September 10, 2015
Dr. Veronique Bouvard, Responsible Officer
Kurt Straif, Head of the IARC Monographs Programme
IARC
Lyon, France
Re: Volume 114: Red Meat and Processed Meat – Call for Data – Systematic review: Evidence is
weak and inadequate in both humans and animals concerning the mechanistic relationship
between dietary HCA exposure from red and processed meat and human prostate, breast, and
colorectal cancer.
Dear Drs. Bouvard and Straif:
Several heterocyclic amines (HCAs) associated with meat have been previously reviewed by IARC
(IARC Monograph 56, 1993). However, population-based studies fail to demonstrate consistent and
convincing evidence for a relationship between HCAs, when consumed as part of a diet, and cancer
risk (Demeyer et al., 2015). Some methods of cooking create HCAs in foods, including red and
processed meat, by condensation of creatine with amino acids and sugars, particularly at hightemperatures (Turesky, 2007). Therefore, we used a systematic approach to determine whether
consumption of HCAs in red and processed meat as the result of cooking could be mechanistically
linked with cancer risk in humans. Our interest focused on the four most predominant HCAs from
cooked meat: 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP); 2-amino-3,8dimethylimidazo[4,5-f]quinoxaline (MeIQx); 2-amino-3,4,8-trimethylimidazo[4,5-f]quinoxaline
(DiMeIQx); and 2-Amino-3-methylimidazo[4,5-f]quinolone (IQ). We also limited our scope of interest
to prostate, breast, and colorectal cancer as the sites most often studied in relation to diet and HCAs.
Systematic Review: Mechanistic Relationship between Dietary HCA Exposure from
Red and Processed Meat and Human Prostate, Breast, and Colorectal Cancer
EXECUTIVE SUMMARY
A search of the PubMed database for mechanistic evidence relating dietary HCAs with human
cancer revealed the following:
Results
• Of 294 studies published since 2000, 29 publications met the full criteria for inclusion.
• Twenty-three of the included studies were case-control designs or nested case-control
studies within a larger prospective cohort, and three utilized other types of designs in
humans.
• Only 3 of the included studies utilized an animal model to investigate HCA intake from
foods or as part of a well-described diet. PhIP was the only HCA evaluated in the
included animal studies.
• In human studies there was near-exclusive use of a single, non-comprehensive database,
rather than direct analytical measurement, for determination of dietary HCAs.
• Due to limitations of estimating dietary HCAs with existing databases and lack of in1 links of dietary HCAs with cancer in humans are
study validation, any mechanistic
inconclusive.

Conclusions
• Interactions between individual genetic factors, estimations of HCA intake from red and
processed meat, and cancer outcomes were inconsistent.
• Due to limitations of estimating dietary HCAs with existing databases and lack of instudy validation, any mechanistic links of dietary HCAs with cancer in humans are
inconclusive.
• Evidence is weak and inadequate in both humans and animals concerning the
mechanistic relationship between dietary HCA exposure from red and processed meat
and human prostate, breast, and colorectal cancer.

STUDY PROCESS AND STUDY QUESTION
The use of a systematic approach for retrieval and selection of literature to investigate mechanistic links in
health and disease are well defined (OHAT, 2015). We used this approach and adapted the process and
selection criteria developed by Kushman et al., 2013 in their model case-study of Di(2-ethylhexyl)phthalate. For
conducting the search, we used the following study question: “what mechanisms link HCA exposure from a
food, or as part of an overall diet, with human prostate, breast, or colorectal cancer?”

DEVELOPMENT OF EVALUATION CRITERIA FOR DIETARY HCA AND MECHANISMS OF CARCINOGENSIS
It was essential for this review, that included research accommodate exposure from a whole food or in the
context of an overall, well-described diet. Our criteria allowed selection of only those studies with design and
dietary detail sufficient for making mechanistic conclusions regarding human dietary HCA exposure and cancer
of the prostate, breast, colon or rectum. Therefore, the following factors of nutrition research were considered
in drafting the screening criteria. The complete list of criteria is presented in Table 1 of the Appendix:
A. Selection of appropriate research models
In vitro
Monolayers of cells in culture do not replicate whole body metabolism of dietary components
under investigation in this review. While many uses for cells in culture are appropriate,
transformed cell lines and cells derived from tumors of any species do not reflect the impact of diet
on normal metabolism at the earliest stage of carcinogenesis under investigation in this review
(Eisenbrand et al., 2002). Therefore, studies involving experimentation exclusively in cell culture
were excluded.
