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Abstract

Background: We sought to compare frequencies of HFE C282Y and H63D alleles and associated
odds ratios (OR) in 100 consecutive unrelated white adults with malignancy to those in 318
controls.

Methods: Data from patients with more than one malignancy were analyzed according to each
primary malignancy. For the present study, OR >2.0 or <0.5 was defined to be increased or
decreased, respectively.

Results: There were |10 primary malignancies (52 hematologic neoplasms, 58 carcinomas) in the
100 adult patients. Allele frequencies were similar in patients and controls (C282Y: 0.0850 vs.
0.0896, respectively (OR = 0.9); H63D: 0.1400 vs. 0.1447, respectively (OR = 0.9)). Two patients
had hemochromatosis and C282Y homozygosity. With C282Y, increased OR occurred in non-
Hodgkin lymphoma, myeloproliferative disorders, and adenocarcinoma of prostate (2.0, 2.8, and
3.4, respectively); OR was decreased in myelodysplasia (0.4). With H63D, increased OR occurred
in myeloproliferative disorders and adenocarcinomas of breast and prostate (2.4, 2.0, and 2.0,
respectively); OR was decreased in non-Hodgkin lymphoma and B-chronic lymphocytic leukemia
(0.5 and 0.4, respectively).

Conclusions: In 100 consecutive adults with malignancy evaluated in a community medical
oncology practice, frequencies of HFE C282Y or H63D were similar to those in the general
population. This suggests that C282Y or H63D is not associated with an overall increase in cancer
risk. However, odds ratios computed in the present study suggest that increased (or decreased)
risk for developing specific types of malignancy may be associated with the inheritance of HFE
C282Y or H63D. Study of more patients with these specific types of malignancies is needed to
determine if trends described herein would remain and yield significant differences.

Background has been reported in putative hemochromatosis heterozy-
An increased prevalence of certain types of malignancy  gotes characterized by iron phenotype criteria or family
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studies [1-4]. However, discovery of the HFE gene on
Ch6p and two common hemochromatosis-associated
HFE missense mutations C282Y (exon 4; nt 845G—A)
and H63D (exon 2; nt 187 C—G) [5] permits definition
of hemochromatosis heterozygosity using molecular crite-
ria. Subsequently, other investigators have reported that
the frequency of C282Y in males with childhood acute
lymphoblastic leukemia and in women with lung cancer
is significantly increased [6,7]. The frequency of H63D
was also significantly increased in adults with malignant
gliomas [8]. Further, it has been postulated that increased
susceptibility to malignancy of persons with C282Y could
partly explain age-related reduction in the frequency of
C282Y heterozygotes reported in Swedish people, a pop-
ulation with a high C282Y allele frequency [9]. However,
it is unknown whether the frequencies of C282Y or H63D
are generally increased (or decreased) in persons with
diverse types of malignancy, as suggested by phenotype
and family studies.

There are also reports of the frequencies of C282Y and
H63D in adults with common types of malignancy,
including plasma cell myeloma [10], myelodysplasia [11-
13], acute non-lymphoblastic leukemia [14], and colon or
rectal cancer [10,15], and in women with breast cancer
[10]. In patients with many other types of malignancy,
however, there are no reports of C282Y or H63D associa-
tion. We evaluated the frequencies of C282Y and H63D
and associated odds ratios (OR) for malignancy in 100
unrelated white adults treated in a community medical
oncology and hematology practice in central Alabama
and in control subjects from the same geographic area. We
compared the present results with those in other reports,
and discuss the pertinence of these observations to the
association of common HFE mutations with malignancy
in adults.

Methods

Selection of Study Subjects

The performance of this study was approved by the Insti-
tutional Review Board of Brookwood Medical Center.
One hundred consecutive unrelated white adults (age >
18 years) with malignancy who were treated in a commu-
nity medical oncology and hematology practice in central
Alabama in 1996 - 1997 were included. Patients were
referred for surgical adjuvant chemotherapy or manage-
ment of advanced malignancy; the patients were other-
wise unselected. We excluded a) persons whose only
primary malignancy was non-melanoma skin cancer; b)
persons with chemotherapy- or radiation-associated
malignancies; and 3) persons with types of cancer trans-
mitted as simple Mendelian traits. No patient had a diag-
nosis or family history of hemochromatosis at the time of
referral for management of cancer. 318 apparently healthy
white persons from the general population were used as
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controls for C282Y and H63D frequencies [16,17]; a sub-
set of 142 controls was used for HFE genotype frequencies
[16].

Clinical and Laboratory Methods

The diagnosis of each primary cancer was established with
histology; flow cytometry, chromosome analysis, in vitro
demonstration of erythropoietin-independent colony
growth, or bcr/abl oncogene analysis were also used, as
appropriate. The presumptive diagnosis of hemochroma-
tosis was based on persistent transferrin saturation (>60%
for men and >55% for women) [16]. Iron overload was
defined as otherwise unexplained elevation of serum fer-
ritin concentration (>300 ng/mL in men, >200 ng/mL in
women), 3+ or 4+ intrahepatocytic iron visualized by
Perls' acid ferrocyanide staining, or hepatic iron index
>1.9 [18-20]. Testing for C282Y and H63D using genomic
DNA was performed as previously described; absence of
detectable C282Y or H63D was defined as wt (wild type)
[15,16]. Testing for other HFE missense mutations was
not performed because these are uncommon in white per-
sons in central Alabama [17].

Literature Search

A computerized and manual search was performed to
identify reports of case series of persons with malignan-
cies in whom HFE mutation analysis had been performed.

