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Abstract

Although it seems biologically plausible for iron to be associated with gastric carcinogenesis, the
evidence is rather heterogeneous and insufficient to lead to any conclusions. To further investigate
the relationship between body iron status and gastric cancer risk, we conducted a nested case-
control study in the multi-centric European Prospective Investigation into Cancer and Nutrition
(EPIC) study. The study included 456 primary incident gastric adenocarcinoma cases and 900
matched controls that occurred during an average of 11 years of follow-up. We measured pre-
diagnostic serum iron, ferritin, transferrin, and C-reactive protein, and further estimated total iron-
binding capacity (TIBC) and transferrin saturation (TS). Odds ratios (OR) and 95% confidence
intervals (CI) for the risk of gastric cancer by iron metrics were estimated from multivariate
conditional logistic regression models. After adjusting for relevant confounders, we observed a
statistically significant inverse association between gastric cancer and ferritin and TS indices
(OR|0g2=0.80, 95% CI=0.72-0.88; and OR10gsincrement=0.87, 95% CI=0.78-0.97, respectively). No
statistical differences were found by gastric cancer localization (cardia and non-cardia) or
histological (diffuse or intestinal) type. TIBC increased risk of overall gastric cancer
(ORsgygrgi=1.13, 95% C1=1.02-1.2) and also with non-cardia gastric cancer and intestinal type.
Additional analysis suggests that time since diagnosis of gastric cancer and pepsinogen levels
could modify these findings. In conclusion our results showed a decreased risk of gastric cancer
related to body iron status, measured by serum iron and ferritin. Further investigation is needed to
clarify the role of iron in gastric carcinogenesis.
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Introduction

Almost one million new cases of gastric cancer were estimated to occur in 2012, making it
the fifth most common malignancy in the world and the third leading cause of cancer death
worldwide(1). Infection with Helicobacter pylori (Hp) is the strongest established risk factor
for gastric non-cardia adenocarcinoma, but only a minority of infected individuals develop
cancer of the stomach (1). Tobacco smoking (2) is another recognized risk factor for gastric
cancer Although the evidence relating the risk of gastric cancer to consumption of red meat
is considered to be limited by the World Cancer Research Fund & the American Institute for
Cancer Research (3),newer research suggests that red meat intake could be also a risk factor
for gastric cancer (4). One of the hypotheses behind meat intake and increased risk of gastric
cancer relates to dietary iron, especially the heme type (5). Heme iron could increase
endogenous formation of A-nitroso compounds, which are well-known carcinogens (6).
Furthermore, redox cycling of iron is closely related to the production of oxygen reactive
species (ROS) such as hydroxyl radicals, a highly reactive molecule able to induce lipid
peroxidation and oxidative damage to DNA (7). If iron plays a role in carcinogenesis,
subjects that have elevated total body iron stores or iron overload could be at a greater risk of
developing cancer. Hereditary hemochromatosis is the most severe clinical expression of
iron overload and hemochromatosis gene mutations has been associated with gastric cancer
in the EPIC study (8).

Iron, an essential element for human life but also toxic when in excess (7,9), has a very well-
regulated metabolism (10). Only a small percent of dietary iron is absorbed, and dietary iron
is not necessarily related to body iron status (11). The latter is frequently assessed by
measuring unbound (free) iron, ferritin, total iron binding capacity (TIBC) and transferrin
saturation (TS). Iron is mainly bound to hemoglobin and about 30% of iron is stored in the
form of ferritin. Most circulating iron is bound to transferrin and TIBC indirectly measures
the extent to which transferrin is saturated. Transferrin saturation is a direct measure of the
transferrin binding sites that are occupied (12). Ferritin, representing the levels of iron in
liver, spleen and bone marrow, is decreased in iron deficiency and increased in iron overload,
liver disease, infection, inflammation and other disorders (13).

