
    

 
 

May 1, 2017 

 

Dr. Ruth Lunn 

Director, Office of Report on Carcinogens, NTP 

National Institute for Environmental Health Sciences 

P.O. Box 12233 

Mail Drop K2-14 

Research Triangle Park, NC 27709 

 

Dr. Andrew A. Rooney  

Office of Health Assessment and Translation, NTP 

National Institute for Environmental Health Sciences 

P.O. Box 12233  

Mail Drop K2-04  

Research Triangle Park, NC 27709 

 

Re: Nominations to the National Toxicology Program (NTP) for the Report on 

Carcinogens, “Meat-Related Exposures” 

 

Dear Drs. Lunn and Rooney: 

 

Thank you for the opportunity to submit scientific evidence to the office of the Report on 

Carcinogens and the Office of Health Assessment and Translation regarding including 

consumption of red meat, processed meat, and meat cooked at high temperatures in future 

editions of the Report on Carcinogens. 

 

The Physicians Committee for Responsible Medicine is a nonprofit public health organization 

representing 170,000 medical professionals, scientists, and laypersons. The Physicians 

Committee conducts clinical research on nutrition and health and provides a variety of nutrition 

education services.  

 

More than half of the meat products Americans consume is red meat, while nearly a quarter 

consumed is processed.
1
  

 

Red and processed meat can increase risk for various cancers, including pancreatic,
2
 stomach,

3
 

bladder,
4
 colon, and most significantly, colorectal cancer.

5
 The risk is higher for processed meat 

consumption, though it is still significantly increased with unprocessed red meat consumption. 

 

The World Cancer Research Fund (WCRF), in conjunction with the American Institute for 

Cancer Research (AICR), found, in a comprehensive and ongoing analysis of research, that red 
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and processed meat are, together and individually, “convincing” as risk factors for colorectal 

cancer. The combination of evidence indicates a 30 to 50 percent increased risk for colorectal 

cancer when consumption is highest.
5,6

 Regarding processed meat consumption, investigators in 

the European Prospective Investigation into Cancer and Nutrition study discovered an 11 percent 

increased risk of dying from cancer with the consumption of 50 grams per day.
7
 

 

Researchers also established the dose-response nature of red and processed meat consumption 

and colorectal cancer risk. A 2011 meta-analysis found that risk increased by 17 percent for every 

100 grams of red meat consumed per day and by 18 percent for every 50 grams of processed 

meat consumed per day.
8
 Similarly, a 2016 review found that 50 grams of processed meat per day 

increased the risk for colorectal cancer, pancreatic cancer, death from heart disease, and diabetes 

by 18, 19, 24, and 32 percent, respectively.
9
 

 

A substantial body of scientific evidence attributes the consumption of processed meat to 

significantly increased cancer risk. Critically, a 2015 review by the World Health Organization 

provided further evidence that processed meat consumption is “carcinogenic to humans.”
10

 

 

There are several explanations for the causal association between red and processed meat and 

cancer, including DNA-damaging n-nitroso compounds, heme iron, heterocyclic amines, and 

npolycyclic aromatic hydrocarbons, among others.
2,11 

Just as tobacco causes cancer by more than 

one presumed mechanism, the same is likely true for red and processed meat. Therefore, the 

Report on Carcinogens should list as known carcinogens red meat, processed meat, and meat 

cooked at high temperatures—each one a collective substance with multiple potential cancer 

mechanisms—as the Report did for “Tobacco Smoke, Environmental,” “Tobacco Smoking,” and 

“Tobacco, Smokeless.” 

 

SCIENTIFIC EVIDENCE ESTABLISHES CANCER RISKS OF MEAT 

 

The prevailing consensus among government agencies and public health organizations is that 

consumers should be warned of the dangers of consuming processed meat. Processed meat, 

including ham, bacon, pastrami, salami, bologna, liverwurst, bratwurst, sausages, frankfurters, 

hot dogs, luncheon meats, and, depending on the processing, hamburgers and minced meats,
12,13

 

represents a broad category of meat products that are often prepared and/or preserved by curing, 

smoking, salting, or adding chemical preservatives, such as nitrites and nitrates.  

