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RERF Technical Report Series

. Technical reports are the basic medium for reporting of original research
carried out at the Radiation Effects Research Foundation. Reports in this
series receive both internal and external peer review and may serve as
the basis for publication in the open scientific literature, in part or in toto.
Although they may be quoted and cited, these reports are considered to be
internal publications of the Foundation. Copies are available upon request
from: Editorial Office, RERF, 5-2 Hijiyama Park, Minami-ku, Hiroshima,
732 Japan. :

Beginning in 1989, the RERF Technical Report Series is no longer being
published in the traditional Japanese-English bilingual format. However,
major reports continue to be available in both languages as separate
publications. Selected reports of a highly specialized nature, for which
there is presumably less general interest, are produced only in English
with an extended Japanese summary.

In this way, the Foundation will be able to. more expeditiously report
recent findings on the late biclogical effects of exposure of man to ionizing
radiation resulting from the atomic bombings of Hiroshima and Nagasaki.
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Summary

Using stored serum samples collected from 1970-72 and/or from 1977-79,
serum ferritin, transferrin, and ceruloplasmin levels were immunologically
determined for 233 stomach cancer and 84 lung cancer cases diagnosed from
1973-83 and for 385 matched controls from a fixed population of Hiroshima and
Nagasaki atomic bomb survivors. Elevated stomach cancer risk was associated
with low serum ferritin levels, with more than a threefold excess among those
in the lowest quintile as compared to the highest ferritin quintile. The average
serum ferritin concentration was 8% lower in the stomach cancer cases than
in the controls. Risk did not vary with the time between blood collection and
stomach cancer onset, remaining high among those with low ferritin levels five
or more years before cancer diagnosis. Low ferritin combined with achlorhydria,
diagnosed about 10 years before the blood collection and up to 25 years before
cancer diagnosis, was an exceptionally strong marker of increased stomach
cancer risk. No effect of transferrin or ceruloplasmin independent of ferritin
was observed on gastric cancer risk. Lung cancer risk was not related to these
three serum proteins.

Introduction

As part of case-control investigations to evaluate the role of micronutrients
in stomach and lung cancer occurrence among atomic bomb survivors,' serum
levels of ferritin, transferrin, and ceruloplasmin were determined. The first two
are known to reflect the amount of available iron stored in the body and total

SFull Japanese text will be available separately.
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iron-binding capacity, respectively. The last one is a copper-binding protein. All
are related to oxidant or antioxidant activity and are suspected of playing a role in
cancer development.?® Herein we report the relationship of these serum proteins
to stomach and lung cancer risks.

Materials and Methods
Study population

Since 1958, a program of biennial medical examinations has been implemented
on a cohort of 20,000 Hiroshima and Nagasaki A-bomb survivors at RERF clinics.*
During the period 1973—83, 265 stomach cancer and 101 lung cancer cases were
either identified by the Hiroshima and Nagasaki tumor and tissue registries or
found in RERF mortality files®” among cohort members whose serum samples
had been collected from 1970-72 and subsequently had been stored at —60°C to
-70°C.

These cohort members were stratified by city, sex, and age at examination (in
4-year categories), as well as by year and month of blood collection. From each
stratum with at least one stomach and/or lung cancer case, the same number
of controls as cancer cases was randomly selected. Ineligible as controls were
those who had died before the date of diagnosis of the earliest case in that
stratum. When controls were not available in a stratum, they were selected
from neighboring stratum within the same sex and city.

For about one-third of the selected cases, serum samples were also collected
in 1977-79 and stored at that time. Those samples were also included in this
study. When the controls for the corresponding cases did not have any 1977-79
serum samples, additional controls were selected from among those with serum
samples collected in both time periods.

The volumes of the serum samples were determined by visual inspection after
they were transferred to a deep freezer (with the temperature maintained at
~20°C). Thirty-two stomach cancer cases and 17 lung cancer cases found to have
volumes less than 1.0 ml by such measurements were dropped from the study
because the amount was insufficient for homogenization and for a series of other
measurements including those for retinol, selenium, and zinc. (The results of the
analyses on the relationship of those micronutrients to cancer risk will be reported
elsewhere.) The 69 controls with volumes less than 1.0 ml were replaced with
other control subjects with sufficient volumes of stored serum.

