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Circulating Biomarkers: 
Biological Basis, Methods, 
and Interpretation Criteria

Stefan Holdenrieder

3.1  Biological Basis and Use 
of Biomarkers

Biological markers are alterations on the cellular, 
biochemical, or molecular level that can be objec-
tively measured in the tissue, blood, or other 
bodily fluids and that indicate a physiological or 
pathophysiological condition or a response to a 
therapeutic intervention [1, 2]. Biomarkers are 
frequently used for multiple indications such as 
risk assessment or prediction of a disease, diag-
nosis, estimating prognosis, or monitoring the 
disease course during or after therapy. Thereby 
they complement other diagnostic approaches 
such as imaging or clinical exams. Blood or body 
fluid biomarkers comprise cells, cellular parti-
cles, and diverse molecules such as proteins, pep-
tides, amino acids, carbohydrates, lipids, nucleic 
acids, drugs, and others. In cancer disease, cell 
surface and secreted proteins and peptides are 
most frequently used. Newer approaches include 
circulating nucleic acids that are released from 
cancer cells into plasma and serum (CNAPS) 
such as cell-free tumor DNA (ctDNA) with its 
genetic or epigenetic characteristics, gene expres-

sion fingerprints, as well as patterns of regulative 
noncoding RNAs (miRNAs and lncRNAs). These 
markers can also be extracted from circulating 
cancer cells and exosomes that constitute an 
enrichment compartment for cancer-specific 
markers [3, 4]. To detect and quantify biomarkers 
reliably, highly sensitive and specific techniques 
are needed, and rigorous quality controls have to 
be performed in laboratories dedicated to patient 
diagnostics.

This chapter focusses on blood-based bio-
markers that are in use for the diagnosis and man-
agement of patients with neuroendocrine tumors. 
While definitive diagnosis still requires imaging 
and tissue exams, this approach has several 
advantages as blood drawing is only minimal 
invasive and can be done serially in individuals. 
Furthermore, analyses are objective, quantitative, 
highly sensitive, robust, cost-effective, and highly 
quality controlled. During course of cancer dis-
ease, biomarkers that circulate in the blood can 
be employed to answer many questions that are 
highly relevant for the management of health and 
disease in a specific person. In detail they are 
applied for the following indications (Fig. 3.1):

• The screening of presumably healthy persons 
(without any symptoms)

• The monitoring of persons at risk for cancer 
disease (but without symptoms)

• The risk estimation of a person with suspi-
cious symptoms or signs

S. Holdenrieder, M.D.
Institute of Laboratory Medicine, German Heart 
Center Munich, Clinic at the Technical University 
Munich, Munich, Germany
e-mail: Holdenrieder@dhm.mhn.de

3

https://doi.org/10.1007/978-3-319-62506-5_3
mailto:Holdenrieder@dhm.mhn.de


40

• The definitive estimation of differential diag-
nosis in persons with specific symptoms

• The estimation of severeness (and staging) of 
a cancer disease

• The estimation of prognosis in patients with a 
defined cancer diagnosis

• The stratification of cancer patients for a spe-
cific therapy

• The monitoring of the response to anticancer 
therapy

• The early estimation of therapy response as a 
special application

• The monitoring of a patient after the primary 
therapy

• The early detection of recurrent disease

In cancer patients, one-time biomarker deter-
minations (often a combination of several mark-
ers) are performed for (1) screening purposes, 
(2) supporting differential diagnosis, and (3) 
estimating prognosis. In contrast, the monitor-
ing of serial biomarker testings is mostly applied 

for (1) the screening of patients who are at risk 
for cancer disease, (2) the monitoring response 
to local or systemic therapies, and (3) the early 
detection of disease recurrence after the pri-
mary therapy has been finished. Newer bio-
markers such as CNAPS markers are highly 
meaningful as companion diagnostics to stratify 
patients for a newly developed targeted therapy 
and to monitor the responsiveness of this ther-
apy as well as for the detection of drug resis-
tance and biochemical recurrence in order to 
enable an early and specific therapy adaptation 
on an individual basis [5].

