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Abstract

Background: Helicobacter pylori infection is one of the main risk factors for non-cardia gastric cancer.
However, only a minority of infected persons develop the disease. This study aims at identifying
bacterial risk markers in a multicase-control study in Spain (MCC-Spain).

Methods: Incident cases and population controls (age, sex and region frequency-matched)
participated. Seroreactivities against 16 H. pylori proteins were determined using multiplex serology.
Infection was defined as seropositivity against 2four proteins. Relationship of serological results with
non-cardia and cardia gastric cancer was assessed using multivariable mixed logistic regression
models and principal components analysis.

Results: Infection prevalence was 95% among 202 non-cardia gastric cancer cases, 85% among 62
cardia cancer cases and 88% among 2071 controls (OR=1.9 (95% Cl: 1.0-3.6) and OR=0.5 (95% CI: 0.3-
1.1), respectively). Among infected subjects, seropositiviy to UreA, HP231, NapA and Cagd was
associated with lower non-cardia gastric cancer risk, while seropositivity to CagA and VacA was
associated with higher risk. Seropositivity to CagA and seronegativity to Cagd remained associated
with non-cardia gastric cancer risk after additional adjustment by serostatus of significant proteins.
We identified two antibody reactivity patterns, one related to higher and other to lower non-cardia
gastric cancer risk.

Conclusions: In our population, people seropositive to H. pylori were characterized by two patterns
of antibody reactivity against H. pylori proteins: one with high seroreactivity against several proteins
simultaneously others than CagA and VacA, associated with a lower non-cardia gastric cancer risk,
and another one with high seroreactivity against CagA and VacA, associated with an increased risk.
Mini-abstract: High antibody reactivity against several H. pylori proteins simultaneously was
associated with a lower non-cardia gastric cancer risk, and high seroreactivity against CagA and VacA
with an increased risk.

Keywords: Gastric neoplasm, Helicobacter pylori infection, multiplex serology, biomarkers, case-

control studies.



Introduction

In spite of a marked decreasing trend in its incidence and mortality in the last decades, gastric cancer
continues to be the third leading cause of cancer death in the world. Almost one million of new
gastric cancer cases were estimated to occur in 2012, accounting for 7% of all incident cases of
cancer worldwide, and 723,073 deaths were reported in the same year (9% of the total cancer
deaths). Mortality rates are especially high in certain areas such as Eastern Asia, Central and Eastern
Europe and South America [1,2]. In 2012, the estimated number of new gastric cancer cases in Spain
was 7,810, and the number of registered deaths was 5,675; the corresponding age-standardized
incidence and mortality rates (European Standard Population) were 16.4 per 100,000 population in
men and 7.5 in women [3], and 11.3 per 100,000 population in men and 5.2 in women, respectively

[4].

Geographic variations have also been observed within countries [5—7]. In Spain, gastric cancer
mortality displays a singular geographical pattern, with higher mortality rates in Central and
Northern regions [8,9]. This pattern, characterized by its persistence in time and its similarity in both
sexes, has not changed substantially over the last decades [10,11]. Although differences in mortality
among regions can be partially associated with different dietary habits or with territorially-related
environmental exposures, the implication of Helicobacter Pylori (H. pylori) infection in the observed

pattern is uncertain.

Chronic infection with H. pylori is the strongest established causal factor for the development of
gastric cancer [12]. This association has been reported to be higher, and even limited to, cancer
localized distal to the esophagogastric junction, the so called non-cardia gastric cancer, with risk
estimates around 2.8 for non-cardia gastric cancer and 1.1 for cardia gastric cancer [13]. The
prevalence of H. pylori infection is over 50% worldwide, with marked geographical variations [14].

Though higher prevalence is usually reported for developing countries [15-17], prevalences over 70%



have been reported in specific Western populations, including some Portuguese and Spanish regions
[18-20]. Fortunately, only about 1% of the infected people develop a gastric cancer. Specific
microbial strains and phenotypes have been linked to a higher risk of gastric cancer, and are now
recognized virulence factors [21,22]. Also, different host and environmental factors have been shown
to interact and modulate individual risk [23,24]. However, important issues such as how to identify

infected people at higher risk of developing gastric cancer remain poorly understood.

