non-mNETs that were 

compared to patients with different tumor burdens. 
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An AUC of 0.62 (95% CI=0.402 to 0.843; p=0.269) for a serum-CgA level between patients 

with no tumor and patients with different tumor loads was calculated. CgA showed an AUC of 

0.64 (95% CI=0.413 to 0.871; p=0.223) for the distinction of patients with moderate and 

higher tumor burden. The highest discriminatory power was found for the group with a large 

tumor load (AUC=0.875 (95% CI=0.692 to 1.00; p=0.020)) (Fig.66). 
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Figure 66. CgA level receiver operating characteristic (ROC) curve for tumor burdens 

ROC analysis of CgA level for distinguishing the patients with no tumor from the patients with low, moderate, and 

high tumor burden (TB). Tumor burdens of low plus moderate and high (grey), moderate plus high (orange), and 

high (red), along with the area under the curve (AUC). 

 

 

 

 

If we combined the serum-CgA level with other biomarkers, the AUC was increased (Fig. 67). 

The AUC of 0.871 was achieved to distinguish patients with different tumor loads from 

patients with no tumor when the serum-CgA level was combined with hypomethylation levels 

(95% CI=0.738 to 1.00; p=0.002). The negative and positive predictive powers were 90.91 

and 66.67, respectively. The combination of serum-CgA and cfDNA +LINE-1 cfDII+ 

hypomethylation levels showed a greater AUC  (0.924)  than other  combinations  (95% 

CI=0.847 to 1.00; p<0.0001). Interestingly, the AUC of the combination of serum-CgA and 

hypomethylation+ cfDNA was somehow similar to that of the combination of all four 

biomarkers (AUC=0.910) (95% CI=0.825 to 0.995; p=0.001), with a positive and negative 

predictive power of 90.91 and 66.67, respectively.   
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Figure 67. Receiver operating characteristic (ROC) curve analysis of CgA level biomarker combined with 

investigated biomarkers for samples with no tumor burden (non-mNETs) from low, moderate, and high tumor 

burden subgroups 

Receiver operating characteristic (ROC) curves of the biomarkers for distinguishing groups with no tumor 

burden(non-mNETs) from low, moderate, and high tumor burden subgroups were analyzed combined, a logistic 

regression model was used for the combination of CgA level with investigated biomarkers. Biomarkers included in 

each plot are (A)CgA +cfDNA level; (B) CgA level+ hypomethylation; (C) CgA level+ cfDNA+ 

hypomethylation;(D)CgA level+ cfDNA+hypomthylation + LINE-1 integrity index. 
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4. Discussion 
 

Some studies focus on liquid biopsy, especially blood analysis at a molecular level as a non-

invasive method for diagnosing, prognosis, and monitoring NEN cancers. There is a need to 

introduce sensitive and specific novel circulating biomarkers for NENs. For this purpose, four 

cfDNA-based biomarkers were examined in this study: 

a) cfDNA concentration  

b) cfDNA fragmentation 

c) cfDNA integrity 

d) cfDNA hypomethylation 

 

 

4.1. cfDNA Isolation  

The small overall amount of cfDNA in plasma, serum, and other body fluids is the main 

problem of biomarkers based on cfDNA. To establish biomarker-based cfDNA analysis, the 

extraction of the cfDNA must be valid and, above all, reproducible in the laboratory. The most 

critical points of the isolation process, which are decisive for reliable comparison, are 

discussed. This standardization ensures that patient-related differences cannot be traced 

back to incorrect or different processing. 

The evaluation of new biomarkers from cfDNA starts with the isolation of the cfDNA. Usually, 

the cfDNA is obtained from blood serum or plasma. During method establishment, plasma 

and serum were tested as a source for cfDNA (data was not shown). A higher amount of 

cfDNA could be isolated from the serum compared to the plasma from the same person. It 

might be because extraneous DNA released from leukocytes lyse during the coagulation 

process 160–169. For this reason, the plasma was chosen for this study to avoid contamination 

with genomic DNA, which would cloud the results. EDTA-containing tubes (EDTA-K3) were 

used for the blood collection to prevent the blood coagulation instead of the heparin and 

citrate: Heparin and citrate can inhibit PCR by an interaction with DNA and DNA 

polymerase170,171. The samples need to process within four h after the blood draw to prevent 

the release of germline DNA from the lysis of peripheral blood cells 172. Since cfDNA has a 

half-life between 16 min and 2.5 h in blood, the samples were processed within 2 hours of 

blood collection in this study 173–176. 

The high-speed centrifugation (<20,000 g) can fully obtain the low concentration of cfDNA in 

plasma. For optimal purification of plasma, two-step of cooled centrifugation, i.e., first at a 

slow speed to remove the blood cells followed by a high-speed to remove the cell debris, 

was applied as validated in the literature. 

The thawing temperature of the plasma for optimal cfDNA extraction has not yet been 

described in the literature. Plasma thawing was applied at room temperature in this study. 

However, the effect of the thawing procedure (duration, i.e., fast vs. slow, temperature) on 

cfDNA quantity/quality must be studied further. Care was taken to ensure that the samples 

were not subjected to repeated freeze-thaw cycles. The samples with only one thawing cycle 

were used for the analysis. 

The cfDNA isolation methods can affect cfDNA yield and recover shorter and longer cfDNA 

fragments 177. The most common method for cfDNA extraction is a spin column extraction kit. 
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Other used methods of extraction include magnetic beads, phenol/chloroform extraction, and 

alkaline salting. It was indicated that the extraction efficiency of the QIAamp® circulating 

nucleic acid kit (Qiagen, Hilden, Germany) and QIAamp DNA blood mini kit (Qiagen, Hilden, 

Germany) was better than FitAmp™ plasma/serum DNA isolation kit (Epigentek, Hopkinton, 

MA)178. QIAamp circulating nucleic acid kit (Qiagen, Valencia, CA, USA) extracted less 

cfDNA (1.08 ng/µL) compared to Maxwell® RSC (MR) ccfDNA Plasma Kit (1.25 ng/µL)177. 

The QIAamp® circulating nucleic acid can extract smaller DNA fragments (115-bp) than the 

QIAamp DNA blood mini kit, significantly affecting cfDNA integrity 178. The MagNA Pure 

Compact Nucleic Acid Isolation Kit I can isolate more cfDNA fragments ranging in size from 

150-200-bp compared to Maxwell® RSC ccfDNA Plasma Kit method177. 

According to the present study, the QIAamp® MinElute® ccfDNA Midi Kit extraction method 

recovered more cfDNA yield than the QIAamp DNA Blood Mini Kit method. It was shown that 

the use of different extraction methods led to significant differences in the yield of cfDNA.  

 

4.2 cfDNA concentration as a biomarker for NEN patients 

High cfDNA levels in the blood have already been published in various cancers, such as 

breast cancer 57,95,152,179,180, malignant gastrointestinal 181, colorectal96,123,182, lung111, ovarian 
183, prostate 184,185, testicular germ cell cancer 186.  In agreement with these studies, we 

demonstrated a trend towards a higher cfDNA level in the plasma for patients with NEN 

disease. 

 A cfDNA amount between 0 and 100 ng/ml of blood can be detected in healthy people. 

(average of 30 ng/ ml) 187. A wide scatter of cfDNA values was reported according to the 

cfDNA source, the isolation technique, and the type, location, and stage of cancer in healthy 

individuals and cancer patients (App. Table 19). Up to now, a threshold value as a reference 

amount was not determined because of these possible variations 188. 

So far only one study has been published that examines cfDNA levels in NEN patients. The 

study focuses on the relationship between plasma cfDNA levels and clinical features of low-

grade patients with small bowel or pancreatic NETs. In contrast to the present study, the 

localization of the primarius has already been defined, i.e. H. small intestine or pancreas 

were included in the study and only patients with low-grade tumors. Higher cfDNA levels 

were reported in NET patients than in healthy controls, but there was no association with 

disease progression189.  

We have specifically examined the differences between the patients with a none metastatic 

NET disease (non-mNET), a metastatic NET disease (mNET), and very aggressive NEC 

disease. Patients with mNETs showed accuracy in the elevated cfDNA level compared to the 

healthy individuals. Interestingly, non-mNET patients showed the same low cfDNA 

concentration as healthy controls, most likely due to the no tumor burden. It seems to be the 

case that the more aggressive the tumor disease, the higher the cfDNA level of the patient 

(mNET and NEC > non-mNET), which has been reported before: the increased cfDNA level 

correlated with aggressive cancers 190. It has been shown that the cfDNA concentration 

increases with the duration of the disease and is particularly high in dying patients 177. A 

previous study reported that colon cancer patients with a high cfDNA value greater than 1000 

ng/ml blood at the time of initial diagnosis had a shorter life expectancy than patients with a 

cfDNA value less than 1000 ng/ml blood. After 19 months, about 27% of patients with cfDNA 

concentrations more than 1000 ng/mL survived, and 73% were dead 182. In the present 

study, thirteen patients showed a cfDNA level of more than 1500 ng/ml plasma. Four patients 
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died after less than six months, namely patients with the measured cfDNA concentrations of 

58 200, 25 900, 2170, and 1680 ng/ml. One patient in the NEC subgroup died with only a 

measured cfDNA concentration of 688 ng/ml. 