Statistical Considerations

The present data set consisted of observations on 100 per-
sons who collectively had 110 primary malignancies; data
on non-melanoma skin cancer that occurred in the
present patients were not evaluated. Data from persons
with more than one primary malignancy were categorized
for analysis according to each primary malignancy.
Descriptive data are presented as enumerations, percent-
ages, or frequencies. C282Y or H63D frequencies and HFE
genotype frequencies in patients with malignancy were
compared with those in control subjects using chi-square
analysis or Fisher's exact test (when a number in a cell was
<5) [21]. A value of p < 0.05 was defined as significant.
Odds ratios (OR) were computed as previously described
[22]; OR were not calculated in malignancy categories in
which C282Y or H63D were not detected. For the present
study, we defined an OR of 0.5 or >2.0 to be decreased
or increased, respectively.

Results

General Characteristics of Patients, Malignancies, and
Control Subjects

In patients with malignancies, there were 50 men and 50
women. The average age at first diagnosis of malignancy
was 64 + 14 years (range 20 - 96 years). Two patients were
diagnosed to have hemochromatosis associated with
C282Y homozygosity after diagnosis of malignancy.
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Table I: HFE C282Y and H63D Allele Frequencies in 50 Adults with 52 Hematologic Malignancies.*

Classification of Malignancy (no. of cases) t C282Y Odds Ratio (value of p) H63D Odds Ratio (value of p)
B-cell non-Hodgkin lymphoma (12) 0.1667 2.0 (0.3461) 0.0833 0.5 (0.5848)

B-cell chronic lymphocytic leukemia (9) 0.0555 0.6 (0.9355) 0.0555 0.4 (0.4957)

Plasma cell myeloma (6) 0.0833 0.9 (0.7398) 0 -(0.8538)
Myelodysplasia (13) 0.0385 0.4 (0.6331) 0.1923 1.4 (0.6582)
Myeloproliferative disorders (7) 0.2143 2.8 (0.2597) 0.2857 2.4 (0.2755)

Acute Leukemia (5) 0.1000 I.1 (0.6579) 0 -(0.9565)

* Frequencies of C282Y and H63D were compared to those in 318 controls; odds ratios were not calculated in categories in which C282Y or
H63D alleles were not detected.  B-cell non-Hodgkin lymphoma included high, intermediate, and low histologic grades in two, four, and six cases,
respectively. B-cell chronic lymphocytic leukemia included one case of hairy cell leukemia. Plasma cell myeloma was IgG-specific in five cases and
IgA-specific in one case. Myelodysplasia included eleven cases of refractory anemia (nine with ringed sideroblasts), and two cases of refractory
anemia with excess blasts in transformation. Myeloproliferative disorders included six cases of polycythemia rubra vera and one case of Ph-positive
chronic myelogenous leukemia. Among the six patients who had polycythemia rubra vera, two were heterozygous for C282Y, one was a compound
C282Y/H63D heterozygote, one was homozygous for H63D, and two did not have C282Y or H63D. The one patient with Ph-positive chronic
myelogenous leukemia was heterozygous for H63D. There were three cases of acute non-lymphoblastic leukemia and two cases of acute
lymphoblastic leukemia (1 T-cell, | B-cell). One man had both B-chronic lymphocytic leukemia and plasma cell myeloma, one man had B-chronic
lymphocytic leukemia and non-small cell carcinoma of the lung, and one man had B-cell non-Hodgkin lymphoma, adenocarcinoma of the rectum,

and adenocarcinoma of the kidney. One woman had polycythemia rubra vera and non-Hodgkin lymphoma.

There were 110 primary malignancies. Each of ninety-one
patients had one primary malignancy, and nine persons
had two or more primary malignancies. There were 52
hematologic malignancies, including 27 B-cell neoplasms
and 25 cases of myelodysplasia, myeloproliferative disor-
ders, or acute leukemia (Table 1). There were 58 diagnoses
of carcinoma; 37 were adenocarcinomas of the female
breast, adenocarcinomas of the colon or rectum, or non-
small cell carcinomas of the lung (Table 2). Among con-
trols, there were 158 men and 160 women. Their average
age at the time of HFE mutation analysis was 52 + 15 years
(range 18 - 86 years).

Frequencies of HFE C282Y and Hé63D Alleles and HFE
Genotypes

The frequencies of C282Y were 0.0850 in 100 patients
and 0.0896 in 318 controls (p = 0.9565; OR = 0.9). The
frequencies of H63D were 0.1400 in 100 patients and
0.1447 in 318 controls (p = 0.9663; OR = 0.9). In patients
with malignancy, allele frequencies were similar in men
(C282Y 0.9000; H63D 0.14000) and women (C282Y
0.8000; H63D 0.1400). The HFE genotype frequencies in
patients and in control subjects were: C282Y/C282Y:
0.0200, patients and 0.0031 controls (p = 0.2873, OR =
6.5); H63D/H63D 0.0300 patients and 0.0315 controls
(p = 0.7970, OR = 0.9); C282Y/H63D: 0.0500 patients
and 0.0535 controls (p = 0.9029, OR = 0.9); C282Y/wt:
0.0800 patients and 0.1195 controls (p = 0.3589, OR =
0.6); H63D/wt: 0.1700 patients and 0.1730 controls (p =
0.9355, OR = 0.9); and wt/wt: 0.6500 patients and 0.6195
controls (p = 0.6658, OR = 1.1).

Each of ten patients had two detectable HFE mutations
(HFE genotypes C282Y/C282Y, C282Y/H63D, or H63D/

H63D). A man with Burkitt ymphoma and a woman with
adenocarcinoma of the tail of the pancreas had the geno-
type C282Y/C282Y; both had elevated serum transferrin
saturation values and iron overload. A hemochromatosis
phenotype or iron overload was not detected in other
patients. Five patients were C282Y/H63D compound het-
erozygotes (1 patient each with B-cell chronic lym-
phocytic leukemia, adenocarcinoma of the colon, non-
small cell carcinoma of the lung, and adenocarcinoma of
the prostate, and another patient with polycythemia rubra
vera and non-Hodgkin lymphoma). Three patients had
the genotype H63D/H63D (1 patient each with poly-
cythemia rubra vera, myelodysplasia, and adenocarci-
noma of the breast).

