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Addendum to the 12th Report on Carcinogens 
Published by the U.S. Department of Health and Human Services, National Toxicology 
Program 

 
The twelfth edition of the National Toxicology Program (NTP) Report on 
Carcinogens (RoC) contains a change in the listing status of formaldehyde. Prior 
editions of the RoC had listed formaldehyde as reasonably anticipated to be a human 
carcinogen, and following a rigorous scientific review, formaldehyde is now 
reassigned to the category known to be a human carcinogen. Concurrently, the 
Environmental Protection Agency (EPA) prepared and released a draft Integrated 
Risk Information System (IRIS) assessment of formaldehyde. At the request of EPA 
Administrator Jackson, a National Academy of Sciences (NAS) committee was 
convened to conduct an independent review of the draft EPA IRIS assessment of 
formaldehyde. The draft EPA IRIS assessment is a comprehensive health effects 
assessment and provides quantitative estimates of human risks of adverse human 
health outcomes from specific levels of exposure to formaldehyde.  

The NAS committee was not charged with performing its own health effects 
assessment, conducting its own literature searches, or formulating its own 
conclusions regarding cancer causality for formaldehyde. The charge to the NAS 
consisted of specific questions, one of which (Is the weight-of-evidence narrative in 
the EPA IRIS assessment scientifically supported?) was related to the hazard 
identification component of the IRIS document and was relevant to the IRIS 
formaldehyde cancer assessment; the other charge questions were specific for the risk 
assessment component of the IRIS document.  

The NAS produced a peer-review report of the EPA IRIS assessment’s justifications 
for its conclusions for health effects, including cancer (NRC 2011). Because the NAS 
document is not an independent hazard assessment, it has limited applicability to the 
NTP’s RoC evaluation of formaldehyde. The RoC evaluation involved a multistep 
comprehensive assessment of the literature, and resulted in a narrative justification 
for the NTP’s conclusions that was developed independently from the EPA IRIS 
assessment. Neither the NTP listing process nor the justification for the listing of 
formaldehyde in the RoC was reviewed by the NAS. Nonetheless, the NTP has 
carefully reviewed the key scientific issues raised in the NAS peer-review report for 
potential relevance to the NTP’s conclusions on the carcinogenicity of formaldehyde. 
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Listing for formaldehyde in the 12th RoC 
The NTP’s decision to list formaldehyde in the 12th RoC as known to be a human 
carcinogen was the result of a rigorous scientific review process that included many 
opportunities for public involvement and comment. The NTP solicited advice from 
three independent review groups: a non-government expert scientific panel, a 
government interagency scientific panel, and a National Institute of Environmental 
Health Sciences (NIEHS)–NTP scientific panel.  

The criterion for listing as known to be a human carcinogen in the RoC is “sufficient 
evidence of carcinogenicity from studies in humans, which indicates a causal 
relationship between exposure to the agent, substance, or mixture, and human cancer” 
(see page 4 of the 12th RoC). The NTP’s decision to list formaldehyde as known to 
be a human carcinogen is based on the points below and is consistent with the 
recommendations from each of the three independent review groups.1 Point A alone 
satisfies the RoC criteria to list a substance as known to be a human carcinogen.  

A. Sufficient evidence of cancer from studies in humans: nasopharyngeal 
cancer, sinonasal cancer, and lymphohematopoietic cancer, specifically 
myeloid leukemia. 

B. Supporting evidence from (a) cancer studies in experimental animals 
(primarily tumors of the nasal cavity, but also tumors at other sites) and 
(b) mechanistic data, which are data that determine how a (typically) 
adverse health outcome occurs. 

The information that the NTP used to reach a decision on the listing status for 
formaldehyde is presented in a publicly available Background Document, which was 
peer reviewed by the non-government expert panel and was discussed in detail by 
each of the three review groups charged with making a listing recommendation. For 
the purpose of listing a substance as known to be a human carcinogen in the RoC, the 
literature must provide sufficient information to establish that significant exposure to 
the substance occurs or has occurred in the United States, and to allow a 
determination of cancer causation from scientific evidence from studies in humans. 
Appreciation of “mode of action,” or an understanding of how exposure to a given 
substance might lead to cancer, is an important piece of supporting evidence, but is 
not a requirement for listing in the RoC. Empirical evidence of cancer causation in 
humans is sufficient to satisfy the listing criterion. 

Causality from studies in humans is defined by the RoC listing criteria as a credible 
association that cannot be explained by chance, bias, or confounding. Several of the 
guidelines proposed by Bradford-Hill — strength of the association (e.g., magnitude 

                                                 
1The expert panel’s recommendation on listing status is available at 
http://ntp.niehs.nih.gov/ntp/roc/twelfth/2009/November/FA_PartB.pdf. 
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of the risk estimate, consistency across findings, exposure-response relationships, and 
temporality) — are used to evaluate whether an association is credible and whether 
chance, bias, and confounding can be ruled out (Hill 1965). Emphasis is placed on 
“informative studies,” which are studies of high quality with a design and 
methodologies to detect an effect and to rule out potential confounding from exposure 
to other carcinogens. Characteristics of these studies are sufficient statistical power, 
robust exposure assessments, evaluation of exposure-response relationships, and 
adequate reporting to allow a full consideration of methodological limitations. 

