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Overview

• Information about the IARC cancer rating 

process and the meaning of different ratings

• Studies on which the glyphosate rating is based

• What does this rating mean for risks associated 

with using glyphosate for weed management?



The IARC Process for Assessment

of Cancer Risk

• World Health Organization International Agency for 

Research on Cancer (IARC)

– Established in 1965, provides government authorities with expert, 

independent, scientific opinion on environmental carcinogenesis

– A Working Group (WG) of scientists evaluates available data on 

carcinogenesis for the exposure of interest:  exposure data, cell-culture 

studies, animal studies, human epidemiological studies, known 

occupational exposures



Assessment of Cancer Risk in Humans

• Sufficient evidence: A positive relationship has been observed between the 

exposure and cancer in studies in which chance, bias and confounding could be 

ruled out with reasonable confidence

• Limited evidence: A positive association has been observed between exposure to 

the agent and cancer for which a causal interpretation is considered by the Working 

Group to be credible, but chance, bias or confounding could not be ruled out with 

reasonable confidence.

• Inadequate evidence: The available studies are of insufficient quality, consistency 

or statistical power to permit a conclusion regarding the presence or absence of a 

causal association between exposure and cancer, or no data on cancer in humans are 

available.

• Evidence suggesting lack of carcinogenicity: There are several adequate studies 

covering the full range of levels of exposure that humans are known to encounter, 

which are mutually consistent in not showing a positive association between 

exposure to the agent and any studied cancer at any observed level of exposure. 



Assessment of Cancer Risk in Animals

• Sufficient evidence: A causal relationship has been established between the agent 

and an increased incidence of malignant tumors in (a) two or more species of 

animals or (b) two or more independent studies in one species carried out at 

different times or in different laboratories or under different protocols. 

• Limited evidence: The data suggest a carcinogenic effect but are limited for 

making a definitive evaluation because of limited data, questions about 

experimental design or interpretation of studies, increases only in benign tumors, or 

tumors are observed only in a narrow range of tissues and organs.

• Inadequate evidence: The studies cannot be interpreted as showing either the 

presence or absence of a carcinogenic effect because of major qualitative or 

quantitative limitations, or no animal data are available.

• Evidence suggesting lack of carcinogenicity: Adequate studies involving at least 

two species are available which show that, within the limits of the tests used, the 

agent is not carcinogenic. 



Assessment of Mechanistic Data

• Evaluation of preneoplastic lesions

• Tumor pathology

• Genetic and related effects

• Structure-activity relationships

• Metabolism and toxicokinetics

• Physicochemical parameters

• Analogous biological agents.



The IARC Process for Assessment

of Cancer Risk

• The WG assigns a rating: 

Group 1: Carcinogenic to humans

Group 2A: Probably carcinogenic to humans

Group 2B: Possibly carcinogenic to humans

Group 3: Unclassifiable as to carcinogenicity to humans

Group 4: Probably not carcinogenic to humans

• The WG develops a monograph 

with the data and expert evaluation



Group 1 Chemicals

• Sufficient evidence of 
carcinogenicity in 
humans

• Known human 
exposures: 

– Disease

– Drugs

– Occupational 
exposures

– Lifestyle exposures Hepatitis C virus



Example Group 1 Chemicals/Exposures

• Arsenic compounds

• Hexavalent chromium

• Cadmium compounds

• Beryllium compounds

• Radionuclides

• Benzene

• Benzidine

• Formaldehye

• 2,3,7,8-tetrachlorodioxin

• Coal tar

• Soot

• Solar radiation

• Wood dust

• Furniture and cabinet making

• Alcoholic beverages

• Smoking (active and passive)

• Oral contraceptives

• Etoposide  in combination 
with cisplatin and bleomycin

• Hepatitis B and C

• Human papillomavirus

• Aflatoxin (black mold)

• Epstein-Barr virus



Group 2A Chemicals*

• Limited evidence of 
carcinogenicity in 
humans

• Sufficient evidence in 
animals

• Strong mechanistic 
evidence that animal 
data applies to humans

*Glyphosate in this group



Example Group 2A Chemicals/Exposures

• Diesel exhaust

• Petroleum refining

• Creosote

• PCBs

• Tetrachloroethylene

• Malathion

• Glyphosate

• Ethylene dibromide 
(EDB)

