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Abstract: Objective: Neuroendocrine neoplasms (NENs) are a heterogenous group of indolent tumors,
with variable clinical behavior and steadily rising incidence. The aim of this study is to investigate
the clinical and laboratory factors that contribute in predicting the aggressiveness and invasiveness
of NENSs. Special focus is given to clinical parameters that would enhance the diagnostic value of
chromogranin A (CgA), via formalizing an integrated probability model, which would contribute to
the timely and accurate identification of patients at high risk for metastatic disease at initial diagnosis.
Designs and Methods: We identified a total of 93 patients with NENSs, recruited at a specialized
academic center in Athens, Greece. Anthropometric, clinical, laboratory, and pathological data were
obtained from every patient before any therapeutic intervention. Results: Age over 50 years and
male gender were accompanied by increased risk for metastases at the time of initial diagnosis.
Additionally, when these parameters were combined with CgA levels, they were shown to enhance
the predictive capacity of CgA. Different patient scenarios combining age, gender, and CgA levels
are associated with different probabilities for metastatic disease, demonstrated schematically in a
gradually escalating model, as age and CgA levels increase in both males and females. The lowest
risk is observed in women aged <50 years old with CgA levels <200 ng/dl (6.5%), while the highest
one is in males over 50 years old with CgA > 200 ng/dl (62.9%). Finally, it was shown that c-reactive
protein (CRP) can predict disease extent at the time of diagnosis. Conclusions: CgA levels can not
only be used as a direct predictor of tumor load in patients with NENs, but also, when interpolated
with the effects of age and gender, cumulatively predict whether a NEN would be metastatic or not at
the time of initial diagnosis, via a risk-escalating probability model.
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1. Introduction

Neuroendocrine neoplasms (NENs) are a heterogeneous group of tumors arising from
neuroendocrine cells in the endocrine and central nervous system, secreting various bioamines
and peptides. They are rare tumors, responsible for 0.5% of all cancers [1], with a crude, age-adjusted
incidence of approximately 6.98 cases/100,000 annually [2]. They are most commonly found in the
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gastrointestinal system, but they can also originate in other areas, including the pancreas, lungs, ovaries,
and the thyroid, pituitary, and adrenal glands [3].

Despite their identification over a century ago, the natural history of NENs remains inadequately
understood. Their rarity, heterogeneity, and unique phenotypic, hormonally driven variation, expressed
by nonspecific but debilitating symptoms, hamper efforts to totally understand their biological
characteristics [2,4-6]. However, according to the largest and most recent population-based study of
NENSs conducted in the United States, the incidence and prevalence of NENs have continued to rise
over time, rendering their closest investigation imperative [2].

There is a paucity of reliable clinical or biochemical parameters that can determine the clinical
course of patients with NENs. Over the years, a variety of general and specific circulatory biomarkers
has been developed for the diagnosis and follow-up of these patients [7]. Among them, chromogranin A
(CgA), a hydrophilic glycoprotein abundantly expressed in large dense core vesicles of neuroendocrine
cells, whose main biological role is to regulate calcium-mediated exocytosis, has been highlighted as
the most useful NEN-related circulating marker [8]. CgA was shown to have a diagnostic, predictive,
and prognostic role in this population of patients, due to its universal secretion by the majority of
neuroendocrine cells that persist after malignant transformation [9,10].

However, in clinical practice, there are still limitations and flaws [8]. Specifically, CgA can be found
elevated in various neoplasmatic, non-neoplasmatic, and iatrogenic situations, such as inflammatory
bowel disease [11], chronic renal failure, and proto pump inhibitor (PPI) therapy, limiting its specificity
as a NEN-related circulating biomarker. Furthermore, the majority of contemporary laboratory tests for
CgA lack standardization, requiring special attention in the interpretation of results before making any
therapeutic decision and warranting the conduction of further studies in order to enhance the clinical
utility and prediction power of CgA [12]. Given all the above limitations, a blood-based multianalyte
NEN-specific gene transcript analysis was recently developed, termed NETest. It represents a robust,
reproducible PCR-based multianalyte test for the detection of NENs, encompassing the measurement
of 51 neuroendocrine specific marker genes in peripheral blood. Its sensitivity and specificity are
significantly higher compared to those of other monoanalytes, such as CgA. However, it is not yet
widely available and needs further validation [13].

Multiple data have supported the concept that inflammation is a critical component of tumor
progression in different types of cancer [14,15]. Specifically, the tumor microenvironment, which is
uniquely determined by inflammatory cells, catalytically modulates the neoplastic process, promoting
proliferation, survival, and migration [16]. Thus, various inflammatory markers, including c-reactive
protein (CRP), have been shown not only to be markedly elevated in malignancies, but also to share a
prognostic importance [17-19]. Interestingly, recent findings have shown that the role of inflammation
may be equally catalytic in NEN tumorigenesis, with several pro-inflammatory cytokines being
implicated in the development of carcinoid tumors. Single-nucleotide polymorphisms (SNPs) in
cytokine genes, which alter the regulation of their expression and function, have been detected in
patients with NENs and have been associated with increased susceptibility to developing NENs.
Furthermore, plasma levels of various cytokines have been evaluated in patients with NENs, with
encouraging results regarding their clinical importance. For example, in a study by Berkovic et al, not
only was interleukin-2 (IL-2) associated with increased susceptibility to NENs, but also, when serum
levels were compared to established neuroendocrine markers such as CgA and 5-hydroxyindoleacetic
acid (5-HIAA), IL-2 was more sensitive than 5-HIAA and CgA in NEN diagnostics [20]. In this context,
pro-inflammatory cytokines may be linked with the basis of NEN etiology and, along with other
biochemical markers, such as CgA, may be utilized as prognostic indexes in patients with NENs [21].