Multiplex serology is a recently developed technique that allows the simultaneous and quantitative
detection of antibodies directed against different antigens in a high throughput assay, which makes
this technique appropriate for large epidemiological studies [25]. By means of multiplex serology we
quantified antibody reactivities against a wide range of H. pylori proteins in a well characterized

group of gastric cancer cases and healthy controls.

The aim of this study is to assess the relationship between serological reactivity to 16 H. pylori
proteins and the development of gastric cancer, differentiating non-cardia and cardia gastric cancer,

in order to identify serological markers of gastric cancer risk.

Methods
Study population

MCC-Spain study (www.mccspain.org) is a multicase-control study with population controls that was

carried out in 12 Spanish provinces to study environmental and genetic risk factors for five types of
tumours: colorectal, breast, oesophagogastric, prostate and chronic lymphocytic leukaemia [26].
Cases were recruited between 2008 and 2013 in 23 hospitals and controls were frequency-matched
to cases by age, sex and region (province). In each province at least two types of cancer cases were
recruited, and a common set of controls was selected for all their cases. To obtain an age and sex

frequency-matched sample, an initial estimation of the expected distribution of this variables among



cases recruited in each province was made, taking into account data from the Spanish cancer
registries. When the recruitment of cases finished, homogeneity in the age-sex distribution between
cases and controls was checked, and additional controls were recruited when needed, to assure the
availability, in each province, of at least one control of the same sex and age (+/- 5 years) for each
case. Selection of controls was done through a random procedure from the General Practitioner’s
lists at primary healthcare centers of the hospitals’ catchment areas. Potential controls were
contacted by phone and, if they agree to participate, they were scheduled for a face-to-face
interview. Cases and controls had to fulfill the following selection criteria: to have lived for at least 6
months in the study areas, to be 20-85 years old and to able to answer the epidemiological
questionnaire. Gastric cancer cases were recruited in 15 hospitals from 9 Spanish provinces (Asturias,
Barcelona, Cantabria, Granada, Huelva, Ledn, Madrid, Navarra and Valencia). Eligible cases included
histologically confirmed incident gastroesophageal cancer cases (International Classification of
Diseases 10th Revision (ICD-10) codes C16, D00.2 or C15.5) diagnosed during the recruitment period
and with no personal history of gastroesophageal cancer. We also recruited cases with tumour in the
lower third of the oesophagus to be able to include all adenocarcinomas of the oesophagogastric
junction. Cases were classified as cardia, non-cardia and others (tumors overlapping cardia and non-
cardia or with non-specified gastric location). We identified 923 gastric cancer cases and 7734
controls potentially eligible. Response rates varied by centre and on average were 54.6% in cases and
53.0% in controls. Among the common set of controls, for this analysis we excluded those with
personal history of gastroesophagic cancer, those from provinces that did not recruit gastric cancer
cases and those younger than the youngest gastric cancer case in each province. Finally, 459 cases
and 3440 matched controls fulfilled selection criteria. All the participants answered an
epidemiological questionnaire administered through personal interviews by trained personnel and
were asked for donation of biological samples (blood, urine, hair and nails). The study protocol was
approved by the Review Board of the participating institutions and all the included subjects gave

written informed consent to participate.



Serological characterization

Blood samples were refrigerated locally until being processed and aliquoted in the first 48 hours.
Then, they were stored at —80°C. Seroreactivities against 16 H. pylori proteins were determined using
H. pylori multiplex serology (Online Resource 1). Multiplex serology is a glutathione S-transferase
capture immunosorbent assay combined with fluorescent-bead technology, as described elsewhere
[27]. This technique simultaneously quantifies antibodies directed against arrays of protein antigens.
In brief, bacterially expressed recombinant glutathione S-transferase-H. pylori fusion proteins were
used as antigens. The fusion proteins were loaded and affinity-purified directly on individual sets of
spectrally distinct glutathione-casein-coupled fluorescence-labelled polystyrene beads (SeroMap,
Luminex, Austin, TX). Bead sorts, each carrying a different antigen, were mixed and incubated with
human sera at 1:100 dilutions. Antibodies bound to the beads via the bacterial antigens were stained
by biotinylated anti-human-IgA, IgM, IgG (Dianova, Hamburg, Germany) and streptavidin-R-
phycoerythrin. Beads were examined in a Luminex 200 analyser that quantifies the antibody bound
to bacterial antigen via the median R-phycoerythrin fluorescence intensity of at least 100 beads of
the same internal colour. Net (bead and glutathione S-transferase background subtracted) Median

reporter Fluorescence Intensity values were calculated and negative values were set to +1.

