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Abstract 

Background 

Currently, the long-term prognosis and survival rate of patients with high-grade glial tumors remains 

poor and there are no biomarkers. hPG80 (circulating progastrin) secreted into the blood by tumor 

cells has been widely studied in colorectal cancer. Its involvement in tumorigenesis has been 

demonstrated in the literature. Moreover, according to a recent study, hPG80 is expressed in the blood 

of cancer patients at a significantly higher concentration than in the control group composed of 

healthy blood donors. 

 

Methods 

The PROGLIO study is a pilot, single-center, longitudinal study that primarily seeks to evaluate 

circulating plasma hPG80 concentrations over time in patients with high-grade glial tumors. A fasting 

blood sample will be taken on the start and end day of radiotherapy and during the adjuvant 

chemotherapy (every 3 cycles). Follow-up monitoring will be performed for 9 months, with a blood 

sample taken every 3 months on the day of the follow-up MRI. The study plans to recruit 30 patients 

and recruitment started in February 2022.  
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Trial registration 

 ClinicalTrials.gov ID NCT05157594; registered on October 27, 2021. 

1 Introduction 

Since 2016, glial tumors have been classified via a new approach, which combines histo-pathological 

and molecular features (1). This classification has been recently updated. The 2021 fifth edition 

introduces major changes that advance the role of molecular diagnostics in central nervous system 

tumor classification (2). In addition, this classification enables the aggressiveness of the tumor to be 

assessed. The most aggressive tumors are classified as high-grade gliomas, i.e. WHO grade 3 and 4, 

and have a poor prognosis with an estimated 5-year survival of 30% for grade 3  and less than 5% for 

grade 4 (3). Indeed, the long-term prognosis and survival rate for patients with high-grade glial 

tumors remains poor (4). 

The GAST gene codes for a 101-amino acid precursor peptide, preprogastrin, which generates 

progastrin after several post-translational modifications. This 80-amino acid pro-hormone is then 

cleaved by pro-hormone convertases and carboxypeptidases to form glycine extended gastrins (G34-

Gly and G17-Gly). These glycine ends then serve as substrates for peptidyl-α-amidating 

monooxygenases, resulting in the formation of the two biologically active majority forms of gastrin 

in the G-cells of the antrum of the stomach, controlling acid secretions during digestion: G34-NH2 

for 34-amino acid gastrin and G17-NH2 for 17-amino acid gastrin (5,6). In a pathological situation, 

the disruption of the Wnt/ß-catenin pathway in cancer induces the activation of the expression of the 

GAST gene coding for progastrin and its secretion in  circulating form known as hPG80 (7). Its role 

has been widely studied in colorectal cancer. Thus, its involvement in the formation of cell junctions, 

in the inhibition of apoptosis, in the regulation of cancer stem cells, in angiogenesis and in the 

regulation of the Wnt signaling pathway, has been demonstrated in the literature (8–13). Furthermore, 

progastrin has been shown to be a factor in radio-resistance (14). An increase in GAST gene 

expression has been observed after irradiation. On the other hand, targeting hPG80 induces an 

increase in radiation-induced apoptosis. A decrease in hPG80 expression increases radiation-induced 

DNA damage and leads to the inhibition of the AKT and ERK pathways, induced by irradiation (14). 

A prospective study, which was analyzed retrospectively, was performed on a total of 1546 patients 

and 557 healthy blood donors,  enabling the determination of hPG80, with the DxPG80 IVD ELISA 

kit developed by BIODENA CARE (15). In this study, the levels of hPG80 (circulating progastrin) 

were determined in 11 different epithelial and non-epithelial cancers (colorectal, breast, uterus, 
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ovary, prostate, kidney, pancreas, oesophagus/stomach, liver, melanoma and lung). Median hPG80 

concentrations across cancer types were all above the limit for detection (1.2 pM) and the limit for 

quantification (2.3 pM). When all the cancer types were combined, the median hPG80 concentration 

was 4.88 pM. The median hPG80 concentration in the healthy blood donors was 1.05 pM. This study 

demonstrates that hPG80 is expressed in the blood of patients with all types of cancers at  

significantly higher concentrations than in a control group of healthy blood donors (7). In addition, a 

retrospective study of 143 patients with metastatic kidney cancer found that hPG80 was detected in 

94% of the patients (16). More recently, a retrospective study of 168 patients with hepatocellular 

carcinoma found that hPG80 was detected in 84% of the patients (17). 