A recent systematic review and meta-analysis gathered information on iron (intake and
status) and different types of cancer risk (14). Although it seems biologically plausible for
iron to be associated with gastric carcinogenesis, the evidence is rather heterogeneous and
insufficient to lead to any conclusions. Only one of the studies included in this review
studied body iron status and gastric cancer risk (15). It measured iron biomarkers in 341
male Finnish cases and 341 matched controls, and found an inverse (but not statistically
significant) relationship between iron metrics (ferritin, iron, TS and TIBC) and non-cardia
gastric cancer (NCGC) risk. Two cohorts studying Japanese subjects, one in Japan (16) and
the other in Hawaii (17) had previously reported a significant decrease in risk of cancer of
the stomach associated with lower levels of serum ferritin. Regarding transferrin, a
significant decreased risk was observed in men (but not in women) in a Finnish cohort (18)
and a decreased but no significant risk was found in the two Japanese cohorts (16, 17).
While a significant increase in the risk was found in an American cohort only among women
(12).
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To further investigate the relationship between body iron status and gastric carcinogenesis,
we conducted a nested case-control study in the multi-centric European Prospective
Investigation into Cancer and Nutrition (EPIC) study as measured by markers of body iron
status.

Material and Methods

Study subjects

The subjects in this study were participants from the European Prospective Investigation into
Cancer and Nutrition (EPIC) study, and were selected according to a nested case-control
design. The methodology and rationale behind the EPIC study has been described elsewhere
(19). In summary, EPIC is a multicentre prospective cohort of over 500.000 participants,
recruited between 1992 and 2000 in 23 centres from 10 European countries (Denmark,
France, Germany, Greece, Italy, the Netherlands, Norway, Spain, Sweden and the United
Kingdom). Participants provided information on diet and lifestyle factors, and
anthropometric data and blood samples were collected at recruitment. This study was
approved by the Ethical Committees at the International Agency for Research on Cancer
(IARC) and in each of the EPIC centres.

Case identification and control selection

Case identification was based on record linkage with population cancer registries except in
France, Germany, Greece and Naples, where the centres have used a combination of
methods such as health insurance records, cancer and pathology hospital registries, and
active follow up with study subjects. Cancer of the stomach included cancers coded as C16
according to the 101 Revision of the International Classification of Diseases (ICD-10).
Cases for our study were subjects with no previous cancer, newly diagnosed with primary
gastric adenocarcinoma during the follow-up, from recruitment through 2010 depending on
the study centre. A total of 665 gastric adenocarcinoma cases were diagnosed during this
follow-up period. We excluded 113 cases from Denmark since the biological samples were
not available at the time of the study. Furthermore, we excluded 6 cases from Norway
because of the given small number of cases and 75 cases from Malmd (Sweden) since the
centre decided not to participate in this study. In total, 471 incident primary gastric
adenocarcinoma cases were included. They were also classified according to both anatomic
location (cardia and noncardia) and Lauren histological type (intestinal and diffuse).

For each case, two controls were randomly selected among cohort subjects alive and cancer
free at the time of diagnosis of the case, matched by centre, sex, age at baseline (2.5 years)
and date of blood collection (45 days). According to these criteria, 942 controls were
selected.

From the 471 cases and 942 controls there were available biological samples for 460 cases
and 905 controls. We then proceeded to exclude 9 subjects, including 4 cases and 5 controls,
because of non-valid biomarker measurements and incomplete risk sets. We finally had 456
cases and 900 controls for the analyses.
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Laboratory procedures and measurements of biomarkers of iron status

Serum ferritin levels were measured by electrochemiluminescence immunoassay (ECLIA)
by an Elecsys analyzer (Roche Diagnostics, Mannheim, Germany). Serum iron was
measured by immune (chemiluminescence) assay and serum transferrin by
immunoturbidimetric assay using a Modular Analytics P800 chemistry analyzer (Roche
Diagnostics, Mannheim, Germany). All these analyses were carried out at the “Laboratory
de Referencia Sud de Catalunya”(Tarragona, Spain).