For H. pylori proteins, serostatus cut-offs were calculated (mean of the median reporter fluorescence
intensity + 3 standard deviations, excluding positive outliers) in 17 H. pylori negative sera previously
classified for H. pylori status run within the same experiment. According to these cut-offs (Online
Resource 1), each participant was classified as seropositive or seronegative to each protein.
Following previously published criteria, H. pylori seropositivity was defined as positivity for at least 4
of the 15 H. pylori proteins (excluding HomB, a protein recently added to H. pylori multiplex

serology), and subjects fulfilling this criteria were considered infected [25].



Statistical analyses
Association of proposed gastric cancer risk factors with both, case-control status and H. pylori

serostatus in controls, was analysed by means of Chi-squared test.

To study the association between serological results and gastric cancer, odds ratios (OR) and 95%
confidence intervals (95% Cl) were estimated using multilevel logistic regression mixed models, with
province as a random effect term and the following variables as fixed effects terms: age, sex,
education, smoking status and gastric cancer family history. This analysis was performed in the

overall sample to assess the effect of H. pylori seropositivity.

Then, to identify infected people at higher risk of developing gastric cancer, analyses assessing
serostatus of individual proteins were performed in the infected subsample. Dose-response
relationship was additionally explored using restricted cubic spline functions to assess potential
departures from linearity. For this purpose seroreactivity values were log-transformed and subjects
with values under percentile 1 or over percentile 99 were excluded. Subsequently, to study the
independent effect of seropositiviy against proteins found to be associated with non-cardia cancer
risk at a p-value<0.10, a multivariable logistic regression model was fitted simultaneously including

serostatus of all of them in addition to potential confounding factors.

Finally, to account for a possibly high collinearity among antibody reactivities against analysed
proteins, and in order to identify antibody response patterns, a principal components analysis was
carried out. The principal components analysis was performed using the control population, and
reactivity values of each tested antibody were standardized to a mean of 0 and a standard deviation
of 1. Selection of relevant components was done taking into account obtained eigenvalues and
clinical interpretability of the components arising from the analysis. To assess the relationship of the

selected components with non-cardia gastric cancer risk, the score for each component was



calculated for each case and control. Then scores were categorized, according to quartiles of their
distribution among controls, and included in a multivariable logistic regression mixed model, to
estimate the association between gastric cancer risk and the obtained components. These models
were adjusted by the same covariates as the models described above (with province as a random
effect term and age, sex, education, smoking status and gastric cancer family history as fixed effects

terms).

Results

Among participants fulfilling selection criteria, H. pylori serostatus could be determined in 281 cases
(202 non-cardia gastric cancer, 62 cardia gastric cancer, 9 located in the esophageal lower third and 8
with overlapping or not classifiable tumor location) and 2 071 matched controls, and were therefore
included in the present analyses. The other participants had no multiplex serology results (no
consent for blood sample collection or sample not processed) or their serological results were
considered as non-valid (glutathione S-transferase>300 median reporter fluorescence intensity) (two

cases).

Table 1 shows the characteristics of studied cases and controls. Compared to controls, cases were
more likely to be men, aged 75 or above, no Caucasian, current smoker, have lower education, lower
socioeconomic level at birth, have first degree relatives with gastric cancer and self-reported gastritis
or heartburn. Among controls, H. pylori infection was associated with sex, age, education,

socioeconomic level at birth and body mass index (Online Resource 2).

According to the established definition of seropositivity to 4 or more H. pylori proteins, 88% (95% Cl:
87-90) of controls, 95% (95% Cl: 91-98) of non-cardia gastric cancer cases and 85% (95% Cl: 76-95) of
cardia gastric cancer cases were deemed to be infected. Infection was associated with a 90%

increased risk of non-cardia gastric cancer (p-value=0.047) and with a non-statistically significant

10



decrease of cardia gastric cancer risk (OR=0.54; 95% Cl: 0.25-1.14). No association was observed
between the number of proteins against which a seropositive result was obtained and non-cardia
gastric cancer risk; meanwhile, for cardia cancer, a 9% lower risk was estimated for each seropositive

protein (Table 2).