Frequencies of HFE C282Y and Hé63D Alleles and HFE
Genotypes in Patients with Two or More Malignancies

In the nine patients, C282Y frequency was 0.0555 (p =
0.9355, OR = 0.6) and H63D frequency was 0.1667 (p =
0.9385, OR = 1.2). Their HFE genotypes were C282Y/
H63D (n=1), H63D/wt (n = 2), and wt/wt (n = 6).

Frequencies of HFE C282Y and H63D Alleles in Subgroups
of Malignancies

In 50 patients with hematologic malignancies, the fre-
quency of C282Y was 0.1000 and the frequency of H63D
was 0.1100; these are similar to the corresponding fre-
quencies in control subjects (0.0896 and 0.1447, respec-
tively). A subgroup of 27 patients had B-cell malignancies
(non-Hodgkin lymphoma, chronic lymphocytic leuke-
mia, plasma cell myeloma, or B-cell acute lymphoblastic
leukemia). The frequency of C282Y in the B-cell malig-
nancies subgroup was similar to that in control subjects
(0.1111 vs. 0.0896; p = 0.7396, OR = 1.3). However, the
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Table 2: HFE C282Y and H63D Allele Frequencies in 54 Adults with 58 Carcinomas.*

Histology, Primary Site of Malignancy (no. of cases)  C282Y Odds Ratio (value of p) Hé63D Odds Ratio (value of p)
Adenocarcinoma of breast (18) 0.0278 0.3 (0.3269) 0.2500 2.0 (0.1386)
Adenocarcinoma of colon or rectum (12) 0.0417 0.4 (0.6445) 0.1250 0.8 (0.9725)

Non-small cell carcinoma of lung (7) 0.1429 1.7 (0.7360) 0 -(0.7631)
Adenocarcinoma of prostate (4) 0.2500 3.4 (0.3230) 0.2500 2.0 (0.6602)
Adenocarcinoma of undetermined primary site (4) 0 -(0.7841) 0 -(0.7267)
Hepatocellular carcinoma (4) 0.1250 1.5 (0.7841) 0.1250 0.8 (0.7267)
Adenocarcinoma of kidney (3) 0 -(0.8695) 0 -(0.6668)
Adenocarcinoma of stomach (3) 0 -(0.8695) 0.1667 1.2 (0.6668)
Miscellaneous (3) 0.3333 ¥ 0.1667 I

* Frequencies of C282Y and H63D were compared to those in 318 controls; odds ratios were not calculated in categories in which C282Y or
H63D alleles were not detected. 1 All cases of adenocarcinoma of the breast occurred in women. Two women had both adenocarcinoma of the
breast and B-chronic lymphocytic leukemia; two other women had both adenocarcinoma of the breast and adenocarcinoma of the colon or rectum.
One man had both B-chronic lymphocytic leukemia and non-small cell carcinoma of the lung, one man had non-small cell carcinoma of the lung and
adenocarcinoma of the stomach, and a third man had B-cell non-Hodgkin lymphoma, adenocarcinoma of the rectum, and adenocarcinoma of the
kidney. None of the cases of hepatocellular carcinoma were associated with iron overload. Miscellaneous category includes one case each of
primary peritoneal adenocarcinoma, adenocarcinoma of the pancreas, and primary cutaneous melanoma. $ OR and values of p are not reported for
this subgroup because it is composed of a heterogeneous group of malignancies.

frequency of H63D in this subgroup was lower than that
in controls (0.0556 vs. 0.1447 controls; p = 0.1055, OR =
0.4). 23 patients had myeloid malignancies (myelodys-
plasia, myeloproliferative disorders, or acute non-lym-
phoblastic leukemia). In this subgroup, the frequencies of
C282Y (0.1042; 5/48) (p = 0.8888, OR = 1.2) and H63D
(0.1875; 9/48) (p = 0.5512, OR = 1.4) were similar to the
corresponding frequencies in control subjects. C282Y and
H63D frequencies in individual diagnostic categories are
displayed in Table 1. In the six patients who had poly-
cythemia rubra vera (Table 1), HFE allele frequencies were
0.2500 for C282Y (p =0.1817, OR = 3.4) and H63D (p =
0.5031, OR = 2.0), respectively.

The frequencies of C282Y and H63D in 54 patients with
carcinomas were 0.0818 and 0.1455, respectively; these
values are similar to the corresponding frequencies in con-
trol subjects. In 18 women with adenocarcinoma of the
breast, the OR associated with C282Y was 0.3, and the OR
associated with H63D was 2.0 (Table 2). In 12 patients
with adenocarcinoma of the colon or rectum, the frequen-
cies of C282Y and H63D were lower than corresponding
values in control subjects, but these differences were not
statistically significant (Table 2). In patients with carcino-
mas of other primary sites, C282Y and H63D frequency
values were similar to respective frequencies in control
subjects (Table 2).

Discussion

The present 100 consecutive adult patients with malig-
nancy were 12 years older than the 318 control subjects,
on average, yet the corresponding frequencies of HFE
C282Y and in the patients and in control subjects were
similar. This is consistent with most studies that demon-

strate that the frequency of the C282Y allele is constant or
nearly so at all ages [23,24]. The corresponding frequen-
cies of HFE C282Y and H63D in the patients and controls
were also similar. Overall, the occurrence of C282Y or
H63D was not associated with an increased (or decreased)
OR for malignancy in the present study. Nonetheless, the
present observations do not exclude the possibility that an
increased (or decreased) risk of developing specific types
of malignancy may be associated with common HFE
mutations.