Laboratory analysis

The serum samples obtained in 1970-72 from study participants were kept
in glass tubes at —60°C to —70°C in Hiroshima. (The serum samples collected at
the Nagasaki clinic had been shipped to Hiroshima frozen in dry ice immediately
after serum separation.) All blood samples were thawed in July 1982 when
the Hiroshima freezer was accidentally disconnected from the power supply,
and storage temperatures rose to room temperature, staying at this level for
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about four days. Serum samples collected between 1977-79 were stored at each
laboratory at —60°C to —70°C. The samples selected for this study were shipped
frozen to the Hiroshima laboratory in 1986 and were kept at —20°C thereafter.
Serum specimens were identified by number only to ensure masking of the disease
status.

The concentration of each protein was determined at the RERF Hiroshima
laboratory. Ceruloplasmin and transferrin levels were determined by radial im-
munodiffusion using Nor-Partigen ceruloplasmin and Nor-Partigen transferrin,
respectively (Hoechst Behring, Frankfurt, West Germany). Five microliters of
serum or standard solution was added to each cell and incubated for 48 hours at
room temperature, and then the diameter of the precipitation ring was measured.
The protein concentration was determined by interpolation of the results from the
standard solution measurements.

Serum ferritin levels were determined by radioimmunoassay using a Spacfer-
ritin Kit (Dai-ichi Radioisotope Institute, Tokyo, Japan). The assay procedure was
as follows: Twenty-five microliters of serum or standard solution was added to the
tube coated with antiferritin rabbit antibody. Then 500 xl of phosphate-buffered
saline was added, and the tube was gently shaken and incubated for 2-3 hours at
room temperature. After washing once or twice, 500 ;1 of 1?°I-labeled antiferritin
antibody was added to the solution, and this was incubated overnight at room
temperature, after which radioactivity was determined with a liquid scintillation
counter. The ferritin concentration was determined by interpolating the results
from the standard solution measurements.

Ancillary data

Information on radiation dose received from the A-bombs was available for
almost all cohort members. Smoking status was obtained for most, based on
surveys of the cohort members in the late 1960s.2 Finally, achlorhydria had
been determined for cohort members, independently of this study, in 1959-62
by tubeless gastric analysis (Diagnex Blue, Squibb and Sons, New York, USA).®

Statistical analyses

Odds ratios (OR) were calculated as measures of the association between
stomach or lung cancer risk and the different serum protein levels. Estimates of
the ORs and corresponding significance tests were obtained by conditional logistic
regression analysis for matched data. Consecutive integers for levels of ordered
categories were used in tests for trend.1?

Adjusted mean differences of serum protein concentrations between cases and
controls were also calculated by regression analyses, accounting for matched
variables.
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Results

Protein levels in sera collected from 1970-72 and/or from 1977-79 were
determined for 233 stomach cancer cases and 84 lung cancer cases (Table 1A). It
should be noted that the subjects having only 1977-79 samples were those who
were initially thought to have both 1970-72 and 1977-79 samples, but were later
found to have 1970-72 samples missing or in insufficient quantity for the assay.
In this paper, we present the results from the 1970-72 blood-sample data unless
otherwise stated. Table 1B shows the mean age of the subjects at the time of
blood collection.

Table 1A. Distribution of stomach cancer and lung cancer case
by the period of blood collection

Period of blood Stomach Lung

collection cancer cases cancer cases Controls
1970-72 only 137 49 231
Both periods 71 30 119
1977-79 only 25 5 35
Total 233 84 385

Table 1B. Mean age of study subjects at the time of blood collection
from 1970-72

Stomach Lung
cancer cases cancer cases Controls
Sex
Age Age Age
No.  mean SE No.  mean SE No.  mean SE
Male 116 597+ 1.0 45 68434+ 15 193 605+ 0.8
Female 82 6004 1.2 34 50.9 4+ 21 157 584 4+ 1.0

SE: standard error of the mean

In both cases and controls, the serum transferrin and ceruloplasmin concen-
trations were approximately normally distributed, but the ferritin levels were
skewed with a long upper tail. However, the ferritin levels appeared to be
normalized by log transformations (data not shown), and we thus conducted
analyses on the logs of the ferritin values. Before conducting risk analysis, we
analyzed the data for controls only to obtain information on the determinants
of serum levels of three proteins. The ferritin and transferrin concentrations
were negatively correlated (r = — 0.39). Ferritin levels were significantly higher
in males (mean + standard error: 1.93 + 0.02 log ng/dl) than females (1.72 4+
0.03). Serum concentration was somewhat higher in females with transferrin
(265.7 + 3.2 vs 272.0 + 4.0 mg/dl) and ceruloplasmin (30.2 + 0.38 vs 31.0 +
0.47 mg/dl). Differences by age were not striking, although ferritin level in
females rose after age 50 to a level similar to that in males and ceruloplasmin
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concentrations rose slightly at older ages. The serum ferritin level was higher (p
< 0.05) for Hiroshima than for Nagasaki. No significant seasonal variation was
found for any of the serum proteins assayed in this study. However, serum levels
of all three proteins assayed here were lower for the 1977-79 period than for the
1970-72 period, with the differences statistically significant for transferrin and
ceruloplasmin. Findings for the two time periods were not explained by advancing
age of the subjects. However, the correlation coefficients between protein levels
for the two periods were fairly high: 0.64, 0.49, and 0.48 for ferritin, transferrin,
and ceruloplasmin, respectively.