In controls, seropositivity to individual H. pylori proteins ranged from 31% (Cad) to 83% (GroEL)
(Online Resource 3). Only 1.5% of controls were seronegative to all of the analysed proteins. The
median number of proteins against which controls were seropositive was 9 (Interquartile range: 7-
11) in infected controls (those seropositive to 4 or more proteins) and 2 (Interquartile range: 1-3) in
non-infected controls. Among cases, seropositivity ranged from 29% for HomB to 89% for GroEL, with
a median of 9 proteins seropositive (Interquartile range: 7-11) in infected cases and 2 (Interquartile

range: 2-3) in non-infected cases.

Correlation among seroreactivity, measured as median reporter fluorescence intensity, of the 16
proteins was mild for the majority of them (Online Resource 4). When measured as dichotomized
variables, concordance of serostatus between proteins was low (kappa coefficient <0.4 for all pairs)

among infected participants.

Among infected subjects, seropositivity to eight of the analysed H. pylori proteins showed a
statistically significant or almost significant association with non-cardia gastric cancer (Figure 1): six
were associated with a lower risk (UreA, HP231, NapA, Cagd, Catalase and HcpC) and two (CagA and
VacA) with a higher risk. With respect to cardia gastric cancer, HP305 and Cagd appeared associated
with a lower risk (in the limit of the statistical significance). Dose-response association with non-
cardia cancer for these nine proteins can be visualized in Figure 2, again including only participants
classified as H. pylori seropositive. A decreasing OR from the seropositivity cut-off value upward was

estimated for UreA, NapA, Cagd, Catalase and HcpC, while the opposite effect was estimated for
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CagA and, to a lesser extent, for VacA. For HP305 and HP231, higher risks were estimated for median
reporter fluorescence intensity levels under the cut-off. For UreA, NapA, HP305, CagA, HcpC and
GroEL (the latter not included in Figure 2) relationship with non-cardia cancer departed from linearity

(p<0.05).

Results were qualitatively similar between men and women, and between those under and over 65
years old. No differences in the direction of the effects were present and, where differences in the

magnitude of the ORs were observed, confidence intervals overlapped (data not shown).

When mutually adjusting by serostatus against those proteins associated at a p-value<0.10 with non-
cardia gastric cancer risk in the individual analyses, infected subjects seropositive to CagA presented
a threefold increased risk of non-cardia gastric cancer (OR=3.65; 95% Cl: 2.44-5.46), meanwhile
seropositivity to Cagd was associated with a 34% lower risk (OR=0.66; 95% Cl: 0.47-0.92). The
association of serostatus against VacA, UreA, HP231, NapA, Catalase and HcpC with NCGC was not

longer statistically significant.

Based on the eigenvalues and interpretability of the patterns, the principal components analysis
revealed two serological reactivity patterns. The two factors explained the 25% and 11% of total
variation in the serological profiles. The first component was characterized by moderate weights in
several of the analysed antibodies, mainly those against GroEL, NapA, UreA, HyuA, Catalase and
HP231 (loadings>0.5). For the second component, main contributors were CagA and VacA antibody
reactivities (loadings >0.5). Figure 3 depicts the correlation among each component and
seroreactivity against the 16 analysed proteins. Table 3 shows the associations of each component
with non-cardia gastric cancer risk among H. pylori infected subjets. High scores in the first

component were associated with a 60% lower risk of non-cardia gastric cancer (fourth vs. first
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quartile). On the other hand, high scores in the second component were associated with a threefold

increased risk.

Discussion

The high prevalence of H. pylori infection and the relatively low incidence of non-cardia gastric
cancer even among those infected, render the identification of markers of increased or decreased
cancer risk a crucial issue to decide how to manage the infection, both at individual and at
population level. In this study we have identified two patterns of antibody reactivity against 16 H.
pylori proteins related to different risk of non-cardia gastric cancer: a pattern characterized by the
concomitant presence of high antibody reactivities against a range of different proteins, which was
associated with a lower risk, and another one characterized by high antibody reactivities against the
main recognized H. pylori virulence factors, CagA and VacA, which was associated with a higher risk.
Interestingly, in our control population these two patterns show some parallelism with the type of H.
pylori strain causing the infection [28]. Those infected by a type | H. pylori strain (defined by a
seroreactivity against CagA higher than 9000 median reporter fluorescence intensity, following
published criteria for multiplex serology [25]) presented lower scores in the first component and
higher scores in the second one than those infected by a type Il strain (data not shown). Therefore,
the first pattern could represent an H. pylori type Il infection (“non-virulent pattern”) and the second

one a type | infection (“virulent pattern”).