In vivo
Under normal conditions, non-mutated animal models reflect whole body metabolism of dietary
components. Mutated animal models which increase the risk of tumors, however, do not detect
more subtle diet interactions within normal physiology and were excluded from this review.
Human studies of various designs can provide important mechanistic data when the mechanism
under investigation is relevant and the level of HCAs in the diet can be accurately determined.
Therefore, this review included human studies of various designs.
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B. Consideration of dietary composition
Importance of the whole diet
There are a large number of nutrients and compounds found within the diet that can interfere with
processes required for carcinogenesis (Yerba-Pimentel et al., 2015). Such dietary components are
known to influence cell proliferation and cell death, as well as carcinogen activation and
detoxification (Zanini et al., 2015).
Intended or unintended modifications of these chemo-preventive compounds in study diets can
invalidate diet-related results. The complete composition of the diet must be known and diet-related
statistical analyses performed in order to determine the effect of a diet-related exposure on
mechanistic pathways or events (Bidlack et al., 2009).
Relevance to human diets
Animal diets should be described in detail sufficient for translation or interpretation with regard to a
human diet. Traditional laboratory ‘chow’ diets vary greatly with regard to the type of food
components used in their production and are not a constant variable. Even the more defined semisynthetic diets, such as the rodent AIN-76 or AIN-93, contain only a limited number of nutrients in
comparison with the wide variety of compounds found in a human diet (Reeves et al., 1997).

SEARCH RESULTS
Results of a PubMed search with application of the dietary exposure evaluation criteria are shown in the table
below. Studies published in or after 2000 were selected as they more likely reflect analysis of foods consistent
with today’s food supply as well as better analytical methods. This is a particularly relevant consideration for red
and processed meat, which has seen steady declines in fat and sodium content over the past several decades
(McNeill et al., 2012; Higgs, 2000; Jacobson et al., 2013).
Appendix, Table 2 provides the full list of citations and primary reason for exclusion. At Tier 1 the most common
reason for exclusion was failure to evaluate effects of HCA in one of the three tissues of interest, and provision of
only review information with no new data. The most common reason for study exclusion at Tier 2 was failure to
provide detailed information regarding the diet, including estimation of dietary HCA intake.
Database
PubMed

Search terms
((("neoplasms"[MeSH Terms] OR "neoplasms"[All
Fields] OR "cancer"[All Fields]) OR
("carcinogenesis"[MeSH Terms] OR
"carcinogenesis"[All Fields])) AND ("meat"[MeSH
Terms] OR "meat"[All Fields])) AND
(heterocyclic[All Fields] AND ("amines"[MeSH
Terms] OR "amines"[All Fields] OR "amine"[All
Fields])) AND ("2000/01/01"[PDAT] :
"2015/12/31"[PDAT])
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Number of citations
Initial search = 294
Tier I screen (abstract/full text)
Include = 83
Exclude = 211
Tier 2 quality criteria applied (full-text)
Include = 29
Exclude = 54

Out of the original 294 articles located in this search, 29 studies were considered acceptable, meeting full
inclusion criteria with sufficient study design and diet detail, for evaluation of mechanisms linking dietary
HCA exposure to human cancer of the prostate, breast, colon or rectum. A list of the included studies is
included in Table 3 of the Appendix.
Studies in Humans
Epidemiological Studies
The greatest number of included studies were case-control designs of data from a clinical setting, from a
population-based database, or nested in a larger prospective cohort. Four of those studies addressed cancer
of the breast (Delfino et al., 2000; Lee et al, 2013; Mignone et al., 2009; Rabstein et al., 2010). Four studies
reported outcomes related to prostate cancer (Joshi et al, 2012; Koutros et al., 2009; Rovito et al., 2005;
van Hemelrijck et al, 2012). Fifteen studies were related to colorectal cancer (Barbir et al., 2012;
Budhathoki et al., 2015; Butler et al., 2005; Butler et al., 2008; Fu et al., 2012; Gilsing et al., 2012; Ishibe et
al., 2002; Le Marchand et al., 2002; Nothlings et al., 2009; Nowell et al., 2002; Shin et al., 2008; Steck et
al., 2014; Tiemersma et al., 2004; Voutsinas et al., 2013; Ward et al, 2007).