The purpose of this retrospective study is to evaluate the epidemiological, clinical, and pathological
characteristics of patients with NENS, in order to predict the aggressiveness and invasiveness of
NENSs. Special focus is given to CgA, the clinical utility of which is cumulatively assessed with other
parameters, such as age and sex, with the aim to propose an integrated probability model which would
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contribute to the timely and accurate identification of patients at high risk for metastatic disease at
initial diagnosis.

2. Materials and Methods

2.1. Subjects

Ninety-three (93) patients with NENs were recruited at the specialized, outpatient Medical Center
of Neuroendocrine Tumors of the Endocrine Department of “Sotiria” University Hospital in Athens,
Greece, during the period from September 2013 until the end of 2014. All patients were adults
(>18 years), of Caucasian origin, and were newly or already diagnosed with NENSs. In every visit,
patients were requested to give a detailed medical history and undergo an extensive clinical evaluation.
Overall, anthropometric, clinical, laboratory, imaging, and pathological data were obtained from every
patient, including age, sex, personal history, primary tumor location, grading, staging, distant and
locoregional lymph node metastases at diagnosis, hormonal activity, main symptoms, diagnostic
modalities used, and therapeutic interventions made. The date of diagnosis was defined as the date of
histological diagnosis of NENs.

The following primary NEN sites were described: stomach, small intestine (including duodenum),
appendix, large intestine, rectum, pancreas, bronchus and lungs, other, and unknown. Rare NEN
sites (e.g., skin, breast, head and neck, bladder, mediastinum) were included under the “other”
category because a small number of cases were anticipated, while cases where the primary site was
not determined were assigned to the “unknown” category. Small cell and large cell lung carcinoma,
pheochromocytoma, paraganglioma, extra-adrenal paraganglioma, and medullary thyroid carcinoma
were excluded because they represent biologically different diseases.

The grading of NENs was implemented based on the WHO 2010 criteria, while the staging was
classified according to the American Joint Committee on Cancer and the International Union against
Cancer (AJCC/UICC) 2009 criteria for well-differentiated tumors. Tumors with a Ki-67 index of <2%
were classified as G1, 3-20% as G2, and >20% as G3. Similarly, tumors with a mitotic rate of <2
per 10 high power fields (HPF) were classified as G1, 2-20/10 HPF as G2, and >20/10 HPF as G3.
Gastroenteropancreatic NENs (GEP-NENSs) were further classified as neuroendocrine tumor (NET)
(G1 and G2) or neuroendocrine carcinoma (NEC) (G3), according to the 2010 WHO classification [22].
The results of immunohistochemical stain, lymphovascular invasion, perineural invasion, and lymph
node metastasis were presented as either positive or negative.

Plasma was obtained from whole blood draws before any therapeutic intervention. Chromogranin
A, neuro-specific enolase (NSE), gastrin, CRP, and full blood count were recorded in every patient. In all
subjects, use of PPIs was explicitly prohibited for at least two weeks before the plasma measurement.
Chromogranin A and NSE measurements were obtained by radioimmunoassay and expressed in
nanograms per milliliter (ng/mL). Chromogranin A normal levels were 19-98 ng/ml, whereas the
normal cutoff level for NSE was <12.5 ng/ml. C-reactive protein measurements were performed via
turbidimetric assay, with normal limits ranging below 5 mg/L.

The study was approved by the research ethics board of “Sotiria” University Hospital (Athens,
Greece) (approval code: 21103/:20.10.16) and the Scientific Committee of the Medical School of Athens
(approval code: 8942/21-4-15). Signed consent was obtained from all subjects, after explanation of the
nature and purpose of the study.

2.2. Statistical Analysis

The statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS)
software version 20 for Windows (SPSS, Inc., Chicago, IL, USA). Demographic characteristics of the
study cohort are reported as means and standard deviations for continuous variables and as proportions
and absolute counts for categorical variables. Normal distribution was tested by Shapiro-Wilks test.
Comparison between quantitative data was performed using Student’s t-test, while comparison
between categorical data was performed using the Chi-square test with Yates correction, Fisher’s exact
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test, or McNemar’s test as appropriate. Cut-off values of quantitative data were set based on the existing
literature. Multiple logistic regression analysis was applied to investigate which laboratory data can
predict the clinical behavior of NENs, and also to estimate the probability of metastases for different
covariate configurations. Probability (p) values of <0.05 were considered statistically significant.

3. Results

We identified a total of 93 patients with NENs, 57 of which were female (61.3%) and 36 were male
(38.7%). The mean age at the time of diagnosis was 57.57 + 14.76 years old (range 26-82 years old).
All patients were of Caucasian origin. Multiple endocrine neoplasia (MEN) was diagnosed in 1 patient
(1.1%) (Table 1).

The majority of NENs were detected in the gastronteropancreatic system. The most common
primary site was stomach (38.7%, n = 36), followed by pancreas (15.1%, n = 14) and small intestine
(10.8%, n = 10). In 12 patients (12.9%) the primary tumor remained unknown, despite extensive
diagnostic workup. Primary tumor localization is more analytically described in Table 1.

Table 1. Anthropometric and tumor characteristics of the enrolled patients.