In the present combined B-cell neoplasm cases, there was
a lower OR in patients with H63D. This may have been
attributable largely to Non-Hodgkin lymphoma cases, in
which we observed an increased OR associated with
C282Y and a decreased OR with H63D. There were no
cases of Hodgkin lymphoma in the present series,
although there was no increase in frequency of C282Y in
121 persons with Hodgkin lymphoma in Wales [25]. In
the present patients with B-chronic lymphocytic leuke-
mia, OR associated with C282Y and H63D were not
increased or decreased; we are unaware of other reports of
HFE allele frequency in B-chronic lymphocytic leukemia.
In the present patients with myeloma, the C282Y fre-
quency was similar to that in control subjects, consistent
with observations in Swedish and Finnish patients with
myeloma [10,26,27].

HFE allele frequencies in the present patients with myelo-
dysplasia were similar to those in control subjects, consist-
ent with previous reports [11-13,27]. In contrast, C282Y
and H63D frequencies were greater in Hungarian patients
with myelodysplasia than in corresponding control sub-
jects in whom HFE mutation frequencies are lower than
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those typically observed in western regions of Europe
[28,29]. In the seven present patients with a myeloprolif-
erative disorder (six of whom had polycythemia rubra
vera), C282Y and H63D were associated with increased
OR. In 68 patients in Finland with chronic myelogenous
leukemia, essential thrombocythemia or polycythemia
rubra vera, the frequencies of C282Y and H63D were sim-
ilar to those of population controls [27]. In the present
series, C282Y and H63D frequencies and associated OR
were not significantly different in patients with acute non-
lymphoblastic leukemia than in control subjects, consist-
ent with previous reports [14]. Further, these data are in
agreement with previous reports that post-chemotherapy
iron overload in adults with acute leukemia is not typi-
cally attributable to the inheritance of common HFE alle-
les [30,31].

In Swedish and Australian patients with sporadic colon or
rectal cancer, C282Y and H63D allele frequencies were
similar to those in corresponding control subjects, and the
relative risks for cancer were not increased (or decreased)
[10,15]. The present results are in agreement with these
reports. In contrast, a case-control study of North Carolina
subjects indicates that the OR of the occurrence of colon
cancer in persons with C282Y or H63D was increased
[31]. The frequencies of C282Y and H63D were similar in
Swedish women with breast cancer and in control sub-
jects, and neither allele was associated with increased (or
decreased) risk for breast cancer [10]. In the present study,
however, the occurrence of H63D was associated with an
increased OR. Observations in the small number of lung
cancer cases in the present study suggest that more evalu-
ation of the possible relationship of C282Y and H63D to
this common form of malignancy is needed. In a recent
study, the prevalence of C282Y in women with lung can-
cer was significantly greater than that in men with lung
cancer or in control subjects with head and neck cancer
[7]. In four men with prostate cancer in the present study,
occurrence of C282Y and H63D were associated with
increased OR, but we were unable to identify reports of
other case series of this common malignancy.

In hemochromatosis patients, the prevalence of non-
hepatoma malignancies was higher than normal in some
studies [33-40] but not in others [41-43]. The increased
prevalence of C282Y homozygotes in the present patients
could be attributed to a greater likelihood to develop non-
hepatoma malignancy in persons with hemochromatosis,
or to an ascertainment bias for malignancy and hemo-
chromatosis in patients referred to hematology and med-
ical oncology practices. The prevalence of primary liver
cancer is also increased in putative hemochromatosis
homozygotes identified by phenotype, in
hemochromatosis associated with C282Y homozygosity,
and in persons with C282Y who do not have hepatic cir-
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rhosis [39,44,45]. In the present study, however, the two
patients with hemochromatosis and C282Y homozygos-
ity did not have primary liver cancer. The OR associated
with C282Y and H63D in four present patients with pri-
mary liver cancer were not increased or decreased. This is
consistent with previous observations that the frequency
of C282Y and H63D in persons with hepatocellular carci-
noma is similar to that in normal control subjects [46].

There are uncertainties about the conclusions of the
present and related studies. The postulate that there could
be an increased incidence of malignancy in persons with
common HFE mutations is supported by some reports
[6,25,47]. However, some of the present results suggest
that the OR to develop other types of malignancy may be
decreased, although there were few patients in each of sev-
eral diagnosis categories for analysis. We did not study
adults with primary central nervous system malignancies,
primary gynecologic malignancies (e.g., carcinomas of the
endometrium, ovary, or cervix), urothelial malignancies,
soft-part sarcomas, primary bone cancers, or Hodgkin dis-
ease. Some of these malignancies are uncommon, and
some patients are typically not referred to medical oncol-
ogy and hematology practices. None of the present
patients were children. With few exceptions [6,25,47], the
relationship of common HFE mutations to neoplasia in
childhood has not been reported. It is possible that
patients with earlier stages of carcinoma at diagnosis may
have different frequencies of C282Y or H63D than
persons with similar malignancies that were more
advanced at diagnosis. However, this is unlikely in
patients with colon and rectal cancer [15]. There is varia-
bility in the frequency of HFE alleles and HFE genotypes
in persons with hemochromatosis in different subpopula-
tions [48-50]. For example, the reported frequency of
C282Y in population control subjects in studies of malig-
nancy varies from 0.0140 [8] to 0.0850 (present study)
[8,10,15]. The allele frequencies of C282Y and H63D in
the central Alabama whites are relatively great (0.0896
and 0.1447, respectively) [16,17]. Thus, a positive or neg-
ative association of malignancy with HFE genotype in a
population in which the frequency of HFE mutations is
relatively high may be due to chance association with
other genetic or environmental factors. Contrariwise, a
significantly increased relative risk of malignancy may be
more readily demonstrated in populations in which
C282Y or H63D frequencies are lower [8,29]. Thus,
patient age at diagnosis, type of malignancy, expectations
of medical management, stage at diagnosis, and race, eth-
nicity, and population of origin are important potential
sources of variability which must be considered in inter-
preting results of the present and similar reports, and in
designing future studies.
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It is difficult to compare reports of the prevalence of
malignancy in cohorts of putative hemochromatosis het-
erozygotes characterized by phenotype criteria and family
relationships [1-4] to those performed using HFE muta-
tion testing. In epidemiology studies that use data mode-
ling techniques, iron phenotype data are typically
adjusted for common disease-related variables that cause
abnormal serum iron concentrations, transferrin satura-
tion values, or serum ferritin concentrations values, thus
excluding many study subjects from final analysis [2,51].
Phenotypes of hemochromatosis heterozygotes ascer-
tained in HLA-based family studies or in HFE-based stud-
ies are quite variable [38,52]. Thus, using phenotype
criteria to identify C282Y or H63D heterozygotes is often
unreliable. In some studies, presumed hemochromatosis
heterozygotes were ascertained only by self-reported kin-
ship to a putative hemochromatosis homozygote in ques-
tionnaire surveys [53]. In family-based studies in which
HFE mutation or other DNA-based testing is not used,
non-paternity is an additional source of error (1.0 - 1.4%
non-paternity in American Caucasians) [54,55].