In another study, continuous measurement of the progression will provide information as to 

whether an increase in cfDNA correlates directly with progressive disease. 

The accurate staging or grading in treating cancer patients is of primary importance. 

Treatment will be planned and recommended based on the stage of cancer. Knowing the 

stage gives an educated estimate of life expectancy and the chance of a cure. No significant 

differences between the healthy control group and the patients could be found for the tumor 

grade. However, if one looks at the cfDNA as a function of tumor differentiation, a significant 

difference to patients with highly differentiated tumors could be determined. It appears that, 

due to a higher cfDNA level over patients with G3 tumors, the cfDNA can represent a robust 

marker for differentiating healthy people (AUC = 0.803). Presumably, due to the small 

number of cases, we were only able to demonstrate a low sensitivity of 50% with a specificity 

of 100%. 

Many studies have confirmed the correlation of high cfDNA level with tumor stage 105,106,191–

194 and tumor size 94,112,121,195–198.  Finding a correlation between cfDNA level and tumor 

burden was another area of investigation. Tumor burden is a clinical factor associated with 

treatment response that can evaluate the efficacy of new cancer therapeutics. There is no 

uniform assessment method to determine the tumor burden. Radiologic assessment is widely 

used to measure anatomical tumor burden that has limitations, such as trouble measuring 

bone lesions and enhanced radiation load for the patient 199. In addition, circulating 

biomarkers, such as include carcinoembryonic antigen (CEA), carbohydrate antigen 199 

(CA199), carbohydrate antigen 125 (CA125), neuron-specific enolase (NSE), lactate 

dehydrogenase (LDH), are used to monitor the tumor burden 200.  

Currently, there is no molecular blood biomarker to routinely evaluate tumor burden and 

treatment response for NEN patients. In this study, the increase of cfDNA level was 

correlated with tumor load, where patients with a high tumor load had the highest cfDNA 

concentration with a good discriminator power of AUC =0.84. 

The data are conflicting about the association between cfDNA and tumor burden. The utility 

of cfDNA in the evaluation of tumor burden was reported in some published studies200–202, 

while a study reported no correlation between cfDNA and tumor burden in lung cancer 

patients 203. The relationship between cfDNA level and tumor burden was also found in 

human xenograft models, in which the cfDNA was increased with increasing tumor 

burden121,204. Others reported that tumor-derived cfDNA load analysis could be more 

sensitive than using imaging techniques to monitor tumor burden in the lung, breast, and 

colorectal cancer205–208.  

In the current study, the cfDNA concentration was positively correlated with tumor load in 

NEN patients (r= 417; p<0.0001). It should be noted that the correlation obtained might not 

be tumor-specific because cfDNAs involve both healthy and tumor DNA. Hence, although the 

current study suggests cfDNA concentration as a quantitative biomarker of tumor burden in 

NEN patients, it will be important to assess the test performance with a strict process to 

isolate tumor-derived cfDNA in prospective cohort studies.  The combination of cfDNA 

concentration and mutational frequency by analysis of tumor-derived cfDNA to assess tumor 

burden has been supported by other studies200,209–211.  

To the best of our knowledge, our study is the first to compare the cfDNA level with tumor 

burden in NENs. Comparison of the data with primary tumor size was not considered in the 
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current study, but the entire tumor mass, evaluated by the treating oncologist. A follow-up 

study with more patients with G3 tumors and a high tumor burden and strict monitoring could 

clarify the correlation of tumor grade, tumor size, tumor burden, and cfDNA level. 

Since a NET primary can develop in the whole body, a correlation between the increase in 

biomarker and tumor location would be desirable. A higher cfDNA level could be detected in 

patients with a small intestine tumor as tumor origin in the present study. In comparison, a 

lower level could be identified in patients with pancreas cancer. We could only detect 

tendencies. No significant differences in cfDNA concentration depending on the location of 

the primary tumor could be determined. 

Studies that observe the cfDNA level of the patients over a more extended time have 

observed an increased cfDNA level in the case of progressive disease or relapses. 

In contrast, it decreased in tumor-free patients after surgery or after responding to anti-tumor 

therapy 57,90,97,111,177,184,188,190,212–216. 

The cfDNA level and CgA were significantly correlated (p=0.031). CgA revealed a 

discriminatory power of 0.57 to differentiate between mNET+ NEC and non-mNET disease. 

Combining CgA to cfDNA level, the AUC could be increased to 0.73. This sensitivity and 

specificity are considered to be insufficient for the detection of mNET+NEC. 

Undoubtedly, there is a significant lack of knowledge about the origin of cfDNA. Although it 

has already been proven that a large part of the cfDNA originates from apoptosis, it is clear 

that cfDNA is released into circulation by multiple mechanisms. Each of these mechanisms is 

modulated by a wide range of biological and environmental factors virtually unique to each 

individual. Variables include age, gender, ethnicity, body mass index, organ health, smoking, 

physical activity, diet, glucose levels, oxidative stress, drug status, infections, menstruation, 

and pregnancy 79. We determined a significant correlation between the cfDNA level and the 

age of all tested people. A publication like our observation did not find a clear correlation 

between the cfDNA status and age for only healthy individuals or patients 217.  

Initial studies deal with the degradation of cfDNA in vitro and estimate the half-life of 

circulating cfDNA between 16 min and 2.5 h, but this requires further confirmation175. The 

balance between releasing and clearance of cfDNA determines the amount of cfDNA within 

the bloodstream. The patient's physiological condition, such as asthma, glaucoma, diabetes, 

or any malfunction in various filtration organs, namely renal, spleen an liver, or circulating 

enzymes, may influence tumor DNA clearance after cancer recovery 218,219. The absolute 

cfDNA level could be directly affected by the cfDNA clearance rate, but cfDNA integrity would 

not be affected because the effect of cfDNA clearance on the amounts of longer and shorter 

DNA fragments would be similar152.  

Unfortunately, cfDNA is so versatile but also very unstable and prone to outliers that we only 

recommend to a limited extent or in combination with other markers to establish the 

measurement of the absolute cfDNA plasma concentration as a biomarker for the 

identification of a NEN disease. Continuous cfDNA measurement should be considered in 

follow-up studies to better illustrate the course of the disease and to what extent a worsening 

of cancer can be mapped through cfDNA analysis. 

 

4.3 cfDNA Fragmentation as a biomarker for NEN patients 

In healthy individuals, the primary source of cfDNA is apoptotic cells, which release tiny 

fragments of cfDNA with ~185–200 base pairs in length. In contrast, cfDNA from cancer 

patients contains DNA fragments of two different sizes. Short fragments come from 
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hematopoietic cells and longer fragments from necrosis, autophagy, or mitotic 

catastrophe188,220. CfDNA fragmentation was measured by amplifying short or lang DNA 

fragments using the qPCR method. The primers were selected according to the 

mononucleosome average size 120, i.e., amplicon size of longer and shorter than 180-bp 

represent long and short fragments, respectively.  

Inconsistent results were presented in earlier studies on the size of circulating DNA in cancer 

patients. Some amplicon-based studies have shown the increase in shorter fragments in 

some cancers, assuming that the short DNA fragments are due to tumor-derived cfDNA. 

Underhill et al. found the most common fragment lengths in patients with melanoma and lung 

cancer were 134 bp and 144 bp that was shorter than the most common fragment length in 

the healthy controls (167 bp)221. They observed the highest proportion of mutant allele in 

110-140-bp fragment lengths. Most of the previous reports examined tumor-derived 

fragments larger than 105 bp in size 152,222–225. The number of fragments carrying cancer-

associated mutation would increase when shorter amplicons are selected120,226. Diel et al., 

found that along with decreasing fragment sizes from 1,296 to 100 bp, the fraction of mutant 

molecules would increase by 5- to 20-fold in colorectal cancer patients 226. Another study 

reported the varying presence of fragments in relation to their size (many of <100 bp, most 

with the size of 150-400 bp and low levels of> 400 bp fragments).in metastatic colon cancer 

compared to samples from healthy volunteers120. Their findings confirmed greater 

fragmentation of the tumoral cfDNA (at a size <100 bp), while most previous amplicon-based 

studies estimated tumor-derived cfDNA from a size of 150 bp. 120. The size of tumor-derived 

cfDNA fragments for patients with renal, bladder, pancreatic, glioma, breast, melanoma, 

ovarian, lung, colorectal, cholangiocarcinoma was reported between 90–150 bp227. 

The fragment lengths distribution identified for cfDNA in the present study was consistent 

with cellular apoptosis rather than necrosis. Concerning short fragments, no substantial 

difference for ALU 115-bp and LINE-1 97-bp was observed in any groups. The highest ALU 

115-bp fragments levels in the subgroups were found in NEC ˃ non-mNET˃ control ˃ mNET. 

Likewise, the highest level of LINE-1 97-bp fragments in NEC patients and lowest in mNET 

was observed. Interestingly, patients with G3 tumors had higher levels of short pieces than 

G1 tumor patients. Meaning, the short fragment levels were specific for the late-phase 

disease in this study.  