Anthropometric and Tumor Characteristics Patients (N = 93)
Age (years), mean (SD) 57.57 (£14.76)
Gender, 11 (%)
Female, n (%) 57 (61.3%)
Male, 1 (%) 36 (38.7%)
Primary tumor localization, 1 (%)

Appendix 4 (4.3%)

Colon 2 (2.2%)

Lung 1 (1.1%)
Pancreas 14 (15.1%)

Rectum 8 (8.6%)
Small intestine 10 (10.8%)
Stomach 36 (38.7%)
Unknown 12 (12.9%)

Other 2 6 (6.5%)

MEN associated, 1 (%) 1(1.1%)

Disease extent, n (%)
Localized 62 (66.7%)
Regional 12 (12.9%)
Metastatic 19 (20.4%)
Presence of metastases, 1 (%)
Non-Metastatic 74 (79.5%)
Metastatic 19 (20.4%)
Grading (WHO 2010), 1 (%)

Gl 68 (73.1%)
G2 22 (23.6%)

G3 3(3.2%)

2 The “other” category includes rare neuroendocrine neoplasms (NENSs), such as NENs of mediastinum, skin,
bladder, and head and neck.
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3.1. Disease Extent

Over half of the NENSs (66.7%, n = 62) were localized at the time of diagnosis. Of the patients, 12.9%
had regional disease, while 20.4% of the NENs were metastatic. Figure 1 demonstrates schematically
the disease extent of NENs based on their site of origin. As shown, metastatic disease was mainly
observed in NENs of unknown origin and pancreas (red color), while localized tumors (green color)
mostly arose from stomach, colon, and the lungs.

Disease extent

- Regiona
W nietastatic
W Localized

Percent

Appendix Lung Rectum Stomach Unknewwn
Caolon Pancreas Small intestine Other
Site of origin

Figure 1. Disease extent of NENs based on their site of origin. Localized tumors are illustrated with
green color, while regional and metastatic disease are illustrated with blue and red color, respectively.
Metastatic disease was mainly observed in NENs of unknown origin and pancreas, while localized
tumors mostly arose from stomach, colon, and the lungs.

3.2. Grading

Based on the Ki-67 index and/or mitoses number, the majority of (n = 68, 73.1%) NENs displayed
a Ki-67 index of <2%, while G2-G3 classification with a high proliferation index was only observed in
pancreatic, rectal, and rare NENs.

3.3. Gender and Age

Gender and age were assessed regarding their prediction power at the time of initial diagnosis.
Multiple logistic regression analysis, after controlling for age and levels of CgA, showed that male
patients with NENs displayed an elevated risk of having metastases at diagnosis (odds ratio—OR =
3.376, p = 0.04), compared to females. Similarly, patients over 50 years old were more likely to have
developed regional NENs than localized ones (OR = 1.15, p = 0.036). The effects of both gender and
age were independent of the effect of CgA. No correlation was found between these two variables
and grading.

3.4. CgA and NSE

Chromogranin A and NSE were assessed as to whether these biochemical variables can share a
predictive value in the course of NENs. Median values of CgA were compared between subgroups of
patients based on disease extent and tumor grading using the Kruskal-Wallis test. It was found that
median CgA levels differed significantly only between metastatic and non-metastatic NENs (p < 0.01)
and not in grading subgroups (p = 0.415). Analogous findings were demonstrated in the subgroup of
pancreatic NENs (N = 14), in which CgA levels were significantly associated with metastasis status.
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Localized and regional cases of pancreatic NENs displayed statistically significant lower levels of CgA
in comparison with metastatic cases.

Furthermore, in logistic regression analysis, controlling for age, gender, and grading, it was found
that CgA predicts whether a NEN would be metastatic or not at the time of diagnosis. As CgA levels
increase, it is more likely that we observe a metastatic NEN, with its relative risk ratio for every one-unit
increase in CgA being 1.005 for having metastasis versus not. Likewise, when logistic regression
analysis models were constructed to assess the effect of CgA in the grading of NEN, it was revealed
that CgA cannot predict how aggressive its behavior can be (grading) after controlling for age, gender,
and disease extent.

In an effort to further assess and maximize the clinical utility of the above-mentioned predicting
effect of CgA in the disease extent of NENs, we used different cut-offs of CgA in order to determine the
risk for having metastases, after adjusting for age and gender. As demonstrated in Figure 2, when CgA
is >200 ng/dl, patients have almost 5 times higher risk for being metastatic at the time of diagnosis (OR
=4.82, p = 0.008, 95% CI: 1.5-7.46).

More interestingly, in order to reproduce the cumulative effect of age, gender, and levels of CgA
in predicting whether a NEN would be metastatic or not at the time of first diagnosis, an integrated
probability model analysis was conducted, as depicted in Figure 3. More analytically, different
patient scenarios combining age, gender, and CgA levels are associated with different probabilities for
metastatic disease, demonstrated schematically in a gradually escalating model, as age and CgA levels
increase in both males and females. The lowest risk is observed in women aged <50 years old with CgA
levels of <200 ng/dl (6.5%), while the highest one is in males over 50 years old with CgA > 200 ng/dl
(62.9%).
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Figure 2. Using multiple logistic regression models, odds ratio (OR) for metastatic disease was
calculated for different chromogranin A (CgA) (ng/dl) cut-off points, after adjusting for gender and age.
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Figure 3. Probability of metastases for eight different models: Case 1 is a female less than 50 years old
with CgA < 200 ng/dl, Case 2 is a female above 50 years old with CgA < 200 ng/dl, Case 3 is a male less
than 50 years old with CgA < 200 ng/dl, Case 4 is a female less than 50 years old with CgA > 200 ng/dl,
Case 5 is a male above 50 years old with CgA < 200 ng/dl, Case 6 is a female above 50 years old with
CgA > 200 ng/dl, Case 7 is a male less than 50 years old with CgA > 200 ng/dl, Case 8 is a male above
50 years old with CgA > 200 ng/dl. The lowest risk is observed in women aged <50 years old with CgA
levels of <200 ng/dl (6.5%), while the highest one is in males over 50 years old with CgA > 200 ng/dl
(62.9%).