The scientific decision to list a substance in the RoC is based on the entire body of 
literature, including both positive and negative studies. The evidence that supports the 
listing status is captured in the substance profile and includes (1) the identification of 
informative studies and (2) the critical findings from those studies that allow one to 
rule out chance, bias, and confounding, such as consistency across studies in tumor 
sites of interest, consistency in increased risk in different populations, statistical 
significance, and positive exposure-response relationships. 

Conclusions of the EPA IRIS assessment regarding formaldehyde as a 
human carcinogen  
The conclusions for formaldehyde reached by the EPA IRIS evaluation are generally 
consistent with those of the NTP RoC evaluation. The EPA IRIS and the NTP RoC 
concluded that human epidemiologic studies demonstrate that formaldehyde exposure 
causes nasopharyngeal cancer, sinonasal (nasal and paranasal) cancer, and myeloid 
leukemia.  

The EPA IRIS also stated there was a causal association with all leukemias and 
lymphohematopoietic cancers as a group, and there was strong, but not sufficient, 
evidence for a causal association for other upper-respiratory tract cancers, Hodgkin’s 
lymphoma, or multiple myeloma. The NTP recognizes that there is scientific 
disagreement over whether it is appropriate to group lymphohematopoietic cancers 
and, therefore, evaluated data on both grouped and individual subtypes of leukemia. 
With regard to these cancers, the RoC’s listing of formaldehyde as a known human 
leukemogen is based on formaldehyde’s causal association with myeloid leukemia 
only, not lymphohematopoietic cancers as a group.  

NAS conclusions from the committee’s review of the EPA IRIS 
assessment of formaldehyde  
The NAS report includes the following conclusions: 

A. The NAS committee stated that the EPA narrative justifies EPA’s 
conclusion that formaldehyde causes cancers of the nose, nasal cavity, and 
nasopharynx in humans, which is consistent with the NTP’s listing of 
formaldehyde as known to be a human carcinogen in the 12th RoC. 
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B. The NAS committee stated that the EPA narrative does not justify the 
IRIS assessment’s conclusion that formaldehyde causes specific subtypes 
of lymphohematopoietic cancers, such as myeloid leukemia. Because the 
NAS committee did not conduct its own independent assessment, it did 
not offer an opinion on whether the evidence from studies in humans 
supports a causal relationship. The NTP has concluded that the scientific 
evidence from studies in humans is sufficient to conclude that exposure to 
formaldehyde causes myeloid leukemia. 

C. The NAS committee stated that the EPA narrative does justify the IRIS 
assessment’s conclusion that formaldehyde causes genetic damage 
(damage to DNA and chromosomes) in exposed humans, which is a 
presumed mechanism by which formaldehyde causes cancer. The NTP 
evaluation for the 12th RoC concurs. 

The NAS and RoC conclusions specific for lymphohematopoietic 
cancers  
As mentioned above, the NAS did not specifically state an opinion on the strength of 
the epidemiologic evidence for an association of formaldehyde and myeloid leukemia 
in exposed humans. They noted that while a well-established mode of action is not 
required to make causal inference, they did not believe it was plausible, based on the 
demonstrated rapid reactivity of formaldehyde with blood components, that inhaled 
formaldehyde could gain direct access to the bone marrow. The NAS also disagreed 
with the grouping of all lymphohematopoietic cancers in the EPA IRIS assessment 
because they believed that they are different diseases. They commented that the 
narrative provided in the draft IRIS assessment did not support the EPA’s 
determination that formaldehyde causes lymphohematopoietic cancers and 
recommended that the EPA clarify its arguments that support determinations of 
causality, including describing the criteria that were used to weigh evidence and 
assess causality.  

The NTP used the approach described above in its hazard evaluation for myeloid 
leukemia for the RoC. A limitation in the body of literature of human studies on 
formaldehyde and lymphohematopoietic cancers is that only a subset reported risk 
estimates specific for myeloid leukemia. The scientific information supporting the 
NTP’s conclusions is summarized in the RoC substance profile. The substance profile 
identifies the high-quality, informative studies on formaldehyde that allow one to rule 
out chance, bias, and confounding; describes the study populations and findings; and 
discusses why they were considered to be the most useful studies. The evidence 
supporting causality in human studies is (1) consistent findings of increased risk 
among the highest exposed workers across studies, (2) positive exposure-response 
relationships, and (3) adequacy to rule out confounding. A recent meta-analysis 
finding a positive association among workers with the highest exposure (RR = 2.47, 
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95% CI = 1.31 to 2.67) confirmed the consistency of the findings across studies 
(Schwilk et al. 2010).  