Umetani et al. previously reported similar findings from the serum of patients with advanced 

colorectal or periampullary cancer with regards to the higher level of ALU 115-bp fragment 
123. Also, an increasing trend of ALU115-bp fragment value with tumor stage was found in 

breast cancer 152. Contrary to our results, Thakur et el. detected a higher level of ALU 115-bp 

fragments in the benign patients characterized by the larger tumor size than thyroid cancer 

patients characterized by smaller tumor size228. No correlation was found between short 

fragments levels, i.e., ALU 115- and LINE-1 97-bp with tumor classes. It might show that 

shorter fragment releasing is affected more by the tumor's intrinsic biological characteristics 

than tumor burden. No correlation of tumor-derived cfDNA release was reported in a 

published study 209. This result is supported by reports that showed tumor-derived cfDNAs 

are more likely in short length.  

The mechanisms underlying the shorter fragment size of cfDNA originating from non-

hematopoietic cells are unclear. The cause of the shorter fragment length connected to 

tumor-derived cfDNA is still unclear, but the difference between hematopoietically derived 

cfDNA and cfDNA fragments derived from non-hematopoietic cells, including tumor cells, has 

been confirmed in different studies122,162,221,222,227,229,230. Hematopoietic cells are the major 
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source of cfDNA in plasma. Zheng et al. found that cfDNA derived from other tissue of origin 

is shorter than hematopoietically derived cfDNA in organ transplant patients 229. Tissue-

specific differences in nucleosome wrapping231 may result in this difference. Another 

explanation may be the slight digestion of cancer cells containing mutant DNA by 

macrophage leading to higher short fragments in cancer patients 226. The presence of 

mitochondria-derived cfDNA is also another possibility for shorter fragments in cancer 

patients. The increasing concentration of mitochondrial DNA in hepatocellular carcinoma 

patients compared with the healthy subjects was reported. The mitochondrial DNAs are 

shorter (<150bp) than the nuclear DNAs in plasma122. Maybe the major source of cfDNA is 

mitochondria in some cancers like hepatocellular carcinoma because there are a higher 

number of mitochondria in liver cells in general compared with hematopoietic cells 122. Later it 

was shown that this mitochondria DNA in plasma is much shorter than previously reported 

(30~60 bp)232. 

 

There is also contradictory evidence that tumor-derived cfDNA might be longer than those 

derived from nonmalignant cells75. Inconsistent with our result some investigations reported 

more level longer fragments in gynecological 78, pancreatic119, breast152 cancers compared to 

healthy individuals. We expected a higher concentration of long cfDNA fragments in the 

patients with a malignant tumor. A smaller amount of ALU 260-bp fragments were found in 

the patients compared to the control (borderline significance 0.056). The subgroups' highest 

ALU 260-bp fragment levels were in order: non-mNET˃ control ˃ NEC ˃ mNET. Likewise, 

fewer LINE-1 266-bp fragments in the patients compared to the control were observed (not 

significant) in order of highest LINE-1 266-bp fragment levels in non-mNET ˃control˃ mNET 

˃NEC. 

Interestingly, the patients with G3 tumors had the lowest long and the highest short LINE-1 

fragment levels. The patients with G1 tumors showed the highest long and lowest short 

fragment levels considering the ALU gene. However, the concentration of longer fragments 

could not be correlated to tumor grade or metastatic- state of the cancer disease.  

The longer fragments showed a significant relationship with increasing cfDNA levels in the 

patients. ALU 260-bp and LINE-1 266-bp fragments levels revealed a discriminatory power of 

0.628 and 0.620, respectively, to differentiate between mNET plus NEC and non-mNET 

disease. This sensitivity and specificity are considered to be insufficient for the detection of 

mNET plus NEC disease. 

Regarding tumor burden, a significant difference in the cfDNA fragmentation was not 

observed in this study except for ALU 260-bp. Patients with a high tumor burden showed a 

significantly lesser amount of long ALU-fragments, with an AUC of 0.81 leading to moderate 

discriminatory power.  

In patients with inactive tumor disease or tumor-free patients, tumor-derived cfDNAs can be 

expected to come from apoptotic cells. There have been reports of an increase in the shorter 

and longer fragments after surgery. Iqbal et al. observed longer pieces of cfDNA after 

removing the tumor in patients with breast cancer 234. This report agrees with the high 

presence of LINE-1 266-bp and ALU 260-bp fragments in the non-mNET patients compared 

to aggressiveness disease in our study. A higher level of ALU 115-bp fragment has been 

reported in post-surgery patients with breast cancer 234. A higher level of short fragments was 

observed in the non-mNET patients. Cancer isn't always the reason for necrosis; many 

causes, including injury, trauma, infection, infarction, toxins, chemicals, radiation, cold, and 

inflammation, can induce necrosis 228,235,236.  
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In addition to apoptosis and necrosis in the primary tumor, cfDNA can be derived from 

circulating tumor cells (CTC)237. This fact might suggest that circulating tumor cell 

dissemination involves cfDNA production at one point, the same as a metastatic outgrowth. 

Even if we assume that our NEC patients show the highest level of CTC in the blood, which 

contributes to an increase in the short fragments, we cannot explain why we could detect the 

lowest level of short fragments for metastatic NET disease. 

There was limited information about the therapy (type and duration) and time of blood draw 

after a possible treatment. This lack of information hinders the study of the treatment effect 

on fragmentation. It has been published that necrosis increase after chemotherapy 238,239. In 

addition, the source of cfDNA and tumor DNA levels could change over time during treatment 
218. A published study reported that the principal sources of cfDNA are apoptotic and non-

apoptotic cell death in the patients with prostate cancer before and three months after 

diagnosis, whereas the patients after six months showed cfDNA released at non-apoptotic 

cells 76.  

No correlation was found for any fragmentation markers with gender and tumor origin. A 

published study has reported the independence of ALU 115-bp fragment level and gender in 

thyroid cancer 228. 

Interestingly, our study revealed that the ALU 115-bp fragment level is affected by age in the 

patient group (p= 0.04), which was also shown by Thakur et al. for thyroid cancer 228. In 

contrast, the independence of ALU 115-bp fragment level and age was observed by Fawzy 

and colleagues for prostate cancer237. It is known that the rate of apoptosis is elevated in 

aging and age-associated disease. The increased apoptosis may be a protective mechanism 

against age-related tumorigenesis 240,241. No correlation to CgA was found. 

 

 

4.4 cfDNA Integrity as a biomarker for NEN patients 

The ALU and LINE-1 repeat sequences have a high prevalence in the DNA; hence they are 

optimal sequences for cfDII testing 228. The association between NEN cancer and two 

different cfDIIs, namely ALU cfDII or LINE-1 cfDII, was examined in the plasma samples. 

Measuring two genes to determine cfDII has two advantages; first, it could reflect a global 

status of the cfDNA, and, second, independent cfDII measurements of these two repetitive 

elements reduce the likelihood of false positives.  

We used ALU primer pairs for this study, namely ALU 260- and 115-bp, which were 

previously not used in other cfDII research.  Both cfDIIs are decreased in the patient group. 

The calculated cfDII, determined via ALU fragmentation, showed an increase for patients 

with NEC disease. The cfDII for LINE-1 fragmentation decreased for patients with mNET and 

NEC compared to the controls and the patients with non-mNET. 

So far, almost nothing is known about the cfDNA integrity in NEN patients.  

At first, it seems contradictory that we can prove different results for ALU and LINE-1 cfDII in 

the same patient group. Various locus genes can be used to assess the cfDNA integrity. 

It is described that, depending on which primer pair are used for amplification, either higher 

cfDII123,152,234,242,243 or lower cfDII 57,244 were determined, even if similar cancer were examined 
117.  

Unfortunately, we could not confirm the significant results between the ALU cfDII in the 

plasma of NEN patients and the controls, nor was there a substantial difference in ALU cfDII 

in the plasma of patients’ subgroups. The LINE-1 cfDII was less in the patients. The lowest 



 Disscusion  

87 

 

cfDII was found in NECs, mNETs, and patients with G3 tumors. Thus, low LINE-1 cfDII was 

associated with tumor aggressiveness. These findings could be explained in different ways: 

 

1) Some cell death rate factors such as inflammation and autoimmune diseases could be 

the source of released cfDNA accompanied by the apoptotic cells in the non-cancerous 

cases 75,245. 

2) More necrotic cfDNA fragments may be produced only at a certain point by the tumor 

cells 246. 

3) Necrosis is only responsible for a few amounts of cfDNA in cancer patients 62,90. 

4)  Recent studies have shown that tumor-derived cfDNA are more likely to be shorter 

fragments (<100 bp)247. The increase in shorter fragments in patients leads to a decrease 

in integrity. 

5) Most of the cancer patients in our cohort had a low tumor burden; therefore, necrosis is 

unlikely to affect cfDII. A good correlation coefficient value of LINE-1 cfDII with tumor 

burden (r = -0.40; p <0.0001) also represents its prognostic benefit for NEN cancer 

progression.  

 

A decreased cfDII was reported in other cancers such as colorectal 120,248, testicular germ cell 
186, breast 57,244,249, hepatocellular 148, and ovarian 250.  

Contrary to our results, namely an elevated of cfDII, was reported in some cancers such as 

gynecological 78, colorectal123,251, breast 57,115,234,243,252, ovarian 253, head and neck 77, acute 

leukemia254, renal cell 255, melanoma 256,257, periampullary123, hepatocellular 258,259, bladder 
260, glioma 261, and prostate 237,262,263.  

