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Abstract

The aim of this study was to evaluate the clinical usefulness of the chromogranin A 

(CgA) determination in patients with neuroendocrine neoplasms (NENs) of the digestive 

system and to analyse the association between concentration of the marker and 

progression-free survival (PFS) and overall survival (OS). Serum concentrations of CgA 

were determined before the treatment in 131 patients with NENs, including patients 

with tumours located in the pancreas, the small intestine, caecum, appendix and in 

the colon. No significant associations were identified in CgA concentrations between 

the control group and patients with NENs in appendix and colon. In patients with 

NENs of the pancreas and NENs of the small intestine and caecum, increased CgA levels 

were associated with lymph node involvement, distant metastases and a baseline liver 

involvement. Analyses revealed significantly higher CgA concentrations in patients 

with active disease compared to those without symptoms of NEN. In patients with 

NENs of the pancreas, CgA concentration was correlated with tumour grade and Ki67. 

Significantly higher CgA levels were also found in patients who died compared to those 

who lived. Analyses of PFS and OS revealed that CgA concentration was not a prognostic 

factor in patients with NENs of the pancreas. In patients with NENs of the small intestine 

and caecum, increased CgA concentrations are independent, poor prognostic factors 

for both PFS and OS. In conclusion, in patients with NENs in pancreas, CgA levels are 

associated with disease progression, while in patients with NENs in small intestine and 

caecum, its concentration is a predictive indicator for PFS and OS.

Introduction

Neuroendocrine neoplasms (NENs) constitute a 
heterogeneous group of increasingly diagnosed and 
detected tumours derived from neuroendocrine cells, 

scattered throughout the human body and forming a 
diffuse endocrine system. Neuroendocrine cells respond 
to various signals by releasing peptides, biogenic amines 
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and other hormonally active substances. A characteristic 
feature of most well- and moderately differentiated NENs is 
the overexpression of somatostatin receptors (SSTs). These 
receptors are used in the search for a primary site when 
it cannot be identified by structural examinations and 
to assess the stage of the disease. In addition, evaluation 
of the degree of receptor expression based on in vivo 
imaging determines further treatment using synthetic SST 
receptor analogues. NENs differ in terms of the substances 
secreted by the cells, the presence or absence of hormonal 
activity, clinical symptoms, histopathological features 
and prognosis (1). Diagnostics and treatment monitoring 
use the ability of NEN cells to release non-specific markers 
into the bloodstream. The determination of non-specific 
marker – chromogranin A (CgA) – is applied in clinical 
practice (2, 3).

This substance belongs to acid glycoproteins 
contained in the granules of secretory neuroendocrine 
cells, both normal and those undergoing neoplastic 
transformations. The CgA concentration is significantly 
elevated in most locally advanced and disseminated NENs 
especially those in the midgut origin, although in very 
small lesions, its level may be within the normal range (4). 
CgA in gastroenteropancreatic neuroendocrine neoplasms 
(GEP-NEN) can also serve as an independent prognostic 
factor for the evaluation of survival of patients. Previous 
studies indicate some relationships between the degree 
of differentiation of NENs, the location of a primary 
lesion, the tumour mass and CgA levels (4, 5, 6, 7). Recent 
research confirms that CgA plays an important role in the 
regulation of angiogenesis, as well as in the modulation 
of the endothelial function as important processes in the 
tumour growth (8, 9, 10).

Previous studies have shown that intact CgA molecule 
has an anti-neoplastic effect and thus inhibitory properties 
in relation to the tumour growth by suppression of 
angiogenesis (9, 11). The modification of the molecule 
structure, however, leads to the formation of fragments of 
different biological activity. The clinical usefulness of the 
study results may depend on the sensitivity of methods 
used to detect various forms of CgA in the blood serum. 
In recent years, the presence of not only the native CgA 
molecule, but also of its various fragments (CgA1–78, 
CgA1–439, CgA1–373) has been demonstrated in the 
blood. The quantitative composition of these forms may 
differ depending on the diagnosis. Therefore, the variable 
profile of CgA derivatives, which are found in the patients’ 
blood serum, may create favourable conditions for the 
development of the disease (11, 12). The most common 
problems associated with the CgA determination include 

differences in the results depending on the reagent kit used 
(13, 14) as well as the impact of many other factors, such 
as the type of NEN, the location of a primary site, a degree 
of NEN cell differentiation, the presence of co-morbidities 
and the type of drugs used in the treatment.