Methodology common among many of the studies included determination of genotypes which were, in
some, used to predict phenotypes. Odds ratios were calculated by logistic regression and reported with
corresponding 95% confidence intervals. Genes most often reported were those involved in HCA
metabolism (CYP1A1, CYP1A2, CYP1B1, GSTA1, GSTM1, GSTM3, GSTP1, NAT1, NAT2, SULT1A1, SULT1A2,
and UGT1A locus). These genes regulate pathways involved in the bio-activation and detoxification of HCAs
and DNA repair and their related polymorphisms are thought to contribute to the mutagenicity of HCAs (Ho
et al., 2015). Also measured was PTGS2, the gene encoding the COX-2 protein, which is inducible by HCAs
and is overexpressed in prostate cancer cells (Joshi et al., 2012); and EPS8L3 which encodes proteins
responsible for Ras signaling in the pathway of actin remodeling for cytoskeletal integrity (Koutros et al.,
2009).
Breast Cancer. The analysis by Delfino et al., (2000) found no association of MeIQx and DiMeIQx
with breast cancer and in fact after adjusting for the intake of well-done chicken, they found a
protective effect of PhIP. There was no interaction between dietary HCAs and NAT2, and the authors
conclude that their findings “do not support a role for [HCAs] from meat or NAT2 in the etiology of
breast cancer”. Lee et al., 2013 reported no association of postmenopausal breast cancer risk with
NAT2 acetylator genotype, the CYP1A2 polymorphism, or the intake of HCAs. They also found no
interaction between NAT2 acetylator genotype or CYP1A2 polymorphism and HCA intake. These
authors conclude “These results do not support the hypothesis that genetic polymorphisms of
xenobiotic enzymes involved in the metabolism of HCAs may modify the associations between
intakes of red meat or meat-related mutagens and breast cancer risk”. Likewise, Mignone et al.,
(2009) found no statistically significant interactions of HCAs from red meat with NAT2 genotype.
And, the conclusion by Rabstein et al., (2010) states “the modifying role of NAT2 for receptordefined breast cancer is difficult to interpret in the light of complex mixtures of exposure to [HCAs]”.
As a group, those studies investigating the interaction of dietary HCA with various genotypes found
no interactive effect for breast cancer.
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Prostate Cancer. Rovito et al., (2005) found no association between prostate cancer and the
interaction of MeIQx or PhIP intake from meat with NAT1 and NAT2 genotype. However, the
interaction was reported as significant for the PTGS2 gene and estimated MeIQx from diet (Joshi et
al., 2012) and for GSTM3/EPS8L3 and GSTP1, variants in two genes known to detoxify HCAs (Koutros
et al., 2009). The surprising results of Van Hemelrijck et al., (2012) showed that in subjects with less
than 2 deletions of the GSTT1 and GSTM1 genes, higher intake of PhIP, MeIQx, or DiMeIQx was
associated with a lower risk of prostate cancer as compared to those with 2 or more deletions. In
contrast, there was an opposite effect on the risk of advanced prostate cancer in those having more
than 2 deletions. These disparate results emphasize not only the metabolic differences of tumors as
they progress, but also the importance of obtaining dietary data at a time point most relevant to the
cancer stage under investigation. The authors explain the inconsistency as a potentially different
mechanism of action linking dietary HCA with these SNPs and development versus the progression of
prostate cancer. There was also an association between DiMeIQx intake, MnSOD polymorphism, and
prostate cancer risk. Surprisingly, in subjects with the MnSOD polymorphism, there was a decreased
risk of prostate cancer associated with higher DiMeIQx intake. Van Hemelrijck and colleagues
concluded that these inconsistent data were not expected and “are not necessarily concordant with
the underlying biological hypotheses”. As a group, therefore, these studies indicate human genetic
data which are inconsistent and likely highly influenced by cancer stage.
