
1 INTRODUCTION AND BACKGROUND 
 

Dyspepsia patients have a wide variety of clinical conditions behind the symptoms. Most 
common causes are reflux disease and functional dyspepsia. The other possible conditions 
include celiac disease (CD), irritable bowel syndrome (IBS) and atrophic gastritis (AG). AG is 
the single most important precursor condition for gastric cancer (GC) known so far. On the 
other hand, H. pylori -infection is the most important causative agent of gastritis, and 
subsequent AG. H. pylori infection and AG in the antrum may lead to GC and peptic ulcer 
disease. To obviate the need for invasive diagnostic methods (gastroscopy) for these 
conditions, Biohit Oyj (Helsinki, Finland) launched several years ago an ELISA-based assay 
designed to measure the concentrations of four stomach-specific biomarkers (Pepsinogen I, 
Pepsinogen II, Gastrin-17, H. pylori IgG antibodies) from a single blood sample. This 
GastroPanel® test is the first non-invasive diagnostic tool for stomach health (testing both the 
structure and function). Biohit has also launched a quick test for celiac disease (Celiac Quick 
Test; subsequently CDQT). 
 
The original GastroPanel® test is an ELISA assay (performed manually or automated), but 
with all four markers being processed under different incubation conditions. This is not an 
optimal technical solution, and prompted the company to develop the test towards unified 
processing conditions. This new-generation Unified GastroPanel® test was technically 
completed during the first half of 2015. Because different from the original test version in 
several key technical characteristics, this new GastroPanel® test needs to undergo the whole 
validation process, in which a clinical validation is an essential part.  
 
 
 

2 ACCEPTANCE CRITERIA 
The GastroPanel® is a user-friendly ELISA technique, intended both for research purposes 
and for clinical practice. The GastroPanel® test contains four biomarkers specific for the 
stomach mucosa: 1) Pepsinogen I (P-PGI), 2) Pepsinogen II (P-PGII), 3) Gastrin-17 (P-G-17) 
and 4) H. pylori antibody (P-HPAb).  
 

2.1 Specific Requirements 
The single most important goal of the clinical validation trial is to establish the performance 
indicators for the new version of the GastroPanel® test in detecting the study endpoints: i) 
atrophic gastritis in the antrum, ii) atrophic gastritis in the corpus, iii) atrophic gastritis in 
both antrum and corpus. Another important aim is to assess, whether the cut-off values of the 
new GastroPanel® test would be different from those optimized for the current GastroPanel® 
test version.  
 
This clinical validation study was designed to include a consecutive series of 100 symptomatic 
(dyspeptic) patients referred (with distinct indications) for gastroscopy to a specialised 
gastroenterology clinic. All subjects underwent blood sampling for GastroPanel test, including 
the sample for both basal- (G-17b) and stimulated (G-17s)  Gastrin-17, following the usual 
practice.  All subjects underwent gastroscopy with biopsies taken according to a modified USS 
(Updated Sydney System for classification of gastritis) protocol including two biopsies from 
the antrum and two biopsies from the corpus. All biopsies were fixed in 10% neutral formalin 
and submitted to histopathology laboratory for processing to paraffin-embedded sections. 
The 5-micron sections were stained with Hematoxylin Eosin (HE) and Giemsa, for general 
morphology and Helicobacter pylori (HP) detection, respectively. Histological sections were 



evaluated by an experienced pathologists with long-term experience in gastrointestinal 
pathology. The USS classification was used, categorising the biopsies into one of the following 
5 diagnostic categories: 1) Normal mucosa; 2) Superficial (HP-associated) gastritis; 3) 
atrophic gastritis (AG) of the antrum; 4) AG of the corpus, and 5) AG in both antrum and 
corpus (pangastritis). The severity of AG was graded as mild, moderate and severe, and the 
presence of HP was graded as absent, scanty, moderate and abundant. 
  
 

3 CONCLUSION 
 

3.1 Specific Results 
 

The cohort of the validation trial consisted of 101 gastroscopy referral patients, including 71 
women and 30 men. The mean age of the study subjects was 50.1 years, SD=16.7 years, and  
range 18-83 years. 
 
Table 1. Concordance*  between the mean values of the biomarkers in the current and the  
new generation GastroPanel test 
 
GP test 
version 

G-17b          
(M±SD) 

G-17s 
(M±SD) 

PGI 
(M±SD) 

PGII 
(M±SD) 

PGI/PGII 
(M±SD) 

HPAb 
(M±SD) 

       
Current 7.7 (12.0) 17.6 (16.5) 102.9 (47.4) 11.2 (8.4) 11.3 (5.2) 69.8 (45.2) 
New 
Generation 

6.9 (9.5) 17.0 (14.2) 89.2 (42.5) 15.2 (10.1) 6.8 (2.7) 311.8 (445.3) 

       
ICC** 0.982(0.971-0.988) 0.984(0.964-0.992) 0.966(0.409-0.990) 0.937(0.084-0.983) 0.877(0.818-

0.917)# 
0.261(-0.096-
0.502)# 

Correlation 0.969 0.978 0.983 0.981 0.952 0.747 
*Calculated by intra-class correlation coefficient (ICC; weighted kappa) and Pearson bivariate correlation tests; **ICC under 
most stringent conditions (strict parallel two-way random model, absolute agreement, average measures settings); # ICC 
using parallel two-way random model with consistency and average measures settings.    
 