In contrast to CgA, when median values of NSE were compared between subgroups of patients
based on disease extent and tumor grading using the Kruskal-Wallis test, we found that median NSE
levels were comparable to those of all subgroups in both disease extent and grading classification
(p = 0.355 and p = 0.287, respectively). NSE was able to predict neither disease extent nor grading at
the time of first diagnosis.

Finally, focusing on the subgroup of gastric NENs, the majority of gastric NENs were multiple,
localized, well-differentiated, displaying a Ki-67 < 2%, and mainly detected in the body of the stomach
(66.6%), followed by fundus and pyloric antrum. Median gastrin levels were elevated (median gastrin
= 238 pg/mL), but they were not found to be positively correlated with either CgA or NSE levels.

3.5. CRP and Other Inflammatory Markers

The prognostic utility of markers of systemic inflammatory response, including CRP and white
blood count (WBC), was evaluated. C-reactive protein was found to be positively correlated with
CgA (p =0.291, p = 0.045). Furthermore, CRP was shown to have a significant effect on disease extent.
Specifically, as CRP increases, it is much more likely that we will observe a metastatic NEN versus a
non-metastatic one, with this effect being independent of CgA. The relative risk ratio for every unit
increase of CRP is 1.493 for a patient being metastatic at the time of diagnosis (OR = 1.493, p = 0.008.
95% CI: 1.1-2.05). Analogously to CgA, CRP was not able to predict the grading of NEN.

After analyzing WBC as well as other parameters, such as neutrophil-to-lymphocyte ratio (NLR),
lymphocyte-to-monocyte ratio (LMR), platelets-to-lymphocyte ratio (PLR), and mean platelet volume
(MPV), that have been studied in the literature, we were not able to detect any predictive effect either
in disease extent or in grading (Table 2).
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Table 2. The prognostic utility of markers of systemic inflammatory response in predicting the disease
extent of NENS, as expressed in relative risk ratio in a multivariate analysis, after controlling for age,

gender, and CgA.

Inflammatory Marker Mean + SD Relative Risk Ratio (RR) p-Value
C-reactive protein (CRP) (mg/L) 6.95 +7.57 1.493 0.008
White blood count (WBC) 9743.24 +7172.8 1.00 0.546
Neutrophil-to-lymphocyte ratio (NLR) 2.67 +1.92 2222 0.279
Platelet-to-lymphocyte ratio (PLR) 133.39 £ 113.5 1.020 0.336
Lymphocyte-to-monocyte ratio (LMR) 5.66 + 4.81 0.501 0.382
Mean platelet volume (MPV) 10.52 + 10.6 7.1 0.506

4. Discussion

The main findings of this study are focused on the predictive effect of CgA, especially when
combined with other parameters, such as age and sex. More specifically, it is highlighted that the
prognostic capacity of CgA in patients with NENs can be significantly strengthened when it is combined
with age and sex, contributing ultimately to a potentially time-saving, individualized, and cost-effective
diagnosis and therapeutic approach.

Both gender and age were shown to share predictive value at the time of the initial diagnosis,
as male gender and age over 50 years are associated with an increased risk for having metastases
(OR = 3.376, p = 0.04 for gender and OR = 1.15, p = 0.036 for age). In the literature, a meta-analysis
conducted by Jensen et al. showed that advanced age at the time of diagnosis and male gender
indicated a poor prognosis [23]. Likewise, in a study of GEP-NENSs, male gender and increased age
at the time of diagnosis were associated with poorer five-year survival rates [24]. Although these
parameters may represent poor prognosis in the majority of cancer entities [25], in the present original
research, it is highlighted that both gender and age not only are emerging as important risk factors
for advanced disease extent, but also, when combined with CgA, can enhance its predictive effect in
the detection of patients with NENSs at increased risk for advanced disease (Figure 3). All the above
findings constitute clinically valuable information that can potentially determine our therapeutic
interventions when we first evaluate patients with NENs.

Chromogranin A is a hydrophilic glycoprotein commonly involved in a series of biological
pathways controlling protein (peptides, hormones, neurotransmitters, and growth factors) secretion
upon secretagogue stimulation [26]. In the unique cohort of NENs, CgA has been established as a
universal laboratory marker, as its elevated levels have been associated with almost all types of NENs.
However, as a consequence of the ubiquitous co-secretion of CgA with other regulatory peptides, there
are multiple causes of CgA elevation that are unrelated to NENSs, limiting its sensitivity and specificity
in the diagnostic setting [8]. Therefore, integrating the prognostic effects of other parameters such as
age and sex with CgA could probably contribute to surpassing these limitations and enhancing the
isolated diagnostic and prognostic value of CgA.

Circulating CgA has long been used as an indirect survival predictor in clinical practice of NEN
management. In fact, there is a plethora of studies in the literature demonstrating that higher levels of
CgA are associated with advanced disease and enhanced tumor load [27-30]. Concerning our analysis,
it was shown that median CgA levels differed significantly between metastatic and non-metastatic
NENSs (p < 0.01); simultaneously, in logistic regression analysis, after controlling for age, gender, and
grading, CgA was able to predict whether a NEN would be metastatic or not at diagnosis. In fact,
as CgA levels increase, there is a concomitant increase in the relative risk ratio for having metastasis
versus not. Focusing on the subgroup of pancreatic NENs, CgA was also found to be significantly
elevated in the metastatic cases, whereas patients with localized or regional disease displayed either
normal or mildly elevated levels. This finding is in concordance with existing literature, according to
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which plasma CgA levels are associated with tumor size, metastasis status, and tumor stage in patients
with pancreatic NENs and, therefore, should be used cautiously in the diagnosis and evaluation of
treatment response of early stage pancreatic NENs [12].