Colorectal Cancer. Studies of outcomes related to colorectal cancer reported mixed results.
Budhathoki et al., (2015) found no significant association between estimated intake of total HCA, or
MeIQ specifically, and colorectal adenoma risk according to NAT2 acetylation genotype. Nothlings et
al., (2009) also failed to find a significant association of HCA intake with the NAT2 genotype on the
risk of colorectal cancer. And similarly, Butler et al., (2008) found no colon cancer association with
HCA intake according to NAT2. Butler et al., also reported a colon cancer association with HCA intake
that was modified by NAT1, but that the NAT1 genotype most at risk differed by race. Voutsinas et al.,
(2013) likewise reported a combined effects of HCA intakes and NAT2 activity on the risk of adenoma.
Gilsing et al., (2012) reported a significant interaction between NAT1 (rs6586714) and MeIQx,
specifically, on colorectal adenoma risk. However, no other associations were found with the over
300 single nucleotide polymorphisms in 18 genes, including GSTM3, UGT1A, AHR, EPHX, NAT1 and
CYP2C9 as measured in the study. Fu et al., (2012) also found no statistically significant interactions
between HCA dietary exposure and a HCA-metabolizing score that was constructed from 16
functional genetic variants. And, the report by Nowell et al., (2002) failed to detect interactions of
dietary HCAs with the polymorphisms measured in their study which included hGSTA1 genotype,
SULT1A1 genotype and the phenotype for CYP2A6. Similarly, Steck et al., (2014) reported that
patterns of increasing colon cancer risk with higher HCA intake were not modified by nucleotide
excision repair genotypes.
Shin et al., (2008) reported interactions for intake of HCAs with AhR, NAT1, and NAT2 genotypes, and
the interactions were statistically significant for both adenomatous and hyperplastic polyps. However,
no statistical adjustments were made for the multiple comparisons made in this study, making the
statistical significance of these findings uncertain. In the study by Ishibe et al., (2002), subjects with
MeIQx intake in the 80th centile showed an increased adenoma risk among both rapid and slow NAT1
acetylators. In contrast, NAT2 genotype and CYP1A2 and NAT2 hepatic activity were not associated
with adenoma and not modified by MeIQx. The study by Tiemersma et al., (2004) provided analytical
measurements verifying the presence of HCAs in cooked meat in one part of their study. In their
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case-control analysis, the combination of NAT2 slow acetylation and frequent meat consumption
increased adenoma risk. However, these authors did not investigate total or individual HCA intake
and gene interactions on adenoma risk making any conclusions non-specific for HCA exposure.
Butler et al., (2005) reported that the association of DiMeIQx intake and colon cancer was modified
by the UGT1A7 genotype, when comparing intakes above versus below the median. Barbir et al.,
(2012) determined that SULT1A1 phenotypes modified the effect of MeIQx on the risk of developing
colorectal adenoma, with a stronger association of MeIQx intake for slow, rather than normal,
phenotypes. The authors recognize that due to the number of comparisons made in their analysis
“the modifying effect of SULT1A1 on the association of HCA intake with CRA risk may be due to
chance”. No other HCA modifying effects by phenotypes were found.
The literature as a whole is inconsistent in the use of statistical adjustments needed for the often
large number of comparisons made within each study. Even though a large amount of diet
information must have been available to the researchers from food frequency questionnaire
analysis, none of the studies made statistical adjustments for dietary components known to
influence the metabolism of HCAs. Of particular concern is the almost exclusive use of a single
database for estimating HCA intake. The limitation of the database to only three HCAs, in a limited
number of foods, creates bias throughout the literature. As a group, therefore, these studies report
conflicting and inconsistent results for several studied polymorphisms, and limited results for many
polymorphisms of interest, making any mechanistic link between HCA intake and colorectal cancer
risk based on genetic and related effects in humans speculative.
Human Studies – other design
Three studies conducted in humans utilized other methodological designs:
Breast Cancer. Lightfoot et al., (2000) examined the bioavailability of PhIP to human breast tissue
and resulting binding with DNA. Patients undergoing breast surgery consumed a capsule of 14C PhIP
by mouth prior to surgery. At surgery, normal and cancerous breast tissue was resected and
subjected to liquid scintillation to trace the radioactively labeled PhIP. DNA adducts were counted
using accelerator mass spectrometry. This tracer study demonstrated that orally administered PhIP
was capable of reaching breast tissue and forming strong covalent bonds with DNA in this tissue.