As hPG80 is involved in many signaling pathways, which are themselves involved in the 

tumorigenesis of many different types of cancers, it is justifiable to assume that hPG80 will be 

measurable in patients with high-grade brain tumors. In addition, BIODENA CARE has preliminary 

data on IDW-wild type glioblastoma treated with radio-chemotherapy, published on a poster at the 

annual ASCO meeting this year (18). After surgery, hPG80 was detected in 48 (69%) patients 

(hPG80+) with a median concentration of 9.52 pM (IQR 5.21 - 21.20).This data confirms the 

detection of hPG80 in these tumors and a decrease in that marker after total tumor resection. This data 

provides a strong basis to reasonably hypothesise that hPG80 is measurable in the blood of patients 

with high-grade brain tumors. Furthermore, there is no routine use of a blood biomarker for glial 

tumors. This justifies the interest of conducting a study assessing plasma hPG80 concentrations in 

patients with high-grade brain tumors. 

2 Methods and Analysis 

2.1 Study design 

The PROGLIO study is a pilot, single-center, longitudinal study aiming to evaluate plasma hPG80 

concentrations over time in patients with high-grade brain tumors. 

This study has been registered on Clinicaltrials.gov (NCT05157594).  A maximum of thirty patients 

are expected to be enroled. The study was started in February 2022 with an 18-month enrolment 

period and an estimated completion date by February 2025. 

2.2 Study objectives and endpoints 

2.2.1 Main objective and endpoint 

The main objective of the study is to evaluate the plasma levels of hPG80 (circulating progastrin) 

during therapeutic follow-up and relapse monitoring among patients with high-grade glial tumors. 
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The primary endpoint is hPG80 plasma concentrations measured by BIODENA CARE using their 

DxPG80 IVD ELISA kit, from inclusion to the last follow-up. 

 

2.2.2 Secondary objectives 

The secondary objectives are: 

- To study hPG80 concentrations according to tumor progression using the Response Assessment in 

Neuro-Oncology (RANO) criteria, which take progression objectified by imagery, clinical status and 

level of steroid therapy into account. 

- To evaluate the sensitivity to irradiation of hPG80 concentration variations. 

- To compare hPG80 plasma levels in patients, and to study inter-individual variations before, after 

and during disease management. 

2.3 Participant eligibility 

The inclusion and non-inclusion criteria are presented in Table 1. 

Patients with a high-grade glial tumor (glioblastomas IDH-wt, astrocytomas IDH mutated grade 3 

and 4, oligodendrogliomas grade 3 and 4), who need to start radiotherapy and/or chemotherapy, will 

be eligible for the protocol. 

2.4 Intervention 

Eligible patients will be included during a consultation with an investigator after verification of their 

compliance with the inclusion and non-inclusion criteria (and signing of informed consent). 

A fasting blood sample will be taken on the start and end day of radiotherapy and during adjuvant 

chemotherapy (every 3 cycles). Follow-up monitoring will be performed for 9 months, with a blood 

sample taken every 3 months on the day of the follow-up MRI. 

Pseudonymized blood samples will be stored at the Centre Jean PERRIN and then sent to the 

Hospices Civils de Lyon (France) for analysis. The blood samples will be analyzed to evaluate the 

plasma concentrations of hPG80 in pmol/L using the ELISA DxPG80 kit (BIODENA CARE, 

France).  

The risks or constraints appear minimal for the subjects participating in the study since the only 

interventions are blood tests. 
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2.5 Measures of hPG80 levels in blood samples 

The ELISA DxPG80 lab kit (BIODENA CARE, France) will be used to measure hPG80 levels in all 

plasma EDTA samples according to the manufacturer’s instructions. The analytical performances of 

the kit have been described by Cappellini et al. (15) In brief, the limit of detection (LoD) is a hPG80 

concentration of 1 pM and the limit of quantitation (LoQ) is a hPG80 concentration of 3.3 pM. The 

inter- and intra-assay coefficients of variation (CV%) are below 10%. No cross-reactivity has been 

detected with gastrin-17, Gastrin-Gly or CTFP (C-Terminus Flanking Peptide). No cross-reactivity 

has been detected with other blood biomarkers such as CA125, CEA or PSA. No interference has 

been detected with chemicals such as SN-38, 5-FU or triglycerides, cholesterol or hemoglobin. 

2.6 Study procedures and participant timeline 

The overview of study assessments and procedures are presented in Table 2. 

