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Abstract
Purpose Osteopontin (OPN), also called secreted phosphoprotein 1 (SPP1) is a matricellular glycoprotein whose expression 
is elevated in various types of cancer and which has been shown to be involved in tumorigenesis and metastasis in many 
malignancies. Its role in neuroendocrine neoplasms (NEN) remains to be established. The aim of the study was to analyze 
plasma concentrations of OPN in patients with NEN and to explore its diagnostic and prognostic value as a clinical biomarker.
Methods OPN plasma concentrations were measured in a total of 38 patients with histologically proven NEN at three dif-
ferent time points during the course of disease and therapy (at the start of the study, after 3 and 12 months, respectively) 
as well as in healthy controls. Clinical and imaging data as well as concentrations of Chromogranin A (CgA) and Neuron 
Specific Enolase (NSE) were assessed.
Results OPN levels were significantly higher in patients with NEN compared to healthy controls. High-grade tumors (grade 
3) showed the highest OPN levels. OPN levels were neither different between male and female patients nor between differ-
ent primary tumor sites. OPN correlated significantly with corresponding NSE levels, while there was no correlation with 
Chromogranin A. High OPN levels above a cutoff value of 200 ng/ml at initial analysis predicted a worsened prognosis 
with significantly shorter progression-free survival of patients with NEN, which also held true within the subgroup of well-
differentiated G1/G2 tumors.
Conclusion Our data indicate that high baseline OPN levels in patients with NEN are predictive of an adverse outcome with 
shorter progression-free survival, even within the group of well differentiated G1/G2 tumors. Therefore, OPN may be used 
as a surrogate prognostic biomarker in patients with NEN.
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Introduction

Neuroendocrine neoplasms (NENs) are a group of rare, very 
heterogeneous cancers (Kunz 2015). Nevertheless, the inci-
dence and prevalence of NENs has been rising globally: it is 
estimated, that every year over 12,000 people in the United 
States are diagnosed with NET (Dasari et al. 2017; Oberg 
et al. 2013). The prognosis of NENs is largely dependent 
on the histopathological assessment, which is based on the 
World Health Organization (WHO) classification of 2019 
(Rindi et al. 2022). Disease stage and tumor grading are 
important factors of the classification and largely corre-
late with the prognosis (Baur et al. 2016). Whereas well-
differentiated NEN have mostly favorable prognosis, poorly 
differentiated NEN (neuroendocrine carcinoma, NEC) are 
highly proliferative (Ki67 index > 20%) with a median 
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overall survival of 11–17 months (Rinke and Gress 2017; 
Rindi et al. 2022).

When diagnosed at an early stage, surgical resection 
can be performed, leading to significantly improved over-
all survival. Due to their often-indolent growth, NENs are 
frequently diagnosed at a late stage, when metastases have 
occurred (Modlin et al. 2008).

The tumor marker Chromogranin A (CgA) is commonly 
used in clinical practice for monitoring patients with NEN 
(Lindholm and Oberg 2011). Serum concentration of Neu-
ron-Specific Enolase (NSE) can also be found elevated in up 
to 45% of patients with NEN and seems to correlate with a 
worsened prognosis, also in cases of normal levels of CgA 
(Appetecchia et al. 2018; Kulke et al. 2019). CgA is a gly-
coprotein, which is expressed in large core vesicles of neu-
roendocrine cells (Borges et al. 2010). Increased levels of 
CgA have been associated with Neuroendocrine Neoplasms 
(NENs) from many different sites, including the gastroenter-
opancreatic tract (Diez et al. 2013), the bronchopulmonary 
system (Caplin et al. 2015; Pericleous et al. 2018), as well 
as pheochromocytomas, paragangliomas, medullary thyroid 
carcinoma, as part of multiple endocrine neoplasia type 1 
(MEN-1), Von-Hippel Lindau (VHL) syndrome (Cives and 
Strosberg 2018; Bottoni et al. 2015), and others.

Currently, even after curative surgery, surveillance is 
recommended at certain intervals using imaging and CgA 
measurement (Knigge et al. 2017). While changes of CgA 
levels in individual patients can be useful as surrogate for 
tumor progression, the levels do not reflect the aggressive-
ness of the tumor and further most aggressive G3 tumors 
often express less CgA compared to well differentiated 
tumors (Campana et al. 2007; Marotta et al. 2012).

NSE, an enzyme which is specific for neurons and neu-
roendocrine cells (Isgro et al. 2015), has emerged as another 
biomarker, which is frequently increased in high-grade G3 
tumors (van Adrichem et al. 2016), although its clinical 
value is under debate due to limited sensitivity (Pavel et al. 
2020; Modlin et al. 2008; Rindi et al. 2022).