 

The following summaries state the findings or stances from various public health authorities: 

 

World Cancer Research Fund/American Institute for Cancer Research (2007) 

To establish consensus on the state of evidence supporting links between specific types of food 

and cancer risk, the World Cancer Research Fund and the American Institute for Cancer 

Research created a panel that, over a five-year period, studied evidence regarding the extent to 

which cancer can be prevented through healthy patterns of eating and physical activity and 

created a comprehensive report based on its findings.
12

 Previously, the groups had worked 

together to create and publish Food, Nutrition and the Prevention of Cancer: a Global 



 3 

Perspective (1997), which quickly became the standard in the field and helped raise awareness 

about the importance of research on this issue.  

 

The panel’s report reviewed all relevant research using the most scientifically valid methodology, 

provided a comprehensive assessment of the state of evidence linking foods to cancer risk, and 

provided a set of recommendations on food, nutrition, and physical activity to reduce the risk of 

cancer. The panel consisted of world-renowned scientists, including world leaders in research of 

the epidemiology and biology of cancer, nutrition, and public health.  

 

To maximize objectivity and transparency, the project was separated into three distinct processes: 

collection, analysis, and recommendations. First, a task force developed a methodology for 

reviewing the voluminous amounts of scientific literature. Second, research teams collected and 

reviewed the material based on the developed methodology. Finally, the expert panel assessed 

and judged the evidence and agreed on recommendations. 

 

Based on its review of 14 cohort studies and 44 case-control studies investigating processed 

meat, the report concluded that consuming processed meat is strongly associated with the specific 

increased risk of colorectal cancer. This form of cancer is the third most common cancer in men 

and women separately and the second most common cause of cancer death in men and women 

combined.
14

 According to the report, colorectal cancer risk increases on average by 21 percent 

for every 50 grams of processed meat—approximately the size of a typical hot dog—consumed 

daily and by 29 percent for every 100 grams of red meat consumed daily. The report cited 

evidence that consuming processed meat may also contribute to cancers of the esophagus, lung, 

stomach, and prostate.
12

 

 

National Institutes of Health (2009) / National Cancer Institute (2010) 

Two years later, scientists from the National Institutes of Health (NIH) published a 10-year study 

of more than a half-million people that investigated the relationship between meat intake and 

mortality.
15

 The study concluded that higher consumption of processed meat leads to an overall 

increased risk of mortality, cancer mortality, and cardiovascular disease mortality. The NIH study 

attributed the cancer risk from processed meat to heterocyclic amines, polycyclic aromatic 

hydrocarbons, iron, and saturated fat. However, the NIH study went one step further than the 

WCRF/AICR report by specifying that higher intake of meat, including processed meat, 

contributes not only to cancer but to cancer mortality. 

 

According to a 2010 National Cancer Institute report, “Red meat and processed meat are 

associated with an increased risk of colorectal cancer, and there is also suggested evidence for 

some other cancers, such as prostate cancer.”
16

 

 

President’s Cancer Panel (2010) 

The President’s Cancer Panel’s 2008-2009 annual report on environmental toxins noted that 

meats, when cured, form dangerous and carcinogenic nitrosamines and N-nitroso compounds.
17

 

The panel recommended a preventive approach, as opposed to a reactionary approach, to such 

cancer-causing contaminants. In its executive summary, the panel acknowledged the convincing 

evidence showing a link between processed meat and cancer. 
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Centers for Disease Control and Prevention (2010) 

The Centers for Disease Control and Prevention acknowledged in a 2010 Morbidity and 

Mortality Weekly Report that a diet high in processed and red meat increases the risk for 

colorectal cancer.
18

 

 

Harvard School of Public Health (2011) 

Since 2011, the Harvard School of Public Health has recommended replacing red and processed 

meat with more healthful foods, such as nuts and beans.
19

 

 

American Cancer Society (2012) 

The American Cancer Society recommended in its guidelines on nutrition to limit consumption 

of processed meat, including bacon, sausage, lunch meats, and hot dogs, as well as red meat.
20

 

 

World Health Organization (2015) 

The World Health Organization released a report based on an examination of more than 800 

studies.
10

 The authors highlighted the 2011 meta-analysis that found that colorectal cancer risk 

increased by 17 percent for every 100 grams of red meat consumed per day and by 18 percent for 

every 50 grams of processed meat consumed per day. The report classified consumption of red 

meat as “probably carcinogenic to humans” and consumption of processed meat as “carcinogenic 

to humans.” The researchers also observed associations between red and processed meat 

consumption and stomach, pancreatic, and prostate cancers. In addition the authors noted that 

processing and other cooking methods for meat, including curing, pan-frying, and smoking, 

produce various carcinogenic chemicals. 