In Table 2 are shown the adjusted mean levels of the three proteins in sera
collected from 1970-72 for stomach cancer cases and lung cancer cases. On
the average, stomach cancer cases exhibited an 8% lower ferritin level and
a 4% higher transferrin level than controls, while ceruloplasmin levels were
similar. The observed difference in transferrin disappeared once the correlation
between ferritin and transferrin was taken into account (data not shown), but the
magnitude of the difference in the ferritin level between the stomach cancer cases
and their controls was not significantly modified by transferrin, sex, city, smoking
habit, drinking or A-bomb radiation dose. The site of tumor within the stomach
and its histology did not significantly affect the observed case-control differences,
and the results obtained by excluding histologically unconfirmed cases virtually
replicated the findings. There were no remarkable relationships between the
protein levels and lung cancer risks.

Table 2. Difference in mean serum protein levels between lung cancer
and stomach cancer cases and their controls

Stomach cancer Lung cancer
Nutrient .
m + SE* Difference® m + SE® Difference®
Ferritin (log ng/ml) 1.69 + 0.03 -8.3* 1.83 + 0.06 -2.0
Transferrin (ma/dl) 277 £+ 34 36" 264 + 50 -0.54
Ceruloplasmin (mg/dl) 306 + 0.37 0.04 320 + 067 27

ACrude mean and its standard errors for blood samples collected from 187072,

Epifference of mean between cancer cases and controls adjusted via regression analysis including
terms for age, sex, city, season of blood collection, and for smoking (the latter was considered for
lung cancer cases only).

*Significant difference (p < 0.05)

The findings were similar in analyses of sera collected from 1977-79. When
compared to the controls, average serum concentrations of ferritin were 13% (p <
0.05) lower, and those of transferrin were 5% (p = 0.09) higher for stomach cancer
cases. No statistically significant differences between the lung cancer cases and
controls were observed at the three serum protein levels.
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As shown in Table 3, ORs of stomach cancer, according to the quintile of the
serum protein levels, increased as the ferritin level decreased (p for trend was
less than 0.001). Risks of stomach cancer were increased threefold or more among
those with low ferritin concentrations. A reversed and statistically significant
trend (p < 0.05) for serum transferrin level was observed, due to the negative
correlation with the serum ferritin level. The mean hemoglobin level was 13.1
g/dl for both controls and stomach cancer cases. Exclusion of subjects in the
lowest 10% of the hemoglobin level (<12.2 g/dl for males and <10.8 for females)
resulted in ORs of 3.6, 3.3, 1.5, and 1.7 for the first, second, third, and fourth
quintile of serum ferritin levels, respectively, when the fifth quintile was used as
areference category. As shown in Table 4, no monotonic trend for lung cancer risk
was observed. Low ORs associated with the second and third ferritin quintiles
were not replicated in the data obtained from the 1977-79 serum samples. No
significant association with ceruloplasmin was found for either stomach cancer or
lung cancer. The results shown in Tables 3 and 4 were not substantially changed
by sex.

To examine the effect of elapsed years from blood collection to cancer onset, the
cases were divided by the years between blood collection and cancer diagnosis.
Lower ferritin levels for stomach cancer cases were observed regardless of the
years elapsed since blood collection (Table 5), and the variation of the case-control
differences in serum ferritin levels among the four follow-up intervals was not
statistically significant. Similar results were found using the 1977-79 sera, where
ferritin levels were lower for stomach cancer diagnosed both within 2.5 and after
2.5 years of blood collection. Significantly lower ferritin concentrations were also
found among stomach cancer patients whose 1977—79 serum samples were taken
after their cancer diagnosis.

For lung cancer cases with blood samples taken within three years of cancer
onset, statistically the serum ceruloplasmin level was significantly higher when
compared to controls (Table 5). But this finding was not replicated in the 1977-79
serum samples.