Furthermore, in the present study, it was highlighted that when CgA is >200 ng/dl, patients have
almost 5 times higher risk of being metastatic at the time of diagnosis (OR = 4.82, p = 0.008, 95% CI:
1.5-7.46). In a study by Citterio D et al., a similar cut-off of CgA was used in a more homogeneous
set of patients of 139 well-differentiated NENs with metastatic liver involvement, in which basal
CgA of >200 ng/mL was found to be an independent negative prognostic factor for survival [31].
Analogous findings were provided by the prospective RADIANT-1, -2, and -3 trials, in which patients
with circulating levels of CgA higher than twice the upper normal limit demonstrated shorter overall
survival [32,33].

Apart from setting a cut-off level for CgA crucial for prognosis, we also took into account the
effects of age and gender in order to reproduce a cumulative effect in predicting whether a NEN would
be metastatic or not at the time of initial diagnosis. Figure 3 schematically depicts how the risk of
metastasis escalates as age and CgA levels increase in both males and females. To our knowledge,
this is the first time that specific cumulative relative risk ratios for metastasis of NENs, based on age,
gender, and CgA, have been proposed in literature. Further, well-designed, prospective studies are
necessary to establish these risk ratios, as they constitute information with major clinical value for
clinicians managing patients with NENS.

On the other hand, in our study cohort, no predicting effect was documented between CgA
and grading. This is in agreement with a larger and more homogenous study of 1159 patients with
pancreatic NENs, in which CgA levels did not correlate with histological differentiation, mitotic rate,
or pathologic disease stage [34]. Chromogranin A is more frequently elevated in well-differentiated
tumors, as compared with poorly differentiated ones, probably due to the reduced functional integrity
of the neuroendocrine secretory system in poorly differentiated tumors [26].

Likewise, in our cohort, NSE was able to predict neither disease extent nor grading at the time of
first diagnosis. This might be attributed to the small number of poorly differentiated tumors, with high
Ki-67 levels, included in the cohort, as NSE is particularly elevated in patients with poorly differentiated
NENSs [35,36].

Moreover, we additionally proceeded to evaluate whether inflammation can be a significant factor
in the pathophysiology of NENs. Indeed, inflammatory biomarkers could probably help clinicians
assess prognosis in patients with NENS, since testing for these markers is cheap, sensitive, and easily
done via a routine blood test. Thus, in the present study, CRP levels were measured before any
therapeutic intervention and were found to be positively correlated with CgA. Furthermore, it was
highlighted not only that CRP had a significant predicting effect on disease extent (the relative risk ratio
for every unit increase of CRP is 1.493 for a patient being metastatic at the time of diagnosis), but also
that this effect is independent of CgA. There are studies in the literature addressing this area in NENs,
as well. Specifically, Wiese D et al., in a retrospective analysis of 149 patients with pancreatic NENSs,
showed that CRP is an independent prognostic factor for survival in these patients and suggested that
pretreatment CRP measurements should be considered for incorporation into prospective studies of
outcome in patients with pancreatic NENs and clinical trials of systemic therapies for these tumors [37].
More recently, it was shown that CRP can be a poor prognostic marker of survival in the whole group
of gastroenteropancreatic NENs, with each increase of 1 mg/L in the CRP value being accompanied
by an increase of the risk of death by 1.5% [24]. However, to our knowledge, the present study is the
first time that the independent effect of CRP on tumor burden has been documented in a cohort of
NENSs. Overall, given the small sample size of our cohort and the limited data in the literature, the
clinical utilization of CRP as a prognostic biomarker in assessing the natural course of NENs should be
exercised with caution until more validated data and reproducible cut-off levels are established.

Finally, peripheral inflammatory hematologic parameters of WBC, such as NLR, LMR, PLR and
MPYV, were not found to be correlated with disease extent and grading in our cohort. These results were
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in discordance with two studies of patients with pancreatic NENs showing that these inflammatory
markers are adversely associated with overall survival [38,39]. This could probably be attributed
to the small sample size in the study by Gaitanidis A et al. or to the fact that only patients with
advanced disease state were enrolled in the study by Qi Q et al. Indeed, in a recent meta-analysis,
it was highlighted that NLR could be utilized as an adverse prognosis factor only in pancreatic NENS,
as the majority of included cases were patients with pancreatic NENs, while the prognostic value of
other hematologic parameters deserves further investigation [40].

The findings of this study must be viewed in light of the following limitations. The primary
limitation is the small sample size of these rare tumors, which should be considered in the context of
this specific geographic and ethnic background. Another limitation is the lack of clinical outcomes,
such as survival or disease progression rates.

In conclusion, to summarize the main findings of this study, circulating CgA levels not only can
be used as a direct predictor of tumor load in patients with NENs, but also, when interpolated with the
effects of age and gender, can cumulatively predict whether a NEN would be metastatic or not at the
time of initial diagnosis, via a risk-escalating probability model. Simultaneously, CRP, one of the most
widely used inflammatory markers in routine clinical practice, can predict disease extent at the time of
diagnosis and be useful both in treatment planning and monitoring during follow-up of all NENSs.
Further studies are necessary to verify whether these findings can be used as a clinical tool in defining
therapeutic management and evaluating survival rates.

Author Contributions: Supervision, M.P,, E.D.-K. and G.C.N.; Writing—original draft, O.P.; Writing—review and
editing, E.A K. All authors have read and agreed to the published version of the manuscript.

Acknowledgments: This research did not receive any specific grant from any funding agency in the public,
commercial, or not-for-profit sector.

Conflicts of Interest: There is no conflict of interest that could be perceived as prejudicing the impartiality of the
research reported.