 

2015-2020 Dietary Guidelines for Americans (2015) 

The Dietary Guidelines for Americans, a joint collaboration between the Department of 

Agriculture and the Department of Health and Human Services (HHS), state that (1) lower intake 

of processed meat is a characteristic of healthy eating patterns; (2) there is “strong evidence” that 

lower intake of processed meat is associated with reduced risk of cardiovascular disease; and (3) 

there is “moderate evidence” that lower intake of processed meat is associated with reduced risk 

of obesity, type 2 diabetes, and some types of cancer.
21

  

 

* * * 

 

Only a small percentage of cancer cases are inherited, leaving environmental factors, including 

food and nutrition, as the most important and modifiable.
15

 It has long been estimated that 

anywhere from 35 to 60 percent of cancer is attributable to diet.
22,23

 Because the intestinal tract is 

in constant contact with foods, food additives, and the products of digestion, individuals who 

consume processed meat are at a significantly increased risk of developing colorectal cancer, 

compared with those who avoid consuming processed meat. The risk increases with increased 

consumption, as noted above. Accordingly, the WCRF/AICR report recommended that processed 

meat be eliminated from the diet.
12 
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A. Processed Meat and Meats Cooked at High Temperature  

 

Processed meats contain a variety of potentially carcinogenic chemicals. These may include 

nitrates, nitrites, N-nitroso compounds (NOCs) such as N-nitrosodimethylamine (NDMA), heme 

iron, heterocyclic amines (HCAs), such as 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine 

(PhIP) and 2-amino-3,8-dimethylimidazo[4,5]quinoxaline (MeIQx), and polycyclic aromatic 

hydrocarbons (PAHs), such as benzo[a]pyrene (BAP).
24

 The associated cancer risks from these 

chemical components through the consumption of processed meat have been described for 

decades. N-nitrosamines and NOCs were identified as carcinogenic substances more than 50 

years ago.
25

  

 

Nitrites used in meats as a preservative, as well as coloring and flavoring agents, can combine 

with amino acid degradation products during the curing process or during digestion to produce 

N-nitroso compounds (nitrosamines or nitrosamides). Nitrates, used as preservatives, are 

converted to nitrites. In addition, processed meat cooked at high temperatures may contain 

chemical carcinogens, including HCAs and PAHs. Moreover, heme iron, plentiful in red and 

processed meat, promotes the production of N-nitroso compounds, and its iron content leads to 

free radical production.  

 

B. Chemicals in Processed Meat and Meats Cooked at High Temperature that 

Increase the Risk of Cancer 

 

NOCs: A body of scientific literature concludes that NOCs exhibit mutagenic and carcinogenic 

activity and are associated with an increased risk of cancer of the esophagus, oral cavity, 

pharynx, larynx, lung, and colorectum.
26

 NOCs are formed as a result of the nitrosation of 

amines, amides, and amino acids by nitrites and nitrates, which are commonly used as food 

preservatives in processed meat.
27

 Consumption of processed meat, especially processed red 

meat, has a dose response consistent with the endogenous formation of NOCs, resulting in 

increased amounts of these compounds in the gastrointestinal tract.
28

 Thus, consumers of these 

products have an increased risk for gastrointestinal cancers, such as colorectal cancer.
29-31

 

 

NOC metabolites (metabolically activated NOCs) may contribute to an increased risk of 

leukemia as well as colon, stomach, esophagus, and brain cancer by inducing the formation of 