However, the current results revealed that LINE-cfDII was lower the more aggressive the 

NEN disease (non-mNET < mNET< NEC). A meaningful difference was observed between 

metastatic NETs and healthy individuals. In line with these findings, the lower cfDII than the 

healthy controls was reported in the metastatic breast patients 57,243, while non-metastatic 

patients showed higher cfDII than the healthy controls 152,234,242.  It seems that LINE-1 cfDII 

increases at the initial stages of cancer and decreases in the metastatic step. Unlike the ALU 

cfDII, LINE-1 cfDII was tumor origin and grade-dependence. Some published studies showed 

that elevated cfDII was tumor stage-dependent in breast cancer 115,152. For NEN patietns we 

could detect a significant decrease for patietns with a highly differentiated tumor (G3) or 

patietns with a high tumor burden.  

In addition, LINE-1 cfDII showed a low ability to differentiate patients from the control cases 

(AUC: 0.67). The AUC could be increased slightly by excluding the non-mNET from patient 

groups (AUC: 0.69), with a low sensitivity and specificity and the choosen cut off point with  

77.8 and  55.2%, respectively. Comparing the ROC curves of LINE-1 cfDII and cfDNA was 

shown a similar AUC of 0.67 vs. 0.66   and 0.69 vs. 0.69 for total patients and mNETs plus 

NECs, respectively. A multiple logistic regression model of cfDNA level and LINE-1 cfDII was 

applied to improve the discriminatory power. There was a rise in sensitivity for detecting NEN 

disease when NECs and mNETs were used as patient groups.  

Necrosis correlated with tumor burden (volume) and the growth of invasive tumors 174,238,265. 

The increasing tumor volume and growth are associated with a shortage of blood vessels, 

leading to more extensive necrotic regions. Contrary to our expectations LINE-1 integrity 

index was remarkably decreased along with the rising tumor burden in cohorts with moderate 

and high tumor burdens compared to no tumor. The high discriminatory power of LINE-1 

cfDII for the detection of the patients with a high tumor load (87.5% sensitivity, 71% 
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specificity; AUC: 0.83) showed that this biomarker can be a good candidate for disease 

progression.  

We could not find any connection with other clinical characteristics such as age, gender, and 

CgA value in our setting. Unrelated cfDII to age was reported in previously published studies 
228,264. Other groups, however, postulated a gender dependency. Higher (0.40 vs. 0.15) and 

lower (0.46 vs. 0.56) ALU-cfDII in women than in men were reported 228,264. These 

inconsistent data of the effect of gender on cfDII suggest that it is one of several other factors 

affecting cfDII. However, cfDII results are affected by the sources of cfDNA, different sample 

preparation protocols, the PCR assays and primers used, and the various investigated 

patient groups 72,245,266.  These may cause the heterogeneity of cfDII results reported in 

several studies (App. Table 20).  

In conclusion, the high diagnostic capacity of cfDII for cancer detection was not shown by our 

data. A reason for the results could be the low patient number in each subgroup and the 

patient heterogeneity related to the pre – or post-therapy in our setting. Maybe a specific 

division of the cancer patient group would allow more explicit discrimination. 

 

 

4.5 cf DNA Hypomethylation as a biomarker for NEN patients 

There is currently conflicting publication on the correlation between hypomethylation and 

gender and age. A study with only healthy people found gender-dependent differences with a 

higher methylation level in males 267. An association of hypomethylation of ALU elements 

with age has been proven 268, where 718 healthy individuals have been measured for eight 

years, and a progressive decrease in the mean ALU methylation could be observed over 

time. Jintaridth group found that age was negatively associated with ALU methylation levels 

in healthy individuals. Wherever the population consisted of aged 20 –90 years, 

hypomethylation of ALU happened during ages 34-68 years 269. 

Regarding cancer diseases, it has been published for different cancers such as prostate, 

non-small cell lung cancer, lung cancer, glioma, hepatocellular, breast, and esophageal 

squamous cell carcinoma, pancreatic cancer toward the ALU hypomethylation 270–278 that sex 

or age does not affect the methylation of ALU repeats. In the present study, hypomethylation 

of ALU elements was not associated with age and gender. In contrast, the association 

between gastric cancer risk and ALU methylation was found to be modified by age (253). The 

heterogeneity of the NEN disease and a small number of samples in our groups based on 

age or gender make it difficult to trust the current results. 

Increased rates of global hypomethylation have been reported in tissue272,279–289 and 

blood278,290–292 of many cancer patients, whereas not much is known about global 

hypomethylation of cfDNA in cancer patients273,293,294. 

Little is known about global hypomethylation during NEN carcinogenesis, not just at what 

point in time it takes place, nor at what genome location. The ALU gene's methylation level of 

the major variant was investigated in the present work in cfDNA to introduce an epigenetic 

biomarker for cancerization, namely a potentially predictive or diagnostic marker in NEN 

patients.  It was illuminated whether or not hypomethylation is present in NENs and, if 

present, whether ALU elements were affected. To our knowledge, this is the first study to 

assess the association between the cfDNA-hypomethylated ALU gene and NEN patients. 

Other studies investigated hypomethylation in tissue samples of neuroendocrine tumors by 

analyzing LINE-1 and ALU methylation, where hypomethylation was found to be more 
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common in carcinoid tumors than in pancreatic endocrine tumors. The hypomethylation was 

correlated to lymph node metastases285. Also, they reported that hypomethylation was more 

common in ileal NETs than in non-ileal NETs285. Another study determined the higher LINE-1 

hypomethylation in small intestinal-neuroendocrine tumors than normal references289. The 

increase of hypomethylation was demonstrated in distant metastasis compared with primary 

tumors or regional metastasis289.  

The current study revealed slightly higher cfDNA ALU-hypomethylation in NEN patients 

compared to the controls (1.39 vs. 1.23%).  In line with our finding, the higher  ALU 

hypomethylation levels had been reported in various carcinomas such as colon 295, liver 274, 

gastric (263297, esophageal squamous cell carcinomas 276, ovarian 298, thyroid140, breast 140, 

colon 140, and lung(144) than their corresponding healthy samples.  Similarly, increasing ALU 

hypomethylation in the blood of pancreatic 278 and glioma patients compared to healthy 

controls was indicated(258). 

With 70% specificity and sensitivity of 47%, 1.41 % was taken as a cut-off value to consider a 

tumor as hypomethylated. In this cut-off, the analysis revealed that 47% of NEN tumors were 

hypomethylated, while in mNETs and NECs, this amount was 53% and 57%, respectively. 

Otherwise, all non-mNETs had ALU hypomethylation percentages below the reference value.  

A poor discriminatory power was obtained for mNETs plus NECs (AUC:0.64). Combining 

ALU hypomethylation percentage with cfDNA level somehow increases the distinguishing 

power between the controls and mNET plus NECs (AUC: 0.69). This increasing power was 

demonstrated more if the hypomethylation combined with LINE-1 cfDII (AUC: 0.72). On 

condition that the hypomethylation combined with both cfDNA level and LINE -1 cfDII, an 

AUC of 0.73 was obtained. 

The key finding of this study is the significantly elevated hypomethylation of cfDNA in the 

patients with mNET compared to non-mNETs (1.45 vs. 0.995 %, P= 0.005). The 

hypomethylation percentage can distinguish between patients with advanced NEN disease 

(mNETs plus NECs) from patients with non-mNETs with a negative and positive predictive 

powers of 90.91 and 66.67%, respectively (AUC: 87) and be more informative than the 

common tumor biomarker of NENs, namely CgA (AUC: 0.57).   

Given 80% specificity, the highest sensitivity achieved in detecting the non-mNET group from 

mNET plus NEC groups was 75% at the percentage cut-off of 1.12. About eighty and one 

percent of mNET patients had an ALU hypomethylation above this cut-off. This amount is 

nearly eighty and six, and twenty and five percentage for NECs and non-mNETs, 

respectively. 

Methylation prevents chromosomal rearrangements and chromosome translocation by 

silencing repetitive elements299–302. There is an association between hypomethylation and 

genomic instability 299,303–305, particularly hypomethylated ALU 295. Thus, hypomethylation 

may increase the potential of NENs by inducing genomic instability. In agreement with our 

initial expectation, the highest ALU hypomethylation was observed in NECs, which might be 

related to chromosomal instability of this subgroup of NENs 306,307. NECs showed elevated 

ALU hypomethylation compared to non-mNETs (1.56 vs. 0.995 %) with a close to the 

significant difference (p=0.072). 

Multiple combination biomarkers were applied to improve the diagnostic accuracy. 

Combining ALU hypomethylation percentage with cfDNA level and LINE-1 cfDII slightly 

increases the distinguishing power between mNET plus NEC and non-mNET groups with a 

positive and negative predictive value of 66.7%, and 89.8%, respectively (AUC: 0.89). By 

combining hypomethylation with cfDNA concentration and CgA levels, the analysis revealed 
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a high discriminatory potential, with an AUC of 0.91, and a negative and positive predictive 

power of 90.91 and 66.67%, respectively. 