3.2  Methods and Quality 
Requirements 
for Biomarkers

In order to give reliable and meaningful results 
that can be used for patient guidance, circulating 
biomarkers and the methods that are applied for 
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Fig. 3.1 Blood-based biomarkers can be used for many 
indications during the course of cancer disease, for (1) 
cancer detection and differential diagnosis, (2) estimation 
of prognosis, (3) prediction and monitoring of therapy 
response, (4) early detection of therapy resistance and of 

recurrent disease. Biomarker changes in relation to indi-
vidual baseline values often sensitively mirror the course 
of disease. Cancer screening is the most challenging indi-
cation for circulating biomarkers (Adapted from [5]; with 
permission from Springer)
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their determination have to fulfill the highest 
methodical, preanalytical, and clinical quality 
criteria if they are to be implemented into patient 
care. There are several methodical preconditions 
biomarker assays have to meet [6, 7], among 
others:

• A high analytical sensitivity (the analyte is 
detected at very low concentrations)

• A high analytical specificity (only the analyte 
is measured)

• A high accuracy including a high intra- and 
between-run imprecision

• A high recovery and dilution linearity in the 
given matrix

• A high robustness against potentially disturb-
ing factors

Analytical performance of the assays has to be 
regularly controlled by internal and external 
quality controls.

Preanalytical aspects may greatly influence 
the results of biomarker measurements. 
Therefore, preanalytics should be standardized 
for routine diagnostics as well as for study set-
tings. The following aspects have to be 
considered:

• The conditions of the patient and the blood 
drawing

 (time, fasting, position of the patient, tourni-
quet time, type of needle, etc.)

• The conditions of the material
 (type of blood matrix, i.e., serum or plasma, 

additives, tubes, volumes, etc.)
• The conditions of the transport to the lab 

(time, temperature, pneumatic delivery, etc.)
• The conditions of the centrifugation (time, 

temperature, speed, braking, etc.)
• The conditions of the sample handling
 (storage time, temperature, extraction, deep 

freezing, thawing frequency, etc.)

Potentially influencing preanalytical fac-
tors have to be considered prior to marker 
analysis as well as for the interpretation of 
marker results [5, 6].

3.3  Clinical Performance 
of Biomarkers

If biomarkers are applied to diverse clinical indi-
cations, some measures are informative about 
their clinical performance. For differential diag-
nosis of cancer disease, the clinical sensitivity 
and specificity of cancer biomarkers are greatly 
meaningful. The sensitivity indicates the percent-
age of positive results in the cancer patient group 
while the specificity is the percentage of negative 
results in the control group. Because for many 
cancer biomarkers the value ranges of cases and 
controls often overlap, it is hardly possible to 
define optimal cutoffs that enable cancer detec-
tion with 100% sensitivity and specificity. This is 
even more difficult if cancer patients are to be 
distinguished from the differential diagnostically 
relevant group of patients with organ-related 
nonmalignant diseases [8].

The diagnostic performance of a biomarker 
can best be demonstrated by receiver-operating 
characteristic (ROC) curves showing the com-
plete profile of sensitivity and specificity. This 
graph gives the sensitivity and specificity at all 
possible cutoff points and is highly informative 
when the performances of different biomarkers 
are compared with each other. Meaningful mea-
sures are (1) the area under the curve (AUC), (2) 
the sensitivity at a defined specificity (e.g., 95%), 
or (3) an optimized sensitivity-specificity combi-
nation illustrated by the point closest to the left 
upper corner (Fig. 3.2). Most important is the 
choice of the groups that are compared by ROC 
curves. Best results are obtained if patients with 
advanced cancer disease are compared with 
young healthy individuals. However, in the clini-
cal situation, it is more meaningful to distinguish 
coeval persons with suspicious symptoms who 
may suffer from an early cancer or a nonmalig-
nant pathology. In these cases, the curves often 
will be less optimistic [8, 9].

Beyond diagnostic applications, ROC curves 
are also used to illustrate the performance of a 
biomarker for the staging of disease (e.g., early 
stage cancer vs. metastatic cancer) or for the 
staging of therapy response (e.g., remission vs. 
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non-remission). In the monitoring of disease, 
also kinetic information (increases or decreases 
of marker values) are used as marker variables.