• Lead compounds

• Androgenic anabolic 
steroids

• Hairdresser or barber 
occupational exposures

• UV radiation (A, B, C)

• Sunlamps & tanning 
beds

• Adriamycin

• Phenacetin (Tylenol)

• Acrylamide



Group 2B Chemicals

• Limited evidence of 

carcinogenicity in 

humans

• Less than sufficient 

evidence in animals

• Strong mechanistic 

evidence BHA



Example Group 2B Chemicals/Exposures

• Chlorophenoxy 
herbicides
– 2,4-D

– 2,4,5-T

• Carbon tetrachloride

• Chlorothalonil

• Pentachlorophenol 
(PCP)

• Other poly-
chlorophenols, e.g. 
triclosan

• Carpentry and joinery

• Welding fumes

• Gasoline engine 

exhaust

• Glass wool

• BHA (preservative)

• Phenobarbital



Glyphosate: Group 2A, 

Probable Human Carcinogen

• Sufficient evidence of cancer in mice and rats 

that were fed glyphosate over several years

• Strong evidence of carcinogenicity from 

mechanistic or cellular studies that explain 

how glyphosate may cause cancer

• Limited evidence of cancer in humans from 

epidemiologic studies of people, particularly 

pesticide applicators and farmworkers



Human Epidemiological Studies

• Hardell & Eriksson (1999) Correlation of 

exposure with incidence of non-Hodgkin’s 

lymphoma and hairy cell leukemia. 

Retrospective study in Sweden.

– Found a non statistically significant association of 

glyphosate exposure with non-Hodgkin’s 

lymphoma, Odds ratio 2.3 (95% CI 0.4–13)

– Small number of cases and controls (4/3). 

Confounded by multiple exposures. 



Human Epidemiological Studies

• Hardell & Eriksson (2002) Pooled data from 

non-Hodgkin’s lymphoma and hairy cell 

leukemia. Retrospective study in Sweden.

– Found a statistically significant association of 

glyphosate exposure with these cancers, Odds ratio 

3.04 (95% CI 1.08–8.52). Risk increased with 

increased exposure.

– Larger number of cases and controls. Confounded 

by multiple exposures. 



Human Epidemiological Studies

• Hardell & Eriksson (2008) Pooled data from 
non-Hodgkin’s lymphoma and hairy cell leukemia 
and included additional data after 1998. 
Retrospective study in Sweden.

– Found a statistically significant association of 
glyphosate exposure with these cancers, Odds ratio 
2.02 (95% CI 1.10–3.71). Risk increased with 
increased exposure (more than 10 days).
OR = 2.36 (95% CI 1.04–5.37)

– Large number of cases and controls 910/1,016. Still 
confounded by multiple exposures. 



Human Epidemiological Studies

• McDuffie et al. (2001) Correlation between 
glyphosate exposure and non-Hodgkin’s 
lymphoma (Canada)

– Found a statistically significant association of 
glyphosate exposure  with non-Hodgkin’s 
lymphoma for people exposed at least 10 days per 
year. Odds ratio 2.1  (95% CI 1.20–3.73). 
Inclusion of the less exposed subjects resulted in a 
non-significant effect.

– 23 cases and 36 controls. 



Human Epidemiological Studies

• DeRoos et al. (2003) Correlation between 
NHL and glyphosate exposure. Three case-
control studies of farmers in IA, KS, MN, and 
NE from the 1980s 

– Found a statistically significant association of 
glyphosate exposure  with non-Hodgkin’s 
lymphoma for farmers. Odds ratio 2.1  
(95% CI 1.10–4.0). 

– Large number of cases and controls, 650/1,933. 
Controlled for exposure to other pesticides.



Human Epidemiological Studies

• DeRoos et al. (2005) US Agricultural Health Study, 
pesticide applicators and their spouses from NC and IA, 
ever vs never used glyphosate. Prospective study.

– No correlation between glyphosate exposure and NHL. 