Complementary biomarkers

Serum vitamin C was measured owing to its role as an enhancer of iron absorption
(especially the inorganic iron fraction). Serum vitamin C was measured using liquid
chromatography coupled to mass spectrometry. Vitamin C was extracted from the serum by
liquid-liquid extraction using an acidified organic solvent mixture, and quantified in a 1290
UHPLC Series Liquid Chromatograph coupled to a 6490 QqQ-MS/MS (Agilent
Technologies). The technique uses 50 pl of serum and was performed in the Center for Omic
Sciences (COS), Universitat Rovira i Virgili (URV), Reus (Tarragona, Spain).

Since ferritin can be increased in inflammatory conditions or infections, high sensitive C-
reactive protein (hsCRP) was measured in order to rule out inflammation as a cause of
increased levels of ferritin by immunoturbidimetric assay on an Modular Analytics P800
chemistry analyzer (Roche Diagnostics, Mannheim, Germany). hsCRP was measured
simultaneously with the biomarkers of iron status, using the same aliquot.

Other factors

Anthropometric measurements, smoking status, physical activity and education level, were
collected in the cohort baseline questionnaire; measured height and weight were then used to
compute the body mass index (BMI, kg/m?). Data on habitual dietary intake such as meat
and vitamin C were collected from validated country-specific dietary questionnaires in the
cohort. Heme iron intake was estimated multiplying the estimated heme iron content by the
mean daily intake of related food sources (meat and fish) for each subject (5). Pepsinogen 1
level was determined by ELISA using the kits from Biohit (Helsinki, Finland). We
considered pepsinogen 1 levels <22 ug/l as an indicator of severe chronic atrophic gastritis
(SCAG). This information was available for 123 cases and 240 controls. Moreover, we
assessed Hp serology by Immunoblot using the HELICOBLOT 2.1 kit (Genelab
Diagnostics, Singapore). Detailed information can be found elsewhere (21).

Statistical Analysis

Indicators of body iron status tested as potentially related to gastric cancer risk were ferritin,
serum iron, TIBC and TS. Since most of these variables were not normally distributed, we
used the median and interquartile range to describe them. Dietary variables (daily intake of
meat, total iron and heme iron) were expressed as nutrient density per 2000 kcal (e.g., [g/
kcal] x 2000). The distributions of baseline characteristics in cases and controls were
compared through Chi-square test for categorical variables, Student’s t-test (normally
distributed) and Wilcoxon rank sum tests (non-normally distributed) for continuous
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variables. Correlations between variables were calculated using Pearson’s test for normally
distributed variables and Spearman test if not normally distributed.

Associations between each iron biomarker and gastric cancer risk were assessed by the odds
ratio (OR) and 95% confident intervals (Cl) estimated by conditional logistic regression.
Main exposure variables were used as both continuous and categorical in the models. Since
ferritin showed a non-normal distribution, we proceeded to a log, transformation beforehand
when analysed it as continuous variable; the OR is interpreted as the increase in risk of
gastric cancer related to a doubling of the ferritin concentration. Quartile cut-off points for
iron biomarker variables were calculated using the distribution among controls. P for trend
was calculated by treating categorical variables as continuous in regression analyses.
Parsimonious models were built by testing each covariate using the likelihood ratio test after
elimination of each variable. The final model included educational level (no formal
education, primary school, technical or professional training, university and not specified),
cigarette smoking (never smoker, former smoker, current smoker and not specified), and
heme iron intake. We tested for other potential confounders including hsCRP because of the
role of inflammation on iron biomarkers levels, but as they did not change the estimated
effect >10%, we did not include them in the final model. In the subset of subjects with
measured values of plasma pepsinogen 1, we further assessed the relationship between
gastric cancer risk and body iron status biomarkers including pepsinogen 1 in the
multivariate model.

We conducted subgroup analysis according to tumour localization: gastric cardia cancer
(GCC) vs. NCGC and histology (intestinal vs. diffuse) using conditional logistic regression,
and applying the Wald test to assess heterogeneity of the OR. Furthermore, we assessed the
effect of biomarkers of iron status on gastric cancer risk according to the time elapsed from
the date of blood drawing to date of incidence. We also explored the interaction or
modifying effect of Hp infection, plasma levels of vitamin C, alcohol, tobacco smoking, sex,
and BMI by means of stratified analysis, using unconditional regression models including
the matching variables, and testing these interactions with the likelihood ratio (LR) test.