 

Global hypomethylation seems to be an early event for some cancers, e.g., colon, chronic 

lymphocytic leukemia, and breast cancer 275,308–310. While for other cancers such as 

hepatocellular carcinoma, cervical and ovarian, the hypomethylation degree increase with 

stage or histological grade311–314. In the current study, the tendency to increase ALU 

hypomethylation varied from the controls and the patients with early grade tumors (i.e., G1 

and G2 tumors) to the advanced patients (i.e., with G3 tumor). This increased ALU 

hypomethylation dependent on tumor grade showed a meaningful difference between the 

controls and the G3 tumor patients (p= 0.024). Reduced ALU methylation correlated with 

tumor grade has also been reported in hepatocellular carcinoma (Grade 1 and 2 tumors 

showed 13.2% hypomethylation, compared to G3 and G4 tumors with 13.2% 274, and in high-

grade gliomas (grade IIIIV) compared to low-grade gliomas (I-II) (52.01 vs. 64.86%, 

respectively) 273. 

In contrast, no association between ALU hypomethylation and tumor grade has been 

reported for pancreatic cancer 278. The good discriminatory power of ALU hypomethylation in 

detecting patients with G3 suggests a diagnostic role for the late phase of the disease (AUC: 

0.77). Thus, our outcomes indicate that the ALU hypomethylation may occur more 

meaningfully in the disease progression but not at the early onset of carcinogenesis and 

tumor initiation. ALU hypomethylation was found to have significant discriminatory ability in 

detecting NEN patients with G3 tumors. The model presented an AUC of 0.77, a sensitivity of 

70%, and a specificity of 79.3% for detecting G3 tumor samples at the coosen cut off level.  

Upon analysis of ALU hypomethylation, the highest significant correlation coefficient was 

found between ALU hypomethylation level and tumor burden (r=0.424, p= <0.0001) 

compared to other present biomarkers, thus it was more representative of tumor progression. 

Interestingly, higher hypomethylation was observed in patients with large tumor burden 

compared with other patients as NEC patients with higher hypomethylation were 

characterized by higher tumor burden. As a result, the cfDNA hypomethylation difference 

could be attributed to tumor burden. 

The ALU hypomethylation was associated with high progressive accuracy with an estimated 

AUC of 0.96 for the patient with high tumor loads, with a sensitivity of 100% and a specificity 

of 86.8%. 

Combined detection of serum-CgA, cfDNA, LINE-1 cfDII, and hypomethylation levels could 

improve the diagnostic efficiency for patients with no tumor from other patients (AUC= 0.924; 

p< 0.0001) with a positive and negative predictive power of 90.91 and 66.67, respectively, 

suggesting this combination as a candidate for NENs underlying therapy. It seems this 

combination has more power than the common indicator of NENs, i.e CgA,  to monitor the 

treatment efficiency or detect the residual tumor after surgery. 

Moreover, our study cannot be compared directly with other studies because we could not 

find the relationship between ALU hypomethylation and tumor burden in other cancers.  

 

In addition to ALU, other repetitive DNA segments were examined to study the 

hypomethylation, such as SAT2 (juxtacentromeric satellite 2) and LINE-1. Here, 

discrepancies about the time of hypomethylation could be observed in various types of 

cancer. Kwon et al. reported that morphological progression from adenoma to carcinoma did 

not go along with increases in ALU and LINE-1 hypomethylation. ALU and LINE-1 
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hypomethylation are early events in multistep colorectal carcinogenesis. They observed that 

hypomethylation levels of ALU and LINE-1 elements erase from the normal tissue to the 

adenoma. This decrease in methylation could not be found in the progression from the 

adenoma to cancer. 

On the other hand, SAT2 showed a stepwise decrease in methylation level from normal 

tissue to adenoma and then to cancer 315. The SAT2 hypomethylation happened earlier than 

LINE-1 or ALU hypomethylation in multistep hepatocarcinogenesis. Whereas LINE-1 or ALU 

hypomethylation was not found in the normal liver compared to the chronic liver disease, it 

only occurred in hepatocellular carcinoma 274. For gastric and breast cancer progression, an 

earlier hypomethylation of LINE-1 compared to ALU hypomethylation was confirmed 275,279. 

Future studies would be interesting to identify the hypomethylation timing of repetitive 

elements, namely SAT2, LINE-1, and ALU sequences, during NEN progression. Their 

prognostic value seems promising.  

 

Regarding the tumor site, it has been published that the degree of hypomethylation is 

variable among different cancer types, where thyroid, prostate, and breast cancer exhibited 

low hypomethylation levels, while cancers of colon and lung displayed the highest levels 140. 

A study using methylation references out of 25 human cancer cell types demonstrated that 

methylation patterns of cfDNA could represent the tissue origins of cfDNA 316. The 

methylation profile of primaries and metastases can be similar.  In confirmation of this report, 

the resemblance of ALU hypomethylation between distant metastases and matched primary 

tumors was indicated in thyroid cancer 317. It was demonstrated that the 

hyper/hypomethylation of 21 genes in small intestinal neuroendocrine tumor liver metastases 

is in concordance with the pattern seen in small intestinal neuroendocrine tumor primaries 
318.  In 12-22% of patients with NEN, the primary location of the tumor cannot be identified by 

routine imaging or histopathology, which worsens the prognosis. Some novel molecular 

techniques are currently under investigation to recognize the primary tumor site. An inquiry 

with ALU methylation was carried out in the current study to find a correlation to the tissue 

origin of the NEN. No significant difference could be observed between the ALU methylation 

level and the origin of the tumor. The highest percentage of ALU hypomethylation was 

observed in lung and rectum tumor origin with 1.57%. The stomach tumor origin showed less 

ALU hypomethylation percentage with 1.13%. Interestingly, the higher ALU hypomethylation 

percentage of lung and colon tumor origins was also reported compared to the primary 

thyroid tumor by Buj et al. (14.6, 14.6, and 8.2%) 140. The different hypomethylation rates 

might be related to drugs, chemicals, pollutants, and the different dynamics of the tumor 

progression in various tumor types (144,287,288). 

We demonstrated a positive correlation between the degree of hypomethylation and the 

cfDNA concentration in NEN patients. In published studies has been shown that the higher 

the tumor burden, the higher the detectable cfDNA concentration in the plasma198. The 

increased cfDNA is, therefore, most likely from the tumor. Any uncontrolled cfDNA, i.e., 

unmethylated cfDNA, is also due to tumor tissue. Moreover, a weak significant positive 

association between ALU hypomethylation and CgA expression level was observed in the 

patients (r=0.337, p=0.01). Global DNA hypomethylation and its correlation to the circulating 

biomarkers had been observed in some disorders, but we could not find a study showing 

ALU hypomethylation's correlation to the already established biomarkers in cancer.  
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To conclude, there is little information about the methylation landscape for NENs and the 

relationship between detection of methylation abnormalities in NENs in the plasma or serum. 

The current evidence demonstrated that aberrant epigenetic regulation, namely 

hypomethylation of ALU, was present in NENs and ALU hypomethylation was present even 

in the non-metastatic patients. The ALU hypomethylation could be influenced by the disease 

condition and correlates with the aggressiveness of NENs. Since hypomethylation is 

potentially reversible, chromosomal instability may be due to the early incidence of ALU 

hypomethylation. However, the role of DNA methylation in resistance to cancer therapy was 

proved 319. Global hypomethylation is an active process in most cancers 320. This genome-

wide hypomethylation leads to cellular phenotypic changes due to alteration in gene 

expression. Hence, new prevention and treatment cancer investigations focus on this 

epigenetic change as a promising candidate for new cancer drug design 319–321. The 

suppression of hypomethylation induction might be applied as a new target of NEN cancer 

inhibition. 

As a fundamental basis to understand NEN carcinogenesis, it was illuminated that 

hypomethylation of the major variant of ALU in blood for the first time. In this study, the 

tendencies and the connection between ALU hypomethylation and NEN disease are 

accepted. In addition, ALU hypomethylation may have a value for the NEN risk assessment; 

it is, therefore, worthwhile to find the change in the hypomethylation pattern of other 

repetitive elements in cfDNA from NEN patients. However, it is still unclear which DNA 

hypomethylation changes are tumor-driving events and how these changes are initiated. 

Further genome-wide studies to measure the hypomethylation level of each ALU locus may 

improve PCR-based methylation analysis to allow for more specific and sensitive detection of 

cancer DNA or calculation of particular cancer phenotypes. 
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5. Challenges and future perspectives 
Many liquid biopsy tools to improve the management of cancer patients have been deployed 

in the last years.  The early diagnosis, early detection of recurrence, and personalized 

treatment are challenges in cancers including NEN patients.  

Only new biomarkers accompanying high standards can be used in clinical. The liquid 

biopsy-based molecular biomarkers have not achieved the high sensitivity and specificity 

with current methods, but the encouraging results obtained in different investigations. These 

results support the potential prognostic, diagnostic and predictive role of the molecular new 

biomarkers which suggest considering them in numerous prospective trials. 

Among liquid biopsy-based molecular parameters, cfDNA and CTCs detection and 

characterization have presented a fundamental role. In this context, ctDNA characterization 

might act as a noninvasive biomarker that assists tissue biopsy to manage cancer in the 

future. 