Osteopontin (OPN) is a non-collagenous bone matrix pro-
tein, produced by osteocytes, osteoblasts and hematopoietic 
cells (Wang and Denhardt 2008; Kita et al. 2006). Apart 
from promoting physiological responses, e.g. regulation of 
bone mineralization, promoting cell adhesion and migra-
tion, as well as recruitment of macrophages, the importance 
of OPN in cancer progression is becoming increasingly 
acknowledged (Zhao et al. 2018; Hao et al. 2017). The role 
of OPN in malignancies has been demonstrated in several 
different cancer types, including breast, prostate and colo-
rectal cancer, melanoma, osteosarcoma and glioblastoma 
(Zhao et al. 2018; Amilca-Seba et al. 2021). To date there is 
no study, which assessed the implication of OPN for NENs. 
Therefore, we sought to evaluate the role of OPN in this can-
cer entity, and evaluate its utility as a prognostic biomarker.

Methods

Patient recruitment and study cohort

From December 2013 to October 2016, 38 patients diag-
nosed with Neuroendocrine Neoplasms were enrolled in 
our study at our tertiary center for Neuroendocrine Tumors 
at the Charité University Hospital. Prior to sample col-
lection, patients’ informed written consent was obtained. 
The local ethics committee approved the study (EA 
EA1/229/17). From December 2013 to March 2018 blood 
samples from those thirty-eight patients were collected at 
three time points during the course of disease and therapy 
(i.e., at the beginning of the study / beginning of therapy, 
after three months, and after 12 months, respectively).

The levels of circulating OPN were evaluated as a poten-
tial biomarker for NETs. In all patients, prior histopathologi-
cal analyses of tumor tissue obtained by tumor resection or 
biopsy proved the presence of a NEN. Tumor grading was 
performed in accordance with the WHO guidelines.

We also collected blood samples from ten healthy con-
trols with no history of malignancies, which served as 
control samples.

Sample procession and measurement of OPN levels

After the collection of patients’ and healthy donors’ blood 
samples, they were subjected to a centrifugation step for 
10 min at 3000 g, and plasma aliquots of 1 mL were frozen 
at − 80 °C until further analyses. In total, we analyzed 
plasma from 114 patient samples and 10 healthy donors.

Plasma levels of OPN were measured by using an 
enzyme-linked immunosorbent assay (ELISA) according to 
the manufacturer´s instructions (No. 27158, Immuno-Bio-
logical Laboratories (IBL) International GmbH Flughafen-
strasse 52a 22,335 Hamburg, Germany). This kit uses two 
types of highly specific antibodies. Tetra Methyl Benzidine 
(TMB) is used as coloring agent (Chromogen). The epitopes 
of the used antibodies are as follows: (1) Coating Antibody: 
Anti-Human OPN (O-17) Rabbit IgG Affinity Purify. (2) 
Labeled Antibody: Anti-Human OPN (10A16) Mouse IgG 
MoAb Fab'-HRP. The measurement range amounts from 5 
to 320 ng/mL. The sensitivity of the reaction is 3.33 ng/mL.

All samples were measured in duplicates.
In parallel, blood samples for analyses of CgA and NSE 

levels were measured as a part of the standard workflow 
for NEN patients at Labor Berlin, the central laboratory 
of Charité University Hospital Berlin, Germany. The CgA 
and NSE analyses each were performed with the same 
method at all time points. Also, the normal upper limits 
remained the same (CgA < 102 ng/ml; NSE < 16.3 ug/L).
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Statistical analyses

All assays were performed in replicates. Results are dis-
played as violin plots or box plots. Parametric data were 
compared using student’s t-test, nonparametric data 
were compared using the Mann–Whitney  U-test or the 
Kruskal–Wallis test for multiple group comparisons.

A p-value of < 0.05 was considered statistically signifi-
cant. Statistical analyses were performed by using GraphPad 
Prism software.

Results

Patient characteristics

In the current study, plasma from 38 patients (22 female 
and 16 male, respectively), were collected at three different 
time points during the course of the disease for analysis of 
OPN levels. The standard biomarker for NENs, CgA, but 
also NSE, were analyzed in parallel. Further, blood from ten 
healthy donors for analyses of OPN levels served as controls. 
Within the control group, 5 were female and 5 were male 
participants. The median age was 40 years (29–58 years).

At the time point of inclusion into the study, the median 
age of the patients was 63 years (28–85). In the majority of 
cases, the primary tumor was localized in the ileum (n = 20) 
or the pancreas (n = 13). Further primary tumor locations 
included the kidney (n = 1), mammary gland (n = 1), lung 
(n = 1) and carcinoma of unknown primary (n = 2). The 
median Ki-67 index was 8% (range 1–40%). The majority 
of patients showed a G2 tumor (58%) and no functionality 
(68%). In most cases, the tumor had metastasized to lymph 
nodes and the liver at the time of inclusion into our analyses.