DNA-adducts and miscoding of noncomplementary bases during polyribonucleotide and 

polydeoxyribonucleotide synthesis.
25,29,32

 No safe threshold dose, at which tumor formation 

would not be expected to occur, has been determined for NOCs. Moreover, NOCs that are 

carcinogenic in animals are commonly considered human carcinogens for regulatory purposes 

when establishing safety levels.
33-35

 

 

One of the most studied NOCs, NDMA, a nitrosamine present in processed meat, was listed as a 

human carcinogen by the State of California in 1987.
36

 Similarly, the International Agency for 

Research on Cancer (IARC), which is part of the World Health Organization, identified NDMA 

as a probable human carcinogen decades ago.
37

 HHS identified NDMA as a substance reasonably 

anticipated to cause cancer.
38
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Heme: Heme, a red organic pigment, is the iron porphyrin component of hemoproteins, such as 

hemoglobin and myoglobin.
39

 Dietary heme forms a highly cytotoxic metabolite that damages the 

colonic mucosa, resulting in the increased risk of gastric and colon cancer.
28,39

 Due to the 

contribution of heme to NOC formation, the consumption of nitrate and nitrite-rich processed 

meat leads to an increased risk for gastrointestinal cancers, such as colorectal cancer. Heme iron, 

as opposed to inorganic iron, is considered to be a principal determinant of endogenous 

gastrointestinal N-nitrosation by acting as a nitrosating agent, and, for reasons similar to those 

applied to NOCs, cannot have a determined safe threshold level.
13,26,30

  

 

HCAs: HCAs are major contributors to mutagenicity of cooked meat. Therefore, consuming 

these products poses a public health risk. Through metabolic pathways including cytochrome-

mediated (e.g., CYP1 and CYP2) N-hydroxylation and O-esterification by phase II enzymes, 

HCA compounds create genotoxic metabolites that are known mutagens and carcinogens.
40

 

HCAs form inside and on the surface of meats from creatine or creatinine, amino acids, and 

sugars as a result of exposure to high temperatures through cooking processes, including 

barbecuing, frying, roasting, and grilling.
41

  

 

In cooked processed meats, HCAs suspected of increasing cancer risk include 2-amino-3-

methylimidazo[4,5-f]quinoline.
42

 The HCAs 2-amino-3,4,8,trimethylimidazo[4,5]quinoxaline, 

MeIQx, and PhIP are specifically linked to an increased risk for colorectal cancer.
43

 The State of 

California has identified PhIP and MeIQx as known human carcinogens since 1994,
36

 and IARC 

labeled them as possible human carcinogens in 1993.
37

 Because there are no known safe levels of 

exposure, PhIP, MeIQx, and any other likely genotoxic compounds should be avoided as much 

as possible.
44,45

 

 

PAHs: Studied for decades, PAHs contribute to mutagenic and carcinogenic activity. Processed 

meat contains precursors to PAHs, creating PAHs when animal fat drips onto a heated surface 

and burns.
46

 Processed meat is of concern due to the routine use of high temperature cooking 

methods to prepare such foods.
47

 Through a process of metabolic activation by cytochrome P450 

enzymes and/or peroxidases, PAHs become reactive intermediates with carcinogenic potential.
48

 

PAH exposure results in genotoxic markers such as DNA adducts, chromosome aberrations, 

sister chromatid exchanges, ras oncgonene overexpression, and impacts on cellular pathways.
49

 

PAHs generally exist in complex mixtures, making it difficult to pinpoint the relative 

contribution of any individual PAH to carcinogenic effects. 

 

BAP is one of the most prevalent and readily identifiable carcinogenic PAHs.
50

 Since the 1930s, 

BAP has been studied for its carcinogenic effect.
51

 BAP was listed as a known carcinogen by the 

State of California in 1987 and was upgraded to this status by IARC in 2007.
36,37

 HHS has 

identified BAP and PAHs as substances reasonably anticipated to cause cancer.
38

 Because there 

is no known safe level of exposure for BAP or other genotoxic PAHs, they should be avoided as 

much as possible.  
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CONCLUSION 

 

In the face of incontrovertible evidence that Americans are at risk of cancer as a result of 

continuing exposure to red meat, processed meat, and meat cooked at high temperature, the 

Report on Carcinogens should list these substances as known carcinogens. The carcinogenicity of 

meat is an increasingly urgent issue, as the U.S. rate of meat consumption is among the highest in 

the world.
52

 This February, the National Cancer Institute reported that colorectal cancer rates are 

on the rise for young people. Researchers tracked cancer incidence rates for 490,305 participants 

from the Surveillance, Epidemiology, and End Results Program areas and found that for those 

within the 20 to 39 year age range, cancer rates have increased as much as 2.4 percent each 

year since the 1980s and through the 1990s.
53

 

 

The Physicians Committee is happy to provide additional support, if requested, in pursuit of this 

critical public health goal. 