The aim of this study was to evaluate the clinical 
usefulness of the CgA determination in patients 
with NENs of the digestive system by identifying the 
relationship with the clinical-pathological parameters and 
the analysis of the association between concentration of 
the marker and progression free survival (PFS) and overall  
survival (OS).

Materials and methods

We analysed retrospectively the data of patients with NENs 
of the digestive system treated consecutively from 2014 to 
2017 at The Maria Sklodowska-Curie Institute-Oncology 
Center in Warsaw. Serum concentrations of CgA were 
determined before the treatment, in 131 patients with 
NENs of the digestive tract, including 59 with tumours 
located in the pancreas and 72 with lesions in the small 
intestine, caecum and appendix (midgut – the tumours 
originating from the central part of the archenteron) and 
in the colon (hindgut – tumours of the posterior part of 
the archenteron). The study group included 80 women 
and 51 men; the median age was 58  years (range from 
18 to 81  years). First group consisted of patients with 
diagnosis of pancreatic NEN, in accordance with the 
current WHO classification created in 2017 (Table  1): 
thirty patients with well-differentiated malignancy: 
NETG1, Ki-67 = 3%, 24 with moderately differentiated 
neoplasm: NETG2, Ki-67 3–20% and five with NETG3 
or NEC (neuroendocrine carcinoma): Ki-67 >20%. In the 
second group, 48 patients had the primary lesion located 
in the small intestine and caecum, 13 in the appendix 
and 11 in the colon (2: sigmoid, 9: rectum). This group 

Table 1  Characteristics of patients according to WHO 2017 

classification.

Primary lesion NETG1 (n) NETG2 (n) NETG3/NEC (n)

Pancreas 30/59 24/59 5/59
Small intestine 24/39 14/39 1/39
  Caecum 6/9 3/9 0
Appendix 10/13 2/13 1/13
Colon 5/11 4/11 2/11
  Sigmoid 1/2 1/2 0
  Rectum 4/9 3/9 2/9

NEC, neuroendocrine carcinoma; WHO, World Health Oraganization.
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included (Table  1) 46 patients with NETG1, Ki-67 = 3%, 
22 subjects with NETG2, Ki-67 3–20% and four with NEC 
(neuroendocrine carcinoma): Ki-67 >20%. Tumour size 
(pT), the involvement of the lymph nodes and presence 
of distant metastases (M) were determined in the study 
groups according to the TNM classification (Table 2).

Patients with bowel primary received SST analogues 
therapy. Patients with primary pancreas received SST 
analogues therapy or additional biological therapy 
(everolimus) after progression on SST or after radical 
surgery (R) – just ‘wait and watch’. Patients with bowel 
primary and with pancreatic NET after relapse on SST 
analogues therapy had peptide receptor radionuclide 
therapy.

All patients were informed of the study aims and 
procedures and signed an informed consent. The study was 

authorized by the Local Ethics Committee of University of 
Warmia and Masuria.

The control group consisted of 20 healthy subjects, 
including 11 women and 9 men, aged 24–75 years; the 
median was 45 years.

CgA concentrations were measured on the Kryptor 
system, B.R.A.H.M.S GmbH kits, Thermo Fisher. This 
assay is immunometric, using an anti-CgA mouse 
monoclonal antibody, with the time resolved amplified 
cryptate emission. The cut-off point for CgA = 84.7 ng/mL  
was adopted in accordance with the manufacturer’s 
instructions. The proton pump inhibitor was discontinued 
at least 1  week before blood sampling. Non-parametric 
tests, such as the Mann–Whitney U test, Kruskal–Wallis 
test and Spearman’s rank correlation coefficient, were used 
for statistical calculations. The PFS and OS analyses were 
performed on the basis of the Kaplan–Meier curves using 
a one-factor analysis, the log-rank test and multivariate 
Cox regression analysis. PFS was defined using standard 
oncological approach utilizing CT or MRI as initial 
imaging methods and as the follow-up imaging methods. 
The significance level was adopted at P < 0.05.