Some open questions must be addressed, such as the relative contribution of different 

sources of cfDNA such as apoptosis, necrosis, other cell death mechanisms, and active 

secretion. Which underlying mechanisms or factors change the releasing and clearance of 

cfDNA, and are there the consequences for more cfDNA fragments production from each 

source. In the future, it will be essential to understand the relationship between tumor DNA 

release with tumor biology to accept the cfDNA as a clinical biomarker in cancer patients. 

The biology of cfDNA and the correlation between cfDNA characteristics and the clinical 

manifestations of disease must be studied more in extensive clinical studies. 

The study population must be chosen more specifically. It seems that tested biomarkers are 

more promising for the different courses of disease and have a less discriminatory diagnosis 

for healthy individuals. Hence, it is better to focus on patients' particular subgroups with 

different phases of the disease in future studies though, it is challenging to assemble a large 

cohort of patients, as many NENs are rare diseases. Additionally, the factors such as 

ethnicity, small sample size, unbalanced number, and age of the participants among groups 

may influence the results. The clinical impact of novel biomarkers needs to be further 

confirmed in larger-scale studies stratified by different ethnic and age NEN patients. 

It may be valuable that the control group includes two subgroups: healthy individuals with no 

cancer history and people with benign diseases of the corresponding organ systems. Benign 

and malignant diseases have clinical similarities. Consequently, the diagnosis can be difficult 

and the high rate of patients with benign conditions go on to tissue biopsy. A new biomarker 

with high sensitivity to discriminate benign from malignant disease prevents this invasive, 

costly, and risky procedure and all patients receive proper treatment. Thus, the detection of 

benign disease is most important for discriminatory diagnosis in further evaluations.  

To avoid confounders of the underlying disease, it would therefore be important for future 

studies to characterize the control group not only with respect to lifestyle factors, age, and 

sex but also for inflammatory or autoimmune disease e.g. by including additional markers like 

C-reactive protein. Furthermore, traditional neuroendocrine tumor markers like chromogranin 

A should also be included in a future confirmatory study and could potentially increase the 

diagnostic sensitivity in combination with cfDNA integrity and hypomethylation. 

Furthermore, this study only included patients one time and unfortunately, continuous 

monitoring was not performed. The long time monitoring (follow-up time) of subjects and 

investigating the patients with no symptoms or onset of symptoms should be considered. 
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There is always the risk of different errors in measurement that lead to different measured 

values from the true value. The one-time measuring can not be a mirror for the process of 

disease. Accordingly, continuous measuring may decrease this error analysis and also give a 

complete difference and new insight in disease development compared to one-time 

measuring. Thus, clinical monitoring should be added to assess whether the biomarkers can 

detect changing conditions. 

The future of tumor biomarkers might be a combination of traditional specific circulating 

biochemical and new-generation biomarkers, especially molecular (genetic) markers in non-

solid biological tissues. For the detection of metastatic, cfDNA, LIEN-1 cfDII and 

hypomethylation biomarkers in combination with CgA had the overall best diagnostic profile 

in our study suggesting the hope of a simple blood test as a possible secondary screen for 

NEN cancers. Future studies should investigate these biomarkers with each other or in 

combination with other circulating biomarkers such as miRNAs, mRNA transcripts, proteins, 

exosomes, metabolites, CTCs, or mitochondrial DNA as a novel biomarker in NEN patients. 

It looks that a combination of biomarkers and multianalyte analysis is more sensitive than 

monoanalytes especially for NEN, and might give new insight and improve clinical value. 

However, validation is still needed.  

To conclude, liquid biopsy analyzing cfDNA, cfDII and ALU hypomethylation had limited utility 

as a diagnostic marker in the evaluation of NEN patients. A liquid biopsy might be a useful 

prognostic and risk stratifying tool in patients with more aggressive NEN cancers. 
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6. Conclusion 
Cancer management through a non-invasive method like cfDNA analysis remains one of the 

most exciting goals. Improving the NEN cancer screening is crucial for timely discovery, 

prognosis, and monitoring for early relapse detection or treatment response.  

Plasma blood samples from NEN patients were examined to introduce a new biomarker via a 

noninvasive method.  

Collectively, the assessed biomarkers were informative for patients with disease different 

courses, but not the healthy individuals from patients, hence they are not suitable for the 

early diagnosis of NEN cancer. Also, the biomarkers did not show good efficiency to 

discriminate the patients with an early phase of the disease. The three tested biomarkers, i.e. 

cfDNA level, LINE-1 cfDII, and hypomethylation had acceptable results to differentiate 

patients with tumor G3. The best outcomes were obtained for the biomarkers when the 

different tumor loads were considered. Although, it seems that these biomarkers could not be 

helpful to detect tumor origin the potential value of cfDNA level or LINE-1 cfDII as a 

biomarker for tumor localization suggests being investigated with more patients in each 

subgroup. 

In detail, analysis of cfDNA level indicated that it might be a good marker for predicting 

survival and classification of risk for advanced NENs undergoing treatment. Although the 

cfDNA level was higher in mNETs than in healthy individuals, the discriminatory power was 

not satisfactory for clinical use. Since this biomarker was able to differentiate well between 

the patients with a G3 tumor or a high tumor burden, the inclusion of the cfDNA level would 

certainly be helpful in screening high-risk patients or during therapy to control progression. 

The fragmentation of the cfDNA, with the exception of the longer ALU fragments, will not be 

included in routine diagnostics due to the insignificant results. 

cfDNA integrity, measured on LINE-1, could significantly differentiate patients from healthy 

controls, and a significant reduction in integrity in relation to tumor differentiation and tumor 

burden could be demonstrated. In order to function as a singular biomarker, the potential to 

differentiate between healthy and patient is insufficient to be of clinical use. As a progression 

parameter and in combination with other biomarkers, however, cfDNA integrity is a promising 

biomarker for NEN diseases. 

ALU hypomethylation was not able to distinguish between patients and healthy controls.  But, 

ALU hypomethylation was the most promising candidate for assessing the clinical course 

and therapy monitoring of NENs. We were able to demonstrate the highest significance and 

potential for discrimination between the patients with the highest tumor burden, which 

unfortunately also accounts for the lowest number of patients. Therefore the results should 

be verified with a higher number of cases so that they can be recommended for clinical use. 

Therefore, ALU hypomethylation can be an interesting progression and therapy monitoring 

parameter, as well as a relapse predictor during follow-up care for NEN cancer. 

 

Interestingly, cfDNA and hypomethylation were correlated with each other and also with CgA 

levels. This relationship may support the benefit of these two biomarkers along with CgA.  

The combination of the tested, individual biomarkers increased the distinctive character 

necessary for clinical application. Combined detection of serum-CgA, cfDNA, LINE-1 cfDII, 

and hypomethylation levels could improve the diagnostic efficiency for patients with no tumor 

from other patients (AUC= 0.924; p< 0.0001) with a positive and negative predictive power of 
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90.91 and 66.67, respectively, suggesting this combination as a candidate for NENs 

underlying therapy. It seems this combination has more power than the common indicator of 

NENs, i.e CgA, to monitor the treatment efficiency or detect the residual tumor after surgery.  

This study's finding may open a perspective for NEN screening strategy combining molecular 

liquid biopsy and tissue biopsy. The combination of tissue biomarkers and cfDNA-based 

liquid biopsy test may complete the tissue biopsy and improve the sensitivity and specificity 

in an assessment in the future.  
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7. Summary  

7.1 Summary 

The current study is being conducted to determine whether plasma cfDNA, cfDNA 

hypomethylation, cfDNA integrity index or quantitative concentrations of ALU 115-, ALU 260-, 

LINE-1 97-, LINE-1 266-bp fragments can be robust biomarkers for the diagnosis and 

prognosis of NENs. The aim is to establish a new biomarker for the diagnosis and follow-up 

of NEN patients on a molecular basis. This study evaluates the efficiency of these suggested 

biomarkers in different phases of NEN cancer and the association between each biomarker 

and clinicopathological tumor characteristics. 

Methods: The cfDNA plasma samples originated from 62 patients, aged (33-87), with 

pathologically confirmed NEN, and 29 control, aged (24-77) years, from neuroendocrine 

patients without neoplastic diseases were evaluated. Depending on the disease, the patients 

were categorized into different groups to 47 patients with the metastatic NET disease 

(mNET), 8 nonmetastatic NET disease (non-mNET), and 7 NEC disease. Here, we examined 

the cfDNA plasma concentration, concentration of long and short cfDNA fragments measured 

via ALU and LINE-1 repetitive DNA elements, cfDNA integrity, and cfDNA hypomethylation. 

The integrity index was calculated using: the ALU 266/115 ratio and the LINE-1 266/97 ratio, 

based on the data obtained by real-time PCR. The cfDNA hypomethylation was assessed 

based on the methylation status of ALU and was considered representative of the global 

hypomethylation status. The discriminatory power of each logistic model was investigated 

using the area under the ROC curve (AUC). 