Due to the lack of correlation with actual tumor development, however, no direct mechanistic link
can be made.
Colon Cancer. Ho et al., (2014) conducted a cross-sectional study of 342 patients who recently
underwent colonoscopy. Genetic differences related to HCA metabolism (CYP1B1) and DNA repair
(XPD) were determined and PhIP, MeIQx and DiMeIQx intake from cooked meat was estimated using
the CHARRED database. There were no relationships between dietary HCAs, meat mutagen
exposure and colorectal adenoma risk in the population as a whole. However, there was positive
association between dietary exposure to HCAs/meat mutagens and adenoma risk in males. In
addition, gene - diet interactions were observed for dietary PhIP and polymorphisms in CYP1B1 and
XPD and for dietary DiMeIQx and XPD polymorphisms. The authors speculated that these genetic
differences confer increased risk due to changes associated with biotransformation pathways and
DNA repair.
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Mutagenicity. Shaughnessy et al., (2011) conducted a 2 week crossover feeding study in sixteen
subjects randomly assigned to one of two experimental groups. One group consumed a diet
containing meat cooked at either low (1000 C) or high-temperature (2500 C). The other group a diet
containing the high temperature meat diet alone or in combination with three putative mutagen
inhibitors (inhibitor foods): cruciferous vegetables, yogurt and chlorophyllin tablets. The
Salmonella assay was used to analyze the meat, urine and feces for mutagenicity, and the comet
assay rectal biopsies and peripheral blood lymphocytes was used to quantify DNA damage. The
high-temperature meat diet increased the mutagenicity of hydrolyzed urine and feces compared to
the low-temperature meat diet. The diet with the inhibitor foods increased the mutagenicity of
the hydrolyzed urine by nearly twofold, indicating that the inhibitor foods increased conjugation
and elimination in the urine. Inhibitors decreased significantly the mutagenicity of un-hydrolyzed
and hydrolyzed feces. The inhibitor diet also decreased by nearly twofold the DNA damage
detected in colorectal cells. These results point to the importance of studying the whole diet in
relation to mutagenicity of any single compound.
Studies in Animals
Only three studies using animal models met the criteria for inclusion. Our primary interest was determining
mechanistic links with HCA exposure as it would occur from a food source or within the context of a
complete diet. The majority of animal studies, however, provided only a minimal description of diet,
reported use of an undefined chow diet, and offered no statistical analyses or adjustments for dietary
variables. All the animal studies meeting the inclusion criteria provided PhIP as the HCA exposure. Most
animal studies meeting the inclusion criteria were related to colorectal cancer risk, one considered breast
cancer risk, none evaluated mechanisms related to prostate cancer.
Parasramka et al., (2012) studied the tumor-suppressive effects of dietary spinach in PhIP-initiated
Fisher 344 rats. The research team used MicroRNAs (miRNA) profiles in several tissues, including
the colon, to quantify the mitigating effects of dietary spinach. The study was conducted over a 52week period after initiation using PhIP via oral gavage in three cycles. The feeding of spinach was
introduced 18 weeks after the post-initiation phase of the study. Tumors were enumerated in the
colon and several other target organs. A microarray analysis was conducted on colon tumor
samples and it was determined by computational analysis that the aberrant miRNA profiles were
reduced by 58% in the colon tumors of rats fed the diet containing added spinach. It is important
to note that the dosing protocol used in this study is designed to maximize the tumor-inducing
potential. The authors hypothesized that spinach, fed at 10% (wt/wt) in the AIN-93M diet,
appeared to correct PhIP-induced cellular dysregulation associated with colon carcinogenesis.