The basis for the putative association of common HFE
mutations and malignancy is unknown. Some C282Y het-
erozygotes and many persons with hemochromatosis,
regardless of HFE genotype, have increased body iron con-
tent [1,16,52]. Excess iron could act as a carcinogen due to
oxidative stress [44], activate oncogenes [56], impair cyto-
toxic activity of macrophages [56,57], promote activation,
growth, or proliferation of malignant cells [44,59], or
induce modifications in the immune system [44]|. HFE
C282Y may alter iron delivery to tumor cells via transfer-
rin receptor and thus affect their growth rate [60]. Inherit-
ance of the transferrin receptor allele S142G (Ch3) was
associated with an increased OR for development of mye-
loma, colorectal cancer, or breast cancer in adults who
also had HFE C282Y [10]. Common HFE mutations may
be markers linked to other alleles that promote (or
inhibit) neoplasia. For example, Ch6p haplotypes charac-
terized by HLA-A3, B7 are associated with inheritance of
HFE C282Y [16,61]. Similarly, HLA-A3 and B7 have been
associated with increased risks to develop certain types of
malignancy [62-64]. In childhood acute lymphoblastic
leukemia, the frequency of C282Y is significantly
increased in males [6], but the Ch6p alleles HLA-DRB4 (-
DR53) and tumor necrosis factor,-alpha have an even
greater positive association with childhood acute lym-
phoblastic leukemia than does C282Y [24,47]. These
associations and the lack of a gene-dosage effect suggest
that C282Y in childhood acute lymphoblastic leukemia
may be a marker linked to another Ch6p gene involved in
leukemia susceptibility [23].

http://www.biomedcentral.com/1471-2407/4/6

Conclusions

In 100 consecutive adults with malignancy evaluated in a
community medical oncology practice, frequencies of
HFE C282Y or H63D were similar to those in the general
population. This suggests that C282Y or H63D is not asso-
ciated with an overall increase in cancer risk. However,
odds ratios computed in the present study suggest that
increased (or decreased) risk for developing specific types
of malignancy may be associated with the inheritance of
HFE C282Y or H63D. Study of more patients with these
specific types of malignancies is needed to determine if
trends described herein would remain and yield signifi-
cant differences.

Competing Interests
None declared.

Authors Contributions

JB evaluated and managed patients, conceived the study,
participated in data collection and statistical evaluation,
and wrote part of the manuscript. LB evaluated and man-
aged patients, and participated in data collection. RA par-
ticipated in laboratory evaluation of the patients and in
statistical evaluation of data, and wrote part of the manu-
script. All authors approved the final version of the
manuscript.

Acknowledgments
This work was supported in part by Southern Iron Disorders Center and
the Immunogenetics Program.

References

I. Knekt P, Reunanen A, Takkunen B, Aromaa A, Heliovaara M,
Hakulinen T: Body iron stores and risk of cancer. Int | Cancer
1994, 56:379-392.

2. Stevens RG, Grauzard Bl, Micozzi MS, Nerishi K, Blumberg BS: Mod-
erate elevation of body iron level and increased risk of can-
cer occurrence and death. Int | Cancer 1994, 56:364-369.

3. Stevens RG, Jones DY, Micozzi MS, Taylor PR: Body iron stores
and the risk of cancer. N Engl | Med 1988, 75:81-84.

4. Nelson RL: Disease risk in hereditary hemochromatosis het-
erozygotes. In: Hemochromatosis. Genetics, Pathophysiology, Diagnosis,
and Treatment Edited by: Barton JC, Edwards CQ. Cambridge, Cambridge
University Press; 2000:427-432.

5.  Feder )N, Gnirke A, Thomas W, Tsuchihashi Z, Ruddy DA, Basava A,
Dormishian F, Domingo R Jr, Ellis MC, Fullan A, Hinton LM, Jones NL,
Kimmel BE, Kronmal GS, Lauer P, Lee VK, Loeb DB, Mapa FA,
McClelland E, Meyer NC, Mintier GA, Moeller N, Moore T, Morikang
E, Prass CE, Quintana L, Starnes SM, Schatzman RC, Brunke K],
Drayna DT, Risch NJ, Bacon BR, Wolff RK: A novel MHC class I-
like gene is mutated in patients with hereditary
haemochromatosis. Nat Genet 1996, 13:399-408.

6. Dorak MT, Burnett AK, Worwood M, Sproul AM, Gibson BE: The
C282Y mutation of HFE is another male-specific risk factor
for childhood acute lymphoblastic leukemia. Blood 1999,
93:3957-3958.

7.  Rodriguez-Paris J, Smith M, Mills G, Mclarty ], Glass J: The C282Y
allele for hemochromatosis is a risk factor for lung cancer in
females but not males. Blood 2003, 102:1 Ib.

8. Martinez di Montemuros F, Tavazzi D, Salsano E, Piepoli T, Pollo B,
Fiorelli G, Finocchiaro G: High frequency of the H63D mutation
of the hemochromatosis gene (HFE) in malignant gliomas.
Neurology 2001, 57:1342.