From 1958-60 the presence (or absence) of achlorhydria was determined for
a sample of Adult Health Study members, half of whom were included in the
present study. The means + standard error of the serum ferritin levels (log
ng/ml) were 1.9 4 0.05 and 1.5 4 0.09 for male and female achlorhydria control
subjects, respectively, and 2.1 4+ 0.05 and 1.8 + 0.07 for male and female controls
with normal gastric acidity, respectively. Table 6 shows that elevated ORs for
stomach cancer were associated both with achlorhydria and low serum ferritin.
For the subjects with high ferritin levels (quintiles 4 and 5), the presence of
achlorhydria 10 years before raised the stomach cancer risk by 3.7 times. If the
subjects were achlorhydric and also had low ferritin levels, the risk was increased
by more than tenfold.
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Table 3. Odds ratios of stomach cancer by quintile of serum protein level

Quintile
Nutrient? 1 2 3 4 5 p for trend
Low High
Ferritin
OR" 36 29 15 16 1.0° <0.001
95% CI° 18-7.2 1.4-60 0.76-3.1 0.83-3.1 —
Transferrin
OR 0.51 0.72 1.2 1.0 1.0° 0.03
95% Cl 026099 038-13 067-22 057-1.9 —
Ceruloplasmin
CR 1.0 1.1 1.3 1.1 1.0° NS
95% Cl  0.55-2.0 0.60-21 0.72-24 061-20 —

#Mean protein levels for quintiles 1-5 were: ferritin (ng/ml)—18, 51, 76, 112, and 181 transferrin
(mg/dl)—208, 242, 265, 292, and 336; and ceruloplasmin {mg/dl)—23, 27, 30, 33, and 39.

b0dds ratios (OR) and 95% confidence intervals (95% Cly were obtained from conditional logistic

regression analysis on the 1970-72 blood sample data,
“Reference category

NS: not significant (p > 0.10)

Table 4. Qdds ratios of lung cancer by quintile of serum protein level

Quintile
Nutrient* 1 2 3 4 5 p for trend
Low High
Ferritin
OR® 0.85 0.12 0.50 0.61 1.0° NS
95% CI® 0.32-2.3 0.02-054 0.15-1.7 0.21-1.8 —
Transferrin
OR 0.76 0.84 0.53 0.73 1.0° NS
95% Cl 0.24-24 0.28-26 0.16-18 025-21 —
Ceruloplasmin
OR 0096 0.81 1.3 1.8 1.0% NS
95% Cl  0.26-35 0.27-24 04142 0.654.9 —

See footnote in Table 3.
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Table 5. Case-control differences in serum protein levels by years
between blood collection and diagnosis®

Period (in years) between diagnosis and
blood collection

Nutrient Site 0-3 3.1-6 6.1-9 a1
Ferritin Stomach -0.067 -0.21* -047" -0.12*
Lung -0.038 -0.11 -0.071 0.051
Transferrin Stomach 0.58 7.8 15.4* 11.0
Lung -58 10.7 99 -17.5
Ceruloplasmin  Stomach —0.51 032 -084 0.68
Lung 47 -0.31 1.2 -0.53
*p < 0.05

Values given are adjusted differences in nutrient concentrations between cases and
controls in sera collected from 1870-72, obtained via regression analysis including
adjustment for age, sex, city, and smoking (the latter was considered for lung cancer
cases only).

Table 6. Stomach cancer risk as estimated by serum ferritin level
and the presence of achlorhydria

Ferritin level Achlorhydria Case  Control OR? 95% CI?
4th and 5th - 5 26 1.0° —

quintile + 17 20 av 0.61-22.9
1st and 2nd - 7 21 21 0.18-24.2
quintile + 27 26 105 1.49-75.9

20dds ratios (OR) and 95% confidence intervals (95% Cl) were obtained from
conditional logistic regression analysis on the 1970-72 blood sample data.

bReference category.

Discussion

This case-control study using serum collected before cancer diagnosis revealed
a higher stomach cancer risk for subjects with relatively low iron stores as
measured by serum ferritin concentration. The risk persisted regardless of the
time between cancer onset and blood collection and was even higher for patients
who were diagnosed with achlorhydria about 10 years before the serum sampling
and thus up to 25 years before cancer diagnosis.

Two previous investigations involving analyses of stored sera have reported
increased cancer risks among persons with high rather than low iron stores.
Stevens et al'! found significantly higher prediagnosis ferritin levels in sera
taken from 70 subjects who subsequently developed liver cancer. The study
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was conducted in Taiwan, where hepatitis B virus (HBV) infection is prevalent,
and indeed 16% of the studied population was HBV surface antigen positive.
BV infection is a strong risk factor for liver cancer,'? and may destroy
liver and possibly reticuloendothelial cells, releasing ferritin from them to the
blood stream.'®* As for stomach cancer, the relationship with serum ferritin
concentration found in Taiwan'® was similar to our findings. In the United States,
serum iron levels were significantly elevated in men who developed cancer from
4 to 15 years after blood collection.!® Excesses were noted among males who
developed esophageal, colorectal, lung or bladder cancer, whereas a 6% decrease
was found among eight men with stomach cancer.