It has to be pointed out that for screening 
purposes the positive and negative predictive 
values (PPV and NPV) are more important 
than the sensitivity and specificity. While PPV 
indicates the probability of disease if the value 
is positive, NPV gives the probability of being 
disease-free if the value is negative. This mea-
sure also takes the prevalence of a disease into 
account. Because the prevalence for cancer 
diseases in the normal population is quite low, 
PPV may be low even if the sensitivity and 
specificity are higher than 90%. Further, pre-
dictive values are informative if patients are 
stratified for specific therapies and responses 
are anticipated [5].

While prediction always relies to the response 
of a specific therapy, prognosis is related to the 
time of disease-free (DFS), progression-free 
(PFS), or overall survival (OS). Clinical and bio-
marker values can be obtained before or during a 
therapy. When monitoring therapy response, bio-

marker information that is available at the same 
time as the radiological staging can support the 
accurate estimation of the individual therapy 
response. If the information is available prior to 
the radiological staging, i.e., after one application 
of chemotherapy, the biomarker determination 
leads to a time advantage in terms of early esti-
mation of therapy response that would enable an 
early and individual adaptation of the therapy 
strategy.

When a new cancer biomarker is evaluated on 
its clinical performance, a relevant number of 
patients with the target cancer disease have to be 
compared with healthy controls and patients with 
the organ-related benign diseases that are rele-
vant for differential diagnosis [8, 10]. To get a 
whole picture of the usefulness of a biomarker, 
further cancer diseases and benign diseases that 
are involved in the marker catabolism such as 
renal and hepatic disorders have to be included as 
well. For therapy monitoring studies, a meaning-
ful number of patients with a certain cancer that 
undergo a homogeneous type of therapy with 
favorable and non-favorable outcome have to be 
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Fig. 3.2 Levels of many cancer biomarkers overlap with 
those from healthy individuals. Receiver-operating char-
acteristic (ROC) curves are an elegant tool to illustrate the 
diagnostic performance of a biomarker over the whole 
value range. To establish the ROC curve, the percentages 
of correctly negative controls (specificity) and correctly 
positive cancer patients (sensitivity) are delineated for all 
possible cutoff points (decreasing stepwise from 100% 

specificity) and transferred to the scheme. The area under 
the curve (AUC) and the sensitivity at a fixed specificity 
(e.g. 95%) are most informative measures for the com-
parison of diverse diagnostic biomarkers. As control 
groups, healthy individuals and patients with benign 
organ-related diseases that are relevant for differential 
diagnosis are considered (Adapted from [5]; with permis-
sion from Springer)
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considered. Recently published guidelines sup-
port the professional validation of biomarkers for 
diagnostic and monitoring purposes [11, 12] as 
well as for the development and incorporation of 
biomarker studies in early clinical trials [7].

A new biomarker will only be implemented 
into patient care if it is superior to existing bio-
markers or offers additive diagnostic, predic-
tive, or monitoring information. Therefore, 
new biomarkers should always be compared 
with those that currently are used in clinical 
routine [8, 10]. Although only few single mark-
ers demonstrate a clear and reproducible 
advantage in these tough comparisons, the 
combination of multiple biomarkers could lead 
to a significant improvement of sensitivity and 
specificity. These combinations may result 
from a bottom-up approach that assembles bio-
logically complementary markers or from a 
top-down approach that extracts meaningful 
markers out of a plentitude of markers. While 
the first approach is supported by logistic 
regression, supporter vector machine, or neu-
ronal network models, the latter one often 
comprises cluster analysis or even more com-
plex algorithms. In all cases a validation in an 
independent patient set is paramount to con-
firm the findings [5].

