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IARC: Two Strands Intertwined 

• Generate data from inter-disciplinary 
research

• Evaluate data through independent 
expert review
– WHO Classification of Tumours

– Global Cancer Statistics

– IARC Monographs

– IARC Handbooks of Cancer Prevention

– IARC Working Group Reports



• Procedural guidelines for 
participant selection, 
conflict of interest, 
stakeholder involvement 
& meeting conduct

• Separate criteria for 
review of human, animal 
and mechanistic evidence

• Decision process for 
overall evaluations

Preamble to the IARC Monographs (amended January 2019): 
https://monographs.iarc.fr/wp-content/uploads/2019/01/Preamble-2019.pdf

How Are the IARC Monograph 
Evaluations Conducted?



What Evidence is Considered?

Overall 
evaluation

Cancer in 
humans

Cancer in 
animals

Carcinogen

Mechanisms
Exposure in 

humans 

Preamble to the IARC Monographs (amended January 2019): 
https://monographs.iarc.fr/wp-content/uploads/2019/01/Preamble-2019.pdf



Mechanistic Data: Challenges

IARC Monographs
Volume 100

• How to search systematically for 
relevant mechanisms?

• How to bring uniformity across 
assessments?

• How to analyze the voluminous 
mechanistic database efficiently?

• How to avoid bias towards 
favored mechanisms? 



The 10 Key Characteristics of Human Carcinogens
• Chemical and biological 

properties of established 
human carcinogens

• Distinct from the hallmarks of 
cancer, the properties of 
tumors and cancer cells

• Used to assemble data 
relevant to mechanisms of 
carcinogens– without 
needing an a priori 
hypothesis of the mechanism 

Key characteristic:

1. Is electrophilic or can be metabolically activated

2. Is genotoxic

3. Alters DNA repair or causes genomic instability 

4. Induces epigenetic alterations 

5. Induces oxidative stress

6. Induces chronic inflammation 

7. Is immunosuppressive

8. Modulates receptor-mediated effects 

9. Causes immortalization 

10. Alters cell proliferation, cell death, or nutrient 
supply 

Smith MT, Guyton KZ, Gibbons CF, Fritz JM, Portier CJ, Rusyn I et al.. Env Health 
Persp., 124(6):713-21, 2016



Targeted searches for each key characteristic Organize results by key characteristics, species, etc

Systematic Approach 
Using Key Characteristics of Carcinogens

Smith MT, Guyton KZ, Gibbons CF, Fritz JM, Portier CJ, Rusyn I et al.. Env Health Persp., 124(6):713-21, 2016



Applying the Key Characteristics
for Group 1, 2 and 3 Agents (Volumes 112-119)
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Guyton KZ, Rusyn I, Chiu WA, Corpet DE, van den Berg, M, Ross, M, Christiani DC, 
Beland FA, Smith MT; Carcinogenesis. 39(4):614–622. 2018



Key Characteristics with Strong Evidence across 
Multiple Evaluations (Volumes 112-119)
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Number of agents with strong evidence*No agent had strong evidence for 3 key characteristics: 
• alters DNA repair or causes genomic instability; 
• induces epigenetic alterations 
• causes immortalization

Guyton KZ, Rusyn I, Chiu WA, Corpet DE, van den Berg, M, Ross, M, Christiani DC, 
Beland FA, Smith MT; Carcinogenesis. 39(4):614–622. 2018



Lessons Learned: Volumes 112-119

X, Strong evidence; *Number of studies applies to red and processed meat; for red meat, there was strong mechanistic evidence for meat components

**Applies to mate and hot beverages; ***Antioxidant effects

• Predominance of different 
KCs in these recent 
evaluations

• Broad literature on KCs for 
Group 1/2A agents

• 0-1 KCs for Group 2B or 3 
agents

• Few human biomarker 
studies (except welding)

• Change in overall evaluation 
for 2/34 agents

• High-throughput data had 
little overall impact

Guyton KZ, Rusyn I, Chiu WA, Corpet DE, van den Berg, M, Ross, M, Christiani DC, Beland FA, Smith MT; Carcinogenesis. 39(4):614–622. 2018



IARC Monographs Preamble 2019:
What’s New for Mechanistic Data?

o Mechanistic studies identified, screened and evaluated for 
quality and importance to the evaluation

o New classification categories: strong, limited, inadequate
o Single-step evidence integration (vs. up- and down-grade)
 Harmonized approach to evidence evaluation across 

scientific disciplines

Identify 
relevant 

information

Step 
1

Screen,  
select & 
organize 
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Evaluate 
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quality
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overall 
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5



Mechanistic and
other relevant data

—Part B, Section 6(c)

Cancer in
humans

Cancer in
experimental animals

Mechanistic Class

• Belongs, based on 
mechanistic 
considerations, to a 
class of agents– one 
or more of which is 
probably carcinogenic 
or carcinogenic to 
humans

Key Characteristics of 
Carcinogens

• In exposed humans

• In human primary 
cells or tissues

• In experimental 
systems

Mechanism not relevant

• Meets criteria for 
concluding that 
mechanism of 
carcinogenicity in 
experimental animals is 
not relevant to 
humans

Three Distinct Mechanistic Topics
Can Influence Overall Evaluations



Single step integration

Overall Evaluations: What’s New?



Strong evidence of KCs- impact on 
Group 1, 2A and 2B evaluations

Overall Evaluations: What’s New?



Group 2B based on 
one stream of 

evidence

Overall Evaluations: What’s New?



Group 2A based on 2 
streams of evidence, at 
least one in human cells

Overall Evaluations: What’s New?



Key Characteristics of Carcinogens in Priority Setting
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Thank you! Merci!
http://www.iarc.fr

http://monographs.iarc.fr

http://www.iarc.fr
http://monographs.iarc.fr
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