Purewal et al., (2000) investigated the ability of PhIP to induce aberrant crypt foci (ACF), an
intermediate biomarker, in two different species of rats, the Fisher 344 (rapid acetylator) and the
Wistar Kyoto (slow acetylator). The theory behind this research is that the enzyme NAcetytransferase-2 (NAT2) catalyzes the conversion of PhIP and other HCAs to a DNA-reactive
form. The rapid NAT2 genotype has been associated with an increased colorectal cancer risk, in
some, but not all, human epidemiological studies. Both species of animals were fed on an AIN-76
diet supplemented with either zero (control), 0.01% or 0.04% PhIP for eight weeks. PhIP induced
ACF in both rapid and slow-acetylator rats in a dose-dependent manner. There was no difference in
the number of ACF at the 0.01% dose level, but, at the higher dose level, the rapid acetylator F344
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rats developed ACF at twice the rate of the slower Wistar Kyoto rats. The authors concluded that this
may support previous epidemiological findings related to the importance of genetic variations and the
frequent consumption of very well done meats in carcinogenesis. Nonetheless, it should be noted that
a four-fold increase in the PhIP dose level was required to provoke an increase in the ACF response.
Schut and Yao (2000) utilized female Fisher 344 rats in order to study the ability of green and black
teas as chemopreventive agents following administration of PhIP via gavage at a dosage of 1
mg/kg/day during weeks 3, 4 and 5 of the study. The animals received the teas at a level of 2% wt/vol
as their sole source of fluid for six weeks. Adduct formation was measured in the colon and mammary
epithelial cells (MECs), as well as several other tissues, on days 1 and 8 following the termination of
carcinogen exposure. The PhIP-DNA adducts were found to be inhibited in the colon and MEC’s of
female F344 rats who consumed green tea as their sole source of fluids on both days that were
tested. Black tea inhibited adduct formation in the colon on day 1 only, but had no effect for either
days measured related to the MECs. The authors hypothesize that the observed inhibition of PhIPDNA adduct formation might be due to the effects of the green and black teas on carcinogenmetabolizing enzymes, such as induction of phase II detoxifying enzymes. Thus, the induction of these
enzymes by the two teas might provide an inhibitory action on DNA adduct formation in this animal
model. These results point to the importance of the whole diet in relation to mutagenicity of any
single compound.
RESEARCH GAPS
As reported in the above studies, the predominance of evidence is weak and inconclusive with regard to
mechanistic links between diet HCA and human cancer. The following identified research gaps likely
contribute to bias and confounding of the literature previously recognized by others (Demeyer et al., 2015; Ho
et al., 2015).
Inaccurate or biased measurements of dietary HCAs. The majority of epidemiological studies
included in this review estimated dietary content of HCAs based on the CHARRED database (Sinha et
al., 2005; NCI website) and due to its limitations discussed below, the results of human genetic and
related effects and dietary HCA exposure, as reported in the studies in this review must be considered
inconclusive. Furthermore, any meta-reviews of this literature must consider this overriding bias.
Generally, investigators estimate HCA exposure using a food frequency questionnaire (FFQ) specific to
the intake of certain kinds of meat, cooked by predetermined techniques, to predetermined degrees
of doneness. Photographs of such cooked meat are offered to aid completion of the FFQ. Use of
CHARRED allows investigators to assign a corresponding quantity of PhIP, MeIQx and DiMeIQx to the
meat items. While the database is useful, its nearly universal application to food intake data by
investigators worldwide has the potential to impact the evidence as a whole in a negative and biased
way. For instance, the database does not include values for fish. Investigators who independently
measure HCA production in fish as the result of cooking, report significant levels in this food group. A
study by Puangsombat et al., (2012), compared the effect of different cooking methods on HCA levels
and found MeIQx and PhIP to be similar if not lower in beef and pork when compared to poultry and
fish. Similarly, Viegas et al., (2012) quantitated HCAs (and PAHs) in barbecued beef and salmon under
identical methods of charcoal grilling and found overall higher levels of HCAs and PAHs in the samples
of salmon. The HCA content of a number of other foods, not reported in the CHARRED database, may
also be significant.