The negative correlation between serum ferritin concentration and stomach
cancer risk described in our paper, as well as in the two previous investigations,
may at least partially be explained by an involvement of hypo- or achlorhydria,
which often accompanies chronic atrophic gastritis (CAG),!7 a condition which is
strongly suspected to be related to stomach cancer risk.}®'° Hypo- or achlorhydria
reduces the absorption rate of nonheme iron. Nonheme iron represents by far the
largest amount of dietary iron, occurs mainly in a ferric form in foods, is reduced
to ferrous form mainly in the stomach and is absorbed via the duodenum and
upper jejunum. Iron deficiency resulting from poor absorption can be detected by
a serum ferritin assay, whereas hemoglobin levels and blood cell counts remain
within normal ranges.?®?2 Indeed, our data showed the serum ferritin level to be
lower among controls with previously diagnosed achlorhydria than among those
without such a diagnosis.

Assuming that a low serum ferritin level indicates the existence of CAG,
the observed interactive effect between low serum ferritin and achlorhydria
can be considered to indicate that the duration of CAG is a strong risk factor
for gastric cancer. It then can be easily imagined that those with the lowest
serum ferritin from 1970-72 and exhibiting achlorhydria from 1958-60 have the
longest duration of CAG and that those without either condition have the shortest
duration.

Ferritin level is known to be elevated in the sera of some lung cancer
patients.?® The failure to find high serum ferritin in lung cancer patients in this
study suggests that it is difficult to detect serum ferritin produced by the tumor
cells at a very early stage of lung cancer.

It is also possible that low prediagnosis serum ferritin levels in the stomach
cancer patients were due to bleeding from antecedent or undetected lesions of
stomach cancer.?* However, the observed low serum ferritin levels cannot be
entirely attributable to the presence of tumors at the time of blood collection,
because the association with ferritin was observed even in sera collected five
years before stomach cancer diagnosis.
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We did not have extensive information on the dietary habits of the cancer
cases and controls, but data was available on 22 major food items. The weekly
frequency of intake of these items was obtained through interviews at the time
of routine clinical examination from 1964-68. None of the food items was
significantly related to gastric cancer risk. Average iron intake, calculated as
a weighted sum of the frequency of each food item with a weight determined by
a professional nutritionist, was only slightly related to the cancer risk and was
not associated with serum ferritin level.

Although the serum protein levels found in this study were within normal
ranges, the mean levels of three serum proteins were higher in the 1970-72
samples than in the 1977-79 samples. This is thought to be due to evaporation
of the water content from the samples during storage and/or accidents. The
amount of water lost from the serum samples may vary from sample to sample
depending on the length of storage, shape (diameter) of the vial, tightness of cap,
volume of the serum sample, and so on. Unfortunately, the amount of water
lost during the storage period is not available and, therefore, it is impossible to
assess its effects on our findings directly. It seems unlikely, however, that this
resulted in the observed difference of serum ferritin between stomach cancer cases
and controls. No differences were observed for lung cancer cases, similar case-
control differences were found in the analyses of the 1970-72 and 1977-79 blood
samples, and the samples for cases and controls were kept in the same freezers.
Furthermore, if such random errors could be eliminated, the estimated difference
of serum ferritin levels between cases and controls would become greater rather
than less because random errors contained in a data set are known to dilute the
results.

In this study, the blood samples were taken at various hours after meals.
However, it is unlikely that the timing of blood collection affected the results
presented in this paper, because the serum ferritin level is maintained at a rather
stable level and has no marked day-to-day variation,® suggesting little, if any,
acute effect of dietary intake. Furthermore, seasonal variation was not found in
this study.

In summary, the findings dispel the notion that higher iron stores increase
the risk of stomach cancer as they are purported to do for liver and possibly
other cancers. Instead, higher stomach cancer risk was associated with low blood
ferritin concentrations. Further investigation is needed to clarify whether the
association is real, and if so, whether the low prediagnosis iron level is simply a
consequence of CAG or an etiologic cofactor in stomach carcinogenesis. In either
case, it appears as if serum ferritin may, in combination with other indicators of
CAG, serve as a useful marker of subsequent stomach cancer risk.

10
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