The NAS committee, the EPA IRIS document, and the 12th RoC formaldehyde 
substance profile are consistent on the point that the mechanism(s) by which 
formaldehyde causes leukemia are not known, but agree that formaldehyde causes 
genetic damage in exposed humans, which is a key event in cancer formation. Most 
substances that cause leukemia are thought to do so by directly damaging stem cells 
(cells that give rise to blood and lymphoid cells) in the bone marrow. Formaldehyde 
is highly reactive; thus, some scientists have questioned whether it is plausible for 
formaldehyde inhaled through the nasal cavity to cause adverse health effects in 
tissues, such as bone marrow, that are far from the site of entry. The 12th RoC 
substance profile acknowledges the current lack of understanding of the biological 
mechanism(s) by which formaldehyde causes cancer at distal sites, including the 
evidence in laboratory animals failing to demonstrate systemic delivery. In addition, 
the substance profile cites direct evidence of genetic damage in circulating 
lymphocytes (white blood cells) and evidence of suppression of blood-forming 
elements in workers exposed to formaldehyde as support for the plausibility that 
formaldehyde causes myeloid leukemia. At the current time, it is not known how 
formaldehyde causes genetic damage to the stem cells, leading to hematological 
changes, and cancer; however, plausible hypotheses have been advanced on ways that 
formaldehyde might damage stem cells in the nose or blood without directly 
damaging the bone marrow and they are discussed in the substance profile. The 
mechanism(s) by which a substance listed in the RoC causes cancer are typically not 
known and, as noted above, mode of action is not a requirement for listing. Empirical 
evidence of cancer causation in humans satisfies the criterion for listing as known to 
be a human carcinogen.  

Conclusion 
Studies in humans have shown that formaldehyde causes nasopharyngeal cancer, 
sinonasal cancer, and myeloid leukemia. The NTP’s recommendation for listing 
formaldehyde in the 12th RoC is the result of a rigorous scientific review process that 
provided many opportunities for public and scientific input, including an independent 
assessment of the literature by external experts and peer review of the science 
supporting the NTP’s listing decision. 

Although the NAS report is an important document, it has limited applicability to the 
NTP review of formaldehyde, because it is a peer-review report of the EPA IRIS 
assessment’s justifications for its conclusions on carcinogenicity and other health 
effects and not an independent hazard assessment of the scientific literature on 
formaldehyde. Nevertheless, the NAS report concurs with the EPA’s conclusions that 
formaldehyde causes cancer of the nose, nasal cavity, and nasopharynx and genetic 
damage (a general mechanism by which substances are thought to cause cancer), 
which is supportive of the NTP’s listing for formaldehyde as known to be a human 
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carcinogen. With respect to myeloid leukemia, the NAS report questioned the 
plausibility that formaldehyde could cause this specific type of cancer by currently 
known mechanism(s), but was silent on whether the epidemiologic data from cancer 
studies in humans show a causal relationship. The NTP acknowledges uncertainty 
regarding the mechanism by which formaldehyde causes myeloid leukemia. The 
NTP’s conclusion that formaldehyde causes myeloid leukemia is based on the human 
epidemiologic data and is consistent with the RoC listing criterion. 
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Abstract
An international. interdisciplinary working group of expert scientists met in June 2004 to
develop IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to
Humans (IARC Monographs) on formaldehyde. 2-butoxyethanol, and 1-tert-butoxy-2-propanol.
Each IARC Monograph includes a critical review of the pertinent scientific literature and an
evaluation of an agent's potential to cause cancer in humans. After a thorough discussion of
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the epidemiologic, experimental, and other relevant data. the working group concluded that
formaldehyde is carcinogenic to humans. based on sufficient evidence in humans and in
experimental animals. In the epidemiologic studies. there was sufficient evidence that
formaldehyde causes nasopharyngeal cancer, "strong but not sufficient" evidence of leukemia,
and limited evidence of sinonasal cancer. The working group also concluded that 2-
butoxyethanol and 1-tert-butoxy-2-propanol are not classifiable as to their carcinogenicity to
humans. each having limited evidence in experimental animals and inadequate evidence in
humans. These three evaluations and the supporting data will bepublished as Volume 88 of
the IARC Monographs. Key words. 1-tert-butoxy-2-propanol, 2-butoxyethanol, carcinogen,
formaldehyde, glycol ethers, hazard identification, IARC Monographs, leukemia,
nasopharyngeal cancer, sinonasal cancer. Environ Health Perspect 113: 1205-1208
(2005) . doi:10.1289/ehp.7542 available via http://dx.doi.org/[Online 12 May 2005]
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Introduction

Twenty-six scientists from 10 countries met at the International Agency for Research on
Cancer (IARC) in June 2004 to develop IARC Monographs on the Evaluation of the
Carcinogenic Risk of Chemicals to Humans (IARC Monographs) on formaldehyde, 2-
butoxyethanol. and 1-tert-butoxy-2-propanol (IARC, in press). This is the fourth IARC
evaluation of formaldehyde and the first of the glycol ethers.

Formaldehyde is widely used in resins that bind wood products. pulp and paper. and glasswool
and rockwool insulation. It is also used in plastics and coatings. textile finishing, and chemical
manufacturing and as a disinfectant and preservative. High concentrations can be found in
some work environments, and much lower concentrations in homes.

2-Butoxyethanol is a glycol ether widely used as a solvent in paints, paint thinners. glass-
cleaning and surface-cleaning products (especially in the printing and silk-screening
industries). and personal-care and other personal products and as a chemical intermediate.
General-population exposure can occur through the use of consumer products. particularly
cleaning agents.

1-tert-Butoxy-2-propanol is a glycol ether that has found increasing use as a solvent in
coatings. glass-cleaning and surface-cleaning products, inks, adhesives, and nail-polish
lacquers.