Of the 456 gastric cancer cases, 116 were classified as GCC, 236 as NCGC and for 104
cases the site was unknown. Histological subtype was similar between the proportion of
intestinal and diffuse tumours, with 154 classified as diffuse, 149 intestinal and 153 cases
were unclassified. Table 1 describes the baseline characteristics of our study subjects.
Gastric cancer overall had a significantly higher waist-to-hip ratio, proportion of current
smokers, percentage of Hp positivity, but had a significantly lower proportion of more
educated subjects. Cases also had a greater intake of heme iron and processed meat.
Considering markers of iron body status, cases had significantly lower levels of ferritin and
transferrin saturation. When looking into descriptive analysis by subgroups, all of these
differences concerning iron indices among cases and controls were only found in the NCGC
type, and additionally showed significantly higher levels of TIBC among cases.

Int J Cancer. Author manuscript; available in PMC 2018 December 07.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Fonseca-Nunes et al.

Page 7

Table 2 shows the correlations between iron biomarkers, dietary iron, and dietary sources of
iron. Ferritin was correlated with serum iron (r=0.22, p<0.001) and TS (r=0.36, p<0.001),
and inversely correlated with TIBC (r=-0.42, p<0.001). As expected, TS was inversely
correlated with TIBC (r=-0.43, p<0.001). Dietary variables, such as red meat, total iron,
heme iron and vitamin C did not show correlations with iron indices except for processed
meat which showed a positive correlation with ferritin (r=0.22, p<0.001).

Table 3 presents the results of the conditional logistic regression models for iron indices and
all gastric cancer as well as gastric cancer subgroups for site and histology respectively.
Comparing the highest to the lowest quartiles of iron biomarkers we found statistically
inverse associations between overall risk of gastric cancer and levels of ferritin, serum iron
and TS indices (OR=0.38, 95% CI1=0.25-0.57; OR=0.62, 95% CI=0.44-0.88; and OR=0.60,
95% CI1=0.43-0.86, respectively). Using ferritin as a continuous variable (in the log2 scale),
the observed OR was 0.80 (95% CI1=0.72-0.88), indicating a 20% decrease in risk of gastric
cancer for each doubling of the concentration of ferritin (ng/mL). An increment of 10% of
TS led to a reduction of 13% in all gastric cancer risk and 22% in NCGC. Comparing those
in the highest to those in the lowest quartile, TIBC was positively associated with all gastric
cancer (OR=1.65, 95% Cl=1.16-2.36) and with NCGC (OR=2.01, 95% Cl=1.21-3.32
Furthermore, a 50ug/dl increment of TIBC yielded an OR of 1.22 (95% CI=1.06-1.41) in
NCGC and 1.29 (95% Cl=1.06-1.56) for the histologic subtype of intestinal tumours. There
were no associations between iron indices and GCC.

For almost two thirds of cases (289 out of 456) the diagnosis of cancer took place more than
five years after blood collection; for about one quarter were (111 cases) this period of time
was 2 to five years, and 56 cases where diagnosed within 2 years after blood drawing. The
analysis of the effect of biomarkers of iron status according to of time since blood collection
is shown in Table 4. Concerning ferritin it seems that the effect is stronger for cases
diagnosed after a short period of blood collection; however the inverse association remains
significant even for cases diagnosed after 5 years since blood draw. On the other hand, the
inverse association with gastric cancer risk for iron and TS, and the positive association of
TIBC remained statistically significant only for cases diagnosed within 2 years of blood
collection.

Measurement of plasma pepsinogen 1 was available for a subset of 363 subjects (123 cases
and 240 controls), among which only 19 had levels below 22 pg/the cut-off used for
diagnosis of chronic atrophic gastritis (CAG) (21). Although concentrations of ferritin were
consistently lower in subjects with CAG, there were too few individuals to assess the effect
of interaction between CAG and iron biomarkers on gastric cancer risk. However, we
explored the potential effect of physiological features associated with CAG by assessing the
effect of body iron status indicators taking into account the pepsinogen 1 levels within a
subset of 363 individuals with measured plasmatic pepsinogen 1. Adjusting for pepsinogen 1
levels did not affect risk estimates for gastric cancer risk for any of the indicators of body
iron status (data not shown).