Of 38 patients, 26 showed elevated levels of Chromogra-
nin A (68%), and 27 showed elevated levels of NSE (70%). 
Patient characteristics are summarized in Table 1.

Osteopontin (OPN) levels are elevated in patients 
with neuroendocrine malignancies

As mentioned above, several studies have already shown 
the relevance of OPN as a circulating biomarker in different 
cancer types. To evaluate, whether OPN has a diagnostic 
and prognostic significance in patients with neuroendocrine 
malignancies, we compared plasma levels from patients 
with healthy controls. We observed that OPN levels were 
significantly higher in patients with NEN (n = 38, range 
32.3–687  ng/ml) compared to healthy controls (n = 10, 
range 69.8–225.4 ng/ml) (Fig. 1a). There was no difference 
in OPN levels between male and female patients (Fig. 1b).

OPN levels are significantly higher in patients 
with high‑grade NEN

In order to further analyze the relevance of OPN in neuroen-
docrine neoplasms, we compared circulating OPN levels in 
patients with G3 NENs (Ki67 > 20%) with patients diag-
nosed with well-differentiated G1 and G2 NEN. We found 
that OPN levels in patients suffering from G3 NEN (range 
655–688 ng/ml; median 670.5) were significantly higher as 
compared to low and intermediate grade tumors (grade 1 
and 2, range 32.3–368, median 190.7). This was consistent 
throughout three different time points of the course of dis-
ease and therapy (Fig. 2).

Table 1  Patient characteristics (total number of patients n = 38)

Age at diagnosis, median (years) 63 (28–85)
Gender
 Male 16 (42%)
 Female 22 (58%)

Primary tumor localization
 Ileum 20 (53%)
 Pancreas 13 (34%)
 Other 5 (13%)

Ki-67 (%)
  ≤ 2 14 (37%)
 3–20 22 (58%)
 > 20 2 (5%)

Grading
 G1 14 (37%)
 G2 22 (58%)
 G3 2 (5%)

Functional disease
 Yes 12 (32%)
 No 26 (68%)

Somatostatin Receptor Status
 Positive 24 (63%)
 Negative 4 (11%)
 Not evaluated 10 (26%)

Metastases
 Liver 27 (71%)
 Lymph nodes 20 (53%)
 Bone 4 (11%)
 Lung 2 (5%)
 Kidney 1 (3%)
 None 5 (13%)

Chromogranin A (ng/ml) at first blood draw
  < 102 12 (32%)
  > 102 26 (68%)

Neuron Specific Enolase (μg/l) at first blood draw
  < 16.3 11 (30%)
  > 16.3 27 (70%)
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OPN plasma concentrations show no correlation 
to primary tumor location

Next, we sought to analyze, whether OPN plasma concen-
trations showed changes in patients with different primary 
tumor localizations. We analyzed three groups—patients 
with pancreatic or ileal primary, being the most prevalent 
entities in our cohort, compared to other localizations. Our 
analysis revealed that OPN levels were not associated with 
the localization of the primary tumor, which was consistent 
at three different time points during the course of disease 
and therapy (Fig. 3).

OPN levels do not predict therapeutic response

When looking at the longitudinal measurements of OPN lev-
els in individual patients, there was no significant correlation 
between OPN and treatment response. In most cases, OPN 
levels remained stable or showed a slight decline throughout 
the course of the observation time (Fig. 4).

Fig. 1  Plasma OPN levels are elevated in Patients with NEN. a 
Plasma concentration of Osteopontin was significantly higher in 
patients with neuroendocrine malignancies as compared to healthy 
controls. b OPN plasma concentrations revealed no influence of 
patient gender. Violin plots are shown; the median is indicated by the 
bold dotted line, the thin dotted lines indicate the quartiles. (Unpaired 
t-test p (*) < 0.05). OPN, osteopontin; NEN, neuroendocrine neo-
plasms; NEC, neuroendocrine carcinoma)

Fig. 2  OPN levels are signifi-
cantly elevated in patients with 
G3 tumors. a The concentration 
of OPN was significantly higher 
in patients with G3 tumors 
throughout the course of disease 
and therapy in our patient 
cohort (a–c). Violin plots are 
displayed; the median is indi-
cated by the bold dotted line, 
the thin dotted lines indicate 
the quartiles. (Unpaired t-test p 
(****) < 0.0001; p (**) < 0.003)

Fig. 3  Relevance of primary 
tumor localization. Circulating 
concentrations of OPN showed 
no correlation with primary 
tumor location. This could be 
observed at all three different 
time points when analyses were 
performed (a–c). Violin plots 
are displayed; the median is 
indicated by the bold dot-
ted line, the thin dotted lines 
indicate the quartiles (Unpaired 
t-test, no significance)
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OPN plasma concentrations in correlation 
to corresponding Chromogranin A and NSE levels

We next tested whether the circulating OPN levels cor-
related with the current standard biomarker for NEN, 
Chromogranin A (CgA) or to NSE (Fig. 5). While there 
is no association between OPN and CgA, we found a sig-
nificant correlation between the levels of OPN and NSE 
(p < 0.0003; r value 0.5668).