Materials and Methods

IARC convenes an international, interdisciplinary working group of expert scientists to develop
each volume of the IARC Monographs. The working group writes a critical review of the
pertinent scientific literature (published articles. articles accepted for publication, and publicly
available documents from government agencies) and a consensus evaluation of each agent's
potential to cause cancer in humans.

The IARC Monographs are developed during an 8-day meeting whose objectives are review
and consensus. Before the meeting. each member of the working group writes a portion of the
critical review. At the meeting. four subgroups (exposure. cancer in humans. cancer in
experimental animals. and mechanistic and other relevant data) review these drafts and
develop consensus subgroup drafts. Then the working group meets in plenary session to
review the subgroup drafts and develop a consensus evaluation. After the meeting. IARC
scientists review the final draft for accuracy and clarity before publication.

Meeting Report: Summar) . of [ARC Monographs on Formaldehyde. 2-Butovethanol. and 1 -tert-Butoxy-2-Propanol

The evaluation is developed in steps (IARC 2005). The subgroup of epidemiologists proposes
an evaluation of the evidence of cancer in humans as sufficient evidence. limited evidence,
inadequate evidence. or evidence suggesting lack of carcinogenicity. A subgroup of
toxicologists and pathologists proposes an evaluation of the evidence of cancer in
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experimental animals. choosing one of the same descriptors. Combination of these two partial
evaluations yields a preliminary default evaluation that the agent is one of the following: group
1, carcinogenic to humans; group 2A. probably carcinogenic to humans; group 2B. possibly
carcinogenic to humans: group 3, not classifiable as to its carcinogenicity to humans; or group
4, probably not carcinogenic to humans.

When the epidemiologic evidence is sufficient, the final evaluation is carcinogenic to humans.
regardless of the experimental evidence. In other cases, the mechanistic and other relevant
data are considered to determine whether the default evaluation should be modified upward or
downward. A subgroup of experts in cancer mechanisms assesses the strength of the
mechanistic data and whether the mechanisms of tumor formation in experimental animals can
operate in humans. The overall evaluation is a matter of scientific judgment, reflecting the
combined weight of the evidence.

Working groups are selected to invite the best-qualified experts and to avoid real or apparent
conflicts of interests. Consideration is given also to demographic diversity and a balanced
representation of all scientific views. Each potential participant submits a Declaration of
Interests [World Health Organization (WHO) 2005]. which IARC assesses to determine
whether there is a conflict that warrants some limitation on participation. An expert with a real
or apparent conflict of interest may not serve as chairperson. draft text discussing cancer data,
or participate in the evaluations. IARC strives to ensure that the working group is free from all
attempts at interference, before and during the meeting. This includes lobbying. written
materials, and meals or other favors offered by interested parties. Working group members are
asked not to discuss the subject matter with anyone outside the meeting and to report all
attempts at interference (Cogliano et al. 2004).

Results

Formaldehyde. There was a statistically significant excess of deaths from nasopharyngeal
cancer in the largest and most informative cohort study of industrial workers (Hauptmann et al.
2004). with statistically significant exposure-response relationships for peak and cumulative
exposure. An excess of deaths from nasopharyngeal cancer was also observed in a
proportionate mortality analysis of the largest U.S. cohort of embalmers (Hayes et al. 1990).
and an excess of cases of nasopharyngeal cancer was observed in a Danish study of
proportionate cancer incidence among workers at companies that manufactured or used
formaldehyde (Hansen and Olsen 1995). Although other cohort studies reported fewer cases
of nasopharyngeal cancer than expected (Coggon et al. 2003; Pinkerton et al. 2004; Walrath
and Fraumeni 1983). the working group noted that the deficits were small and the studies had
low power to detect an effect on nasopharyngeal cancer. Of seven case-control studies of
nasopharyngeal cancer (Armstrong et al. 2000; Hildesheim et al. 2001: Olsen et al. 1984:
Roush et al. 1987: Vaughan et al. 1986. 2000; West et al. 1993), five found elevations of risk
for exposure to formaldehyde. The working group considered it "improbable that all of the
positive findings for nasopharyngeal cancer that were reported from the epidemiologic studies,
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and particularly from the large study of industrial workers in the United States, could be
explained by bias or unrecognized confounding effects." The working group concluded that
these studies provide "sufficient epidemiological evidence that formaldehyde causes
nasopharyngeal cancer in humans."

Excess mortality from leukemia. primarily of the myeloid type. has been observed relatively
consistently in six of seven studies of embalmers. funeral parlor workers. pathologists. and
anatomists (Hall et al. 1991: Hayes et al. 1990: Levine et al. 1984: Logue et al. 1986: Stroup et
al. 1986: VValrath and Fraumeni 1983, 1984). A recent meta-analysis found that. overall, the
relative risk for leukemia in these workers was increased and did not vary significantly among
studies (Collins and Lineker 2004). There had been speculation that these findings might be
explained by viruses: however, the working group found little evidence that these occupations
have a higher incidence of viral infections or that viruses have a causal role in myeloid
leukemia. Until recently. these leukemia findings received little attention because excess
leukemia had not been observed in the studies of industrial workers. There is now. however.
some evidence for an association between formaldehyde exposure and leukemia in the recent
updates of two of the three major industrial cohorts. A statistically significant exposure-
response relationship was observed for leukemia and. particularly. for myeloid leukemia in the
study of industrial workers in the United States. based on peak exposure and. to a lesser
degree, on average intensity of exposure to formaldehyde (Hauptmann et al. 2003).