Finally, we further analysed possible interaction of iron biomarkers with relevant variables,
such as Hp infection, plasmatic levels of vitamin C, and self-reported alcohol intake, tobacco

Int J Cancer. Author manuscript; available in PMC 2018 December 07.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Fonseca-Nunes et al. Page 8

smoking, sex, BMI, and waist-to-hip ratio, but interactions were not statistically significant
(data not shown).

Discussion

The results of this study represent the largest prospective analysis of the association of
serum iron biomarkers with risk of gastric adenocarcinoma in European Populations. In this
analysis, higher levels of ferritin, iron and TS, and lower levels of TIBC were inversely
associated with risk of gastric adenocarcinoma. Moreover, these associations seem to be
restricted to NCGC. It is important to mention that the differences between gastric cancer
subgroups could be due to the number of cases we had available for each group. In fact,
NCGC was the group with the biggest number of cases and this could have influenced the
associations found for this site. Moreover, NCGC and GCC have different etiological factors
so it is expected to see some differential effects when analysing both sub-sites. Also, the
same pattern between gastric cancer sites has been shown in studies studying on meat and
heme iron intake (5).

Overall, our findings are consistent with those from previous studies, and seem to suggest an
inverse association between body iron status and gastric cancer risk, with ferritin —
considered as the most specific biomarker for body iron stores — showing the strongest
association amongst all iron indices, reaching a 27% reduction in risk for each doubling of
the concentration of ferritin for NCGC. In a study within a cohort of Finnish men, the
authors found limited evidence for the association of iron metrics with all gastric cancers
(15); nonetheless, both serum ferritin and serum iron had an inverse, or possibly “u”-shaped
relationships with this malignancy in the NCGC site, although associations were not
statistically significant. Four other prospective studies have examined the association
between iron biomarkers and all gastric cancers combined, although the predominant sub-
site was NCGC. Two nested case-control studies in Japanese populations (16,17) assessed
ferritin levels and found an inverse association (statistically significant) with gastric cancer,
in both studies the risk of gastric cancers was lower for higher levels of transferrin but the
association was not significant. Another Finnish cohort (18) reported significant association
of gastric cancer risk with lower levels of transferrin and ferritin and higher levels of TIBC
in men but not in women. On the contrary, one American cohort (12) reported a borderline
statistically significant positive association between gastric cancer and TS for women, but no
association in men.

There is definitive evidence that iron overload induces stress and DNA damage, which can
enhance carcinogenic risk (7;22;23). However, other evidence suggests that iron deficiency
and anaemia could also lead to increased levels of oxidative stress and DNA damage,
increasing the carcinogenic risk, especially in the gastrointestinal tract. Iron deficiency may
negatively influence several iron-dependent metabolic functions that are associated with
genome protection and maintenance (e.g., immune responses against cancer-initiated cells,
metabolism of toxic compounds, and redox regulation of DNA biosynthesis and repair) (24).

It has been suggested that the inverse association between ferritin and gastric cancer risk
could be at least in part explained by achlorhydria or hypochlorhydria, which decreases the
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absorption of non-heme iron in the gastric mucosa (16). This condition often accompanies
chronic atrophic gastritis, which is strongly associated to gastric cancer. In our study very
few subjects had been diagnosed with atrophic gastritis, but ferritin levels were lower in
those subjects, both among cases and controls. However, our sample size was too small to
assess a potential interaction between CAG and ferritin levels on the risk of gastric cancer.
We indirectly assessed the potential effect of gastritis and atrophy using the plasmatic levels
of pepsinogen 1 as a proxy, but adjusting for pepsinogen 1 levels did not materially affect
the association of ferritin (and other markers) with gastric cancer risk. Therefore, our results
do not support the hypothesis that ferritin is a marker of CAG, the actual factor associated
with gastric cancer risk as was reported in the above mentioned Japanese study (16).
Another possible explanation for the inverse association between ferritin and gastric cancer
is that low serum pre-diagnosis ferritin is due to bleeding from early undetected lesions of
gastric cancer. If this was the case, one may expect that the effect is higher when
measurement of ferritin and the diagnosis of gastric cancer are close in time than when
serum ferritin was measured in samples collected long before the occurrence of clinical
cancer. According to our results in table 4, the association is weakened for cases with more
than 5 years between blood collection and diagnosis, and is stronger for the subsets of cases
diagnosed within two years after blood collection, supporting the hypothesis that undetected
blood loss could contribute, at least in part, to the inverse association between ferritin and
gastric cancer risk. However, such an effect was not observed in previous studies in Japanese
cohorts (16, 17) where the association was found in subjects whose serum collection
preceded gastric cancer by up to 15 years.