3.4  Monitoring Cancer Disease 
by Biomarkers

In order to monitor the state of cancer disease or 
response to anticancer therapy, biomarkers are 
frequently determined when clear clinical cor-
relates are present, e.g., after tumor resection, at 
time of recurrent disease, before start of sys-
temic therapies, and at time of radiological stag-
ing. Then biomarker levels are ideally assumed 
to be only influenced by disease activity or ther-
apy response. However, it is necessary to 
develop rules which changes of biomarker lev-
els are relevant for clinical decision making for 
the markers are implemented into clinical rou-
tine. For the individual interpretation of marker 
changes over time, several aspects have to be 
considered:

• The biological variation of a biomarker in 
individual patients

• The role of influencing factors
• The disease state when the therapy is applied
• The type of therapeutic interventions
• The monitoring schedule for a biomarker and 

the data interpretation
• The accuracy of biomarker monitoring and its 

consequences for patient management

For some biochemical markers, it is well 
known that their blood concentrations depend 
on age, gender, and ethnicity and can vary due 
to diurnal, mensal, annual, or other cycles. 
Further influencing factors are fasting; hydra-
tion; medication; the position at blood drawing; 
marker- specific factors such as stress, sports, 
etc.; and comorbidities or drug-related immune 
reactions. Although influencing factors cannot 
be ruled out completely, standardized proce-
dures for blood collection are recommended [5, 
7]. As heterogeneity among individuals is con-
siderable for many markers, relative marker 
changes on an individual basis are preferred to 
absolute cutoff rules orientated at diseased 
patient groups.

Disease states of cancer patients may be very 
different including (1) local manifestations, (2) 
dissemination to distant lymph nodes or other 
sites in the body, (3) recurrences, or (4) continu-
ous progressions. All these states have in com-
mon the presence of malignant masses that 
should be reduced by the therapy.

Treatment options comprise the local tumor 
eradication such as by surgery, external or inter-
nal radiotherapy, or local application of cytotoxic 
drugs and further systemic approaches if the can-
cer disease is already in an advanced stage, such 
as endocrine therapies, cytotoxic chemo- or 
radiotherapies, biological (targeted) therapies, 
and immune, gene, vaccine, or other therapies. 
All these therapies are assumed to reduce the 
tumor mass with different velocities suggesting a 
differentiated monitoring plan for each situation. 
This applies also to the different types of treat-
ment strategies like neoadjuvant therapy before 
surgery, as well as primary, recurrent, or pallia-
tive therapy without surgery.

3 Circulating Biomarkers: Biological Basis, Methods, and Interpretation Criteria
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Sometimes no direct evidence of cancer dis-
ease is present, e.g., when monitoring is applied 
in (1) individuals at risk of developing cancer dis-
ease and (2) in patients after successful tumor 
eradication. Although biomarker monitoring has 
not been widely established in routine patient 
management, a sensitive detection of microme-
tastases could trigger early intervention trials that 
lead to improved tumor control and better out-
comes in recurrent or advanced tumor stages [8].

To guide the individual patient management 
by biomarkers, a prospective scenario of appro-
priate determination intervals has to be defined 
that allows the sensitive and accurate estimation 
of therapy response or tumor (re)occurrence. 
These intervals depend on the one hand side on 
the efficiency of the therapy and on the other 
hand side on the expected half-life of the bio-
marker response.

It is recommended that biomarker assessments 
are not only done at the regular stagings with 
imaging exams but do also cover the initial phase 
of the therapy, e.g., the first hours or days after 
the initial treatment application but at least prior 
to every new therapy cycle, to enable a very early 
estimation of the biochemical response. Then 
they offer a real-time advantage over conven-
tional strategies and may trigger an early adapta-
tion of the therapeutic plan. This may be 
beneficial for the patient in terms of more effi-
cient therapies, less toxic side effects and comor-
bidities, and considerable cost reduction [5].

Generally, there are three major indications 
for the early estimation of therapy response:

• Monitoring the completeness of surgical 
tumor eradication and potentially suggesting 
adjuvant therapies

• Monitoring response to systemic therapies 
(neoadjuvant, primary, palliative) and poten-
tially suggesting alternative or additional 
therapies

• Monitoring resistance to a part of the (tar-
geted) therapies and potentially suggesting an 
alternative approach

For patients presenting with no evidence of 
disease (NED) who are monitored to early detect 

micrometastases or recurrence of cancer disease, 
the intervals will depend on the reoccurrence 
probability of the tumor and the regular follow-
 up program [13]. Nevertheless, the intervals 
should be close enough not to miss incidental 
recurrences and to offer a real-time advantage to 
regular radiological exams. However, biomarker 
monitoring will only be implemented into stan-
dardized patient guidance programs if it leads to 
earlier therapeutic interventions and to a clear 
benefit in terms of better overall survival and life 
quality [5].