References

1. Taal, B.G; Visser, O. Epidemiologys of neuroendocrine tumours. Neuroendocrinology 2004, 80 (Suppl. 1), 3-7.
[CrossRef] [PubMed]

2. Dasari, A.; Shen, C.; Halperin, D.; Zhao, B.; Zhou, S.; Xu, Y,; Shih, T,; Yao, ]J.C. Trends in the Incidence,
Prevalence, and Survival Outcomes in Patients with Neuroendocrine Tumors in the United States. JAMA
Oncol. 2017, 3, 1335-1342. [CrossRef] [PubMed]

3. Modlin, IM.; Moss, S.F; Chung, D.C.; Jensen, R.T.; Snyderwine, E. Priorities for improving the management
of gastroenteropancreatic neuroendocrine tumors. J. Natl. Cancer Inst. 2008, 100, 1282-1289. [CrossRef]
[PubMed]

4. Hallet,].; Law, C.H.; Cukier, M.; Saskin, R.; Liu, N.; Singh, S. Exploring the rising incidence of neuroendocrine
tumors: A population-based analysis of epidemiology, metastatic presentation, and outcomes. Cancer 2015,
121, 589-597. [CrossRef] [PubMed]

5. Caldarella, A.; Crocetti, E.; Paci, E. Distribution, incidence, and prognosis in neuroendocrine tumors:
A population based study from a cancer registry. Pathol. Oncol. Res. 2011, 17, 759-763. [CrossRef]

6. Nikou, G.C.; Pazaitou-Panayiotou, K.; Dimitroulopoulos, D.; Alexandrakis, G.; Papakostas, P.; Vaslamatzis, M.;
Kaldrymidis, P.; Markussis, V.; Koumarianou, A.; “G-NET-Registry” investigators. Results of a prospective
multicenter neuroendocrine tumor registry reporting on clinicopathologic characteristics of Greek patients.
BMC Endocr. Disord. 2016, 16, 8. [CrossRef]

7. Oberg, K.; Couvelard, A.; Delle Fave, G.; Gross, D.; Grossman, A.; Jensen, R.T.; Pape, U.E; Perren, A.;
Rindi, G.; Ruszniewski, P.; et al. ENETS Consensus Guidelines for Standard of Care in Neuroendocrine
Tumours: Biochemical Markers. Neuroendocrinology 2017, 105, 201-211. [CrossRef]

8.  Marotta, V.; Zatelli, M.C.; Sciammarella, C.; Ambrosio, M.R.; Bondanelli, M.; Colao, A.; Faggiano, A.
Chromogranin A as circulating marker for diagnosis and management of neuroendocrine neoplasms: More
flaws than fame. Endocr. Relat. Cancer 2018, 25, R11-R29. [CrossRef]


http://dx.doi.org/10.1159/000080731
http://www.ncbi.nlm.nih.gov/pubmed/15477707
http://dx.doi.org/10.1001/jamaoncol.2017.0589
http://www.ncbi.nlm.nih.gov/pubmed/28448665
http://dx.doi.org/10.1093/jnci/djn275
http://www.ncbi.nlm.nih.gov/pubmed/18780869
http://dx.doi.org/10.1002/cncr.29099
http://www.ncbi.nlm.nih.gov/pubmed/25312765
http://dx.doi.org/10.1007/s12253-011-9382-y
http://dx.doi.org/10.1186/s12902-016-0089-7
http://dx.doi.org/10.1159/000472254
http://dx.doi.org/10.1530/ERC-17-0269

Endocrines 2020, 1 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Massironi, S.; Rossi, R.E.; Casazza, G.; Conte, D.; Ciafardini, C.; Galeazzi, M.; Peracchi, M. Chromogranin A
in diagnosing and monitoring patients with gastroenteropancreatic neuroendocrine neoplasms: A large
series from a single institution. Neuroendocrinology 2014, 100, 240-249. [CrossRef]

Rossi, R.E.; Ciafardini, C.; Sciola, V.; Conte, D.; Massironi, S. Chromogranin A in the Follow-up of
Gastroenteropancreatic Neuroendocrine Neoplasms: Is It Really Game Over? A Systematic Review and
Meta-analysis. Pancreas 2018, 47, 1249-1255. [CrossRef]

Sciola, V.; Massironi, S.; Conte, D.; Caprioli, F.; Ferrero, S.; Ciafardini, C.; Peracchi, M.; Bardella, M.T.; Piodi, L.
Plasma chromogranin a in patients with inflammatory bowel disease. Inflamm. Bowel Dis. 2009, 15, 867-871.
[CrossRef] [PubMed]

Granberg, D. Biochemical Testing in Patients with Neuroendocrine Tumors. Front. Horm. Res. 2015, 44,
24-39. [CrossRef] [PubMed]

Hofland, J.; Kaltsas, G.; de Herder, W.W. Advances in the diagnosis and management of well-differentiated
neuroendocrine neoplasms. Endocr. Rev. 2019, 41, bnz004. [CrossRef] [PubMed]

Coussens, L.M.; Werb, Z. Inflammation and cancer. Nature 2002, 420, 860-867. [CrossRef]

Lu, H.; Ouyang, W.; Huang, C. Inflammation, a key event in cancer development. Mol. Cancer Res. 2006, 4,
221-233. [CrossRef]

Fernandes, J.V.; Cobucci, R.N.; Jatoba, C.A.; Fernandes, T.A.; de Azevedo, ].W.; de Araujo, ]. M. The role of
the mediators of inflammation in cancer development. Pathol. Oncol. Res. 2015, 21, 527-534. [CrossRef]
[PubMed]

