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Carcinogenicity of atrazine, alachlor, and vinclozolin

From October to November, 2025,
a Working Group of 22 scientists from
12 countries met at the International
Agency for Research on Cancer (IARC)
in Lyon, France, to finalise their
evaluation of the carcinogenicity of
atrazine, alachlor, and vinclozolin.
Atrazine and alachlor were each
classified as “probably carcinogenic
to humans” (Group 2A), based on
combinations of “limited” evidence
for cancer in humans with “sufficient”
evidence for cancer in experimental
animals and “strong” mechanistic
evidence in experimental systems.
Vinclozolin was classified as “possibly
carcinogenic to humans” (Group 2B),
based on “sufficient” evidence for
cancer in experimental animals and
on “strong” mechanistic evidence
in experimental systems. These
assessments will be published in
Volume 140 of the IARC Monographs.*
For each of these pesticides,
factory and agricultural workers have
the highest exposures, which can
occur during pesticide production
and agricultural or horticultural
activities, primarily via inhalation
and dermal absorption. General
population exposure occurs primarily
via ingestion of drinking-water and
foodstuffs, and is typically estimated
to be low. Atrazine and alachlor are
environmentally persistent and have
been detected in environmental
matrices, especially water. Vinclozolin
is environmentally non-persistent.
Atrazine is a broad-spectrum
chlorinated triazine herbicide that is
used primarily in corn, sorghum, and
sugarcane cultivation. It has been
banned as a pesticide in the European
Union and in several other countries
but remains in heavy use elsewhere. In
the general population, residential turf
contact can result in higher short-term
incidental dermal and oral doses than
from food or drinking-water.
There is "limited” evidence in
humans that atrazine causes non-
Hodgkin lymphoma (NHL) that is

positive for the t(14;18) chromosomal
translocation. Two case-control
studies reported strong positive
associations between exposure
to atrazine or triazines (at a time
when atrazine was the predominant
triazine used in the study area) and
translocation-positive NHL (meta-
odds ratio, 2:03; 95% Cl 1-12-3-68),
and no increased risk for translocation-
negative NHL cases.”® The t(14;18)
translocation was considered relevant
because it may hinder cell apoptosis.
The Working Group considered that
bias and confounding could be ruled
out with reasonable confidence but
that the role of chance could not. For
all other cancer types considered, the
available studies in humans did not
show consistent positive findings,
and the evidence was considered
“inadequate”.

The “sufficient” evidence for cancer
in experimental animals for atrazine
was based on an increase in the
incidence of malignant neoplasms
in female rats in multiple well-
conducted studies, including two
that complied with Good Laboratory
Practice (GLP). Atrazine caused
adenocarcinoma of the mammary
gland in female Sprague-Dawley rats*
and adenocarcinoma of the uterus in
Fischer 344/LATl rats.

There is “strong” mechanistic
evidence that atrazine exhibits key
characteristics of carcinogens (KCs).
Atrazine induces oxidative stress
in experimental systems. Several
studies in rodents showed increases
in reactive oxygen species production
and endpoints of oxidative damage
to lipids and DNA in multiple organs,
and reduced oxidative stress in the
presence of antioxidants. Atrazine
induces inflammation in vivo,
including increased expression of NF-
KB-dependent genes and altered Th1
and Th2 cytokine balance. Atrazine
is immunosuppressive; in rodents it
decreased leukocyte count and effector
T cells, increased regulatory Treg

cells, and decreased the delayed-type
hypersensitivity response. Atrazine
modulates oestrogen-mediated
effects in experimental systems.
Atrazine increased aromatase activity
(CYP19). It modulated the membrane
oestrogen receptor mER/GPR30/GPER®
in various human hormone-sensitive
and triple-negative breast cancer cell
lines. In male Wistar rats, atrazine
reduced serum levels of testosterone,
luteinising hormone, and follicle-
stimulating hormone.® Atrazine also
altered cell proliferation and cell death
in vitro, and induced hyperplasia in
several tissues in rodents.

Alachlor is a chloroacetanilide
herbicide that has been widely used
on crops such as corn and soybeans.
Once one of the most heavily used
herbicides globally, alachlor use
declined sharply after requlatory
restrictions began in the 1990s,
and today it is used to a much lower
extent.