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There are 15 -25 HCAs known to accumulate in cooked meat that have been identified (Sugimura
et al., 2004; Alejos and Afonso, 2011) and only a few can be estimated by use of the CHARRED
database. Widespread use of the database as a surrogate for direct HCA measurement encourages
a gap in knowledge with regard to the impact of all HCAs and possibly delays the discovery of new
ones. In addition, the over-reliance on one database has led to an assumption that the intake of
only certain meats cooked at high temperature is an acceptable surrogate for total dietary HCA
estimation or direct measure of HCA content in various foods. This is evidenced by over 25 studies
excluded in this review specifically for that reason (Appendix Table 2). It is important to note that
only two studies of the 26 human studies included here, performed any type of analytical testing
in order to validate database estimates. This is definitely a significant research gap and critical
methodological shortcoming.
The use of one master database is premature for this literature. By definition, the database was
created by analyzing a single meat source from one locale, using cooking methodology pertinent
to one region of the world. Wider reports of direct measurements by a variety of investigators, in a
variety of foods, in the ever-changing food supply is needed. In addition, the composition of red
and processed meat has changed significantly in the past 15 years (McNeill et al., 2012; Higgs,
2000; Jacobson et al., 2013) and many of the meat samples were obtained and tested prior to that
time (Sinha et al., 2005). In their review, Demeyer et al., (2015) point to the apparent disconnect
between estimated HCA intake based on application of database values to food frequency data
and actual HCA content. The correlation of data from studies using photographs as a means to
indirectly estimate HCA intake with actual intake is not clear (Skog and Solyakov, 2002; Alaejos and
Afonso, 2011). Similarly, estimates for dietary HCA exposure obtained from FFQs were poorly
correlated with urinary levels of PhIP in a study by Deziel and others (2012). According to
Demeyer, “[m]ore consistent cancer risk estimates of dietary HCA exposure may therefore require
improved HCA assessment tools”.
Cancer stage and undetermined latency period between HCA exposure and development of
cancer. The time between exposure to a carcinogen and development of overt tumors varies
greatly depending on the carcinogen and the tumor site, but the process can occur over decades.
It is not clear whether intake data from decades prior to diagnosis is more relevant than more
recent intake data, or whether consumer memory regarding historical food intake is accurate. In
fact, results from one of the included studies indicated that HCA intake differentially impacts
genetic risk for colorectal cancer based on cancer stage (Van Hemelrijck et al., 2012). To evaluate
possible options for analyzing historical intake data in relation to meat intake and colorectal
cancer, Bernstein et al., (2015) applied four models of food intake. In their analysis, they chose to
report outcomes related to a cumulative average intake model. The model calculated the mean
intake from many available FFQs, beginning at the earliest baseline in 1986 and including periodic
follow-up questionnaires at four year intervals. Many of the epidemiological studies included in
this review did not include intake data from multiple time points, but rather included data from
one FFQ collected at undetermined periods in the process of carcinogenesis. It is clear that
research on the effectiveness of collecting multiple FFQ to more accurately associate diet and
disease development is warranted.
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Our review shows a preponderance of human observational data and a limited number of
relevant animal studies. Available human studies report inconsistent results and potentially biased
HCA dietary exposure data due to an absence of analytical validation of HCA content in foods and
the universal use of a surrogate database. In addition, our search retrieved a limited number of
animal studies where whole foods were used as the source of these compounds. The combination
of sufficient, consistent, human and animal data is a critical aspect of IARC classifications. The gaps
in research regarding HCAs from red and processed meat and promotion of various cancers are
significant.

CONCLUSIONS
According to results from these studies, there is no consistent and convincing mechanistic link between
dietary HCAs and human cancer. Evidence is weak and inadequate in both humans and animals concerning
the mechanistic relationship between dietary HCA exposure from red and processed meat and human
prostate, breast, and colorectal cancer.
Sincerely,

Shalene McNeill, PhD, RD
Executive Director, Human Nutrition Research,
National Cattlemen’s Beef Association, a contractor to the Beef Checkoff
In Cooperation with:
Connye Kuratko, PhD, RD, Kuratko Nutrition Research
George Dunaif, PhD, DABT, Toxpro Solutions, LLC
Mary E. Van Elswyk, PhD, RD, Van Elswyk Consulting, Inc.
Charli A. Weatherford, MS, Weatherford Consulting Services
Attachments:
Zip file enclosure #1 – Mechanistic Evidence re: HCAs and cancer; Appendix A
Zip file enclosure #2 – Evidence Supporting Modified Evaluation Criteria for Dietary Carcinogens
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