– Non-statistically significant association with multiple 
myeloma overall (RR = 2.6, 95% CI = 0.7–9.4), but 
significant for the highest exposure group (RR = 6.6, 95% 
CI = 1.4–30.6)

– Large numbers of participants: 40,376 ever used vs 13,280 
never used.

– Authors indicate data still have limitations for determining 
causation



Animal Studies Conducted by Registrant: 

Rats

• Rats, 24 months, HDT = 31.5 mg/kg-day highest 
dose tested (HDT). Significant increase in 
testicular tumors in high-dose males

• Rats, 24 months, HDT = 1,060 mg/kg-day. 
Increased in pancreatic islet cell adenomas and 
increase in adrenal cortical carcinoma at HDT.

• Rats, 26 months, HDT not reported.
Thyroid tumors (dismissed as normal incidence). 
Problems with not dosing high enough in this 
study. EPA requested that study be repeated.



Animal Studies Conducted by Registrant:  

Mice

• Mice, 24 months, HDT not reported. 
Bronchiolar-alveolar lung tumors, hepatic tumors, and 
tumors of the lymphoreticular system were observed. 
No clear dose- response relationships were noted and 
the tumor incidence was not statistically significant 
compared to historical controls.

• Mice, 24 months, HDT not reported. Increased in 
pancreatic islet cell adenomas and increase in adrenal 
cortical carcinoma at HDT. The incidence of renal 
tubule adenomas observed in the male mice exceeded 
that of the controls. It was the judgment of two 
reviewing pathologists that the renal tumors were not 
treatment-related. 



Mechanistic Studies: Cell Culture

• Glyphosate has been tested in in vivo and in vitro genetic 
test systems as part of the registration requirements
– Mostly negative for gene mutation, chromosomal aberration, and 

DNA damage in registrant studies. 

– The final assessment of US EPA and Cal EPA is that the weight-
of -evidence suggests that glyphosate is neither genotoxic, 
mutagenic (i.e., causing a structural or functional change in 
genetic coding), nor clastogenic (i.e., causing or inducing 
disruption or breakages of chromosomes or other genetic 
material). 

– However, in vitro (animal and human cells) and in vivo (animal) 
data published recently provide some evidence that glyphosate in 
formulation, and to a lesser degree alone, might have clastogenic 
activity.



Glyphosate: Group 2A, 

Probable Human Carcinogen

• Sufficient evidence of cancer in mice and rats 

that were fed glyphosate over several years

• Strong evidence of carcinogenicity from 

mechanistic or cellular studies that explain 

how glyphosate may cause cancer

• Limited evidence of cancer in humans from 

epidemiologic studies of people, particularly 

pesticide applicators and farmworkers



Others Disagree

• Glyphosate manufacturer, Monsanto: 
– IARC, however, did not base its decision on all this evidence. Instead IARC 

disregarded dozens of scientific studies and relied heavily on papers that 
created false associations. —D. Farmer, Monsanto Blog 

• US EPA: 
– In 2014, EPA reviewed over 55 epidemiological studies conducted on the 

possible cancer and non-cancer effects of glyphosate. Our review concluded 
that this body of research does not provide evidence to show that glyphosate 
causes cancer, and it does not warrant any change in EPA’s cancer 
classification for glyphosate. —Quote from unnamed EPA staffer in Crop Life 
America article.

– EPA’s early assessment rated glyphosate as a Group C, Possible carcinogen 
(IRIS, 1993)

– Current IRIS category is Group D, not classifiable as to human carcinogenicity.

– Current Office of Pesticide Programs assessment is Group E, Evidence of non-
carcinogenicity for humans. 

– Updated risk assessment from US EPA expected later this year.



Others Disagree

• German Federal Institute for Risk Assessment (BfR)
– It is not possible to fully comprehend the indications for a genotoxic 

potential of glyphosate based on the short report published by IARC, in 
particular also due to the fact that the assessment included studies 
using different glyphosate containing plant protection products that are 
not specified in any detail . . .  The BfR will perform a thorough review 
of the classification issued by IARC once the mono- graph becomes 
available, which is expected to be the case in August 2015.