3.5  Biomarkers 
in Neuroendocrine 
Tumors (NETs)

Neuroendocrine tumors (NET) display a very 
heterogeneous group of neoplastic diseases with 
respect to their localization, morphology, histol-
ogy, and biochemical and clinical characteristics. 
They are quite rare with an incidence of 2–5 
cases per 100,000 population. They can be subdi-
vided into well-differentiated grade 1 and 2 NETs 
and poorly differentiated grade 3 neuroendocrine 
cancers. Often clinical symptoms of NETs are 
non-specific or appear only late leading to their 
diagnosis in an advanced stage of disease [14]. 
Around two thirds of NETs are localized in the 
gastroenteropancreatic tract (GEP) such as carci-
noids, gastrinoma, insulinoma, vipoma, or glu-
cagenoma. Other types of NETs develop in the 
lung such as small cell lung cancer (SCLC) and 
some large cell lung cancer types and in other 
organs like the medullary C-cell cancer in the 
thyroid or neuroendocrine subtypes of prostate 
cancer. Some of them grow locally, while others 
show a disseminating growth pattern with multi-
ple manifestations. One feature they have in 
 common is the production of peptide hormones, 
prohormones, or neuropeptides with paracrine or 
endocrine effects. These can be measured as 
cancer- associated biomarkers in the tissue, blood, 
urine, or other bodily fluids and support the diag-
nosis and monitoring of neuroendocrine cancer 
disease [2, 14]. Among the monoanalytes that are 
used in NET diagnostics, there are more general 

S. Holdenrieder



45

neuroendocrine biomarkers such as chromo-
granin A (CgA), neuron-specific enolase (NSE), 
progastrin-releasing peptide (ProGRP), NT-pro- 
brain natriuretic peptide (NT-proBNP), and cyto-
kine markers released from diverse NETs. In 
addition, there are markers with higher specific-
ity for one NET subtype such as serotonin and 
urine 5-hydroxyindoleacetic acid (5-HIAA) for 
carcinoids (APUDoma), gastrin for gastrinoma, 
glucagon for glucagenoma, insulin and C-peptide 
for insulinoma, vasoactive intestinal peptide 
(VIP) for vipoma, pancreatic polypeptide (PP) 
for pancreatic NETs, and calcitonin for medul-
lary C-cell carcinoma of the thyroid, as well as 
diverse markers in neuroendocrine tumors of the 
pituitary gland or ectopic manifestations thereof 
(Table 3.1). These markers can also be elevated in 
combination, particularly in the case of multiple 
endocrine neoplasias (MEN) [2, 14].

Most analytical and clinical evidence is avail-
able for the biomarkers CgA, NSE, and 
ProGRP. Chromogranin A is a 68 kDa acidic gly-
coprotein that is most frequently used for the 
diagnosis of GEP-NETs. It is expressed in secre-
tory dense core granules of neuroendocrine cells 
and is released upon stimulation along with other 

peptide hormones and neuropeptides. As there 
are various forms of CgA, specificity and affinity 
of antibodies used in the immunoassays are 
essential for detection of CgA subtypes [14]. 
Sensitivity for NET detection ranges between 60 
and 80% depending on primary site, grade, and 
status of the disease. It is mainly elevated in car-
cinoids and other ileal or pancreatic NETs and 
correlates with tumor burden, presence of metas-
tases, recurrence, and prognosis. For interpreta-
tion of CgA results, it has to be considered that 
non-specific elevations are seen in patients with 
renal failure, cardiac diseases, inflammatory dis-
orders, and other types of cancer as well as in 
patients treated with proton pump inhibitors  
[2, 14].