2.7 Sample size 

The PROGLIO study is a pilot, single-center, longitudinal study whose primary objective is to 

describe plasma hPG80 concentrations over time, in patients with high-grade brain tumors. At the 

present time, there are no published results on the expected distributions of plasma hPG80 

concentrations during patient follow-up in the study population, hence the pilot aspect of our study, 

thus no power analysis is possible for the necessary sample size estimation. A sample size of 30 

patients seems generally appropriate considering the state of recent literature. On the basis of 

preliminary data (currently confidential being consolidated for publication), we can at least estimate 

that the sample size of 30 patients should enable us to ensure 80% power (5% alpha risk, two-tailed 

test) to show an effect size of 0.75 of the difference between high-grade brain tumors and control 

values (healthy subjects) in the literature (16). The preliminary results were stratified by type of 

surgery (biopsy, partial resection, and total resection), and no gender differences were observed. 

2.8 Data analysis: 

The main analysis consists of the descriptive analysis of plasma prograstin concentration values at 

each time point. For the third secondary objective, this analysis will be further developed by taking 

into account the longitudinal character of the data and by modelling data using mixed effects 

regression models, associated with graphical representations of individual trajectories.  

The study of the relationship between hPG80 concentrations and tumor evaluation according to the 

RANO criteria (secondary objective 1) at different time points will be performed using generalized 

linear mixed models with response as the dependent variable, with hPG80 concentration as a fixed 
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effect (as well as possibly other covariates), and with random effect calculations enabling the 

modeling of repeated data during follow-up. 

The impact of radiotherapy on the variations in hPG80 concentrations (secondary objective 2) will be 

investigated using linear mixed models, followed, if relevant, by a post-hoc analysis by paired 

sample comparison tests. 

2.9 Data management and monitoring: 

The data collected for the study will be recorded on an eCRF (Ennov Clinical software). The users 

with access to the data will be the investigators, the clinical research associates, the project leaders 

and the biostatisticians. They are authorized professionals and are subject to professional secrecy. 

The investigator will ensure the accuracy, completeness, and consistency of the data recorded 

(pseudonymized patient data) and of the provision of answers to data queries. 

A clinical research associate mandated by the sponsor will perform regular monitoring reviews. The 

objectives will be to ensure the proper conduct of the study, the recording of the data generated in 

writing, and its documentation, storage and reporting, in accordance with the legislative and 

regulatory provisions in force. The follow-up reports will ensure traceability. 

2.10 Consideration of risk of bias:  

The risk of selection bias should be limited by an exhaustive inclusion of eligible patients treated at 

the Centre Jean PERRIN during the study period. As recruitment is consecutive, a list of potentially 

eligible patients will be kept, in order to verify a posteriori the representativeness of the sample. 

The existence of another undiagnosed cancer pathology also represents a risk of bias. In the event 

that this pathology is detected during the follow-up, a statistical analysis will be performed to 

evaluate the impact of the inclusion of these patients on the results obtained. 

2.11 Trial status 

The PROGLIO trial is currently recruiting. Participant recruitment began in February 2022 and 

recruitment is expected to finish in August 2023. The approved protocol is version 2, 20/10/2021. 

3 Discussion: 

The investigation of blood biomarkers for high-grade glial tumors remains a major challenge in order 

to predict and monitor treatment response. Identify an accurate circulating biomarker is a highly 

rewarding area of interest in neuro-oncology. Differents methods have been examined (circulating 
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tumor cells, cell-free DNA, microRNA, exosomes, and proteins) but no single biomarker test 

seemingly optimal at this time (19). This study, still at the proof-of-concept stage, could confirm that 

hPG80 is measurable in patients with high-grade glial tumors. If the main hypothesis of the 

PROGLIO trial is confirmed, further research will be required to demonstrate the clinical value of 

this blood biomarker. A study with a larger, multicentric enrolment would then enable its prognostic 

and diagnostic roles to be assessed, and to potentially highlight the usefulness of hPG80 as a blood 

biomarker. 

 

4 Data Availability Statement 

The datasets presented in this article are not freely available for reasons of privacy. Requests to 

access the datasets should be addressed to the corresponding author. 

 

5 Ethics Statement 

The study protocol obtained approval from the French Ethics Committee (Comité de protection des 

personnes Ouest III) in October 2021. The study is conducted in accordance with the Helsinki 

Declaration, the Good Clinical Practice (GCP) guidelines of the International Conference on 

Harmonisation (ICH–E6, 17/07/96), the General Data Protection Regulation (GDPR) and the local 

regulatory requirements. Written informed consent will be obtained from each patient by the 

investigator before any study-related assessment starts. 