Results

First, the relationship between the CgA concentrations, 
measured before treatment in groups of patients with 
NENs of the digestive system, divided based on the 
location of a primary lesion and the concentrations in 
the healthy control group were analysed. Significantly 
higher CgA levels were found in patients with NENs of 
the pancreas (P = 0.019) and NENs of the small intestine 
and caecum (P = 0.0001) compared to healthy subjects. 
No significant association was observed in patients with 
tumour located both in the colon and appendix (Table 3).

Table 2  Clinicopathological characteristics of patients.

 
 
 
 
Parameters

 
NENs of the 

pancreas

NENs of the small 
intestine and 

caecum

Number of  
patients (%)

Number of  
patients (%)

Gender
  Women 31/59 (53) 49/72 (68)
  Men 28/59 (47) 23/72 (32)
Tumor size (T)
  T1 16/59 (27) 3/48 (6)
  T2 15/59 (25) 7/48 (15)
  T3 15/59 (25) 22/48 (46)
  T4 6/59 (11) 12/48 (25)
  Tx 7/59 (12) 4/48 (8)
Lymph node status (N)
  N0 32/59 (54) 4/48 (8)
  N1 27/59 (46) 44/48 (92)
Distance metastasis (M)
  M0 37/59 (63) 18/48 (36)
  M1 22/59 (37) 30/48 (64)
Histological grade (G)
  G1 30/59 (50) 30/48 (63)
  G2 24/59 (41) 17/48 (35)
  G3 5/59 (9) 1/48 (2)
Indeks proliferation 

(Ki67)
  =3 33/59 (56) 32/48 (67)
  3–20 21/59 (35) 15/48 (31)
  >20 5/59 (8) 1/48 (2)
Baseline liver 

involvement
  Yes 21/59 (35) 22/48 (46)
  No 38/59 (65) 26/48 (54)
Chromogranin A (ng/mL)
  ≤84.7 30/59 (51) 23/48 (48)
  >84.7 29/59 (49) 25/48 (52)

NEN, neuroendocrine neoplasm.

Table 3  Serum concentration of CgA in control group and in 

patients with GEN/NET.

 Chromogranin A (ng/mL)  
%*

Control vs 
patientsMedian Range

Control group 48.5 18.1–72.7 0
NENs of pancreas 87.9 21.7–9803 49 P = 0.019
NENs of intestine
  Small intestine 

with caecum
105.0 27.9–3776 52 P = 0.001

  Appendix 44.0 11.5–215.6 8 NS
  Colon 60.0 9.3–397.0 27 NS

*The percentage of patients with elevated levels of CgA.
CgA, chromogranin A; NEN, neuroendocrine neoplasm; NS, not 
statistically significant.
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In patients with NENs of the pancreas, the serum 
CgA concentrations were elevated in 49% of patients 
and the median concentration was 87.9 ng/mL (range:  
21.7–9803 ng/mL); in patients with a primary lesion located 
in the small intestine and the median concentration 
was 105.0 ng/mL (range: 27.9–3776 ng/mL) and elevated 
concentrations were found in 52% of the subjects.

In the group of patients with tumour located in the 
colon and appendix, the median concentrations were 
below the cut-off point (60.0 ng/mL and 44.0 ng/mL,  
respectively), and the marker concentrations were 
increased in a small percentage of patients. Comparison 
of CgA levels in the study groups revealed that they were 
significantly higher in the group with a primary tumour 
located in the small intestine compared to those with the 
tumour identified in the colon (P = 0.012) and appendix 
(P = 0.001). There were no significant differences between 
CgA concentrations in patients with NENs of the pancreas 
and NENs of the small intestine (Table 3).

Because of the low sensitivity and the lack of 
differences between the CgA concentrations in patients 
with the location of the lesion in the colon and appendix 
and the control group, these patients were not included 
in further analyses.