 
Table 2. Concordance*  between the diagnostic categories of the current and the new 
generation GastroPanel test and their agreement with the USS classification of biopsies 
 
GP test version Normal 

Mucosa 
Superficial  
Gastritis 

AGA AGC AGpan 

      
Current 33 (33.0%) 58 (58.0%) 6 (6.0%) 3 (3.0%) 0 (0.0%) 
New Generation 34 (34.0%) 57 (57.0% 5 (5.0%) 4 (4.0%) 0 (0.0%) 
ICC** 0.968 (95%CI 0.953-0.979) 
ICC** USS-GPC 0.885 (95%CI 0.828-0.923) 
ICC** USS-GPNG 0.899 (95%CI 0.849-0.933) 
*Calculated by intra-class correlation coefficient (ICC; weighted kappa); **ICC under the following conditions (strict parallel 
two-way random model, absolute agreement setting, average measures); AGA, atrophic gastritis of the antrum; AGC, atrophic 
gastritis of the corpus; AGpan, atrophic gastritis of the antrum and corpus (pangastritis); USS-GPC, agreement between USS 
and current GP; USS-GPNG, agreement between USS and New Generation GP test    

  



Table 3. Concordance*  of the biomarker values (M±SD) of the current and the new 
generation GastroPanel test across the histological (USS) categories in the current and the 
reference validation series1  
 
 
USS Histology/ GP 
version 

G-17b          
 (M±SD) 

G-17s 
(M±SD) 

PGI 
(M±SD) 

PGII 
(M±SD) 

PGI/PGII 
(M±SD) 

HPAb 
(M±SD) 

       
NORMAL:       
Current GP 6.4 (13.1) 13.2 (15.1) 94.1 (40.7) 6.6 (3.8) 15.4 (4.9) 18.9 (12.2) 
New Generation GP 5.7 (11.1) 12.2 (11.9) 82.4 (38.9) 9.5 (4.6) 8.9 (2.4) 18.3 (8.6) 
Reference series 4.2 (8.1) 14.4 (16.0) 123.4 (112.9) 8.6 (7.4) 15.4(10.4) 13.5 (18.6) 
p-value** 0.337 0.436 0.034 0.486 0.0003 0.135 
       
SHPG:       
Current GP 8.6 (12.1) 20.8 (15.4) 110.1 (44.9) 12.9 (8.6) 9.9 (3.5) 98.2 (29.8) 
New Generation GP 7.2 (7.4) 20.8 (13.9) 95.5 (39.5) 17.3(10.1) 6.1(1.9) 490.2 (511.3) 
Reference series 7.4 (12.3) 23.8 (28.8) 156.1 (136.2) 15.2(12.1) 14.4(27.1) 82.0 (56.7) 
p-value** 0.920 0.513 0.008 0.303 0.042 0.0001 
       
AGA:       
Current GP 4.2 (3.4) 13.0 (14.3) 117.7 (56.3) 14.9 (8.6) 8.9 (3.7) 94.3(31.3) 
New Generation GP 4.5 (4.1) 14.1 (15.5) 100.2(49.2) 18.9(9.6) 5.7(2.0 384.6(418.3) 
Reference series 5.4 (9.9) 12.1 (23.4) 120.2(62.9) 10.3 (4.5) 13.7(7.9) 66.0(57.5) 
p-value** 0.758 0.796 0.372 0.009 0.0012 0.0154 
       
AGC:       
Current GP 20.8 (13.9) 35.6 (25.7) 84.0 (67.4) 21.2 (12.6) 3.7 (0.8) 109.8 (14.3) 
New Generation GP 21.8 (14.3) 28.0 (18.2) 71.6 (59.3) 29.4(17.3) 2.4 (0.8) 646.9(464.7) 
Reference series 50.9 (42.4) 113.2 (88.5) 20.0 (22.1) 7.8(4.9) 2.5 (2.2) 35.3(56.0) 
p-value** 0.138 0.039 0.0004 0.0001 0.915 0.0001 
       
AGpan:       
Current GP NA NA NA NA NA NA 
New Generation GP NA NA NA NA NA NA 
Reference series 9.6 (17.4) 27.6 (46.9) 67.5 (106.6) 10.8 (13.7) 6.7 (6.0) 40.4 (27.6) 
p-value** NA NA NA NA NA NA 
1Väänänen H, Vauhkonen M, Helske T, ym. Non-endoscopic diagnosis of atrophic gastritis with a blood test. Correlation 
between gastric histology and serum levels of gastrin-17 and pepsinogen I: a multicentre study. Eur J Gastroenterol Hepatol 
2003;15:885-891. (A 100% biopsy confirmed study of 404 gastroscopy referral patients. GP results analysed by the current 
test version). 