Neuron-specific enolase (NSE) is a 100 kDa 
glycolytic enzyme that is present in neurons and 
neuroendocrine cells. It is a sensitive biomarker 
for the diagnosis and therapy monitoring of 
small cell lung cancer. Moreover, it is used for 
diagnosis of other NETs as well as in neuroblas-
toma and Wilms tumors of pediatric patients 
[15]. Thereby NSE correlates with tumor bur-
den, poor histological differentiation, and high 
cellular turnover. NSE is a cytoplasmic enzyme 

Table 3.1 Biomarkers that are used in the diagnosis or monitoring of neuroendocrine tumors (NETs)

Biomarker MW Diseases

Chromogranin A 68 kDa Diverse, particularly gastroenteropancreatic 
(GEP)-NETs

Neuron-specific enolase (NSE) 100 kDa Diverse, particularly bronchopulmonic 
NETs

Progastrin-releasing peptide (ProGRP) 125 AA, 16.2 kDa Diverse, particularly bronchopulmonic and 
medullary C-cell NETs

NT-pro-brain natriuretic peptide 
(NT-ProBNP)

76 AA, 8.5 kDa Carcinoid heart disease

Cytokeratin fragments (e.g., CYFRA 
21-1)

36 kDa Diverse NETs, also epithelial cancers

Serotonin 1 AA, 0.2 kDa Carcinoid

5-hydroxyindoleacetic acid (5-HIAA) 1 AA, 0.2 kDa Carcinoid

Gastrin 17 AA, 2.1 kDa Gastrinoma, Zollinger-Ellison-Syndrome

Glucagon 29 AA, 3.5 kDa Glucagenoma

Insulin (and Proinsulin) 51 AA, 5.7 kDa Insulinoma

C-peptide 31 AA, 3.0 kDa Insulinoma

Vasoactive intestinal peptide (VIP) 28 AA VIPoma

Pancreatic polypeptide (PP) 36 AA, 4.2 kDa Pancreatic NETs

Calcitonin 32 AA Medullary C-cell carcinoma of the thyroid
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that is not actively secreted and has a lower sen-
sitivity for the diagnosis of GEP-NETs (30–
50%) as compared with CgA. Beyond these 
indications, NSE can also be elevated in various 
solid tumors particularly in metastatic stages. In 
addition, it is non-specifically increased in 
benign lung diseases, uremia, and neurodestruc-
tive diseases such as stroke, trauma, etc. 
Accurate preanalytic sample handling is essen-
tial for NSE interpretation as erythrocytes con-
tain high concentrations of NSE and hemolysis 
may cause false-positive results [15].

ProGRP is a 16 kDa precursor protein of 
gastrin- releasing peptide (GRP). In contrast to 27 
amino acidic GRP with a half time of 2 min in 
serum, recombinant ProGRP (31–98) with 125 
amino acids is much more stable in the blood. 
ProGRP is the most specific and sensitive marker 
for the differential diagnosis of neuroendocrine 
lung cancers, particularly SCLC. It is one of the 
few tumor markers that is almost exclusively 
released from one tumor type in high concentra-
tions and is considered as diagnostic marker of 
SCLC if values are >300 pg/mL [8, 16]. Solely 
patients with medullary C-cell cancer of the thy-
roid and other neuroendocrine cancers may 
achieve similar high value levels at times [17]. In 
other cancer types or in nonmalignant conditions, 
only occasionally slight elevations up to 100 pg/
mL are observed. However, renal failure is a 
well-recognized source of false-positive results 
which has to be taken into consideration for inter-
pretation of ProGRP values [8, 16]. Further, dif-
ferences with regard to the preanalytic stability of 
serum samples are observed for some immunoas-
says [17].

3.6  Diagnostic Performance 
of Monoanalytes in NETs

In a comprehensive study on patients with 
GEP- NETs, CgA has shown superior diagnos-
tic performance in grade 1 and 2 NET and large 
cell neuroendocrine cancer (LCNEC) with 
AUCs of 0.86, 0.91, and 0.90 when compared 
with healthy controls followed by cytokeratin 
fragments (AUC 0.76, 0.86, 0.88) and NSE 

(AUC 0.54, 0.80, 0.83). CgA was strongly ele-
vated in all three NET stages, while cytokera-
tins and NSE mainly increased in G2 NET and 
LCNEC; in consequence cytokeratins were 
prognostic in all stages, NSE only in LCNECs 
in multivariate analyses. ProGRP had no diag-
nostic relevance in GEP- NETs. However, in 
patients with small cell neuroendocrine cancer 
mainly in the lung, ProGRP was the most sen-
sitive marker (AUC 0.86) particularly at high 
specificities (73% sensitivity at 95% specific-
ity) followed by cytokeratins (AUC 0.87), NSE 
(AUC 0.79) and CgA (0.77). Once again cyto-
keratins and NSE were prognostically relevant 
[18]. Best differentiation of lung NETs from 
non-lung NETs as well as between grade 1 and 
2 NETs was found for ProGRP, too. Regarding 
survival, additive prognostic value of ProGRP 
and CgA was reported [19].