9. Bathum L, Christiansen L, Nybo H, Ranberg KA, Gaist D, Jeune B,
Petersen NE, Vaupel J, Christensen K: Association of mutations in

Page 6 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8314326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8314323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8314323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8314323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8696333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8696333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8696333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11591868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1001/archinte.161.20.2441

BMC Cancer 2004, 4

20.

21.
22.
23.
24.
25.

26.

27.

28.

29.

30.

the hemochromatosis gene with shorter life expectancy. Arch
Int Med 2444, 161:2441-2001.

Beckman LE, Van Landeghem GF, Sikstrom C, Wahlin A, Markevarn
B, Hallmans G, Lenner P, Athlin L, Stenling R, Beckman L: Interac-
tion between haemochromatosis and transferrin receptor
genes in different neoplastic disorders. Carcinogenesis 1999,
20:1231-1233.

Beris P, Samii K, Darbellay R, Zoumbos N, Tsoplou P, Kourakli A,
Preudhomme C, Fenaux P: Iron overload in patients with
sideroblastic anaemia is not related to the presence of the
haemochromatosis Cys282Tyr and His63Asp mutations. Br |
Haematol 1999, 104:97-99.

Bottomley SS, Wise PD, Wasson EG, Barton JC: The hemochro-
matosis of sideroblastic anemias. World Congress on Iron Metabo-
lism (Sorrento) 1999.

Speletas M, Vlachaki E, Papaioannou G, Tzoanopoulos D, Vasilikioti S,
Mandala E, Ritis K, Kartalis G, Korantzis I: Prevalence of hemo-
chromatosis gene (HFE) mutations in Greek patients with
myelodysplastic syndromes (MDS). Blood 2001, 98:276b.
Gimferrer E, Nomdedeu J, Gich |, Barcelo MJ, Baiget M: Prevalence
of hemochromatosis related HFE gene mutations in patients
with acute myeloid leukemia. Leuk Res 1999, 23:597-598.
MacDonald GA, Tarish ], Whitehall V], McCann §), Mellick GD, But-
tenshaw RL, Johnson AG, Young |, Leggett BA: No evidence of
increased risk of colorectal cancer in individuals hetero-
zygous for the Cys282Tyr haemochromatosis mutation. |
Gastroenterol Hepatol 1999, 14:1188-1191.

Barton JC, Shih WWH, Sawada-Hirai R, Acton RT, Harman L, Rivers
C, Rothenberg BE: Genetic and clinical description of hemo-
chromatosis probands and heterozygotes: evidence that
multiple genes linked to the major histocompatibility com-
plex are responsible for hemochromatosis. Blood Cells Mol Dis
1997, 23:135-145.

Barton JC, Sawada-Hirai R, Rothenberg BE, Acton RT: Two novel
missense HFE mutations (1105T and G93R) and confirmation
of the S65C mutation in Alabama hemochromatosis
probands. Blood Cells Mol Dis 1999, 25:146-154.

Scheuer PJ, Williams R, Muir AR: Hepatic pathology in relatives
of patients with hemochromatosis. | Pathol Bacteriol 1962,
84:53-63.

Witte DL, Crosby WH, Edwards CQ, Fairbanks VF, Mitros FA: Prac-
tice parameter for hereditary hemochromatosis. Clin Chim
Acta 1996, 245:139-200.

Barton JC, McDonnell SE, Adams PC, Brissot P, Powell LW, Edwards
CQ, Cook JD, Kowdley KV, & the Hemochromatosis Management
Working Group: Management of hemochromatosis. Ann Intern
Med 1998, 129:932-939.

SAS Users Guide, Statistics, Version 6.12. SAS Institute (Cary);
1997.

Woolf B: On estimating the relation between blood groups
and disease. Ann Hum Genet 1955, 19:251-253.

Beutler E, Felitti VJ: The C282Y mutation does not shorten
lifespan. Arch Int Med 2002, 162:1196-1197.

Dorak MT, Burnett AK, Worwood M: Hemochromatosis gene in
leukemia and lymphoma. Leuk Lymphoma 2002, 43:467-477.
Waalen |, Nordestgaard BG, Beutler E: Survival of homozygotes
for the HFE C282Y hemochromatosis mutation: a meta-
analysis. Blood 2003, 102:759a.

van Landeghem GF, Beckman GF, Wahlin A, Markevirn B, Beckman
L: Interaction between hemochromatosis and transferrin
receptor genes in multiple myeloma. Lancet 1998,
352:1285-1286.

Hannuksela J, Savolainen ER, Koistinen P, Parkkila S: Prevalence of
HFE genotypes, C282Y and H63D, in patients with hemato-
logic disorders. Haematologica 2002, 87:31-135.

Andrikovics H, Klein |, Kalmar L, Bors A, Jermendy G, Petri |, Kalasz
L, Varadi A, Tordai A: [A new method for molecular testing in
the differential diagnosis of hereditary hemochromatosis].
Orvosi Hetilap 1999, 140:2517-2522.

Szakony S, Balogh I, Muszbek L: The frequency of the haemo-
chromatosis C282Y mutation in the ethnic Hungarian and
Romany populations of eastern Hungary. Br | Haematol 1999,
107:464-465.

Barton JC, Bertoli LF: Transfusion iron overload in adults with
acute leukemia: manifestations and therapy. Am | Med Sci
2000, 319:73-78.

31

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

http://www.biomedcentral.com/1471-2407/4/6

Parkkila S, Niemila O, Savolainen E-R, Koistinen P: HFE mutations
do not account for transfusional iron overload in patients
with acute myeloid leukemia. Transfusion 2001, 41:828-831.
Shaheen NJ, Silverman LM, Keku T, Lawrence LB, Rohlfs EM, Martin
CF, Galanko ], Sandler RS: Association between hemochroma-
tosis (HFE) gene mutation carrier status and the risk of colon
cancer. | Natl Cancer Inst 2003, 95:154-159.