OPN plasma concentrations in correlation 
to corresponding Ki‑67 levels

Subsequently, we wanted to find out whether circulating 
OPN levels correlated with Ki-67 (Fig. 6). We found a sig-
nificant correlation between the levels of OPN and Ki-67 
(p < 0.0001; r value 0.6769).

Association of OPN levels with progression‑free 
survival

Finally, we asked whether circulating plasma OPN levels 
could indicate enhanced or worsened progression-free sur-
vival. Using a cutoff value of 200 ng/ml OPN, we compared 
the progression-free survival (PFS) in patients that had val-
ues below (n = 18) versus above (n = 20) the cutoff. Using 
Kaplan–Meier analysis, we found that Osteopontin indicates 
a significantly worsened prognosis with shorter PFS when 
using a cutoff value of 200 ng/ml (Fig. 7). The median PFS 
was 41 months in the group of patients with OPN levels 
below versus 19 months in individuals with OPN levels 
above the cutoff value (hazard ratio 0.38; p < 0.03).

Since we had only a limited number of patients with G3 
tumors, we asked whether within the well differentiated G1/
G2 cases high OPN correlates with PFS. Indeed, we found 
that OPN still indicates a significantly worsened prognosis 
with shorter PFS when using a cutoff value of 200 ng/ml 
(Fig. 8). The median PFS was 38.5 months in the group of 
patients with OPN levels below versus 19 months in indi-
viduals with OPN levels above the cutoff value (hazard ratio 
0.39; p < 0.02).

Fig. 4  OPN levels and therapeutic response. OPN plasma levels were 
evaluated at three different time points and patients who remained 
stable were compared to patients that showed progressive disease. No 
significant correlation was found

Fig. 5  Correlation of OPN 
plasma levels (ng/ml) with 
Chromogranin A (CgA; ng/ml) 
and Neuron specific enolase 
(NSE; μg/l) levels. Circulating 
OPN levels were compared to 
corresponding CgA and NSE 
values at the start of surveil-
lance (a&b). No correlation was 
found between OPN and CgA 
levels. OPN and NSE levels 
showed a significant correlation 
(p (***) < 0.0003)
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Fig. 6  Correlation of OPN plasma levels (ng/ml) with Ki-67 levels 
(%). Circulating OPN levels were compared to corresponding Ki-67 
values at the start of surveillance. We found a significant correlation 
between OPN and Ki-67 levels
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Thus, OPN can be used as an additional parameter to 
stratify the risk of progression also in patients with well-
differentiated G1/G2 tumors.

Discussion

In the current study, we evaluate OPN as a biomarker for 
neuroendocrine malignancies and demonstrate that a plasma 
OPN level above 200 ng/ml is associated with a significantly 
shorter PFS in patients with NEN. High OPN levels obtained 
at the initial analysis indicate a more aggressive tumor biol-
ogy and predict the adverse disease outcome.

OPN is a protein, which is mainly synthesized by osteo-
cytes, osteoblasts and hematopoietic cells (Zhao et al. 2018). 
It has been linked to inflammatory processes, and it has been 
previously shown that high OPN levels can estimate sever-
ity of disease and risk of mortality in critically ill patients 
(Roderburg et al. 2015).

The relevance of OPN as a marker of cancer aggressive-
ness has been reported in several malignancies, including 

breast, colorectal, pancreatic, lung, bladder, oral, head and 
neck cancer, and several other cancer types (Weber et al. 
2010; Wisniewski et al. 2019; Petrik et al. 2006; Loosen 
et al. 2019).

Neuroendocrine malignancies are a group of rare, 
very heterogeneous tumors (Detjen et al. 2021). Whereas 
patients with well-differentiated tumors (G1-G3) show a 
rather good prognosis, survival in patients with less dif-
ferentiated tumors (NEC) is poor in most cases (Milione 
et al. 2017).

Currently, Chromogranin A is established as a circulat-
ing biomarker for Neuroendocrine Neoplasms. While Chro-
mogranin A is widely used to monitor the course of disease 
and response to therapy in individual patients, the absolute 
levels do not correlate with the prognosis. Indeed, more 
aggressive tumors can lose CgA production (Kidd et al. 
2016). Therefore, new predictive biomarkers are urgently 
warranted for neuroendocrine malignancies.