There was no excess mortality from leukemia when the industrial workers were compared with
the general U.S. population, but a comparison with the general population may be biased. In
another study. excess mortality from leukemia was found in the recent update of garment
workers in the United States (Pinkerton et al. 2004). This excess was statistically significant
among workers with a longer duration of exposure and follow-up. In contrast. the updated
study of industrial workers in the United Kingdom did not find excess mortality from leukemia
(Coggon et al. 2003). This high-quality study had sufficient size and follow-up to have
reasonable power for detecting an excess of leukemia. but it did not report on peak exposures
or the risk of myeloid leukemia specifically. The working group concluded, In summary, there
is strong but not sufficient evidence for a causal association between leukaemia and
occupational exposure to formaldehyde." This conclusion. falling between sufficient and limited
evidence, was based on a consistently increased risk in studies of embalmers. funeral parlor
workers. pathologists. and anatomists and was present in two of the three most informative
studies of industrial workers.

Several case-control studies have investigated the relationship between formaldehyde
exposure and sinonasal cancer. A pooled analysis of 12 studies showed an increased risk of
adenocarcinoma in men and women thought never to have been exposed to wood dust or
leather dust, with an exposure-response trend for an index of cumulative exposure (Luce et al.
2002). One other case-control study (Olsen and Asnaes 1986) and a proportionate incidence
study (Hansen and Olsen 1995) showed an increased risk of sinonasal cancer. particularly
squamous cell carcinoma. Against these largely positive findings, the three most informative
cohort studies of industrial workers showed no excesses of sinonasal cancer (Coggon et al.
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2003: Hauptmann et al. 2004: Pinkerton et al. 2004). The working group noted that most
studies did not distinguish tumors as originating in the nose or sinuses; thus. an increased risk
of nasal cancer would be diluted if there were no corresponding effect on the sinuses. In the
case-control studies. the working group also noted the potential for confounding by wood dust
exposure. which is associated with adenocarcinoma. The working group concluded that there
is limited evidence that formaldehyde causes sinonasal cancer in humans.

In experimental animals. several studies have shown that inhalation exposure induces
squamous cell carcinomas of the nasal cavities in rats (Albert et al. 1982: Feron et al. 1988;
Gibson 1984: Kamata et al. 1997: Kerns et al. 1983; Monticello et al. 1996; Morgan et al. 1986;
Sellakumar et al. 1985: Woutersen et al. 1989). although single studies in mice (Kerns et al.
1983) and hamsters (Dalbey 1982) showed no carcinogenic effects. Four studies of
formaldehyde administered to rats in drinking water gave varying results: One showed an
increased incidence of forestomach papillomas in male rats (Takahashi et al. 1986); a second
showed an increased incidence of gastrointestinal leiomyosarcomas in female rats and in both
sexes combined (Soffritti et al. 1989); a third showed increased incidences of total malignant
tumors. lymphomas and leukemias. and testicular interstitial-cell adenomas in male rats
(Soffritti et al. 2002): whereas a fourth did not show a carcinogenic effect (Til et al. 1989).
Formaldehyde also showed co-carcinogenic effects by inhalation, ingestion, and dermal
exposure (Dalbey 1982; Iverson 1986: Takahashi et al. 1986).

The toxicokinetics of inhaled formaldehyde have been well studied (Agency for Toxic
Substances and Disease Registry 1999). More than 90% of inhaled formaldehyde is absorbed
in the upper respiratory tract (Heck et al. 1985). Absorbed formaldehyde can be oxidized to
formate and carbon dioxide or can be incorporated into biologic macromolecules.
Formaldehyde has a half-life of about 1 min in rat plasma (Rietbrock 1965). Inhalation
exposure has not been found to alter the endogenous concentration of formaldehyde in the
blood of rats, monkeys. or humans (Casanova et al. 1988; Heck et al. 1983. 1985). Oral
exposure to 14 C-formaldehyde resulted in some excretion in urine and feces within 12 hr (Galli
et al. 1983). Dermal application of 14C-formaldehyde resulted in some urinary excretion in rats
and monkeys (Jeffcoat et al. 1983).

Evidence shows that formaldehyde is genotoxic in multiple in vitro models and in exposed
humans and laboratory animals. Human studies reported increased DNA-protein crosslinks in
workers exposed to formaldehyde (Shaham et al. 1996. 2003). and this is consistent with
studies in laboratory rats and monkeys. Cellular proliferation increases considerably at
concentrations > 6 ppm and amplifies the genotoxic effects of formaldehyde. The working
group concluded, The current data indicate that both genotoxicity and cytotoxicity play
important roles in the carcinogenesis of formaldehyde in nasal tissues." On the other hand.
with respect to the potential for formaldehyde to induce leukemia. the working group was not
aware of any good rodent models for acute myeloid leukemia in humans. Several possible
mechanisms were considered, such as clastogenic damage to circulating stem cells. There is
a single study reporting cytogenetic abnormalities in the bone marrow of rats inhaling
formaldehyde (Kitaeva et al. 1990). The working group concluded. "Based on the data
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available at this time. it was not possible to identify a mechanism for the induction of myeloid
leukaemia in humans." This is an area needing more research.