Bomford A, Williams R: Long term results of venesection ther-
apy in idiopathic haemochromatosis. Q | Med 1976,
180:611-623.

Ammann RW, Muller E, Bansky ], Schuler G, Hacki WH: High inci-
dence of extrahepatic carcinomas in idiopathic
haemochromatosis. Scand | Gastroenterol 1980, 15:733-736.
Tiniakos G, Williams R: Cirrhotic process, liver cell carcinoma
and extrahepatic malignant tumors in idiopathic haemo-
chromatosis. Study of 71 patients treated with venesection
therapy. Appl Pathol 1998, 6:128-138.

Adams PC, Speechley M, Kertesz AE: Long-term survival analysis
in hereditary hemochromatosis. Gastroenterology 1991,
101:368-372.

Hsing AW, Mclaughlin JK, Olsen JH, Mellemkjar L, Wacholder S,
Fraumeni JF Jr: Cancer risk following primary hemochromato-
sis: a population-based cohort study in Denmark. Int | Cancer
1995, 60:160-162.

Barton JC, Barton NH, Alford T): Diagnosis of hemochromatosis
in a community hospital. Am | Med 1997, 103:498-503.
Fracanzani AL, Conte D, Fraquelli M, Taioli E, Mattioli M, Losco A,
Fargion S: Increased cancer risk in a cohort of 230 patients
with hereditary hemochromatosis in comparison to
matched control patients with non-iron-related chronic liver
disease. Hepatology 2001, 33:647-651.

Hebert BJ, Alonto AM, Mehdi S: Incidence and relationship of
non-hepatocellular  malignancies in patients with
hemochromatosis. Blood 2001, 98:5b.

Bradbear RA, Bain C, Siskind V, Schofield FD, Webb S, Axelsen EM,
Halliday JWV, Bassett ML, Powell LW: Cohort study of internal
malignancy in genetic hemochromatosis and other chronic
nonalcoholic diseases. | Natl Cancer Inst 1985, 75:81-84.
Niederau C, Fischer R, Sonnenberg A, Stremmel W, Trampisch HJ,
Strohmeyer G: Survival and causes of death in cirrhotic and
non-cirrhotic patients with primary hemochromatosis. N
Engl | Med 1985, 313:1256-1262.

Fargion S, Mandelli C, Piperno A, Cesana B, Fracanzani AL, Fraquelli
M, Bianchi PA, Fiorelli G, Conte D: Survival and prognostic fac-
tors in 212 Italian patients with genetic hemochromatosis.
Hepatology 1992, 15:655-659.

Deugnier Y, Loreal O: Iron as a carcinogen. In: Hemochromatosis.
Genetics, Pathophysiology, Diagnosis, and Treatment Edited by: Barton JC,
Edwards CQ. Cambridge, Cambridge University Press; 2000:239-249.
Blanc J-F, De Ledinghem V, Bernard P-H, de Verneuil H, Winnock M,
Le Bail B, Carles J, Saric |, Balabaud C, Bioulac-Sage P: Increased
incidence of HFE C282Y mutations in patients with iron
overload and hepatocellular carcinoma developed in non-
cirrhotic liver. | Hepatol 2000, 32:805-81 |.

Racchi O, Mangerini R, Rapezzi D, Gaetani GF, Nobile MT, Picciotto
A, Ferrari AM: Mutations of the HFE gene and the risk of hepa-
tocellular carcinoma. Blood Cells Mol Dis 1999, 25:350-353.
Dorak MT, Lawson T, Machulla HK, Darke C, Mills KI, Burnett AK:
Unravelling an HLA-DR association in childhood acute lym-
phoblastic leukemia. Blood 1999, 94:694-700.

Barton JC, Acton RT: Transferrin saturation phenotype and
HFE genotype screening for hemochromatosis and primary
iron overload: predictions from a model based on national,
racial, and ethnic group composition in central Alabama.
Genet Test 2000, 4:199-206.

Merryweather-Clarke AT, Pointon |J, Rochette |, Robson KJH: Geog-
raphy of HFE C282Y and H63D mutations. Genet Test 2000,
4:183-198.

Burke W, Thomson E, Khoury MJ, McDonnell SM, Press N, Adams
PC, Barton JC, Beutler E, Brittenham G, Buchanan A, Clayton EWV,
Cogswell ME, Meslin EM, Motulsky AG, Powell LW, Sigal E, Wilfond
BS, Collins FS: Hemochromatosis: gene discovery and its
implications for population-based screening. | Am Med Assoc
1998, 280:172-178.

Maclaren CE, Gordeuk VR, Looker AC, Hasselblad V, Edwards CQ,
Griffen LM, Kushner JP, Brittenham GM: Prevalence of heterozy-

Page 7 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1001/archinte.161.20.2441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1093/carcin/20.7.1231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1093/carcin/20.7.1231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1093/carcin/20.7.1231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10383894
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1365-2141.1999.01142.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1365-2141.1999.01142.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1365-2141.1999.01142.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10027719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0145-2126(99)00043-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0145-2126(99)00043-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10374855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1440-1746.1999.02027.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1440-1746.1999.02027.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1440-1746.1999.02027.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10634155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/bcmd.1997.0129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/bcmd.1997.0129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/bcmd.1997.0129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9215758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/bcmd.1999.0240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/bcmd.1999.0240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/bcmd.1999.0240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14498313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14498313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0009-8981(95)06212-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0009-8981(95)06212-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8867884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9867745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14388528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14388528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1001/archinte.162.10.1196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1001/archinte.162.10.1196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1080/10428190290011930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1080/10428190290011930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12002748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9788468
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9788468
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10586619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10586619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1365-2141.1999.01787.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1365-2141.1999.01787.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1365-2141.1999.01787.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10583244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1097/00000441-200002000-00001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1097/00000441-200002000-00001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10698089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1537-2995.2001.41060828.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1537-2995.2001.41060828.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1537-2995.2001.41060828.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11399828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1093/jnci/95.2.154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1093/jnci/95.2.154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12529348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6259710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6259710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6259710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2065912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2065912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7829208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7829208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0002-9343(97)00276-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0002-9343(97)00276-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9428833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1053/jhep.2001.22506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1053/jhep.2001.22506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1053/jhep.2001.22506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11230745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2989605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2989605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2989605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4058506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4058506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1312985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1312985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0168-8278(00)80250-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0168-8278(00)80250-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0168-8278(00)80250-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10845668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/bcmd.1999.0263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/bcmd.1999.0263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10660482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10397736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10397736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10397736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1089/10906570050114911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1089/10906570050114911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1089/10906570050114911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10953960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1089/10906570050114902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10953959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1001/jama.280.2.172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1001/jama.280.2.172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7655030

