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1,1,1-Trichloroethane was considered previ-
ously by the IARC Monographs programme in 
1978 (IARC, 1979), 1987 (IARC, 1987), and most 
recently in 1998, when it was evaluated as not clas-
sifiable as to its carcinogenicity to humans (Group 
3) (IARC, 1999). N-Methylolacrylamide was con-
sidered previously by the IARC Monographs pro-
gramme in 1994 and was also evaluated as not 
classifiable as to its carcinogenicity to humans 
(Group 3) (IARC, 1994). 1,2-Diphenylhydrazine, 
diphenylamine, and isophorone have not been 
evaluated previously by the IARC Monographs 
programme.

The Advisory Group to Recommend Prio
rities for the IARC Monographs that met in 2019 
recommended that 1,1,1-trichloroethane be eval-
uated with high priority; 1,2-diphenylhydrazine, 
diphenylamine, and N-methylolacrylamide with 
medium priority; and isophorone with low pri-
ority (IARC, 2019a; Marques et al., 2019). A sum-
mary of the findings of this volume appears in 
The Lancet Oncology (Belpoggi et al., 2021).

Occupational exposure in the past

National surveys and epidemiological stud-
ies indicate that 2–6% of North American 

and European populations (e.g. Silvestri et al., 
1983; Talibov et al., 2014) were occupationally 
exposed to 1,1,1-trichloroethane in the 1980s 
and 1990s, although extreme reductions in use 
have occurred since the adoption of the Montreal 
Protocol on Substances that Deplete the Ozone 
Layer, in 1987 (UNEP, 2021). The substantial 
use of 1,1,1-trichloroethane in the past may have 
an enduring impact on cancer incidence rates 
for cancer types with long latency. Historical 
groundwater contamination with 1,1,1-trichlo-
roethane could also remain a source of exposure 
in the future (Palau et al., 2016).

Availability of epidemiological data

There was a paucity of epidemiological data 
for agents other than 1,1,1-trichloroethane. 
Information on use of this agent is more lim-
ited in low- and middle-income countries than 
in high-income countries. Given the large num-
ber and variety of chlorinated organic solvents 
in commercial use, many human cancer studies  
only described the group or class of compounds 
under assessment (e.g. chlorinated aliphatic 
hydrocarbons), and did not name 1,1,1-trichlo-
roethane explicitly in the abstract of their 
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publication. This made the identification of rel-
evant studies in the literature search challeng-
ing. As a result, multiple literature search terms 
were used in title and abstract searches to cap-
ture various chemical class names in addition to 
the agent name. Full-text literature searches were 
also conducted to identify studies that did not 
state the agent name in the title or abstract, but 
that reported analyses specific to 1,1,1-trichlo-
roethane in the body of the article. This feature 
of the agent is likely to be a challenge for future 
monographs investigating individual chemicals 
that belong to a broader class of compounds.

The human cancer studies investigating 
epidemiological associations between 1,1,1-tri- 
chloroethane exposure and cancer risk were pri-
marily limited by challenges in the assessment of 
exposure. Studies with assessment of biomarkers 
of exposure to 1,1,1-trichloroethane were a nota-
ble research gap, as only one such study was iden-
tified. There was one study on transgenerational 
effects of exposure, which was another notable 
research gap. More generally, the number of 
studies per cancer site was small, and there were 
only two cohort studies of workers occupation-
ally exposed to the agent. 

For diphenylamine, information was avail-
able about occupations known to have a high 
probability of exposure; however, there was very 
little epidemiological research about cancer risk 
among exposed workers.

Data from high-throughput 
screening assays

The analysis of the in vitro bioactivity of all 
evaluated agents, except N-methylolacrylamide, 
was informed by data from high-through-
put screening assays generated by the Toxicity 
Testing in the 21st Century (Tox21) and Toxicity 
Forecaster (ToxCast) research programmes of 
the government of the USA (Thomas et al., 2018). 

Three compounds (i.e. 1,2-diphenylhydrazine, 
diphenylamine, and isophorone) were consid-
ered active in low numbers of assay end-points 
mapped to the following key characteristics of 
carcinogens (Smith et al., 2016): “is genotoxic”, 
“induces oxidative stress”, “modulates recep-
tor-mediated effects”, and “alters cell prolifera-
tion, cell death, or nutrient supply”. Specifically, 
1,2-diphenylhydrazine was considered active in 
four assay end-points for “is genotoxic”, four 
assay end-points for “induces oxidative stress”, 
seven assay end-points for “modulates recep-
tor-mediated effects”, and nine assay end-points 
for “alters cell proliferation, cell death, or nutri-
ent supply”; diphenylamine was considered 
active in six assay end-points for “modulates 
receptor-mediated effects”, and eight assay end-
points for “alters cell proliferation, cell death, or 
nutrient supply”; and isophorone was considered 
active in five assay end-points for “modulates 
receptor-mediated effects”, and two assay end-
points for “alters cell proliferation, cell death, 
or nutrient supply”. The results were generated 
with the software “kc-hits” (key characteristics 
of carcinogens – high-throughput screening dis-
covery tool) (available from: https://gitlab.com/
i1650/kc-hits). The mapping of assay end-points 
to each key characteristic follows that described 
in IARC Monographs Volume 123 (IARC, 2019b). 
All ToxCast/Tox21 data were obtained from the 
United States Environmental Protection Agency 
CompTox Chemicals Dashboard 10th Release 
(US  EPA, 2021) at the time of the evaluations 
performed for the IARC Monographs Volume 
130 in October 2021. These programmes are con-
stantly being improved and new assays are added 
over time. However, at present, the general lack 
of metabolic activation and the small number 
of genotoxicity assays in these high-throughput 
screening programmes restrict their value in 
determining whether a chemical is genotoxic as 
part of an assessment of carcinogenicity.

https://gitlab.com/i1650/kc-hits
https://gitlab.com/i1650/kc-hits
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Scope of systematic review 

Standardized searches of the PubMed data-
base (NCBI, 2021) were conducted for the agent 
and for each outcome (cancer in humans, can-
cer in experimental animals, and mechanistic 
evidence, including the key characteristics of 
carcinogens). The literature trees for the agent, 
including the full set of search terms for the 
agent name and each outcome type, are available 
online.1
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