Correlation with CgA serum levels and  
clinical-pathological features

The relationship between biomarker concentration and 
the following clinical-pathological features: the clinical 
stage (pTNM), a degree of tumour cell differentiation (G), 
mitotic activity (Ki-67 index – MIB1 antibody), gender 

and age, separately in two groups of patients: NENs of the 
pancreas and NENs of the small intestine were analysed. 
The characteristics of these patients are presented in 
Table  2. The comparison of the CgA concentrations in 
the patients’ blood serum depending on the size of the 
tumour (pT) showed no correlation between both groups. 
However, it was observed that the CgA levels increased 
with the tumour size in patients with NENs of the small 
intestine; however, this relationship was a trend (P = 0.07).

The Mann–Whitney U test revealed significant 
differences in the CgA concentrations depending on the 
lymph node involvement in both groups of patients. 
In subjects with NENs of the pancreas (P = 0.027) and 
NENs of the small intestine (P = 0.005) with the lymph 
node involvement, the CgA levels were significantly 
higher than those without neoplastic cells in the lymph 
nodes. Also, in both groups, significantly higher marker 
concentrations were found in patients with distant 
metastases (M1) (NENs of the pancreas P = 0.006, NENs of 
the small intestine P = 0.001) than in the subjects without 
distant metastases (M0). In patients with the baseline liver 
involvement, significantly higher CgA concentrations 
(P = 0.001) were confirmed both for NENs of the pancreas 
and NENs of the small intestine than in those without 
metastatic lesions in the liver.

In the group with NENs of the pancreas, a positive 
correlation was found between the CgA concentrations, 
both G1 vs G2 tumour differentiation (P = 0.032, R = 0.33) 
and the Ki-67 proliferation index (P = 0.019, R = 0.43) 
(Fig. 1). The patients with G3 and Ki-67 >20% were not 
analysed due to their small number. There were no such 
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Figure 1
Medians and CgA concentrations in dependence on index proliferation 
Ki67 in NENs of pancreas patients. CgA, chromogranin A; NEN, 
neuroendocrine neoplasm.

Table 4  Relationship between CgA serum levels and 

clinicopathological features in two groups of patients with 

GET/NEN.

 
 
Parameters

Chromogranin A (ng/mL)

 
NENs of pancreas

NENs of small 
intestine and caecum

Gender NS* NS*
Localizacion NS*
Tumor size (T) NS* NS*
Lymph node status (N) P = 0.027 P = 0.005
Distance metastasis (M) P = 0.006 P = 0.001
Histological grade (G) P = 0.032; R = 0.33 NS*
Indeks proliferation 
(Ki67)

P = 0.019; R = 0.43 NS*

Baseline liver 
involvement

P = 0.001 P = 0.001

Progresion P = 0.034 P = 0.001
Survival status P = 0.028 P = 0.015

*NS, not statistically significant.
CgA, chromogranin A; NEN, neuroendocrine neoplasm.

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International 
License.

https://doi.org/10.1530/EC-18-0059
http://www.endocrineconnections.org	 © 2018 The authors

Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-18-0059


M Fuksiewicz, M Kowalska 
et al.

CgA in NEN pancreas and 
small intestine

8077:6

associations found in the group with tumour located in 
the small intestine (Table  4). In the study groups with 
GEP-NEN (NENs of the pancreas, NENs of the small 
intestine), no relationship was demonstrated between the 
CgA concentration, gender and age.

Relationship between the CgA concentration and 
PFS and OS in patients with NENs of pancreas

After about 3  years of follow-up (the median was 
509  days), 46 patients showed no local recurrence or 
spread of the disease; NEN progression was observed 
in 13 (22%) patients, but 10 of them (17%) died. The 
subjects with progression had significantly higher CgA 
levels (P = 0.034) before the treatment than those without 
NEN progression (Table 4). Analysis of PFS revealed that 
the CgA concentration was not a prognostic factor. 
However, significantly higher CgA levels were found in 
patients with progression and subsequent death than in 
those who survived (P = 0.028) (Table 4). Apart from the 
clinical and pathological features: G, Ki-67 and M, the 
log-rank univariate analysis showed a prognostic value 
of CgA (P = 0.04) (Fig. 2). However, the Cox multivariate 
analysis did not confirm the significance of CgA as an 
independent prognostic factor for OS in patients with 
NENs of the pancreas.