The analyses of serostatus of proteins individually, showed that, after adjusting by main gastric
cancer risk factors, infected people seropositive to CagA or VacA had and increased risk of non-cardia
gastric cancer compared to those infected but seronegative to these proteins. On the other hand,
infected people seropositive to Cagd, UreA, HP231 or NapA had a lower risk. When including in the
same model serostatus against these proteins, only CagA and Cagb remained associated with non-

cardia gastric cancer in a statistically significant manner. The dose-response analysis showed a
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statistically significant trend with intensity of antibody reactivity for both of them, giving some
support for a real association. CagA is a well-recognized H. pylori virulence factor that has been
related to atrophic gastritis and non-cardia gastric cancer. On the other hand, the exact function of
Cagé is still not well understood [29]. This protein is a component of the T4SS (type 4 secretion
system) of H. pylori. The major role of this T4SS is thought to be the translocation of the CagA
effector protein into the host cell, but CagA-independent pathogenicity pathways, such as the
induction of IL-8 production from the host, have also been suggested [30]. There is not consistency
among the results from different studies in the possible role of serostatus to Cagd as a marker of
lower non-cardia gastric cancer risk. Therefore, this finding should be taken cautiously until more

evidence becomes available [31-35].

Recent studies using H. pylori multiplex serology have also found statistically significant inverse
relationships between seropositivity against some H. pylori proteins, such as CagM [35], GroEL and
NapA [33], and gastric cancer risk, but others have not [31,32,34]. In a case-control study carried out
in Sweden [32], a non-statistically significant lower risk of non-cardia gastric cancer was associated
with seropositivity to the same four proteins identified in our study (UreA, HP231, NapA and Cagd)
and to nine additional proteins (HP305, HpaA, CagM, VacA, HcpC, Cad, Omp, HomB and BabA), but
only in the subgroup with serologic evidence of atrophic gastritis. In contrast, other studies have
found higher gastric cancer risk associated with seropositivity to GroEL [31,32,34,35], HcpC

[31,32,35], HP305 [31,34,35], Catalase [31,32], HyuA [31,32,34], Omp [32,34,35] or HpaA [32,34].

Some methodological differences among studies could help to explain the differences with our
findings. First, statistical analyses performed to identify serological virulence markers in our study
have been restricted to subjects classified as infected (positive to 4 or more H. pylori proteins), in
contrast to other studies, where the overall sample (infected and non-infected) was considered.

However, we repeated our analyses in the overall sample, and not noteworthy differences appeared
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between the two approaches (data not shown). Second, differences in patient selection criteria, such
as the exclusion of patients with atrophic gastritis [31], may lead to increased risk estimations. Third,
the prevalence of H. pylori infection and of seropositivity to each protein differ among studies. High
prevalences of exposure among controls, like in our sample, tend to reduce the magnitude of ORs in
case-control studies [36,37]. Nevertheless, real differences among countries in the predominant
bacterial strains and in host genetics and environmental factors cannot be ruled out as an
explanation for different results among studies. This would be in accordance with the importance
generally attributed to geographical variations in the epidemiology of both, H. pylori infection and

gastric cancer [38—40].

Limitations of our study include the case-control design, which limits the possibility to demonstrate a
cause to effect direction of the associations. Therefore, a possible impact on our results of changes in
H. pylori serostatus secondary to the disease or its treatment cannot be completely ruled out. To
explore the possibility of reverse causation in our data, we performed stratified analyses by cancer
stage and by treatment status at the moment of blood sample collection. No remarkable differences
appeared in the estimated ORs between tumoral stage subgroups. Meanwhile, we observed some
indications of a higher OR for the association between H. pylori infection and non-cardia gastric
cancer risk among those not having received cancer therapy, compared to those that had received

some treatment (data not shown).