Recently, a large multicentric trial across 
Europe and China with more than 2500 patients 
confirmed earlier results regarding the excellent 
methodical, preanalytical, and diagnostic perfor-
mance of ProGRP for small cell lung cancer 
(SCLC) [17]. Thereby strong elevations were 
only observed in SCLC patients while healthy 
individuals, patients with NSCLC, benign lung 
diseases, other benign or cancer disease had no or 
only slightly increased, and patients with renal 
failure moderately elevated values. Most remark-
ably, ProGRP discriminated with high sensitivity 
and specificity not only between SCLC and 
benign lung diseases but also between SCLC and 
NSCLC (AUC 0.89 in Europe and 0.94 in China, 
respectively) underlining its high clinical utility 
for histological subtyping in case of unclear lung 
masses [17]. Earlier, a multiparametric score 
involving ProGRP, NSE, and CYFRA 21-1 
achieved higher AUC for differentiation of SCLC 
and NSCLC than single markers did [20]. Molina 
et al. included ProGRP, NSE, CEA, CYFRA 
21-1, SCC, and CA 15-3 in an algorithm that sup-
ported the diagnosis and histological subtyping 
of lung cancer [21]. In addition, ProGRP, NSE, 
and cytokeratin fragments have shown to be valu-
able markers for the monitoring and early predic-
tion of response to systemic therapy in SCLC 
patients [22].
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A consensus paper on the use of biomarkers 
for NET disease outlined the need for circulating 
biomarkers for diagnosis, prognosis, monitoring 
therapy response, identifying minimal residual 
disease, and detection of recurrent disease. While 
the limitation of monoanalytes in sensitivity and 
specificity for GEP and lung NETs was recog-
nized, more accurate diagnostic tools were 
looked for. Current research approaches address 
circulating DNA, mRNA, microRNA, and 
metabolomic biomarkers as well as circulating 
tumor cells; however their clinical utility still has 
to be proven [23].

3.7  Perspective: Multianalyte 
Approaches

Great potential is seen in multianalyte 
approaches such as a multi-transcript molecular 
signature for PCR-based blood analysis with 
algorithmic evaluation that was specifically 
developed for GEP- NETs. The so-called NETest 
includes 51 genes involved in transcription, 
DNA repair, antigen processing and presenta-
tion, apoptosis, cell adhesion, cell division, 
immune response, and several metabolic pro-
cesses. When investigating the assay in three 
independent blood sets, the gene- based classi-
fier reached high sensitivities (85–98%) and 
specificities (93–97%), as well as positive (95–
96%) and negative (87–98%) predictive values 
for NET diagnosis clearly outperforming 
CgA. In particular, the classifier indicated NET 
in more than 90% of patients with low CgA lev-
els [24]. While superior performance of NETest 
over CgA was confirmed in a subsequent study, 
it showed to be elevated in all grades of NET, in 
both local and disseminated disease, and was 
not normalized by somatostatin analog therapy 
[25]. Importantly, it was unaffected by proton 
pump inhibitors (PPI), while CgA levels were 
increased in 83% of PPI-treated patients as well 
as in 26% of controls revealing a high rate of 
false-positive results [25]. These findings dem-
onstrate that NETest meets the qualitative 
expectations in a sensitive and accurate diag-
nostic biomarker [23]. Unmet questions, how-

ever, are preanalytical and analytical quality 
control issues including standardization and 
harmonization, the high workload and hands-on 
time, as well as cost-efficiency and reimburse-
ment issues. In relation with benefits from early 
NET diagnosis and improved quality of life for 
the patients, considerable cost savings of the 
society are expected [25]. However, these 
aspects have to be acknowledged from health 
insurances if such high- performance biomarker 
assay is to be implemented in future NET 
patient’s guidance.
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