Relationship between the CgA concentration and 
PFS and OS in patients with NENs of small intestine 
and caecum

During monitoring (the median was 882 days), 27 (35%) 
patients showed no active NEN disease; the progression 
was confirmed in 21 (44%) patients, and 10 subjects (21%) 
died during the clinical follow-up.

The Mann–Whitney U test revealed significantly 
higher CgA concentrations in patients with active disease 
(P = 0.001) compared to those without features of NEN. 
Significantly higher CgA levels were also found in patients 
who died compared to those who lived (P = 0.015).

The assessment of the prognostic PFS value 
using univariate analysis showed that elevated CgA 
concentrations were associated with PFS (P = 0.001). 
Among the clinical-pathological features, the presence 
of distant metastases (P = 0.014) was associated with the 
shorter PFS. Cox analysis of PFS, which took into account 
the M features and CgA concentrations, revealed that 
only CgA concentrations were an independent prognostic 
factor (HR: 5.026, 95% CI: 3.672–6.380, P = 0.019) (Fig. 3). 
The analysis of OS and the log-rank test demonstrated a 

prognostic value only for CgA concentrations (P = 0.014), 
and this was further confirmed in the Cox analysis (HR: 
8.73, 95% CI: 6.658–10.810, P = 0.041) (Fig. 4).

Discussion

The most common location of neuroendocrine tumours 
is the digestive system (GEP-NEN GEP). The diagnosis is 
usually made at the advanced stage of the disease when 
the surgical treatment is impossible. Majority of patients 
with GEP-NEN have atypical clinical symptoms, suggestive 
of other conditions, and despite the slow development of 
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Figure 2
Kaplan–Meier curves estimates of overall survival of NENs of pancreas 
patients stratified by serum CgA levels. CgA, chromogranin A; NEN, 
neuroendocrine neoplasm.
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Figure 3
Kaplan–Meier curves estimates of PFS of NENs of small intestine and 
caecum patients stratified by serum CgA levels. CgA, chromogranin A; 
NEN, neuroendocrine neoplasm; PFS, progression-free survival.
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NENs, tumours are not correctly recognized. The diagnosis 
of this group of tumours is based on some common 
features of the neoplastic cells, such as the expression 
of SST used in imaging techniques to determine the 
location of a primary lesion and the assessment of the 
stage of progression as well as the qualification of patients 
for targeted treatment using SST receptor analogues. An 
additional feature is the release of non-specific markers, 
such as CgA (5, 15, 16).

The CgA expression has been confirmed both 
in neuroendocrine tumours and other neoplasms, 
such as breast cancer, non-small-cell lung cancer and 
prostate cancer, which may undergo neuroendocrine 
differentiation (17, 18, 19). Results of our studies show the 
clinical evaluation of the usefulness of CgA determination 
in patients with GEP-NEN. Our research demonstrated 
significantly higher CgA levels in these subjects 
compared to healthy controls, which was consistent with 
previous reports (20). There were differences between 
the marker concentrations depending on the location 
of a primary lesion in the digestive system. Higher CgA 
levels were observed in patients with non-functional 
pancreatic tumours than in those with an intestinal 
location, although these differences were not statistically 
significant. Literature reports often emphasize the high 
diagnostic sensitivity of CgA in patients with NENs of the 
pancreas compared to other pancreatic diseases, including 
insulinoma (21, 22, 23, 24). Significant differences were 
demonstrated in the CgA concentrations depending on the 
location of a primary lesion in the intestines. Consistent 
with other studies, the elevated CgA concentrations were 