Shrotriya, S.; Walsh, D.; Nowacki, A.S.; Lorton, C.; Aktas, A.; Hullihen, B.; Benanni-Baiti, N.; Hauser, K;
Ayvaz, S.; Estfan, B. Serum C-reactive protein is an important and powerful prognostic biomarker in most
adult solid tumors. PLoS ONE 2018, 13, e0202555. [CrossRef]

Mahmoud, F.A.; Rivera, N.I. The role of C-reactive protein as a prognostic indicator in advanced cancer. Curr.
Oncol. Rep. 2002, 4, 250-255. [CrossRef]

Brenner, D.R.; Scherer, D.; Muir, K,; Schildkraut, J.; Boffetta, P.; Spitz, M.R.; Le Marchand, L.; Chan, A.T.;
Goode, E.L.; Ulrich, CM.; et al. A review of the application of inflammatory biomarkers in epidemiologic
cancer research. Cancer Epidemiol. Biomark. Prev. 2014, 23, 1729-1751. [CrossRef]

Berkovic, M.C.; Jokic, M.; Marout, J.; Radosevic, S.; Zjacic-Rotkvic, V.; Kapitanovic, S. IL-2 -330 T/G SNP
and serum values-potential new tumor markers in neuroendocrine tumors of the gastrointestinal tract and
pancreas (GEP-NETs). J. Mol. Med. 2010, 88, 423—-429. [CrossRef]

Cigrovski Berkovic, M.; Cacev, T.; Catela Ivkovic, T.; Zjacic-Rotkvic, V.; Kapitanovic, S. New insights into the
role of chronic inflammation and cytokines in the etiopathogenesis of gastroenteropancreatic neuroendocrine
tumors. Neuroendocrinology 2014, 99, 75-84. [CrossRef]

Klimstra, D.S.; Modlin, LR.; Coppola, D.; Lloyd, R.V.; Suster, S. The pathologic classification of neuroendocrine
tumors: A review of nomenclature, grading, and staging systems. Pancreas 2010, 39, 707-712. [CrossRef]
Jensen, R.; Norton, J. Carcinoid tumors and the carcinoid syndrome (Chapter 34.6 Cancer of the Endocrine
System). In Cancer Principles and Practice of Oncology; DeVita, V.T., Jr., Hellman, S., Rosenberg, S.A., Eds.;
Williams and Wilkins: Philadelphia, PA, USA, 2005.

Komac, O.; Bengi, G.; Sagol, O.; Akarsu, M. C-reactive protein may be a prognostic factor for the whole
gastroenteropancreatic neuroendocrine tumor group. World J. Gastrointest. Oncol. 2019, 11, 139-152. [CrossRef]
[PubMed]

Noone, A.M.; Howlader, N.; Krapcho, M.; Miller, D.; Brest, A.; Yu, M.; Ruhl, ].; Tatalovich, Z.; Mariotto, A.;
Lewis, D.R.; et al. SEER Cancer Statistics Review, 1975-2015; National Cancer Institute: Bethesda, MD, USA,
2017. Available online: https://seer.cancer.gov/csr/1975_2015/ (accessed on 1 September 2019).

Lawrence, B.; Gustafsson, B.I; Kidd, M.; Pavel, M.; Svejda, B.; Modlin, .M. The clinical relevance of
chromogranin A as a biomarker for gastroenteropancreatic neuroendocrine tumors. Endocrinol. Metab. Clin.
North Am. 2011, 40, 111-134. [CrossRef] [PubMed]

Ahmed, A.; Turner, G.; King, B.; Jones, L.; Culliford, D.; McCance, D.; Ardill, J.; Johnston, B.T.; Poston, G.;
Rees, M.; et al. Midgut neuroendocrine tumours with liver metastases: Results of the UKINETS study:.
Endocr. Relat. Cancer 2009, 16, 885-894. [CrossRef] [PubMed]

Arnold, R.; Wilke, A.; Rinke, A.; Mayer, C; Kann, PH.; Klose, KJ.; Scherag, A.; Hahmann, M.;
Muller, H.H.; Barth, P. Plasma chromogranin A as marker for survival in patients with metastatic endocrine
gastroenteropancreatic tumors. Clin. Gastroenterol. Hepatol. 2008, 6, 820-827. [CrossRef]


http://dx.doi.org/10.1159/000369818
http://dx.doi.org/10.1097/MPA.0000000000001184
http://dx.doi.org/10.1002/ibd.20851
http://www.ncbi.nlm.nih.gov/pubmed/19090560
http://dx.doi.org/10.1159/000381981
http://www.ncbi.nlm.nih.gov/pubmed/26303702
http://dx.doi.org/10.1210/endrev/bnz004
http://www.ncbi.nlm.nih.gov/pubmed/31555796
http://dx.doi.org/10.1038/nature01322
http://dx.doi.org/10.1158/1541-7786.MCR-05-0261
http://dx.doi.org/10.1007/s12253-015-9913-z
http://www.ncbi.nlm.nih.gov/pubmed/25740073
http://dx.doi.org/10.1371/journal.pone.0202555
http://dx.doi.org/10.1007/s11912-002-0023-1
http://dx.doi.org/10.1158/1055-9965.EPI-14-0064
http://dx.doi.org/10.1007/s00109-009-0581-x
http://dx.doi.org/10.1159/000362339
http://dx.doi.org/10.1097/MPA.0b013e3181ec124e
http://dx.doi.org/10.4251/wjgo.v11.i2.139
http://www.ncbi.nlm.nih.gov/pubmed/30788040
https://seer.cancer.gov/csr/1975_2015/
http://dx.doi.org/10.1016/j.ecl.2010.12.001
http://www.ncbi.nlm.nih.gov/pubmed/21349414
http://dx.doi.org/10.1677/ERC-09-0042
http://www.ncbi.nlm.nih.gov/pubmed/19458024
http://dx.doi.org/10.1016/j.cgh.2008.02.052