With regard to the criteria used to define infection (seropositivity for 24 proteins by multiplex
serology), it should be noted that it has not been validated in our sample. However, this definition
has been contrasted with standard ELISA and Western blot assays in other populations, showing
acceptable validity [25]. Another limitation is the lack of information about the presence of atrophic
gastritis, a factor that can exert a confounding effect on the association between serological status

and non-cardia gastric cancer risk [31-33,41-43]. Nonetheless, the high sensitivity of the multiplex
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serology could minimize the impact that factors related to the persistence of the serological
response, such as those mentioned, may have on the assessment of associations between infection
diagnosed by serological techniques, and disease. Lastly, both the relatively low sample size and the
mild-moderate correlation among antibody reactivities against different proteins, reduce statistical

power, especially to perform subgroup analyses.

In spite of these limitations, our study included an acceptable number of incident gastric cancer
patients including cardia as well as non-cardia gastric cancer, and a broad sample of population
controls, and was conducted following a meticulous methodology which allowed gathering precise
information for the most important recognized risk factors for this disease. Besides, estimating risks
for the infected subjects instead of the whole sample, represents a novel approach that enriches
previous knowledge, once the carcinogenic role of H. pylori in non-cardia gastric cancer has been
generally accepted. This approach, applied to an H. pylori infection defined as seropositivity to four
or more bacterial proteins, also contributes to reduce the possible classification error derived from
eventual false positive results in serostatus against a single protein. In addition, our results
complement data derived from other regions, which is an important issue for a disease characterized
by high geographical variations. In this respect, due to geographical and historical characteristics, the
Spanish population has coexisted with a diversity of populations from other origins, which may have
influenced its genetic background, and its response to H. pylori colonization. The high prevalence of
infection identified in this study does not have a reflection in the gastric cancer incidence or
mortality rates in Spain, which are similar to or lower than the European average [2]. This could
suggest that there are differences with respect to other populations either in the characteristics of
the circulating H. pylori strains, in the host response to the infection or in environmental factors.
Investigating whether the antibody reactivity patterns identified in this study are also present in
other populations, and whether they are also associated with the risk of non-cardia gastric cancer

would be of value to contribute to the understanding of geographical differences.
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In summary, according to our results people with H. pylori infection that have high reactivities
against CagA and VacA would have an increased risk of non-cardia gastric cancer. Additionally, we
have identified a group that, in spite of have being infected by the bacteria, would experience a low
risk of non-cardia gastric cancer. This group would be characterized by high concomitant
seroreactivities against many H. pylori proteins, particularly against UreA, HP231, NapA, HyuA and

Catalase.
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Tables

Table 1. Characteristics of gastric cancer cases and controls

CONTROLS n (%) GC CASES n(%)? p-value p-value
cardia non-cardia
Cardia Non-cardia
Variable (N=2071) (N=62) (N=202)
Sex
Male 1183 (57%) 54 (87%) 126 (62%) <0.001 0.149
Female 888 (43%) 8 (13%) 76 (38%)
Age (years)
<55 391 (19%) 13 (21%) 36 (18%) 0.023 0.001
55-64 492 (24%) 17 (27%) 30 (15%)
65-74 731 (35%) 11 (18%) 70 (35%)
>=75 457 (22%) 21 (34%) 66 (33%)
Race
White/Caucasian 2036 (98%) 61 (98%) 193 (96%) 0.991 0.004
Other 33 ( 2%) 1 ( 2%) 9 ( 4%)
Education
No/incomplete primary school 427 (21%) 18 (29%) 61 (30%) 0.335 0.003
Primary school 784 (38%) 24 (39%) 79 (39%)
Secondary school 528 (25%) 13 (21%) 42 (21%)
University degree 332 (1l6%) 7 (11%) 20 (10%)
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CONTROLS n (%)