6 Conflict of Interest 

BV is a Medical Science Liaison of Biodena Care.  

All other authors: No conflict of interest. 

7 Author Contributions 

Conception and design: MC, XD, IM  

Principal investigators of the study: XD  

Revision of the study design and protocol: MC, JP, XD 

Study coordination: MC, JP 

Acquisition of data and patient recruitment: MC, XD 

Statistical analysis: IM 

Obtaining funding and supervision: MC, XD 

Drafting the manuscript: MC 

Revision, adaptation and final approval of the manuscript: MC, JP, XD, BV 



 

 
8 

8 Funding 

BIODENA CARE has undertaken to finance the costs related to the analytical part and the transport 

of the samples. The research is carried out with the support of BIODENA CARE as a partner and 

supplier of the DxPG80 solution. 

Centre Jean PERRIN has undertaken funding  related to costs  of the staff involved in the study. 

The funding parties are not involved in the design and conduct of the study, nor in the collection, 

management, analysis, and interpretation of the data.  

9 Reference  

1.  Villa C, Miquel C, Mosses D, Bernier M, Di Stefano AL. The 2016 World Health Organization 

classification of tumours of the central nervous system. La Presse Médicale (2018) 47:e187–

e200. doi: 10.1016/j.lpm.2018.04.015 

2.  Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, Hawkins C, Ng HK, 

Pfister SM, Reifenberger G, et al. The 2021 WHO Classification of Tumors of the Central 

Nervous System: a summary. Neuro Oncol (2021) 23:1231–1251. doi: 10.1093/neuonc/noab106 

3.  Davis ME. Epidemiology and Overview of Gliomas. Seminars in Oncology Nursing (2018) 

34:420–429. doi: 10.1016/j.soncn.2018.10.001 

4.  Gould J. Breaking down the epidemiology of brain cancer. Nature (2018) 561:S40–S41. doi: 

10.1038/d41586-018-06704-7 

5.  Rehfeld JF, Bundgaard JR, Goetze JP, Friis-Hansen L, Hilsted L, Johnsen AH. Naming 

progastrin-derived peptides. Regulatory Peptides (2004) 120:177–183. doi: 

10.1016/j.regpep.2004.03.006 

6.  Rehfeld JF, Zhu X, Norrbom C, Bundgaard JR, Johnsen AH, Nielsen JE, Vikesaa J, Stein J, 

Dey A, Steiner DF, et al. Prohormone convertases 1/3 and 2 together orchestrate the site-

specific cleavages of progastrin to release gastrin-34 and gastrin-17. Biochemical Journal 

(2008) 415:35–43. doi: 10.1042/BJ20080881 

7.  You B, Mercier F, Assenat E, Langlois-Jacques C, Glehen O, Soulé J, Payen L, Kepenekian V, 

Dupuy M, Belouin F, et al. The oncogenic and druggable hPG80 (Progastrin) is overexpressed 

in multiple cancers and detected in the blood of patients. EBioMedicine (2020) 51:102574. doi: 

10.1016/j.ebiom.2019.11.035 

8.  Hollande F, Lee DJ, Choquet A, Roche S, Baldwin GS. Adherens junctions and tight junctions 

are regulated via different pathways by progastrin in epithelial cells. Journal of Cell Science 

(2003) 116:1187–1197. doi: 10.1242/jcs.00321 

9.  Singh P, Owlia A, Varro A, Dai B, Rajaraman S, Wood T. Gastrin gene expression is required 

for the proliferation and tumorigenicity of human colon cancer cells. Cancer Res (1996) 

56:4111–4115. 



 
9 

10.  Wu H, Owlia A, Singh P. Precursor peptide progastrin1-80 reduces apoptosis of intestinal 

epithelial cells and upregulates cytochrome c oxidase Vb levels and synthesis of ATP. American 

Journal of Physiology-Gastrointestinal and Liver Physiology (2003) 285:G1097–G1110. doi: 

10.1152/ajpgi.00216.2003 

11.  Giraud J, Failla LM, Pascussi J-M, Lagerqvist EL, Ollier J, Finetti P, Bertucci F, Ya C, Gasmi I, 

Bourgaux J-F, et al. Autocrine Secretion of Progastrin Promotes the Survival and Self-Renewal 

of Colon Cancer Stem–like Cells. Cancer Research (2016) 76:3618–3628. doi: 10.1158/0008-