Endocrines 2020, 1 12

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Campana, D.; Nori, E; Piscitelli, L.; Morselli-Labate, A.M.; Pezzilli, R.; Corinaldesi, R.; Tomassetti, P.
Chromogranin A: Is it a useful marker of neuroendocrine tumors? J. Clin. Oncol. 2007, 25, 1967-1973.
[CrossRef]

Rossi, R.E.; Garcia-Hernandez, J.; Meyer, T.; Thirlwell, C.; Watkins, J.; Martin, N.G.; Caplin, M.E,;
Toumpanakis, C. Chromogranin A as a predictor of radiological disease progression in neuroendocrine
tumours. Ann. Transl. Med. 2015, 3, 118. [CrossRef]

Citterio, D.; Pusceddu, S.; Facciorusso, A.; Coppa, J.; Milione, M.; Buzzoni, R.; Bongini, M.; de Braud, F;
Mazzaferro, V. Prtimary tumour resection may improve survival in functional well-differentiated
neuroendocrine tumours metastatic to the liver. Eur. J. Surg. Oncol. 2017, 43, 380-387. [CrossRef]

Yao, J.C.; Pavel, M.; Phan, A.T.; Kulke, M.H.; Hoosen, S.; St Peter, J.; Cherfi, A.; Oberg, K.E. Chromogranin A
and neuron-specific enolase as prognostic markers in patients with advanced pNET treated with everolimus.
J. Clin. Endocrinol. Metab. 2011, 96, 3741-3749. [CrossRef]

Pavel, M.E.; Baudin, E.; Oberg, K.E.; Hainsworth, ].D.; Voi, M.; Rouyrre, N.; Peeters, M.; Gross, D.].; Yao, ].C.
Efficacy of everolimus plus octreotide LAR in patients with advanced neuroendocrine tumor and carcinoid
syndrome: Final overall survival from the randomized, placebo-controlled phase 3 RADIANT-2 study. Ann.
Oncol. 2017, 28, 1569-1575. [CrossRef] [PubMed]

Mirkin, K.A.; Hollenbeak, C.S.; Wong, J. Impact of chromogranin A, differentiation, and mitoses in
nonfunctional pancreatic neuroendocrine tumors </= 2 cm. 2017, 211, 206-214. [CrossRef] [PubMed]
O'Toole, D.; Grossman, A.; Gross, D.; Delle Fave, G.; Barkmanova, ].; O’Connor, J.; Pape, U.F,; Plockinger, U.;
Mallorca Consensus Conference Participants; European Neuroendocrine Tumor Society. ENETS Consensus
Guidelines for the Standards of Care in Neuroendocrine Tumors: Biochemical markers. Neuroendocrinology
2009, 90, 194-202. [CrossRef]

van Adrichem, R.C; Kamp, K. Vandamme, T.; Peeters, M.; Feelders, R.A.; de Herder, WW.
Serum neuron-specific enolase level is an independent predictor of overall survival in patients with
gastroenteropancreatic neuroendocrine tumors. Ann. Oncol. 2016, 27, 746-747. [CrossRef] [PubMed]
Wiese, D.; Kampe, K.; Waldmann, J.; Heverhagen, A.E.; Bartsch, D.K.; Fendrich, V. C-Reactive Protein as a
New Prognostic Factor for Survival in Patients With Pancreatic Neuroendocrine Neoplasia. ]. Clin. Endocrinol.
Metab. 2016, 101, 937-944. [CrossRef] [PubMed]

Gaitanidis, A.; Patel, D.; Kebebew, E. ASO Author Reflections: Systemic Inflammatory Markers in Pancreatic
Neuroendocrine Tumors. Ann. Surg. Oncol. 2018, 25, 874-875. [CrossRef] [PubMed]

Qi, Q.; Geng, Y.; Sun, M.; Wang, P.; Chen, Z. Clinical implications of systemic inflammatory response markers
as independent prognostic factors for advanced pancreatic cancer. Pancreatology 2015, 15, 145-150. [CrossRef]
Zhou, Y,; Li, D.; Lin, Y,; Yu, M,; Lu, X,; Jian, Z.; Na, N.; Hou, B. Pretreatment hematologic markers
as prognostic predictors of gastroenteropancreatic neuroendocrine tumors: A systematic review and
meta-analysis. Oncotargets Ther. 2018, 11, 2489-2496. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1200/JCO.2006.10.1535
http://dx.doi.org/10.3978/j.issn.2305-5839.2015.04.23
http://dx.doi.org/10.1016/j.ejso.2016.10.031
http://dx.doi.org/10.1210/jc.2011-0666
http://dx.doi.org/10.1093/annonc/mdx193
http://www.ncbi.nlm.nih.gov/pubmed/28444114
http://dx.doi.org/10.1016/j.jss.2016.12.033
http://www.ncbi.nlm.nih.gov/pubmed/28501118
http://dx.doi.org/10.1159/000225948
http://dx.doi.org/10.1093/annonc/mdv626
http://www.ncbi.nlm.nih.gov/pubmed/26712902
http://dx.doi.org/10.1210/jc.2015-3114
http://www.ncbi.nlm.nih.gov/pubmed/26678655
http://dx.doi.org/10.1245/s10434-018-6948-x
http://www.ncbi.nlm.nih.gov/pubmed/30353397
http://dx.doi.org/10.1016/j.pan.2014.12.004
http://dx.doi.org/10.2147/OTT.S152657
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Subjects 
	Statistical Analysis 

	Results 
	Disease Extent 
	Grading 
	Gender and Age 
	CgA and NSE 
	CRP and Other Inflammatory Markers 

	Discussion 
	References