To address this issue, we analyzed levels of OPN in 
plasma from patients with Neuroendocrine Neoplasms at 
three different time points during the course of disease and 
therapy. We were able to demonstrate that OPN levels are 
significantly higher in patients with NEN as compared to 
healthy controls. Further, OPN levels in patients with high-
grade neuroendocrine carcinomas (Grade 3) were signifi-
cantly higher as compared to low and intermediate-grade 
tumors (Grade 1 and 2). There was no difference in OPN 
levels between male and female patients, and we found no 
correlation to primary tumor localization. Importantly, while 
the levels correlated with the prognosis, they did not show 
a correlation with the tumor burden or response to therapy. 
Thus, OPN levels appear to reflect the tumor biology in 
terms of the aggressiveness of the tumor cells, irrespective 
of the initial tumor size.

When correlating OPN levels in plasma obtained at the 
first consultation with corresponding CgA and NSE levels, 
we observed a significant correlation to NSE values, while 
no correlation with CgA could be found. This verifies exist-
ing data concerning the relevance of elevated NSE levels in 
reflecting a worsened disease course (van Adrichem et al. 
2016).

CgA is highly expressed in well-differentiated NEN and 
therefore the concentration does not necessarily reflect the 
aggressiveness of the tumor. Moreover, CgA levels can be 
affected by confounders such as renal insufficiency, atrophic 
gastritis, and during therapy with proton pump inhibitors 
(Mettler et al. 2022).

We therefore propose that OPN provides additional val-
uable information about the tumor biology of NEN, with 
aggressive tumors correlating with higher OPN levels.

We also sought to find out, whether OPN levels were 
correlated to Ki-67 values. We found a significant correla-
tion. This may be a key advantage in cases where tumor 

Fig. 7  Correlation of circulating OPN levels with progression free 
survival (PFS). When using a cutoff concentration of 200 ng/ml we 
observed that lower plasma OPN concentrations indicated signifi-
cantly longer PFS

Fig. 8  Correlation of circulating OPN levels with Progression free 
survival (PFS) in G1 and G2 cases. When using a cutoff concentra-
tion of 200 ng/ml we observed that lower plasma OSP concentrations 
still indicated significantly longer PFS
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tissue is not easily accessible for a biopsy or after several 
lines of tumor therapy.

In the current study, an important aspect is the dem-
onstrated prognostic value of OPN for progression-free 
survival when using a cutoff value of 200 ng/ml.

Similar results were found in a meta-analysis examining 
the relevance of OPN for the prediction of overall survival 
in gastric cancer: in cases with high expression levels of 
OPN, there was a correlation with factors that mirror more 
aggressive and advanced disease (i.e., TNM stage, lymph 
node and distant metastases) (Gu et al. 2016). Our data are 
also in line with another previous study showing that OPN 
levels are significantly elevated in patients with metasta-
sized colorectal cancer when compared to healthy controls 
(Loosen et al. 2018). Further, high pre- and postoperative 
plasma levels of OPN reveal worse prognosis following 
tumor resection (Loosen et al. 2018). Together these data 
suggest that OPN may be used as a prognostic pan-cancer 
marker, which also includes rare tumor entities such as 
NEN.

In addition to its role as a biomarker, the mechanistic 
role of OPN during tumor progression has been suggested. 
Interestingly, in a study by Ishigamori et al. examining OPN 
knockout mice with APC deficiency, tumor development 
was shown to be significantly suppressed, whereas in solely 
APC-deficient mice the expression of OPN was upregulated 
in colon cancers (Ishigamori et al. 2017). Similarly, ablation 
of OPN in mice infected with H. pylori led to a significant 
decrease of the development of gastric cancer compared to 
wild-type mice (Lee et al. 2015). Further, in another study 
analyzing the incidence of chemically induced hepatocel-
lular cancer, OPN deficiency lead to a significant reduction. 
This seems to be caused by suppression of EGFR-mediated 
anti-apoptotic signaling (Lee et al. 2016). Together these 
data indicate that OPN affects cellular proliferation and 
survival.

Our data here reveal that NEN with high proliferative 
activity show particularly high OPN levels. It will be inter-
esting to investigate whether OPN signaling promotes NEN 
cell proliferation and thus contributes to the high prolifera-
tive activity, or whether the highly proliferative tumors pro-
mote immunological responses that are linked to high OPN 
values.

In clinical patient care routine, diagnosis and evaluation 
of cancer largely depends on clinical and histological crite-
ria. Nevertheless, it is important to keep in mind, that blood 
biomarkers are easily obtainable and may provide additional 
information. Our data suggest that OPN may serve as a sur-
rogate biomarker for a tissue biopsy if sufficient material 
cannot be collected, for example, when tissue is not easily 
obtainable due to high risk of adverse events.

Further, we postulate, that elevated OPN levels at the 
time of diagnosis of Neuroendocrine Neoplasms can aid 

with the decision towards a more powerful treatment regi-
men than are necessary for patients with low OPN levels.