BMC Cancer 2004, 4

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

gotes for hemochromatosis in the white population of the
United States. Blood 1995, 86:2021-2027.

Bulaj ZJ, Griffen LM, Jorde LB, Edwards CQ, Kushner JP: Clinical and
biochemical abnormalities in people heterozygous for
hemochromatosis. N Engl | Med 1996, 335:1799-1805.

Nelson RL, Davis FG, Persky V, Becker E: Benign and malignant
disease risk in hereditary hemochromatosis heterozygotes.
Cancer 1995, 76:875-879.

Murphy CC, Go RCP, Acton RT, Barger BO, Roseman JM: Genetic
analysis of multiply affected families with insulin dependent
diabetes mellitus (IDDM) probands. Hum Hered 1983,
33:344-356.

Schacht LE, Gershowitz H: Frequency of extra-marital children
as determined by blood groups. In: Proceedings of the Second Inter-
national Congress on Human Genetics Edited by: Gedda L. Rome, G.
Mendel; 1963:894-897.

Hussain SP, Raja K, Amstad PA, Sawyer M, Trudel LJ, Wogan GN,
Hofseth LJ, Shields PG, Billiar TR, Trautwein C, Hohler T, Galle PR,
Phillips DH, Markin R, Marrogi A}, Harris CC: Increased p53 muta-
tion load in nontumorous human liver of Wilson disease and
hemochromatosis: oxyradical overload diseases. Proc Natl
Acad Sci USA 2000, 97:12770-12775.

Green R, Esparza |, Schreiber R: Iron inhibits the non-specific
tumoricidal activity of macrophages: a possible contributory
mechanism for neoplasia in hemochromatosis. Ann N Y Acad
Sci 1988, 526:310-309.

Huot AE, Gundel RM, Hacker MP: Effect of erythrocytes on
alveloar macrophage cytostatic activity induced by bleomy-
cin lung damage in rats. Cancer Res 1990, 50:2351-2355.

Brock JH: Iron in infection, immunity, inflammation and neo-
plasia. In: Iron Metabolism in Health and Disease Edited by: Brock JH,
Halliday JW, Pippard J, Powell LW. London, W.B. Sanders Company Ltd,
1994:354-389.

Ikuta K, Fujimoto Y, Suzuki Y, Tanaka K, Saito H, Ohhira M, Sasaki K,
Kohgo Y: Overexpression of hemochromatosis protein, HFE,
alters transferrin recycling process in human hepatoma
cells. Biochim Biophys Acta 2000, 1496:221-231.

Porto G, de Sousa M: Variation of hemochromatosis preva-
lence and genotype in national groups. In: Hemochromatosis.
Genetics, Pathophysiology, Diagnosis, and Treatment Edited by: Barton JC,
Edwards CQ. Cambridge, Cambridge University Press; 2000:51-62.
Acton RT, Barger BO: The potential use of HLA to predict risk
of malignant diseases and outcome of therapy. In: Pediatric
Oncology Volume |. Edited by: Humphrey GB, Dehner LP, Grindey GB,
Acton RT. The Hague, Martinus Nijhoff Publishers; 1981:47-77.

Braun WE: HLA and Disease: A Comprehensive Review Boca Raton, CRC
Press; 1979:79-86.

Wang SS, Wheeler CS, Hildesheim A, Schiffman M, Herrero R, Bratti
MC, Sherman ME, Alfaro M, Hutchinson ML, Morales ], Lorincz A,
Burk RD, Carrington M, Erlich HA, Apple R]: Human leukocyte
antigen class | and Il alleles and risk of cervical neoplasia:
Results from a population-based study in Costa Rica. | Infect
Dis 2001, 184:1310-1314.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2407/4/6/prepub

http://www.biomedcentral.com/1471-2407/4/6

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here: O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 8 of 8

(page number not for citation purposes)



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7655030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7655030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1056/NEJM199612123352403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1056/NEJM199612123352403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1056/NEJM199612123352403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8943161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8625192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8625192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6674110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6674110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6674110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11050162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.220416097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3291685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3291685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3291685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1690596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1690596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1690596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0167-4889(00)00016-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0167-4889(00)00016-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0167-4889(00)00016-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10771090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1086/324209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1086/324209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1086/324209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11679920
http://www.biomedcentral.com/1471-2407/4/6/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Selection of Study Subjects
	Clinical and Laboratory Methods
	Literature Search
	Statistical Considerations
	Table 1


	Results
	General Characteristics of Patients, Malignancies, and Control Subjects
	Frequencies of HFE C282Y and H63D Alleles and HFE Genotypes
	Table 2

	Frequencies of HFE C282Y and H63D Alleles and HFE  Genotypes in Patients with Two or More Malignancies
	Frequencies of HFE C282Y and H63D Alleles in Subgroups of Malignancies
	Discussion

	Conclusions
	Competing Interests
	Authors Contributions
	Acknowledgments
	References
	Pre-publication history