 

Respectfully submitted, 

 

__________________________ 

Neal D. Barnard, M.D., President 

Physicians Committee for Responsible Medicine 

 

 

 

REFERENCES 
 
1
 Daniel CR, Cross AJ, Koebnick C, Sinha R. Trends in meat consumption in the USA. Public Health Nutr. 

2001;14:575-583. 
2
 Nöthlings U, Wilkens LR, Murphy SP, Hankin JH, Henderson BE, Kolonel LN. Meat and fat intake as risk factors 

for pancreatic cancer: the multiethnic cohort study. J Natl Cancer Inst. 2005;97:1458-1465.  
3
 Wang X, Terry PD, Yan H. Review of salt consumption and stomach cancer risk: epidemiological and biological 

evidence. World J Gastroenterol. 2009;15:2204-2213. 
4
 Ferrucci LM, Sinha R, Ward MH, et al. Meat and components of meat and the risk of bladder cancer in the NIH-

AARP Diet and Health Study. Cancer. 2010;116:4345-4353. 
5
 World Cancer Research Fund/American Institute for Cancer Research. (2011). Food, Nutrition, Physical Activity 

and the Prevention of Cancer: A Global Perspective. Continuous Update Project. Washington, DC. 
6
 Vargas AJ, Thompson PA. Diet and nutrient factors in colorectal cancer risk. Nutr Clin Pract. 2012;27:613-623. 

7
 Rohrmann S, Overvad K, Bueno-de-Mesquita HB, et al. Meat consumption and mortality-results from the 

European Prospective Investigation into Cancer and Nutrition. BMC Medicine. 2013;11:63-75. 
8
 Chan DSM, Lau R, Aune D, et al. Red and processed meat and colorectal cancer incidence: meta-analysis of 

prospective studies. PLoS One. 2011;6:e20456. 
9
 Wolk A. Potential health hazards of eating red meat. J Intern Med. 2017;281:106-122. 

10
 Bouvard V, Loomis D, Guyton KZ, et al. Carcinogenicity of consumption of red and processed meat. Lancet 

Oncol. 2015;16:1599-1600. 
11

 Loh YH, Jakszyn P, Luben RN, Mulligan AA, Mitrou PN, Khaw KT. N-Nitroso compounds and cancer incidence: 

the European Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk Study. Am J Clin Nutr. 

2011;93:1053-1061. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hankin%20JH%255BAuthor%255D&cauthor=true&cauthor_uid=16204695
https://www.ncbi.nlm.nih.gov/pubmed/?term=Henderson%20BE%255BAuthor%255D&cauthor=true&cauthor_uid=16204695
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kolonel%20LN%255BAuthor%255D&cauthor=true&cauthor_uid=16204695


 8 

 
12

 World Cancer Research Fund/American Institute for Cancer Research. (2007). Second Report on Food, Nutrition, 

Physical Activity and the Prevention of Cancer: a Global Perspective. Washington, DC. 
13

 Ward MH, Cross AJ, Divan H, et al. Processed meat intake, CYP2A6 activity and risk of colorectal adenoma. 