A limitation of our study is the rather small patient 
cohort. Thus, in the next step, the relevance of OPN 
should be tested in a larger study group for validation of 
our results, and to evaluate, whether the combinational 
analysis of OPN with currently used markers can be used 
to identify high-risk patients. Hence this may influence 
the diagnostic and therapeutic workflows and impact the 
outcome of patients with NEN.

Conclusion

Our data demonstrate for the first time that circulating 
OPN may be considered as a prognostic biomarker in 
patients with neuroendocrine malignancies in order to 
identify patients with potentially lower progression free 
survival. This biomarker is easily obtainable non-inva-
sively at any time point and may help in guiding treat-
ment decisions in the future. However, further investiga-
tion including larger cohorts of NET and NEC patients are 
necessary in order to fully understand the pathophysiologi-
cal role of OPN in this cancer type before implementation 
into clinical algorithms can be considered.

Acknowledgements We thank all patient and volunteer blood donors 
for their contributions. We acknowledge grant support by the Charité 
Clinical Scientist Program funded by the Charité—Universitätsklini-
kum Berlin and the Berlin Institute of Health (E.K.).

Author contributions All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 
performed by EK, IE, YG and MS. The first draft of the manuscript 
was written by EK and all authors commented on previous versions of 
the manuscript. All authors read and approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This research received funding by the Deutsche Forschungsge-
meinschaft, Si1983-4/1.

Data availability The data presented in the current study are available 
from the corresponding author on reasonable request.

Declarations 

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethical approval The study was conducted in accordance with the 
Declaration of Helsinki, and approved by the local ethics committee 
(Charité University Hospital, EA EA1/229/17).

Consent to participate Prior to sample collection, patients’ informed 
written consent was obtained.

Consent to publish The authors affirm that human research participants 
provided informed consent for publication of the images presented.



10932 Journal of Cancer Research and Clinical Oncology (2023) 149:10925–10933

1 3

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Amilca-Seba K, Sabbah M, Larsen AK, Denis JA (2021) Osteopontin 
as a regulator of colorectal cancer progression and its clinical 
applications. Cancers (basel) 13:3793

Appetecchia M, Lauretta R, Rota F, Carlini M (2018) Neuroendo-
crine tumors biomarkers. Abdominal neuroendocrine tumors. 
Springer Milan, Milano, pp 65–78

Baur AD, Pavel M, Prasad V, Denecke T (2016) Diagnostic imaging 
of pancreatic neuroendocrine neoplasms (pNEN): tumor detec-
tion, staging, prognosis, and response to treatment. Acta Radiol 
57:260–270

Borges R, Diaz-Vera J, Dominguez N, Arnau MR, Machado JD 
(2010) Chromogranins as regulators of exocytosis. J Neuro-
chem 114:335–343

Bottoni P, De Michele T, Scatena R (2015) A critical approach to 
clinical biochemistry of chromogranin A. Adv Exp Med Biol 
867:317–323

Campana D, Nori F, Piscitelli L, Morselli-Labate AM, Pezzilli 
R, Corinaldesi R, Tomassetti P (2007) Chromogranin A: is 
it a useful marker of neuroendocrine tumors? J Clin Oncol 
25:1967–1973

Caplin ME, Baudin E, Ferolla P, Filosso P, Garcia-Yuste M, Lim 
E, Oberg K, Pelosi G, Perren A, Rossi RE, Travis WD, Enets 
consensus conference participants (2015) Pulmonary neuroen-
docrine (carcinoid) tumors: European neuroendocrine tumor 
society expert consensus and recommendations for best prac-
tice for typical and atypical pulmonary carcinoids. Ann Oncol 
26:1604–1620

Cives M, Strosberg JR (2018) Gastroenteropancreatic neuroendo-
crine tumors. CA Cancer J Clin 68:471–487

Dasari A, Shen C, Halperin D, Zhao B, Zhou S, Xu Y, Shih T, Yao 
JC (2017) Trends in the Incidence, prevalence, and survival 
outcomes in patients with neuroendocrine tumors in the United 
States. JAMA Oncol 3:1335–1342

Detjen K, Hammerich L, Ozdirik B, Demir M, Wiedenmann B, 
Tacke F, Jann H, Roderburg C (2021) Models of gastroentero-
pancreatic neuroendocrine neoplasms: current status and future 
directions. Neuroendocrinology 111:217–236

Diez M, Teule A, Salazar R (2013) Gastroenteropancreatic neuroen-
docrine tumors: diagnosis and treatment. Ann Gastroenterol 
26:29–36

Gu X, Gao XS, Ma M, Qin S, Qi X, Li X, Sun S, Yu H, Wang 
W, Zhou D (2016) Prognostic significance of osteopontin 
expression in gastric cancer: a meta-analysis. Oncotarget 
7:69666–69673