most frequently observed in patients with tumour located 
in the small intestine and caecum. These concentrations 
were significantly higher in comparison to those reported 
in patients with tumour located in the colon and appendix 
(25). Epidemiological data indicate increased incidence 
of neuroendocrine tumours located in the appendix, 
and this ranks third in terms of location, after the small 
intestine and rectum (26). In patients with primary lesion 
in the appendix who usually have small tumours, similar 
to other reports, we observed a significant percentage of 
subjects with the CgA levels below the cut-off point (27). 
As in other studies, there was no correlation between the 
marker concentrations and age and sex of the patients 
(28). CgA concentrations did not differ statistically 
depending on the size of the tumour, which was not 
consistent with the results presented by other researchers 
(21, 22, 24). Only in patients with the tumour located in 
the intestine, the marker concentrations increased with 
the size of tumour. Our studies showed, however, that 
elevated marker concentrations were associated with 
lymph node involvement. Similarly, higher marker levels 
were observed in patients with metastases to the liver or 
other distant organs. This relationship was also described 
in the works of other authors (21, 22, 28).

The value of the proliferation index, which is 
related to the degree of NEN cell differentiation, plays 
an important role in making therapeutic decisions. High 
values of the Ki-67 index are an unfavourable prognostic 
factor, which is associated with the shortening of PFS 
and OS in these patients. Our studies demonstrated an 
association between the CgA concentration and Ki-67 
only for patients with the primary NEN located in the 
pancreas. These results are consistent with observations 
of Massironi et  al., though other authors report no 
relationship between CgA concentrations and the degree 
of cell differentiation (6, 28).

The assessment of the usefulness of CgA determination 
in predicting OS and PFS, which is available in the 
literature, is also ambiguous. The unfavourable effect of 
the elevated CgA levels on OS has been confirmed (6, 
28, 29). Our studies showed that CgA levels obtained 
before treatment were significantly higher in patients 
with progression or death during clinical follow-up, 
regardless of the tumour location (the pancreas or small 
intestine). The analysis of PFS conducted in patients with 
NENs of the pancreas revealed that the CgA values were 
an independent prognostic factor. Apart from the clinical 
and pathological features: G, Ki67 and M, the assessment 
of OS in the univariate analysis revealed a prognostic 
value of CgA. Cox multivariate analysis did not show the 
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Figure 4
Kaplan-Meier curves estimates of OS of NENs of small intestine and 
caecum patients stratified by serum CgA levels. CgA, chromogranin A; 
NEN, neuroendocrine neoplasm; OS, overall survival.
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importance of CgA as an independent prognostic factor 
in patients with NENs of the pancreas. These results were 
consistent with the work of Sherman et al. who did not 
confirm the significance of CgA concentrations as an 
independent prognostic factor, although in the univariate 
analysis, the effect of the marker levels on both PFS and OS 
was demonstrated. Authors found an association between 
elevated CgA concentration, which were determined at 
the end of treatment and OS (30). However, our study 
showed that in the group of patients with the tumour 
located in the small intestine, the CgA levels were an 
independent prognostic factor for both PFS and OS.

Results of studies on the usefulness of CgA 
concentrations as a universal NEN marker are ambiguous, 
and research is often conducted in very few groups 
of patients. Only in the digestive system, we can 
obtain different test results depending on the location 
of a  primary lesion. Our work showed that marker 
concentrations in patients with tumour located in the 
pancreas are more useful to determine the severity of 
the disease – a relationship with the parameters, such 
as the Ki-67 mitotic index and the degree of NEN cell 
differentiation – than in subjects with a small intestine 
location. In contrast, in patients with NENs of the small 
intestine, the CgA levels are undoubtedly an unfavourable 
prognostic factor for PFS and OS.

Despite numerous controversies, most authors point 
to the validity of the CgA determination in clinical practice 
in patients with GEP-NEN (5, 31, 32, 33). However, the 
heterogeneity of neuroendocrine tumours, their rare 
incidence in connection with the diversity of marker 
forms, makes it necessary to conduct further research in 
these patients. It will be particularly important to identify 
groups who will benefit the most from the determination 
of CgA concentration.

In conclusion, in patients with NENs in pancreas, 
CgA levels are associated with disease progression, while 
in patients with NENs in small intestine and caecum, its 
concentration is a predictive indicator for PFS and OS.
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