Carcinogenesis 2007;28;1210-1216 
14

 American Cancer Society. Cancer Facts & Figures 2015. Atlanta: American Cancer Society; 2015. 
15

 Sinha R, Cross AJ, Graubard BI, Leitzmann MF, Schatzkin A. Meat intake and mortality: a prospective study of 

over half a million people. Arch Intern Med. 2009;169;562-571. 
16

 National Cancer Institute. (2010). Cancer Trends Progress Report: Red Meat Consumption. Available at: 

http://progressreport.cancer.gov/prevention/red_meat. Accessed April 28, 2017. 
17

 National Cancer Institute. (2010). Reducing Environmental Cancer Risk: What We Can Do Now. Available at: 

http://deainfo.nci.nih.gov/advisory/pcp/annualReports/pcp08-09rpt/PCP_Report_08-09_508.pdf. Accessed April 28, 

2017. 
18

 Henley SJ, King JB, German RR, Richardson LC, Plescia M. Surveillance of Screening-Detected Cancers (Colon 

and Rectum, Breast, and Cervix) --- United States, 2004--2006. Morbidity and Mortality Weekly Report. 2010;59:1-

25. Available at: http://www.cdc.gov/mmwr/preview/mmwrhtml/ss5909a1.htm. Accessed April 28, 2017. 
19

 Harvard T. H. Chan School of Public Health. (2011). The Nutrition Source. Healthy Eating Plate & Healthy 

Eating Pyramid. Available at: https://www.hsph.harvard.edu/nutritionsource/healthy-eating-plate/. Accessed April 

28, 2017. 
20

 Kushi LH, Coyle C, McCullough M, et al. American Cancer Society guidelines on nutrition and physical activity 

for cancer prevention. CA Cancer J Clin. 2012;62:30-67. 
21

 US Department of Health and Human Services; US Department of Agriculture. 2015-2020 Dietary Guidelines for 

Americans. 8
th

 ed. Washington, DC. US Dept of Health and Human Services; December 2015. Available at 

http://www.health.gov/DietaryGuidelines. Accessed April 28, 2017.  
22

 Page HS, Asire AJ. (1985). National Institutes of Health (US); National Cancer Institute (US) Biometry Branch. 

Cancer rates and risks. 3
rd

 ed. Bethesda, MD. 
23

 Doll R, Peto R. The causes of cancer: quantitative estimates of avoidable risks of cancer in the United States 

today. J Natl Cancer Inst. 1981;66:1191-1308. 
24

 Jakszyn P, Agudo A, Ibáñez R, et al. Development of a food database of nitrosamines, heterocyclic amines, and 

polycyclic aromatic hydrocarbons. J. Nutr. 2004;134;2011-2014. 
25

 Bartsch H, Montesano R. Relevance of nitrosamines to human cancer. Carcinogenesis 1984;5:1381-1393.  
26

 Cross AJ, Leitzmann MF, Gail MH, Hollenbeck AR, Schatzkin A, Sinha R. A prospective study of red and 

processed meat intake in relation to cancer risk. PLoS Med. 2007;4:e325. 
27

 Larsson SC, Orsini N, Wolk A. Processed meat consumption and stomach cancer risk: a meta-analysis. J Natl 

Canc Inst. 2006;98:1078-1087. 
28

 Lunn JC, Kuhnle G, Mai V, et al. The effect of haem in red and processed meat on the endogenous formation 

of N-nitroso compounds in the upper gastrointestinal tract. Carcinogenesis. 2007;28:685-690. 
29

 Mirvish SS, Haorah J, Zhou L, Clapper ML, Harrison KL, Povey AC. Total N-nitroso compounds and their 

precursors in hot dogs and in the gastrointestinal tract and feces of rats and mice: possible etiologic agents for colon 

cancer. J Nutr. 2002;132:3526S-3529S. 
30

 Jakszy P, Bingham S, Pera G, et al. Endogenous versus exogenous exposure to N-nitroso compounds and gastric 

cancer risk in the European Prospective Investigation into Cancer and Nutrition (EPIC-EURGAST) study. 