GC CASES n(%)? p-value

p-value

cardia non-cardia
Cardia Non-cardia
Variable (N=2071) (N=62) (N=202)
Socioeconomic level at birth
Low 902 (47%) 33 (53%) 110 (55%) 0.451 0.133
Intermediate 943 (49%) 26 (42%) 85 (42%)
High 62 ( 3%) 3 ( 5%) 6 ( 3%)
BMI (Kg/m2)
<25 599 (34%) 16 (27%) 66 (35%) 0.410 0.894
25-29.9 816 (46%) 27 (46%) 83 (44%)
230 372 (21%) 16 (27%) 40 (21%)
Smoking status
Never smoker 907 (44%) 18 (29%) 88 (44%) 0.004 0.595
Former smoker 734 (36%) 21 (34%) 67 (33%)
Current smoker 421 (20%) 23 (37%) 47 (23%)
GC family history
No GC family history 1817 (88%) 50 (82%) 155 (78%) 0.031 <0.001
Only 2nd degree relatives 111 ( 5%) 2 ( 3%) 13 ( 7%)
21 first degree relative 132 ( 6%) 9 (15%) 32 (16%)
History of gastritis
No 1844 (96%) 56 (92%) 187 (93%) 0.063 0.020
Yes 69 ( 4%) 5 ( 8%) 14 ( 7%)
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CONTROLS n (%) GC CASES n(%)? p-value p-value
cardia non-cardia
Cardia Non-cardia
Variable (N=2071) (N=62) (N=202)
History of heartburn
No 1232 (65%) 35 (57%) 103 (52%) 0.248 <0.001
Yes 676 (35%) 26 (43%) 97 (49%)
Histological type
AC - 60 (97%) 186 (92%)
Other - 2 ( 3%) 16 ( 8%)
Laurén classification®
Intestinal - 21 (35%) 81 (44%)
Diffuse - 7 (12%) 51 (27%)
Mixed - 32 (53%) 9 ( 5%)
Not available - 0 ( 0%) 45 (24%)
WHO classification®
Papillary/Tubular - 19 (32%) 76 (41%)
Mucinous - 2 ( 3%) 5 ( 3%)
Poorly cohesive - 8 (13%) 54 (29%)
Mixed - 1 ( 2%) 10 ( 5%)
Not available - 30 (50%) 41 (22%)
Tumor stage
Localized (TNM stages 0-II) - 9 (17%) 69 (39%)
Advanced (TNM stages III-IV) - 45 (83%) 106 (61%)
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CONTROLS n (%) GC CASES n(%)? p-value p-value

cardia non-cardia

Cardia Non-cardia

Variable (N=2071) (N=62) (N=202)
Blood collection moment

Prior/concomitant to treatment - 28 (50%) 86 (45%)

First 2 months after treatment - 14 (25%) 65 (34%)

>2 months after treatment - 14 (25%) 41 (21%)
Initial treatment

Surgery - 28 (50%) 164 (82%)

Chemotherapy - 25 (45%) 36 (18%)

Chemo-radiotherapy - 3 ( 5%) 0 ( 0%)

® Seventeen cases excluded from site-specific analyses (8 not classifiable as cardia or non-cardia gastric
cancer and 9 located in the esophageal lower third). ® Only applicable to adenocarcinomas.

Sum of cases in some variables does not coincide with overall number of cases because of missing
information. Cases and controls are not balanced by age and sex in spite of the frequency-matching,
because matching was made based on the distribution of all the types of cancer cases recruited in each
province, and gastric cancer cases were in general older and more frequently men than cases of other

tumors. AC: Adenocarcinoma; BMI: Body mass index; GC: Gastric cancer; WHO: World Health Organization.
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Table 2. Association between gastric cancer and H. pylori infection according to multiplex serology results

Controls Cases
H. pylori serostatus All Non-cardia Cardia All Non-cardia Cardia
N (%) N (%) N (%) N (%) OR (95% CI)® p-value OR (95% CI)® p-value OR (95% CI)® p-value
H.pylori+ 1814 (88%) 257 (92%) 189 (95%) 52 (85%) 1.31 (0.82-2.11) 0.263 1.90 (1.01-3.56) 0.047 0.54 (0.25-1.14) 0.105
b
Number of proteins+ 8.2 [3.5] 8.3 [3.1] 8.5 [3.0] 7.6 [3.5] 0.99 (0.95-1.03) 0.705 1.02 (0.97-1.06) 0.485 0.91 (0.84-0.98) 0.018
Number of proteins+ (grouped) :
<4 238 (12%) 21 ( 8%) 11 ( 6%) 9 (15%) 1.00 1.00 1.00
4-6 394 (19%) 60 (22%) 44 (22%) 14 (23%) 1.47 (0.86-2.50) 0.157 2.05 (1.03-4.08) 0.040 0.75 (0.31-1.81) 0.528
>6 1420 (69%) 197 (71%) 145 (73%) 38 (62%) 1.27 (0.78-2.05) 0.336 1.85 (0.98-3.50) 0.058 0.48 (0.22-1.04) 0.063
Trend 1.04 (0.85-1.27) 0.733 1.17 (0.92-1.49) 0.207 0.68 (0.48-0.97) 0.036

® Adjusted by age, sex, education, family history of gastric cancer and smoking status; province included as a random-effect term. ® Mean [standard deviation] of the

number of proteins against which antibodies were present. In this case, ORs represent the risk for each additional protein against which antibody reactivity was positive.
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Table 3. Risk of non-cardia gastric cancer among H. pylori infected subjects, according to the scores

in the components arising from principal component analysis.