• Netherlands Board of Authorization of Plant Protection 
Products and Biocides
– There is no reason to suspect that glyphosate causes cancer and 

changes to the classification of glyphosate. … Based on the large 
number of genotoxicity and carcinogenicity studies, the EU, U.S. EPA 
and the WHO panel of the Joint FAO/WHO Meeting on Pesticide 
Residues concluded that glyphosate is not carcinogenic. It is not clear 
on what basis and in what manner IARC established the 
carcinogenicity of glyphosate.



Health Canada

• Health Canada reviewed glyphosate for registration in 2015, noting:
– Hazard identification, including carcinogenic potential, is an important 

component in the determination of the potential human health risk of a 
pesticide. The determination of such risk, however, is not solely driven 
by the hazard profile but is also a function of the potential exposure to 
the pesticide. For this reason, both the hazard and exposure potential 
must be considered together when performing a human health risk 
assessment for a pesticide, since an identified hazard may be offset by 
the fact that the potential for human exposure is considered to be 
sufficiently low so as not to pose a risk of concern to human health.

– Cancer level of concern: Low level of concern due to benign nature of 
tumours observed at the limit dose and lack of oncogenicity in other 
studies.



IARC Monograph Needed

• What human studies were evaluated?

• What animal studies were evaluated?

• What mechanistic information was 

considered?



Cancer Rating Doesn’t Capture 

Cancer Potency

• Cancer potency is a measure of how much the 

cancer rate in a population increases with an 

increase in exposure.



Cancer Potencies of 

Representative Chemicals

Chemical IARC Cancer Rating Potency, Q*

Methylene chloride 2B, Possible 0.0035 (OEHHA, 2005)

Pentachlorophenol 2B, Possible 0.018 (OEHHA, 2005)

Formaldehyde 1, Known 0.021 (OEHHA, 2005)

1,3-Dichloropropene 2B, Possible 0.04 (DPR, RCD)

Perchloroethylene 2A, Probable 0.051 (OEHHA, 2005)

Benzene 1, Known 0.1 (OEHHA, 2005)

Ethylene oxide 1, Known 0.31(OEHHA, 2005)

Toxaphene 2B, Possible 1.1 (US EPA)

Chloropicrin Not evaluated 2.2 (DPR, RCD)

Benzidine                  1, Known 500 (OEHHA, 2005)



Cancer Potency of Glyphosate

• We don’t know the cancer potency of glyphosate, 
but both animal and human studies indicate that 
tumors occur in individuals exposed to the highest 
doses, suggesting a relatively low potency.

• Implications: People exposed to high levels of 
glyphosate have more reason to be concerned than 
those exposed to low levels or only occasionally.

• Caveat: Children typically more susceptible to 
carcinogens. Potency is assumed to be higher for 
them.



Caveat: Glyphosate residues in food

• Most grains are treated with glyphosate right 
before harvest—a “burndown” application to 
remove vegetation

• USDA does not analyze for glyphosate and 
AMPA in its Pesticide Data Program (PDP)



Caveat: Glyphosate residues in urine

• A 2013 study from Friends of the Earth, Europe found:

– Glyphosate residues in the urine of 44 percent of the 182 
participants from 18 different European countries,  a region 
in which few glyphosate-tolerant crops are grown. 

– Because of the high adoption rate of glyphosate-tolerant 
crops in the U.S., it is reasonable to expect that exposures 
would be higher for people in the U.S.



What does the IARC 2B rating mean?

• Data indicate that risk will be highest for those 

most exposed and may be quite low for others. 

• Applicators are the group of highest concern.

• For the general public, exposures from food 

will likely be higher than incidental exposure 

from contact with glyphosate-treated 

vegetation.



What to do instead?

• Alternate herbicides?



Applicators: Acute Risk



Applicators: General Exposure



General Public



Persistence Can Be An Issue



What to do instead?

• Alternate herbicides?

• Re-think landscapes to 
minimize the need for 
weeding:
– Xeriscaping or 

hardscaping

– Flaming can be used on 
hardscapes or gravel

– Use of landscape cloth 
and mulch

– Plant varieties that shade 
out weeds