Results: cfDNA biomarker: NEN Patients, showed a higher, but not significant increase of 

cfDNA concentration in comparison to healthy controls. Dividing the study patients’ group to 

non-metastatic NET (none- mNET), metastatic NET (mNET) and NEC patients, a significant 

increase for mNET could be detected. Further analysis revealed, the more advanced the 

NEN disease, the higher the cfDNA level, leading to significant differences for controls to 

patients with a G3 tumor or a significant increase for patients with a moderate or high tumor 

burden.  ROC curve for discriminating patients with grade 3(G3) NENs from healthy subjects 

had an AUC of 0.80 (at 50% sensitivity and 100% specificity). The ROC curve for 

discriminating patients with moderate and high tumor burden displayed an AUC of 0.77 and 

for patients with high tumor burdens an AUC of 0.84 (at 75% sensitivity and 97.4% 

specificity). The analysis confirmed higher cfDNA levels in patients were associated with an 

increased risk of death. The patients with lung tumor origin had a higher quantity of cfDNA 

than patients with a primary tumor of the ileum. Fragment sizes biomarker: No significant 

difference was observed in levels of short and langer fragments between groups, but a 

significant decrease in ALU 260-bp fragment level was detected in samples with no tumor 

compared to large tumor burdens. ROC curve analysis showed a good distinguish accuracy 

between these two groups (AUC: 0.81, 100% sensitivity, and 52.6% specificity). cfDNA 

integrity index (cfDII) biomarker: We did not find any significant differences regarding ALU 

cfDII between the groups. In contrast, the LINE-1 cfDII was significantly decreased in plasma 

of NEN patients compared to healthy control, but it showed a low accuracy in ROC analysis 

(AUC=0.67). For LINE-1 cfDII, we could see in the more advanced the NEN disease, the 

lower the LINE-1 cfDII, leading to a good discriminatory AUC of 0.80 (at 90% sensitivity and 

69% specificity) for G3 classified tumors or an AUC of 0.83 (at 87.5% sensitivity and 71% 
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specificity) for patients with a high tumor burden to healthy controls. In addition, a lower 

LINE-1 cfDII was observed in patients with primary tumors in the small intestine than in 

patients with the primary tumor in the ileum. ALU hypomethylation biomarker: Significant 

higher hypomethylation was observed in patients with mNETs than patients with non-

mNETs, with a sensitivity of 87.5%  at 79.6%% specificity and an AUC of 0.87. Regarding 

tumor grade and tumor burden, the more advanced the disease, the higher was the 

measured hypomethylation level. A great discriminatory accuracy was calculated between 

patients with a high tumor burden and healthy or cured patients (AUC: 0.96; at 100% 

sensitivity and 86.8% specificity). A positive correlation between hypomethylation and CgA 

levels was detected. Combined biomarkers: With the multiparametric ROC curve analysis 

including cfDNA, hypomethylation, and CgA level as a biomarker, a great diagnostic 

accuracy between patients with mNET and NEC to patients with non-mNET could be 

calculated with 66.67% positive predictive and 90.91% negative predictive values 

(AUC:0.91).  

Conclusion: Current findings support the role of the tested biomarkers for prognosis, 

progressive and predictive, but not a diagnostic. The combination of tested biomarkers 

contributes to better efficiency relative to the single-use them. The novel biomarkers can be 

valuable biomarkers for the management of patients, optimal treatment, and open new 

therapy views correlated with sickness course. ALU hypomethylation was the most promising 

molecular marker that would be useful in monitoring patients for disease progression.  

However, these potential molecular biomarkers need clinical confirmation and more 

validation to use as a non-invasive tool for routine monitoring in a clinical setting. 
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7.2 Zusammenfassung 

In der aktuellen Studie wurde die Eignung von Plasma-cfDNA, cfDNA-Hypomethylierung, 

cfDNA-Integritätsindex oder quantitative Konzentrationen von ALU 115-, ALU 260-, LINE-1 

97-und LINE-1 266-bp-Fragmenten, als robuste Biomarker für die Diagnose und Prognose 

von Neuroendokrinen Neoplasien (NEN) untersucht. Die Studie bewertet die Effizienz dieser 

möglichen Biomarker- Kandidaten in verschiedenen Tumorstadien und den Zusammenhang 

zu den klinisch-pathologischen Eigenschaften der Patienten. Ziel ist die Etablierung eines 

neuen Biomarkers für die Diagnostik und Nachsorge von NEN-Patienten auf molekularer 

Basis.  

Methoden: Plasmaproben von 62 Patienten im Alter (33-87) mit pathologisch bestätigter 

NEN und 29 Kontrollproben im Alter (24-77) Jahre von neuroendokrinen Patienten ohne 

neoplastische Erkrankungen wurden entnommen. Die Einteilung der Patienten erfolgt 

anhand ihres Krankheitsbildes in folgende Gruppen: 47 Patienten mit metastasierter NET-

Erkrankung (mNET), 8 nicht metastasierte NET-Erkrankung (non-mNET) und 7 NEC-

Erkrankung. Untersucht wurden die cfDNA-Plasmakonzentration, die Konzentration von 

langen und kurzen cfDNA-Fragmenten, gemessen über ALU- und LINE-1-repetitiven DNA-

Elementen, die cfDNA-Integrität und die cfDNA-Hypomethylierung. Basierend auf den 

erhalten PCR-Daten wurde der Integritätsindex jeweils anhand dem Verhältnis von ALU 266 

zu ALU 115 und dem Verhältnis von LINE-1 266 zu LINE-1 97 berechnet. Die cfDNA-

Hypomethylierung wurde anhand des Methylierungsstatus von ALU bewertet und als 

repräsentativ für den globalen Hypomethylierungsstatus angesehen. Die Trennschärfe jedes 

logistischen Modells wurde anhand einer ROC-Kurve, über die AUC (Area under the curve) 

ausgewertet. 

Ergebnisse: cfDNA-Konzentration: NEN Patienten zeigten eine Erhöhung der cfDNA-

Konzentration im Vergleich zu gesunden Kontrollen (nicht sigifikant). Unterteilt man die 

Studienpatienten in nicht metastasierte NET (kein-mNET), metastasierte NET (mNET) und 

NEC-Patienten, konnte ein signifikanter Anstieg für mNET festgestellt werden. Weitere 

Analysen ergaben, dass der cfDNA-Spiegel mit dem Fortschreiten der NEN-Krankheit steigt. 

Es konnten signifikante Unterschiede zwischen Kontrollen und Patienten mit NEN Tumor 

Grad 3 (G3) bzw. ein signifikanter Anstieg bei Patienten mit mittlerer oder hoher Tumorlast 

gezeigt werden. Patienten mit NEN G3 konnten von gesunden Probanden in der ROC-

Analyse mit einem AUC von 0,80 unterschieden warden (bei 50% Sensitivität und 100% 

Spezifität). Für Patienten mit mittlerer und hoher Tumorlast konnte ein AUC von 0,77 und für 

Patienten mit hoher Tumorlast eine AUC von 0,84 ermittelt warden (bei 75% Sensitivität und 

97.4% Spezifität). Die Analyse bestätigte, dass höhere cfDNA-Spiegel mit einem erhöhten 

Sterberisiko bei NEN Patienten verbunden sind. Patienten mit Primärtumor der Lunge hatten 

eine höhere cfDNA Konzentration, als Patienten mit einem Primärtumor des Ileums. cfDNA 

Fragmentenlänge: Zwischen den Gruppen wurde kein signifikanter Unterschied in der Menge 

kurzer und langer LINE-1 Fragmente beobachtet.  Patienten zeigten eine signifikant 

niedrigere ALU-260-bp-Fragmentmenge im Vergleich zur Kontrollgruppe, mit einer 

Trennschärfe von AUC 0,81 (bei 100% Sensitivität und 52,6% Spezifität). cfDNA-

Integritätsindex (cfDII): Wir fanden keine signifikanten Unterschiede bezüglich ALU cfDII 

zwischen den Gruppen. Im Gegensatz dazu war LINE-1 cfDII im Plasma von NEN-Patienten, 

verglichen zur gesunden Kontrollgruppe, signifikant erniedrigt, zeigte jedoch eine geringe 

Genauigkeit in der ROC-Analyse (AUC:0,67). Je weiter fortgeschritten die NEN-Krankheit, 

desto niedriger ist die LINE-1 cfDII, was zu einer guten Trennschärfe in der ROC-Kurve führt 
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(AUC:0,80 für Tumorgrad G3 - Kontrollen bei 90% Sensitivität und 69% Spezifität / AUC:0,83 

bei 87,5% Sensitivität und 71% Spezifität für hohe Tumorlast – Kontrollen). Darüber hinaus 

wurde bei Patienten mit Primärtumor im Dünndarm ein niedrigerer LINE-1 cfDII beobachtet, 

als bei Patienten mit Primärtumor im Ileum. ALU-Hypomethylierung: Bei Patienten mit 

mNETs wurde eine signifikant höhere Hypomethylierung beobachtet als bei Patienten mit 

Nicht-mNETs, mit einer Sensitivität von 87,5% bei einer Spezifität von 79,6%%  und einer 

gemessenen AUC von 0,87. Bezüglich Tumorgrad und Tumorlast war die gemessene 

Hypomethylierung umso höher, je weiter die Erkrankung fortgeschritten war. Es wurde eine 

hohe Trennschärfe zwischen Patienten mit hoher Tumorlast und gesunden bzw. geheilten 

Patienten berechnet (AUC: 0,96 bei 100% Sensitivität und 86,8% Spezifität). Es wurde eine 

positive Korrelation zwischen Hypomethylierung und CgA-Spiegeln festgestellt. Kombinierte 

Biomarker: Anhand multiparametrischer ROC-Kurvenanalyse, mit cfDNA, Hypomethylierung 

und CgA-Spiegel als Biomarker, konnte eine hohe diagnostische Genauigkeit zwischen 

Patienten mit mNET und NEC zu Patienten mit Nicht-mNETs mit 66,67 % positiven 

prädiktiven und 90,91 % negativen prädiktiven Werten berechnet werden (AUC:0,91). 