 
*Calculated by ANOVA for the mean values; SHPG, Superficial HP-associated gastritis; AGA, atrophic antrum gastritis; AGC, 
atrophic corpus gastritis; AGpan, atrophic pangastritis. **Significance between the New Generation test and the 
reference series analysed by  the current GP test version 
 

 
3.2 Validity of the Conclusion 

 
There is an almost perfect agreement with the global (whole series) mean values of the 4 
biomarkers of the current GP test version and the New Generation GP test (Table 1). Using ICC 
with most stringent settings, the reproducibility far exceeds the 0.8 threshold (of almost 
perfect agreement) for all markers except HPAb (reasons technical). In fact, the ICC levels are 
close to the theoretical maximum (>1.000 perfect agreement), as also shown by the very high 
correlation coefficients (R>0.950).     



GastroPanel test is optimized for the Updated Sydney System (USS) for classification of 
gastritis. Both the USS and the GastroSoft software used to interpret GastroPanel  results give 
five diagnostic categories, which makes it straightforward to estimate the GP-USS agreement 
by weighted kappa (ICC) analysis (Table 2). The agreement between the current and the NG 
(New Generation) GastroPanel test is almost perfect (ICC=0.968) being discordant in a few 
samples only.  
 
The agreement of the results of both GP versions with the histological interpretation of the 
biopsies (the gold standard) is exceptionally high, far exceeding the 0.8 threshold for almost 
perfect. In both comparisons, this also applies to the lower bound of the 95%CI, the upper 
bound approaching 0.940.     
 
Except for validating the current and the NG version of the GP test in the present series of 101 
gastroscopy referral patients, we compared the test results also with the reference material, 
consisting of  100% biopsy-confirmed series of 404 gastroscopy referral patients, published in 
2003, and GP test results being analysed by the current test version (Väänänen et al. ). In 
Table 3, the results of the two GP test versions obtained in the present validation series 
(n=101) were compared with the reference material (n=404) in each histological (USS) 
category, separately for each of the 4 biomarkers.   
 
Most importantly,  the NG GP test has a perfect match with the reference material at ALL 
DIAGNOSTICALLY CRITICAL POINTS, i.e., in cases where the distinction is between atrophic 
gastritis or non-atrophy. Accordingly, G-17b and G-17s levels are identical across all USS 
categories, AGA (atrophic gastritis of antrum) being the most critical, because diagnosed on 
the basis of low G-17b and failure to increase after protein stimulation (G-17s).    
 
As to the diagnosis of AG of the corpus (AGC), PGI and PGII levels are somewhat higher by the 
NG GP test as compared with the reference series. Importantly, however, the PGI/PGII ratio 
considered to be the most accurate measure of AGC is practically identical for the NG GP and 
the reference material (p=0. 915). Interestingly, the GP values for panatrophy (AGA +AGC) in 
the reference series (67.5; SD=106.6) are practically identical with the NG GP test for AGC in 
the current series (71.6; SD=59.3)(p=0.935). We feel that the discrepant PGI and PGII values 
are due to inadequate number of AGC cases in the present series (5 cases, of which only 2 
represent moderate AGC), as compared with the reference series where 39 AGC cases are 
included.  
 
As to HP antibody levels, the critical (clinically important) distinction is between healthy 
stomach and HP infection, the current cut-off level being 30 EIU. Despite the fact that the NG 
GP test is quantitative for HPAb measurement and because of this, the scale of the HPAb titer 
values in the current and NG GP test are different, the HPAb levels indicating healthy stomach 
in the current and the reference series are very similar (p=0.135). This is the only clinically 
relevant distinction, because HP is by definition, associated with all other USS categories, and 
its quantitation bears minor clinical significance, i.e. eradication is indicated in any case.  
 
PRECIS: The New Generation GP test performs identically with the current GP test version 
both in the present validation series (n=101) and as compared with the historical reference 
series (n=404). This justifies two conclusions: 1) There is no indication whatsoever to make 
changes in the existing cut-off levels of individual biomarkers in the NG GP test. 2) The 
performance indicators (SE, SP, PPV, NPV) derived from the reference series (for moderate-



severe AG as the endpoint)(Väänänen et al. 2003) should apply equally well to the NG GP test 
version. These should be formally demonstrated, however, in a clinical cohort that is 
adequately powered for this purpose.           