Carcinogenesis. 2006;27:1497-1501. 
31

 Risch HA. Etiology of pancreatic cancer, with a hypothesis concerning the role of N-nitroso compounds and 

excess gastric acidity. J Natl Cancer Inst. 2003;95:948-960. 
32

 Bingham SA. Diet and colorectal cancer prevention. Biochem Soc Trans. 2000;28:12-16. 
33

 European Commission, Scientific Committee for Food. (1995). Reports of the Scientific Committee for Food, 

(Thirty-eighth series). Brussels. 
34

 Bingham SA, Hughes R, Cross AJ. Effect of white versus red meat on endogenous N-nitrosation in the human 

colon and further evidence of a dose response. J Nutr. 2002;132:3522S-3525S. 
35

 Cross AJ, Pollock JRA, Bimghan SA. Haem, not protein or inorganic iron, is responsible for endogenous intestinal 

N-nitrosation arising from red meat. Cancer Res. 2003;63:2358-2360. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ib%25C3%25A1%25C3%25B1ez%20R%255BAuthor%255D&cauthor=true&cauthor_uid=15284391
https://www.ncbi.nlm.nih.gov/pubmed/18076279
https://www.ncbi.nlm.nih.gov/pubmed/18076279
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mirvish%20SS%255BAuthor%255D&cauthor=true&cauthor_uid=12421882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haorah%20J%255BAuthor%255D&cauthor=true&cauthor_uid=12421882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20L%255BAuthor%255D&cauthor=true&cauthor_uid=12421882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clapper%20ML%255BAuthor%255D&cauthor=true&cauthor_uid=12421882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harrison%20KL%255BAuthor%255D&cauthor=true&cauthor_uid=12421882
https://www.ncbi.nlm.nih.gov/pubmed/?term=Povey%20AC%255BAuthor%255D&cauthor=true&cauthor_uid=12421882
https://www.ncbi.nlm.nih.gov/pubmed/?term=mirvish+2002


 9 

 
36

 State of California Environmental Protection Agency. (2017). Office of Environmental Health Hazard Assessment. 

Chemicals Known to the State to Cause Cancer or Reproductive Toxicity. Available at: 

http://oehha.ca.gov/media/downloads/proposition-65//p65single01272017.pdf. Accessed April 28, 2017. 
37

 World Health Organization. (1978). International Agency for Research on Cancer. IARC Monographs on the 

Evaluation of the Carcinogenic Risk of Chemicals to Humans: Some N-nitroso compounds. Volume 17. 
38

 NTP (National Toxicology Program). (2016). Report on Carcinogens, Fourteenth Edition.; Research Triangle 

Park, NC: U.S. Department of Health and Human Services, Public Health Service. Available at: 

https://ntp.niehs.nih.gov/pubhealth/roc/index-1.html. Accessed April 28, 2017. 
39

 Balder HF, Vogel J, Jansen MC, et al. Heme and cholorophyll intake and risk of colorectal cancer in the 

Netherlands cohort study. Cancer Epidemiol Biomarkers Prev. 2006;15:717-725. 
40

 Gooderham NJ, Murray S, Lynch AM, et al. Food-derived heterocyclic amine mutagens: variable metabolism and 

significance to humans. Drug Metab Dispos. 2001;29:529-534. 
41

 Kikugawa K. Prevention of mutagen formation in heated meats and model systems. Mutagenesis. 2004;19:431-

439.  
42

 World Health Organization. (1993). International Agency for Research on Cancer. IARC Monographs on the 

Evaluation of Carcinogenic Risks to Humans: Some Naturally Occurring Substances: Food Items and Constituents, 

Heterocyclic Aromatic Amines and Mycotoxins, Vol. 56. Lyon. 
43

 Sinha R, Peters U, Cross AJ, et al. Meat, meat cooking methods and preservation, and risk for colorectal adenoma. 

Cancer Res. 2005;65:8034-8042. 
44

 Food Standards Australia New Zealand. (2005). Scientific Assessment of the Public Health and Safety of Poultry 

Meat in Australia. Attachment 3. 
45

 Gooderham NJ, Murray S, Lynch AM, et al. Heterocyclic amines: evaluation of their role in diet associated with 

human cancer. Br J Clin Pharmacol. 1996;42:91-98. 
46

 Sinha R, Kulldorff M, Gunter MJ, Strickland P, Rothman N. Dietary benzo[a]pyrene intake and risk of colorectal 

adenoma. Cancer Epidemiol Biomarkers Prev. 2005;14:2030-2034.  
47

 World Health Organization. (2010). International Agency for Research on Cancer. IARC Monographs on the 

Evaluation of Carcinogenic Risks to Humans: Non-heterocyclic Polycyclic Aromatic Hydrocarbons and Some 