There is “limited” evidence that
alachlor causes laryngeal cancer in
humans on the basis of evidence
from a single, large, high-quality
cohort study of pesticide applicators.”
A strong exposure-response
association between alachlor and
laryngeal cancer was found, and it
remained unchanged under different
latency periods and after adjustment
for a range of co-exposures and
potential confounders, including
other pesticides, smoking, alcohol, and
additional laryngeal cancer risk factors.
Chance could not be ruled out with
reasonable confidence because this was
a single finding for a cancer type not
commonly associated with pesticide
exposure. For all other cancer types, the
evidence was considered “inadequate”
because the available studies did not
show consistent positive findings.

The “sufficient” evidence in
experimental animals for alachlor is
based on an increase in the incidence
of either malignant neoplasms or an
appropriate combination of benign
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and malignant neoplasms in both
sexes of two species in multiple well-
conducted studies, including one
that complied with GLP. Alachlor
caused bronchioloalveolar adenoma
or carcinoma (combined) in male
(D-1 albino mice.? In male and female
Long-Evans rats, alachlor caused
malignant tumours of the stomach. In
males, alachlor also caused malignant
and benign or malignant tumours
(combined) of the nasal cavity® and of
the thyroid gland. In females, alachlor
also caused benign or malignant
tumours (combined) of the nasal
cavity, and malignant tumours of the
thyroid gland and of the thymus and
uterus.

There is “strong” mechanistic
evidence that alachlor exhibits KCs
in experimental systems. Alachlor
modulates receptor-mediated effects,
showing in vitro modulation of the
oestrogen-receptor pathway. Alachlor
altered cell proliferation in rat and
mouse nasal tissue in multiple studies.
Hyperplasia was also observed in the
nasal tissue® and stomach in rodents.

Vinclozolin is a fungicide that
has been used mainly on fruit and
vegetables, but also on turf. In the
2000s, its use was phased out in the
European Union, the USA, and several
other countries, but it remains in use
elsewhere.

The evidence regarding cancer in
humans is “inadequate” for vinclozolin
because results reported in the few
available studies were largely null.

The “sufficient” evidence for cancer
in experimental animals for vinclozolin
is based on an increase in the incidence
of either malignant neoplasms or an
appropriate combination of benign
and malignant neoplasms in both
sexes of two species in multiple
studies that complied with GLP.
Vinclozolin caused hepatocellular
carcinoma in female C57BL/6/)JICO
mice.”® In male Wistar rats, vinclozolin
caused hepatocellular carcinoma
and benign or malignant Leydig cell
tumours (combined). In females,
vinclozolin caused adenoma or

carcinoma (combined) of the adrenal
gland and of the adrenal cortex,
benign or malignant C-cell tumours
(combined) of the thyroid gland, and
adenocarcinoma of the uterus.”

There is “strong” mechanistic
evidence that vinclozolin exhibits KCs
in experimental systems. It induced
alterations of epigenetic endpoints
associated with carcinogenic
pathways in vitro and in vivo.
Vinclozolin increases endpoints of
inflammation in vitro, and induces
chronic inflammation in rodents in
many tissues, including prostate.”
Vinclozolin modulates the androgen-
signalling pathway in vitro. In the
absence of androgens, vinclozolin
or its metabolites induced prostate-
specific antigen secretion. Vinclozolin
and its metabolites promoted cell
proliferation in vitro® and induced
hyperplasia in rodents in several
tissues, including prostate.

We declare no competing interests.

Russell C Cattley, Anneclaire | De Roos,
Daniele Mandrioli, Neil Pearce,
Anjoeka Pronk, Anatoly Soshilov,
Sunny O Abarikwu, Isabelle Baldi,
Dana B Barr, Laura E Beane Freeman,
Sylvie Bortoli, Alison Connolly,
Mohamed A Dalvie,

Marcelo JM Ferreira, Mary Beth Genter,
Ludovic Le Hégarat, Stefano Lorenzetti,
John R McLaughlin, Peter Maller,
Cassiana C Montagner,

Henrique C S Silveira, Takeshi Toyoda,
David H Volle,

Lamia Benbrahim-Tallaq,

Aline de Conti, Caterina Facchin,
Andrew T Kunzmann, Federica Madia,
Elisa Pasqual, Marie-Laure Aix,
Xiaobei Deng, Rachmad A Dongoran,
Michael T Olanipekun, Eero Suonio,
Susana Viegas, Heidi Mattock,

Roland Wedekind*,

Mary K Schubauer-Berigan*

*Co-senior authors

International Agency for Research on Cancer, Lyon,
France

1 International Agency for Research on Cancer.
Volume 140: Atrazine, alachlor and vinclozolin.
IARC Working Group. Lyon, France;

Oct 28-Nov 4, 2025. IARC Monogr Identif
Carcinog Hazards Hum (in press).