Controls Non-cardia GC
OR (95% CI) P value
N(%) N (%)

Component 1 Q1 457 (25%) 74 (39%) Reference
Q2 459 (25%) 51 (27%) 0.61 (0.41-0.90) 0.014
03 458 (25%) 35 (18%) 0.40 (0.25-0.62) <0.001
Q4 457 (25%) 31 (16%) 0.38 (0.24-0.61) <0.001

Component 2 Q1 458 (25%) 23 (12%) Reference
Q2 457 (25%) 36 (19%) 1.48 (0.86-2.53) 0.154
Q3 459 (25%) 65 (34%) 2.55 (1.55-4.20) <0.001
04 457 (25%) 67 (35%) 3.07 (1.88-5.00) <0.001

ORs from logistic regression analysis adjusted by age, sex, education, family history of gastric cancer,
smoking status and province, and mutually adjusted by principal component scores. GC: Gastric

cancer. Q1: Lowest quartile; Q2: Second quartile; Q3: Third quartile; Q4: Highest quartile.
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Figure legends

Figure 1

Title: Association between gastric cancer and positivity for antibody reactivity to H. pylori proteins
among infected subjects.

Legend: OR adjusted by age, sex, education, family history of gastric cancer and smoking status;

province included as a random-effect term. OR (95% Cl): Odds ratio (95% confidence interval).

Figure 2

Title: Dose-response association between antibody reactivity against selected H. pylori proteins and
non-cardia gastric cancer risk among infected subjects

Legend: Median reporter fluorescence intensity values were log transformed and cubic restricted
spline functions were estimated using 3 knots (at 10, 50 and 90" percentiles). Ln(OR) were estimated
by multilevel logistic regression mixed analysis adjusted for age, sex, education, smoking status and
family history of gastric cancer; province was included as a random-effect term. Cut-off value for
each H. pylori protein seropositivity was taken as the reference value. Departure from linearity was
assessed using Wald test. Vertical grey lines represent the seroreactitivy level used as reference
value for each protein. Dashed lines show the 95% confidence interval for the estimated In(OR). Bars
represent the distribution of participants according to their median reporter fluorescence intensity

levels, quantified by multiplex serology. MFI: Median reporter Fluorescence Intensity.

Figure 3
Title: Principal component analysis results
Legend: Correlations between antibody reactivity (MFI) against each H. pylori protein and the two

selected components. MFI: Median reporter Fluorescence Intensity.
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Supplementary material captions

Online Resource 1

Title: Analysed H. pylori proteins and cut-offs used for serostatus classification

Caption: All the proteins were expressed from H. pylori strain 26695, except GroEL, from strain G27
and HomB from strain J99. Criteria for choosing proteins for the assay were: known surface exposure
and immunogenicity in two-dimensional immunoblot analyses (UreA, HP231, NapA, HpaA, CagA,
Catalase and VacA), serologic association with gastric cancer (GroEL, HyuA, Cad, HcpC and Omp)
and/or with gastric ulcer (HP305 and CagM), and specific recognition in H. pylori-positive sera (Cagd
and CagM).

MFI: Median reporter fluorescence intensity.

Online Resource 2
Title: Association between potential confounding factors and H. pylori seropositivity in controls
Caption: HP -: Serology positive to less than 4 H. pylori proteins; HP +: Serology positive to at least 4

H. pylori proteins; BMI: Body mass index; GC: Gastric cancer.

Online Resource 3

Title: Seropositivity to each H. pylori protein in controls.

Caption: Seropositivity to each H. pylori protein in controls, according to their status of infection: All
controls, non-infected (no seropositive to more than 3 H. pylori proteins) and infected (seropositive

to 4 or more H. pylori proteins) controls.

Online Resource 4

Title: Correlation of seroreactivity to the 16 studied H. pylori proteins in infected participants

Caption: Numbers represent Spearman rho coefficient.
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