Hao C, Cui Y, Owen S, Li W, Cheng S, Jiang WG (2017) Human 
osteopontin: Potential clinical applications in cancer (Review). 
Int J Mol Med 39:1327–1337

Isgro MA, Bottoni P, Scatena R (2015) Neuron-specific enolase as 
a biomarker: biochemical and clinical aspects. Adv Exp Med 
Biol 867:125–143

Ishigamori R, Komiya M, Takasu S, Mutoh M, Imai T, Takahashi 
M (2017) Osteopontin deficiency suppresses intestinal tumor 
development in Apc-deficient min mice. Int J Mol Sci 18:1058

Kidd M, Bodei L, Modlin IM (2016) Chromogranin A: any relevance 
in neuroendocrine tumors? Curr Opin Endocrinol Diabetes Obes 
23:28–37

Kita Y, Natsugoe S, Okumura H, Matsumoto M, Uchikado Y, Setoy-
ama T, Owaki T, Ishigami S, Aikou T (2006) Expression of 
osteopontin in oesophageal squamous cell carcinoma. Br J Can-
cer 95:634–638

Knigge U, Capdevila J, Bartsch DK, Baudin E, Falkerby J, Kian-
manesh R, Kos-Kudla B, Niederle B, Nieveen van Dijkum 
E, O’Toole D, Pascher A, Reed N, Sundin A, Vullierme MP, 
Participants Antibes Consensus Conference, and participants 
Antibes Consensus Conference (2017) ENETS Consensus 
recommendations for the standards of care in neuroendocrine 
neoplasms: follow-up and documentation. Neuroendocrinology 
105:310–319

Kulke MH, Ruszniewski P, Van Cutsem E, Lombard-Bohas C, Valle 
JW, De Herder WW, Pavel M, Degtyarev E, Brase JC, Bubuteish-
vili-Pacaud L, Voi M, Salazar R, Borbath I, Fazio N, Smith D, 
Capdevila J, Riechelmann RP, Yao JC (2019) A randomized, 
open-label, phase 2 study of everolimus in combination with 
pasireotide LAR or everolimus alone in advanced, well-differen-
tiated, progressive pancreatic neuroendocrine tumors: COOPER-
ATE-2 trial. Ann Oncol 30:1846

Kunz PL (2015) Carcinoid and neuroendocrine tumors: building on 
success. J Clin Oncol 33:1855–1863

Lee SH, Park JW, Go DM, Kim HK, Kwon HJ, Han SU, Kim DY 
(2015) Ablation of osteopontin suppresses N-methyl-N-nitrosou-
rea and Helicobacter pylori-induced gastric cancer development 
in mice. Carcinogenesis 36:1550–1560

Lee SH, Park JW, Woo SH, Go DM, Kwon HJ, Jang JJ, Kim DY (2016) 
Suppression of osteopontin inhibits chemically induced hepatic 
carcinogenesis by induction of apoptosis in mice. Oncotarget 
7:87219–87231

Lindholm DP, Oberg K (2011) Biomarkers and molecular imaging 
in gastroenteropancreatic neuroendocrine tumors. Horm Metab 
Res 43:832–837

Loosen SH, Heise D, Dejong CH, Roy S, Tacke F, Trautwein C, Roder-
burg C, Luedde T, Neumann UP, Binnebosel M (2018) Circulating 
levels of osteopontin predict patients outcome after resection of 
colorectal liver metastases. J Clin Med 7:390

Loosen SH, Hoening P, Puethe N, Luedde M, Spehlmann M, Ulmer 
TF, Cardenas DV, Roy S, Tacke F, Trautwein C, Neumann UP, 
Luedde T, Roderburg C (2019) Elevated serum levels of bone 
sialoprotein (BSP) predict long-term mortality in patients with 
pancreatic adenocarcinoma. Sci Rep 9:1489

Marotta V, Nuzzo V, Ferrara T, Zuccoli A, Masone M, Nocerino L, Del 
Prete M, Marciello F, Ramundo V, Lombardi G, Vitale M, Colao 
A, Faggiano A (2012) Limitations of Chromogranin A in clinical 
practice. Biomarkers 17:186–191

Mettler E, Fottner C, Bakhshandeh N, Trenkler A, Kuchen R, Weber 
MM (2022) Quantitative analysis of plasma cell-free DNA and 
its DNA integrity and hypomethylation status as biomarkers for 
tumor burden and disease progression in patients with metastatic 
neuroendocrine neoplasias. Cancers (basel) 14:1025