10

11

12

13

Schroeder JC, Olshan AF, Baric R, et al.
Agricultural risk factors for t(14;18) subtypes
of non-Hodgkin's lymphoma. Epidemiology
2001; 12: 701-09.

Chiu BC, Dave BJ, Blair A, Gapstur SM,

Zahm SH, Weisenburger DD. Agricultural
pesticide use and risk of t(14;18)-defined
subtypes of non-Hodgkin lymphoma. Blood
2006; 108: 1363-69.

United States Environmental Protection
Agency. Atrazine - review of a 2-year
oncogenicity study, MRID 44544701. United
States Environmental Protection Agency,
1998. https://archive.epa.gov/pesticides/
chemicalsearch/chemical/foia/web/
pdf/080803/080803-254.pdf (accessed

Nov 18, 2025).

Florian CP, Mansfield SR, Schroeder JR.
Differences in GPR30 regulation by
chlorotriazine herbicides in human breast cells.
Biochem Res Int 2016; 2016: 2984081.

Rotimi DE, Ojo OA, Adeyemi OS. Atrazine
exposure caused oxidative stress in male rats
and inhibited brain-pituitary-testicular
functions. J Biochem Mol Toxicol 2024;
38:e23579.

Lerro CC, Andreotti G, Koutros S, et al. Alachlor
use and cancer incidence in the Agricultural
Health Study: an updated analysis. | Nat/ Cancer
Inst 2018; 110: 950-58.

United States Environmental Protection
Agency. Carcinogenicity peer review of alachlor
- third. United States Environmental
Protection Agency, 1996. https://archive.epa.
gov/pesticides/chemicalsearch/chemical/foia/
web/pdf/090501/090501-142.pdf (accessed
Nov 18,2025).

Genter MB, Burman DM, Bolon B. Progression
of alachlor-induced olfactory mucosal
tumours. Int J Exp Pathol 2002; 83: 303-08.
United States Environmental Protection
Agency. Oncogenicity feeding - mouse (83-2).
United States Environmental Protection
Agency, 1994. https://www3.epa.gov/
pesticides/chem_search/cleared_reviews/csr_
PC-113201_19-Apr-95_218.pdf (accessed
Nov 10, 2025).

United States Environmental Protection
Agency. Chronic feeding - rat (83-1a, 83-1b,
and 83-2a). United States Environmental
Protection Agency, 1994. https://archive.epa.
gov/pesticides/chemicalsearch/chemical/foia/
web/pdf/113201/113201-220.pdf (accessed on
Nov 18, 2025)

Schneider S, Kaufmann W, Strauss V,

van Ravenzwaay B. Vinclozolin: a feasibility
and sensitivity study of the ILSI-HESI F1-
extended one-generation rat reproduction
protocol. Regul Toxicol Pharmacol 2011;

59: 91-100.

Marcoccia D, Smeriglio A, Mantovani A,
Trombetta D, Lorenzetti S. Intracellular
distribution of vinclozolin and its metabolites
differently affects 5a-dihydrotestosterone
(DHT)-induced PSA secretion in LNCaP cells.
Reprod Toxicol 2022; 111: 83-91.

www.thelancet.com/oncology Published online November 21, 2025 https://doi.org/10.1016/51470-2045(25)00702-8


https://monographs.iarc.who.int/
https://monographs.iarc.who.int/
https://monographs.iarc.who.int/wp-content/uploads/2019/07/Preamble-2019.pdf
https://monographs.iarc.who.int/wp-content/uploads/2019/07/Preamble-2019.pdf
https://monographs.iarc.who.int/wp-content/uploads/2019/07/Preamble-2019.pdf
https://monographs.iarc.who.int/wp-content/uploads/2019/07/Preamble-2019.pdf
https://monographs.iarc.who.int/wp-content/uploads/2025/09/DRAFT_Short_List-of-Participants_140.pdf
https://monographs.iarc.who.int/wp-content/uploads/2025/09/DRAFT_Short_List-of-Participants_140.pdf
https://monographs.iarc.who.int/wp-content/uploads/2025/09/DRAFT_Short_List-of-Participants_140.pdf
https://monographs.iarc.who.int/wp-content/uploads/2025/09/DRAFT_Short_List-of-Participants_140.pdf
https://monographs.iarc.who.int/wp-content/uploads/2025/09/DRAFT_Short_List-of-Participants_140.pdf