5472.CAN-15-1497 

12.  Najib S, Kowalski-Chauvel A, Do C, Roche S, Cohen-Jonathan-Moyal E, Seva C. Progastrin a 

new pro-angiogenic factor in colorectal cancer. Oncogene (2015) 34:3120–3130. doi: 

10.1038/onc.2014.255 

13.  Prieur A, Cappellini M, Habif G, Lefranc M-P, Mazard T, Morency E, Pascussi J-M, Flacelière 

M, Cahuzac N, Vire B, et al. Targeting the Wnt Pathway and Cancer Stem Cells with Anti-

progastrin Humanized Antibodies as a Potential Treatment for K-RAS-Mutated Colorectal 

Cancer. Clinical Cancer Research (2017) 23:5267–5280. doi: 10.1158/1078-0432.CCR-17-

0533 

14.  Kowalski-Chauvel A, Gouaze-Andersson V, Vignolle-Vidoni A, Delmas C, Toulas C, Cohen-

Jonathan-Moyal E, Seva C. Targeting progastrin enhances radiosensitization of colorectal 

cancer cells. Oncotarget (2017) 8:58587–58600. doi: 10.18632/oncotarget.17274 

15.  Cappellini M, Flaceliere M, Saywell V, Soule J, Blanc E, Belouin F, Ortiz E, Canterel-

Thouennon L, Poupeau S, Tigrett S, et al. A novel method to detect hPG80 (human circulating 

progastrin) in the blood. Anal Methods (2021) 13:4468–4477. doi: 10.1039/D1AY00986A 

16.  Kohli M, Tan W, Vire B, Liaud P, Blairvacq M, Berthier F, Rouison D, Garnier G, Payen L, 

Cousin T, et al. Prognostic Value of Plasma hPG80 (Circulating Progastrin) in Metastatic Renal 

Cell Carcinoma. Cancers (2021) 13:375. doi: 10.3390/cancers13030375 

17.  Dupuy M, Iltache S, Rivière B, Prieur A, Pageaux GP, Bedoya JU, Faure S, Guillaumée H, 

Assenat E. Plasma hPG80 (Circulating Progastrin) as a Novel Prognostic Biomarker for 

Hepatocellular Carcinoma. Cancers (Basel) (2022) 14:402. doi: 10.3390/cancers14020402 

18.  Doucet L, Cailleteau A, Vaugier L, Gourmelon C, Bureau M, Salaud C, Roualdes V, Samarut E, 

Aumont M, Zenatri M, et al. Prognostic value of hPG80 (circulating progastrin) in IDH-wild 

type glioblastoma treated with radio-chemotherapy. JCO (2022) 40:2049–2049. doi: 

10.1200/JCO.2022.40.16_suppl.2049 

19.  Jones J, Nguyen H, Drummond K, Morokoff A. Circulating Biomarkers for Glioma: A Review. 

Neurosurgery (2021) 88:E221–E230. doi: 10.1093/neuros/nyaa540 

 

 

 

 

 

 



 

 
10 

 

Tables 

Table 1: Section criteria 

Inclusion criteria Non-inclusion criteria 

Female or male 18 years of age or older. Patient under guardianship or curatorship. 

Patients with a high-grade primary glial tumor (Astrocytoma grade 
3; Glioblastoma; Anaplastic Oligodendroglioma). 

Psychological disorder (cognitive disorders, vigilance 
disorders, etc.) or social reasons (deprivation of liberty by 
judicial or administrative decision) or geographical reasons 
that could compromise the medical follow-up of the trial. 

Patients scheduled to begin radiotherapy and/or chemotherapy. Refusal to participate. 

Able to give informed consent to participate in the research. Pregnant or breastfeeding woman. 

 

Table 2: Data collection schedule 

 

 

  Active treatment phase Follow-up 

  
Inclusion 

Radiotherapy 
(1st session) 

Radiotherapy  
(Last session)  

Adjuvant 
chemotherapy  

(Every 3 cycles) 
3 months 6 months 9 months 

 
INFORMATION & CONSENT              

CLINICAL EVALUATION 

MEDICAL & SURGICAL 
HISTORY              

HISTORY OF THE DISEASE              

PREVIOUS AND CONCOMITANT 
TREATMENTS       

TOXICITY EVALUATION 
(NCI CTCAE v5.0)       

BIOLOGICAL EXAMINATION 

hPG80 PLASMA LEVEL 
ASSESSMENT         

TUMOR EVALUATION 

MRI 
(RANO Evaluation)    *    

* Optional: If performed in 
standard practice 

  
      