Milione M, Maisonneuve P, Spada F, Pellegrinelli A, Spaggiari P, 
Albarello L, Pisa E, Barberis M, Vanoli A, Buzzoni R, Pusceddu 
S, Concas L, Sessa F, Solcia E, Capella C, Fazio N, La Rosa 
S (2017) The clinicopathologic heterogeneity of grade 3 gas-
troenteropancreatic neuroendocrine neoplasms: morphological 

http://creativecommons.org/licenses/by/4.0/


10933Journal of Cancer Research and Clinical Oncology (2023) 149:10925–10933 

1 3

differentiation and proliferation identify different prognostic cat-
egories. Neuroendocrinology 104:85–93

Modlin IM, Oberg K, Chung DC, Jensen RT, de Herder WW, Thakker 
RV, Caplin M, DelleFave G, Kaltsas GA, Krenning EP, Moss SF, 
Nilsson O, Rindi G, Salazar R, Ruszniewski P, Sundin A (2008) 
Gastroenteropancreatic neuroendocrine tumours. Lancet Oncol 
9:61–72

Oberg K, Casanovas O, Castano JP, Chung D, DelleFave G, Denefle P, 
Harris P, Khan MS, Kulke MH, Scarpa A, Tang LH, Wiedenmann 
B (2013) Molecular pathogenesis of neuroendocrine tumors: 
implications for current and future therapeutic approaches. Clin 
Cancer Res 19:2842–2849

Pavel M, K Oberg, M Falconi, EP Krenning, A Sundin, A Perren, 
A Berruti, and Esmo Guidelines Committee. Electronic address: 
clinicalguidelines@esmo.org. 2020. ‘Gastroenteropancreatic neu-
roendocrine neoplasms: ESMO Clinical Practice Guidelines for 
diagnosis, treatment and follow-up’. Ann Oncol. 31: 844-60

Pericleous M, Karpathakis A, Toumpanakis C, Lumgair H, Reiner J, 
Marelli L, Thirlwell C, Caplin ME (2018) Well-differentiated 
bronchial neuroendocrine tumors: clinical management and out-
comes in 105 patients. Clin Respir J 12:904–914

Petrik D, Lavori PW, Cao H, Zhu Y, Wong P, Christofferson E, Kaplan 
MJ, Pinto HA, Sutphin P, Koong AC, Giaccia AJ, Le QT (2006) 
Plasma osteopontin is an independent prognostic marker for head 
and neck cancers. J Clin Oncol 24:5291–5297

Rindi G, Mete O, Uccella S, Basturk O, La Rosa S, Brosens LAA, 
Ezzat S, de Herder WW, Klimstra DS, Papotti M, Asa SL (2022) 
Overview of the 2022 WHO classification of neuroendocrine neo-
plasms. Endocr Pathol 33:115–154

Rinke A, Gress TM (2017) Neuroendocrine cancer, therapeutic strate-
gies in G3 cancers. Digestion 95:109–114

Roderburg C, Benz F, Cardenas DV, Lutz M, Hippe HJ, Luedde T, 
Trautwein C, Frey N, Koch A, Tacke F, Luedde M (2015) Per-
sistently elevated osteopontin serum levels predict mortality in 
critically ill patients. Crit Care 19:271

van Adrichem RC, Kamp K, Vandamme T, Peeters M, Feelders RA, 
de Herder WW (2016) Serum neuron-specific enolase level is an 
independent predictor of overall survival in patients with gastro-
enteropancreatic neuroendocrine tumors. Ann Oncol 27:746–747

Wang KX, Denhardt DT (2008) Osteopontin: role in immune regulation 
and stress responses. Cytokine Growth Factor Rev 19:333–345

Weber GF, Lett GS, Haubein NC (2010) Osteopontin is a marker 
for cancer aggressiveness and patient survival. Br J Cancer 
103:861–869

Wisniewski T, Zyromska A, Makarewicz R, Zekanowska E (2019) 
Osteopontin and angiogenic factors as new biomarkers of prostate 
cancer. Urol J 16:134–140

Zhao H, Chen Q, Alam A, Cui J, Suen KC, Soo AP, Eguchi S, Gu J, 
Ma D (2018) The role of osteopontin in the progression of solid 
organ tumour. Cell Death Dis 9:356

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Osteopontin is a prognostic circulating biomarker in patients with neuroendocrine neoplasms
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patient recruitment and study cohort
	Sample procession and measurement of OPN levels
	Statistical analyses

	Results
	Patient characteristics
	Osteopontin (OPN) levels are elevated in patients with neuroendocrine malignancies
	OPN levels are significantly higher in patients with high-grade NEN
	OPN plasma concentrations show no correlation to primary tumor location
	OPN levels do not predict therapeutic response
	OPN plasma concentrations in correlation to corresponding Chromogranin A and NSE levels
	OPN plasma concentrations in correlation to corresponding Ki-67 levels
	Association of OPN levels with progression-free survival

	Discussion
	Conclusion
	Acknowledgements 
	References