The working group concluded that formaldehyde is carcinogenic to humans (group 1). based
on sufficient evidence in humans and sufficient evidence in experimental animals. Based on
the information now available. this classification is higher than those of previous IARC
evaluations (IARC 1982 1987. 1995).
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With regard to mechanisms of carcinogenesis. the working group found the available data
inadequate to elucidate a potential mechanism for the mouse liver tumors. They found the
renal effects largely consistent with the a-	 lobulin-associated nephropathy that occurs in

male rats. but concluded that the available evidence satisfies only some. but not all. of the
IARC criteria for the mechanism associated with accumulation of a- 2 ,-globulin. Regarding the

potential for genotoxic effects. the working group was not able to draw any meaningful
conclusion in view of the scarcity of the data available.

The working group concluded that 1-tert-butoxy-2-propanol is not classifiable as to its
carcinogenicity to humans (group 3), with limited evidence in experimental animals and
inadequate evidence in humans.

Discussion

A theme common to these three evaluations is the consideration of mechanistic information to
develop and evaluate hypotheses about the sequence of steps leading to the induction of
tumors in experimental animals. The hypothesized mechanisms described in these evaluations
provide an interesting set of cases that range from a vast literature on respiratory-tract tumors
in rats induced by inhalation of formaldehyde to some more tentative hypotheses about the
various tumors observed in animals after exposure to glycol ethers. Both types of mechanistic
data sets were of use in the evaluation process.

The evaluation of formaldehyde as carcinogenic to humans shows the importance of
mechanistic information in the classification of carcinogens. For the nasopharyngeal tumors,
the working group discussed the convergence of the epidemiologic, experimental. and
mechanistic evidence. If the evidence in humans had been less than sufficient. the strong
mechanistic evidence in exposed humans and sufficient evidence in experimental animals
might still have led to classification as group 1. The extensive mechanistic data for
formaldehyde-induced respiratory cancer provide strong support for the empirical observation
of nasopharyngeal cancer in humans. although computer models that predict an anterior-to-
posterior gradient of formaldehyde deposition in the upper respiratory tract would predict that
formaldehyde would cause cancer in the nose as well as the nasopharynx in humans.

On the other hand. the lack of information on possible mechanisms by which formaldehyde
might increase the risk of leukemia in humans tempered the interpretation of the epidemiologic
data on that cancer type. The entire working group discussed at length this divergence
between the epidemiologic and mechanistic conclusions for leukemia. Information to support a
biologically plausible mechanism could have supported a stronger conclusion about the
evidence of leukemia in humans.

In the evaluations of the glycol ethers. the working group grappled with questions of
interpretation and scientific judgment. A recurring issue was the criterion for characterizing a
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Overall Evaluations of Carcinogenicity to Humans

List of all agents, mixtures and exposures evaluated to date

As evaluated in IARC Monographs Volumes 1-99

This list contains all hazards evaluated to date, according to the type of hazard posed and to
the type of exposure. Where appropriate, chemical abstract numbers are given [in square
brackets]. For details of the evaluation, the relevant Monograph should be consulted
(volume number given in round brackets, followed by year of publication of latest
evaluation). Use a free-text search to find a particular compound.

Group 1: Carcinogenic to humans (105)

Agents and groups of agents

4-Aminobiphenyl [92-67-1] (Vol. 1, Suppl. 7, Vol. 99; in preparation)

Arsenic [7440-38-2] and arsenic compounds (Vol. 23, Suppl. 7; 1987)
(NB: This evaluation applies to the group of compounds as a whole and not necessarily to
all individual compounds within the group)

Asbestos [1332-21-4] (Vol. 14, Suppl. 7; 1987)

Azathioprine [446-86-6] (Vol. 26, Suppl. 7; 1987)

Benzene [71-43-2] (Vol. 29, Suppl. 7; 1987)

Benzidine [92-87-5] (Vol. 29, Suppl. 7, Vol. 99; in preparation)

Benzo[a]pyrene [50-32-8] (Vol. 32, Suppl. 7, Vol. 92; in preparation)
(NB: Overall evaluation upgraded from 2B to 1 based on mechanistic and other relevant
data)

Beryllium [7440-41-7] and beryllium compounds (Vol. 58; 1993)

N,N-Bis(2-chloroethyl)-2-naphthylamine (Chlornaphazine) [494-03-1] (Vol. 4, Suppl. 7;
1987)

Bis(chloromethyl)ether [542-88-1] and chloromethyl methyl ether [107-30-2] (technical-
grade)
(Vol. 4, Suppl. 7; 1987)

1,3-Butadiene [106-99-0] (Vol. 71, Vol. 97; in preparation)



1,4-Butanediol dimethanesulfonate (Busulphan; Myleran) [55-98-1] (Vol. 4, Suppl. 7; 1987)

Cadmium [7440-43-9] and cadmium compounds (Vol. 58; 1993)

Chlorambucil [305-03-3] (Vol. 26, Suppl. 7; 1987)

1-(2-Chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosourea (Methyl-CCNU; Semustine)
[13909-09-6] (Suppl. 7; 1987)

Chromium[VI] (Vol. 49; 1990)

Ciclosporin [79217-60-0] (Vol. 50; 1990)

Cyclophosphamide [50-18-0] [6055-19-2] (Vol. 26, Suppl. 7; 1987)