Schlussfolgerung: Aktuelle Erkenntnisse unterstützen die Rolle der getesteten Biomarker für 

die Prognose, Progredienz und Prädiktion, aber nicht für die Diagnose. Die Kombination der 

getesteten Biomarker trägt zu einer besseren Effizienz im Vergleich zu den Einwegmarkern 

bei. Die neuartigen Biomarker können wertvolle Biomarker für das Patientenmanagement 

und die optimale Behandlung sein und neue, mit dem Krankheitsverlauf korrelierte 

Therapieperspektiven eröffnen. ALU-Hypomethylierung war der vielversprechendste 

molekulare Marker, der sich zur Überwachung der Patienten hinsichtlich einer Progression 

der Erkrankung eignen würde. Weitere klinische Bestätigung und genauere Validierung sind 

nötig, um diese potenziellen molekularen Biomarker als nicht-invasives Werkzeug für die 

routinemäßige Überwachung in einer klinischen Umgebung anwenden zu können. 
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9. Appendix 
 

Table 19.The cfDNA concentration in the other studies 

Reference Groups cfDNA Source cfDNA concentration (median) 

322 healthy subjects Plasma 14 ng/mL 

75 unselected cancer 

healthy subjects 

Plasma 219 ng/mL 

3.7 ng/mL 

323 healthy subjects 

non-malignant diseases 

unselected cancer 

Plasma 7ng/ml 

16ng/ml 

59ng/ml 

324 

 

pancreatic cancer 

chronic pancreatitis 

Serum 730 ng/mL 

560 ng/mL 

325 pancreas adenocarcinoma 

other pancreato-biliary 

malignant tumors 

chronic pancreatitis 

Plasma 568 ng/mL 

462 ng/mL 

 

343 ng/mL 

326 

 

lymphoma patients 

healthy subjects 

Plasma 256 ng/mL 

44 ng/mL 

327 breast cancer 

healthy women 

Plasma 211 ng/mL 

21 ng/mL 

328 

 

 

colorectal cancer 

 

 

 

healthy subjects 

Serum 560 ng/mL    stage I 

720 ng/mL     stage II 

609 ng/mL     stage III 

769 ng/mL     stage IV 

320 ng/mL 

184 

 

healthy subjects 

benign prostate hyperplasia 

prostate cancer, pN0M0 

prostate cancer, pN1M0 

prostate cancer, M1 

Plasma 20 ng/mL 

28 ng/mL 

20 ng/mL 

26 ng/mL 

41 ng/mL 
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182 colorectal cancer 

healthy subjects 

Serum 868 ng/mL 

7 ng/mL 

329 ovarian cancer 

Healthy subjects 

benign ovarian neoplasm 

Plasma 10113 GE/mL 

1912 GE/mL 

2365 GE/mL 

330 ovarian cancer 

healthy subjects 

benign tumor 

Serum 811.4 ng/mL 

197.2 ng/mL 

199.9 ng/mL 

97 brain metastasis 

glioblastoma 

healthy subjects 

Serum 588 ng/mL 

286 ng/mL 

40 ng/mL 

 # (GE/mL genome equivalents/milliliter) 
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Table 20. The cfDNA integrity index in the other studies 

Reference Case Control 

Gene 

(bp) 

Cancer type 
cfDNA 

Source 

Case 

value 

Control 

value 
P 

78 61 65* 
ACTB 

400/100 
Mixed Plasma 

0.66 

(0.42–

0.90) 

0.14 

(0.06–

0.28) 

<0.0001 

123 

32 

19 

51 
ALU 

247/115 

Colorectal 

Periampullary 

Serum 

 

0.22 ± 

0.02 

0.25 ± 

0.03 

0.13± 

0.01 

0.13± 

0.01 

<0.05 

<0.05 

152 51 51 
ALU 

247/115 
Breast Serum 

0.25 ± 

0.03 

0.13 ± 

0.01 
<0.05 

77 58 47 
ACTB 

400/100 

Head and 

neck 
Plasma 

0.24 

(0.11–

0.38) 

−2.24 

(−2.92−1.

56) 

<0.0001 

245 

40 

40 

17* 

15* 

Gene 

347/137 

 

Mixed 

 

Plasma 

Serum 

0.46 

(0.15–

1.44) 

0.43 

(0.06–

1.28) 

0.56 

(0.15–

2.07) 

0.33 

(0.10–

0.75) 

0.53 

0.1 

186 74 35 
ACTB 

384/106 

Testicular 

germ cell 
Serum 

0.41 

(0.43–

0.48) 

0.98 

(0.57–

1.40) 

<0.001 

258 25 25* 
ALU 

247/115 

Hepatocellula

r 
Serum 

0.34 ± 

0.07 

0.20 ± 

0.02 
0.001 

254 60 30 
ACTB 

384/106 

Acute 

leukemia 
Plasma 

0.51 

(0.11–

0.92) 

0.18 

(0.07–

0.37) 

<0.001 

255 35 54 
ACTB 

384/106 
Renal cell Serum 1.074 0.716 0.04 
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256 57 34 

APP 

180/67 

APP 

306/67 

APP 

476/67 

Melanoma Plasma 

0.8 ± 

0.05 

0.3 ± 

0.03 

0.2 ± 

0.03 

0.5 ± 

0.04 

0.2 ± 

0.02 

0.1 ± 

0.01 

<0.001 

0.008 

0.002 

248 

24 

24 

24 

24 

35 

26* 

35 

26* 

ALU 

115/247 

Colorectal Plasma 

14.02 

11.89 

10.01 

10.01 

<0.001 

0.043 

LINE-1 

79/300 

9.11 

7.76 

6.67 

6.67 

0.001 

0.033 

259 

80 

80 

50 

80* 

ACTB 

400/100 

ACTB 

400/100 

Hepatocellula

r carcinoma 
Serum 

0.41 ± 

0.18 

0.41 ± 

0.18 

0.15 ± 

0.12 

0.23 ± 

0.12 

<0.001 

<0.001 

260 

 

143 84 
ACTB 

384/106 
Bladder Serum 0.69 0.36 <0.001 

242 39 49 

ALU 

247/115 

Breast Plasma 0.62 0.33 0.0002 

257 76 63 
APP 

180/67 
Melanoma Plasma 

0.75 

(0.07–

2.57) 

0.46 

(0.09–

1.81) 

<0.0001 

261 70 22 
ALU 

247/115 
Glioma Serum 

0.64 ± 

0.14 

0.59 ± 

0.21 
0.067 

263 71 33* 
ALU 

247/115 
Prostate Plasma 

0.34 ± 

0.12 

0.23 ± 

0.09 
<0.001 

251 104 110 
ALU 

247/115 
Colorectal Serum 

0.62 

(0.51–

0.65) 

0.38 

(0.29–

0.49) 

<0.0001 

57 82 100 

ALU 

260/111 

LINE-1 

266/97 

Breast Plasma 

0.62 

0.48 

0.65 

0.50 

0.046 

0.041 

331 24 24 
ALU 

247/115 
Colorectal Serum 1.31 1.07 0.005 
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243 

 

65 

 

28 

12* 

 

ALU 

247/115 

ALU 

247/115 

Breast 

 

Plasma 

 

 

 

1.1 

(0.6–

1.7) 

1.2 (0.5–

9.3) 

0.9 (0.5-

1.1) 

<0.0001 

 

 

234 148 51 

ALU 

247/115 

Breast Serum 
0.56 ± 

0.24 

0.35 ± 

0.27 

< 0.001 

115 95 

70 

95* 

Beta-actin 

400/100 

Breast Plasma 
0.72 ± 

0.23 

0.15 ± 

0.11 

0.28 ± 

0.18 

<0.001 

332 50 

20 

10* 

ALU 

247/115 
Colorectal Serum 

1.54 

(0.7–

3.1) 

0.3 (0.2–

1.9) 

0.17 

(0.1–

1.35) 

<0.001 

237 50 

25* 

30 

ALU 

247/115 
Prostate Plasma 

0.29 

(0.16–

0.43) 

0.10 

(0.06–

0.15) 

0.03 

(0.01–

0.05) 

<0.001 

<0.001 

148 53 

22 

15* 

ALU 

247/115 

Hepatocellula

r 
Plasma 

0.55 

(0.20–

1.20) 

0.69 

(0.49–

0.99) 

0.68 

(0.41–

1.03) 

0.003 

0.017 
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249 79 10 

HER2, 

295/ 126 

BCAS1 

266/129 

MYC 

264/128 

PIK3CA 

274/129 

Breast Serum 

0.23 

0.29 

0.41 

0.092 

0.35 

0.52 

0.66 

0.36 

0.33 

0.002 

0.03 

0.004 

 

* The controls have benign disease.  

Lower cfDII in cancer patients is shown in bold. 
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