Related Exposures, Vol. 92. Lyon. 
48

 Melendez-Colon VJ, Luch A, Seidel A, Barid WM. Cancer initiation by polycyclic aromatic hydrocarbons results 

from formation of stable DNA adducts rather than apurinic sites. Carcinogenesis 1999;20:1885-1891.  
49

 Ding J, Li J, Chen J, et al. Effects of polycyclic aromatic hydrocarbons (PAHs) on vascular endothelial growth 

factor induction through phosphatidylinositol 3-kinase/AP-1-dependent HIF-1 -independent pathway. J Biol Chem. 

2006;281:9093-9100. 
50

 World Health Organization. (1987). International Agency for Research on Cancer. IARC Monographs on the 

Evaluation of Carcinogenic Risks to Humans: Overall Evaluations of Carcinogencity: An Updating of IARC 

Monographs Volumes 1 to 42. Supplement 7. Lyon. 
51

 Rubin H. Synergistic mechanisms in carcinogenesis by polycyclic aromatic hydrocarbons and by tobacco smoke: a 

biohistorical perspective with updates. Carcinogenesis. 2001;22:1903-1930. 
52

 Organisation for Economic Cooperation and Development. (2016). OECD Data: Meat Consumption. Available at: 

https://data.oecd.org/agroutput/meat-consumption.htm. Accessed April 28, 2017. 
53

 Siegel RL, Fedewa SA, Anderson WF, et al. Colorectal cancer incidence patterns in the United States, 1974-2013. 

J Natl Cancer Inst. 2017;109: doi: 10.1093/jnci/djw322. 




Accessibility Report


		Filename: 

		PCRM ROC comment 2017-05-01_Redacted_508 Compliant.pdf




		Report created by: 

		Tracey Saunders

		Organization: 

		




 [Personal and organization information from the Preferences > Identity dialog.]


Summary


The checker found no problems in this document.


		Needs manual check: 0

		Passed manually: 3

		Failed manually: 0

		Skipped: 0

		Passed: 29

		Failed: 0




Detailed Report


		Document



		Rule Name		Status		Description

		Accessibility permission flag		Passed		Accessibility permission flag must be set

		Image-only PDF		Passed		Document is not image-only PDF

		Tagged PDF		Passed		Document is tagged PDF

		Logical Reading Order		Passed manually		Document structure provides a logical reading order

		Primary language		Passed		Text language is specified

		Title		Passed		Document title is showing in title bar

		Bookmarks		Passed		Bookmarks are present in large documents

		Color contrast		Passed manually		Document has appropriate color contrast

		Page Content



		Rule Name		Status		Description

		Tagged content		Passed		All page content is tagged

		Tagged annotations		Passed		All annotations are tagged

		Tab order		Passed		Tab order is consistent with structure order

		Character encoding		Passed		Reliable character encoding is provided

		Tagged multimedia		Passed		All multimedia objects are tagged

		Screen flicker		Passed		Page will not cause screen flicker

		Scripts		Passed		No inaccessible scripts

		Timed responses		Passed		Page does not require timed responses

		Navigation links		Passed manually		Navigation links are not repetitive

		Forms



		Rule Name		Status		Description

		Tagged form fields		Passed		All form fields are tagged

		Field descriptions		Passed		All form fields have description

		Alternate Text



		Rule Name		Status		Description

		Figures alternate text		Passed		Figures require alternate text

		Nested alternate text		Passed		Alternate text that will never be read

		Associated with content		Passed		Alternate text must be associated with some content

		Hides annotation		Passed		Alternate text should not hide annotation

		Other elements alternate text		Passed		Other elements that require alternate text

		Tables



		Rule Name		Status		Description

		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot

		TH and TD		Passed		TH and TD must be children of TR

		Headers		Passed		Tables should have headers

		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column

		Summary		Passed		Tables must have a summary

		Lists



		Rule Name		Status		Description

		List items		Passed		LI must be a child of L

		Lbl and LBody		Passed		Lbl and LBody must be children of LI

		Headings



		Rule Name		Status		Description

		Appropriate nesting		Passed		Appropriate nesting






Back to Top