Diethylstilboestrol [56-53-1] (Vol. 21, Suppl. 7; 1987)

Dyes metabolized to benzidine (Vol. 99; in preparation)
(NB: Overall evaluation upgraded to Group 1 based on mechanistic and other relevant data)

Epstein-Barr virus (Vol. 70; 1997)

Erionite [66733-21-9] (Vol. 42, Suppl. 7; 1987)

Estrogen-progestogen menopausal therapy (combined) (Vol. 72, Vol. 91; 2007)

Estrogen-progestogen oral contraceptives (combined) (Vol. 72, Vol. 91; 2007)
(NB: There is also convincing evidence in humans that these agents confer a protective
effect against cancer in the endometrium and ovary)

Estrogens, nonsteroidal (Suppl. 7; 1987)
(NB: This evaluation applies to the group of compounds as a whole and not necessarily to
all individual compounds within the group)

Estrogens, steroidal (Suppl. 7; 1987)
(NB: This evaluation applies to the group of compounds as a whole and not necessarily to
all individual compounds within the group)

Estrogen therapy, postmenopausal (Vol. 72; 1999)

Ethanol [64-17-5] in alcoholic beverages (Vol. 96; in preparation)

Ethylene oxide [75-21-8] (Vol. 60, Vol. 97; in preparation)
(NB: Overall evaluation upgraded from 2A to 1 based on mechanistic and other relevant



data)

Etoposide [33419-42-0] in combination with cisplatin and bleomycin (Vol. 76; 2000)

Formaldehyde [50-00-0] (Vol. 88; 2006)

Gallium arsenide [1303-00-0] (Vol. 86; 2006)

[Gamma Radiation: see X- and Gamma ()-Radiation]

Helicobacter pylori (infection with) (Vol. 61; 1994)

Hepatitis B virus (chronic infection with) (Vol. 59; 1994)

Hepatitis C virus (chronic infection with) (Vol. 59; 1994)

Human immunodeficiency virus type 1 (infection with) (Vol. 67; 1996)

Human papillomavirus types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 66 (Vol. 64,
Vol. 90; 2007)
(NB: The HPV types that have been classified as carcinogenic to humans can differ by an
order of magnitude in risk for cervical cancer)

Human T-cell lymphotropic virus type I (Vol. 67; 1996)

Melphalan [148-82-3] (Vol. 9, Suppl. 7; 1987)

8-Methoxypsoralen (Methoxsalen) [298-81-7] plus ultraviolet A radiation (Vol. 24, Suppl.
7; 1987)

Methylenebis(chloroaniline) (MOCA) [101-14-4] (Vol. 57, Vol. 99; in preparation)
(NB: Overall evaluation upgraded to Group 1 based on mechanistic and other relevant data)

MOPP and other combined chemotherapy including alkylating agents (Suppl. 7; 1987)

Mustard gas (Sulfur mustard) [505-60-2] (Vol. 9, Suppl. 7; 1987)

2-Naphthylamine [91-59-8] (Vol. 4, Suppl. 7, Vol. 99; in preparation)

Neutrons (Vol. 75; 2000)
(NB: Overall evaluation upgraded from 2B to 1 with supporting evidence from other
relevant data)

Nickel compounds (Vol. 49; 1990)



N'-Nitrosonornicotine (NNN) [16543-55-8] and 4-(N-Nitrosomethylamino)-1-(3-pyridyl)-1-
butanone (NNK) [64091-91-4] (Vol. 37, Suppl. 7, Vol. 89; 2007)
(NB: Overall evaluation upgraded from 2B to 1 based on mechanistic and other relevant
data)

[Oestrogen: see Estrogen]

Opisthorchis viverrini (infection with) (Vol. 61; 1994)

[Oral contraceptives, combined estrogen-progestogen: see Estrogen-progestogen oral
contraceptives (combined)]

Oral contraceptives, sequential (Suppl. 7; 1987)

Phosphorus-32, as phosphate (Vol. 78; 2001)

Plutonium-239 and its decay products (may contain plutonium-240 and other isotopes), as
aerosols (Vol. 78; 2001)

Radioiodines, short-lived isotopes, including iodine-131, from atomic reactor accidents and
nuclear weapons detonation (exposure during childhood) (Vol. 78; 2001)

Radionuclides, -particle-emitting, internally deposited (Vol. 78; 2001)
(NB: Specific radionuclides for which there is sufficient evidence for carcinogenicity to
humans are also listed individually as Group 1 agents)

Radionuclides, -particle-emitting, internally deposited (Vol. 78; 2001)
(NB: Specific radionuclides for which there is sufficient evidence for carcinogenicity to
humans are also listed individually as Group 1 agents)

Radium-224 and its decay products (Vol. 78; 2001)

Radium-226 and its decay products (Vol. 78; 2001)

Radium-228 and its decay products (Vol. 78; 2001)

Radon-222 [10043-92-2] and its decay products (Vol. 43, Vol. 78; 2001)

Schistosoma haematobium (infection with) (Vol. 61; 1994)

Silica [14808-60-7], crystalline (inhaled in the form of quartz or cristobalite from
occupational sources) (Vol. 68; 1997)

Solar radiation (Vol. 55; 1992)