In our study, four biological markers were used for the assessment of body iron status.
Furthermore, we also used available information from the EPIC cohort study concerning
iron intake and meat consumption. We found no correlations between iron indices and
dietary iron or meat, except for a weak correlation of ferritin with processed meat. One
could argue about the precision of laboratory measurements and the quality of the dietary
questionnaires used in the study, however, we have used reliable techniques in our
determinations and validated food frequency questionnaires. A possible explanation could be
that iron has a tightly regulated absorption which is affected by its form and other nutrients;
hence, higher iron intake is not necessarily linked to high body iron stores (25,26) and this
could explain the contrast between the associations of studies on body iron status and iron
intake with gastric cancer risk.

Hp infection is capable of inducing haemorrhagic gastritis leading to iron loss; furthermore
Hp infection may also induce gastric atrophy, which reduces gastric acidity and ascorbic
acid levels leading to poor absorption of iron, and sequester iron from the host for growth
(15). Very few cases were negative for Hp serology and therefore the interaction between
iron markers and Hp infection was not formally addressed; however, it must be noted that
results did not change significantly when analyses were restricted to infected individuals
(data not shown). Moreover, in recent analysis we have shown that eventually all NCGC
cases have been previously infected, suggesting that Hp infection is a necessary cause of
NCGC (27). Therefore, it would be very difficult to examine whether there is an interaction
of body iron status with AHp infection on risk of NCGC.
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Our study has several strengths. It is the largest study researching biomarkers of iron status
and gastric cancer risk, and it is nested in a prospective study with long-term follow-up
which allowed the use of plasma retrieved previous to diagnosis, which reduces the
possibility that cancer affected the associations we observed in this study. Also, it enabled us
to assess diet prior to diagnoses using use data from food frequency questionnaires. Iron
measurements performed by our laboratory experts were determined by reliable techniques.

The major limitation of our study is that the determination of body iron status was based on
a single set of measurements. Preferably we should have had several measurements at
regular intervals up to the development of cancer, since timing of blood collection and
specific individual conditions could alter some of these measurements. Other limitations
were the few subjects with information on pepsinogen 1 levels, which limited further
research on the possible link between gastric atrophy and gastric cancer.

In summary, our results do not support the hypothesis that increased body iron status is
associated with increased risk of gastric cancer. Instead, it seems that higher risk of cancer of
the stomach, mainly in the non-cardia region, is associated with lower body iron status.
However, alternative explanations for this association cannot be ruled out. It is possible that
the inverse association of serum ferritin (and other markers) with gastric cancer risk is an
indirect one: lower ferritin levels could be a consequence of bleeding associated with early
gastric cancer lesions, and probably also of achlorhydria or hypochlrhydria induced by
chronic gastritis, a risk factor of gastric cancer. Further investigation is needed to clarify the
interplay of these factors and iron status in gastric carcinogenesis.
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Novelty & Impact

Although it seems biologically plausible for iron to be associated with gastric cancer
(GC), the evidence is rather heterogeneous and insufficient. This study represent the
largest prospective analysis of the association of serum iron biomarkers with risk of
gastric adenocarcinoma in European Populations. Our results have shown a statistically
significant inverse association between ferritin and transferrin saturation and GC.
Additional analysis suggests that time since diagnosis and pepsinogen levels could
modify these findings.
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