Talc containing asbestiform fibres (Vol. 42, Suppl. 7; 1987)

Tamoxifen [10540-29-1] (Vol. 66; 1996)
(NB: There is also conclusive evidence that tamoxifen reduces the risk of contralateral
breast cancer)

2,3,7,8-Tetrachlorodibenzo-para-dioxin [1746-01-6] (Vol. 69; 1997)
(NB: Overall evaluation upgraded from 2A to 1 with supporting evidence from other
relevant data)

Thiotepa [52-24-4] (Vol. 50; 1990)

Thorium-232 and its decay products, administered intravenously as a colloidal dispersion of
thorium-232 dioxide (Vol. 78; 2001)

ortho-Toluidine [95-53-4] (Vol. 77, Vol. 99; in preparation)

Treosulfan [299-75-2] (Vol. 26, Suppl. 7; 1987)

Vinyl chloride [75-01-4] (Vol. 19, Suppl. 7, Vol. 97; in preparation)

X- and Gamma ()-Radiation (Vol. 75; 2000)

Mixtures

Aflatoxins (naturally occurring mixtures of) [1402-68-2] (Vol. 56, Vol. 82; 2002)

Alcoholic beverages (Vol. 44, Vol. 96; in preparation)

Areca nut (Vol. 85; 2004)
(NB: Overall evaluation based on human data, animal data, and mechanistic and other
relevant data)

Betel quid with tobacco (Vol. 85; 2004)

Betel quid without tobacco (Vol. 85; 2004)

Coal-tar pitches [65996-93-2] (Vol. 35, Suppl. 7; 1987)

Coal-tars [8007-45-2] (Vol. 35, Suppl. 7; 1987)

Herbal remedies containing plant species of the genus Aristolochia (Vol. 82; 2002)

Household combustion of coal, indoor emissions from (Vol. 95; in preparation)



Mineral oils, untreated and mildly treated (Vol. 33, Suppl. 7; 1987)

Phenacetin, analgesic mixtures containing (Suppl. 7; 1987)

Salted fish (Chinese-style) (Vol. 56; 1993)

Shale-oils [68308-34-9] (Vol. 35, Suppl. 7; 1987)

Soots (Vol. 35, Suppl. 7; 1987)

Tobacco, smokeless (Vol. 37, Suppl. 7, Vol. 89; 2007)

Wood dust (Vol. 62; 1995)

Exposure circumstances

Aluminium production (Vol. 34, Suppl. 7; 1987)

Arsenic in drinking-water (Vol. 84; 2004)

Auramine production (Suppl. 7, Vol. 99; in preparation)

Boot and shoe manufacture and repair (Vol. 25, Suppl. 7; 1987)

Chimney sweeping (Vol. 92; in preparation)

Coal gasification (Vol. 34, Suppl. 7, Vol. 92; in preparation)

Coal-tar distillation (Vol. 92; in preparation)

Coke production (Vol. 34, Suppl. 7, Vol. 92; in preparation)

Furniture and cabinet making (Vol. 25, Suppl. 7; 1987)

Haematite mining (underground) with exposure to radon (Vol. 1, Suppl. 7; 1987)

Involuntary smoking (exposure to secondhand or 'environmental' tobacco smoke) (Vol. 83;
2004)

Iron and steel founding (Vol. 34, Suppl. 7; 1987)

Isopropyl alcohol manufacture (strong-acid process) (Suppl. 7; 1987)

Magenta production (Vol. 57, Vol. 99; in preparation)



Painter (occupational exposure as a) (Vol. 47, Vol. 98; in preparation)

Paving and roofing with coal-tar pitch (Vol. 92; in preparation)

Rubber industry (Vol. 28, Suppl. 7; 1987)

Strong-inorganic-acid mists containing sulfuric acid (occupational exposure to) (Vol. 54;
1992)

Tobacco smoking and tobacco smoke (Vol. 83; 2004)

Group 2A: Probably carcinogenic to humans (66)

Agents and groups of agents

Acrylamide [79-06-1] (Vol. 60; 1994)
(NB: Overall evaluation upgraded from 2B to 2A with supporting evidence from other
relevant data)

Adriamycin [23214-92-8] (Vol. 10, Suppl. 7; 1987)
(NB: Overall evaluation upgraded from 2B to 2A with supporting evidence from other
relevant data)

Androgenic (anabolic) steroids (Suppl. 7; 1987)

Aristolochic acids (naturally occurring mixtures of) (Vol. 82; 2002)

Azacitidine [320-67-2] (Vol. 50; 1990)
(NB: Overall evaluation upgraded from 2B to 2A with supporting evidence from other
relevant data)

Bischloroethyl nitrosourea (BCNU) [154-93-8] (Vol. 26, Suppl.7; 1987)

Captafol [2425-06-1] (Vol. 53; 1991)
(NB: Overall evaluation upgraded from 2B to 2A with supporting evidence from other
relevant data)

Chloramphenicol [56-75-7] (Vol. 50; 1990)
(NB: Overall evaluation upgraded from 2B to 2A with supporting evidence from other
relevant data)

-Chlorinated toluenes (benzal chloride [98-87-3], benzotrichloride [98-07-7], benzyl
chloride [100-44-7]) and benzoyl chloride [98-88-4] (combined exposures) (Vol. 29, Suppl.
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