
  

 
 
 
 
 
 
 
 
 
 
 
 
 

Hypothesis-Based Weight-of-Evidence Evaluation of 
Methanol as a Human Carcinogen 

 
Prepared by: 

Lorenz R. Rhomberg, PhD, FATS, Lisa A. Bailey, PhD,  
and Robyn Prueitt, PhD 

 
 
 
 

Prepared for: 
Methanol Institute 

124 South West Street 
Suite 203 

Alexandria, VA 22314 
 
 
 
 
 
 

February 1, 2011 
 



  

Methanol_WoE_Final   Gradient
 

Table of Contents 
 Page 
 

1  Introduction and Background ................................................................................... 1 

2  Weight of Evidence Regarding Association Between Exposure to Methanol 
and Carcinogenesis in Humans and Animals ........................................................... 4 
2.1  Methanol Carcinogenicity in Humans ................................................................................ 4 
2.2  Methanol Carcinogenicity in Animals ................................................................................ 4 

2.2.1  Soffritti et al. (2002) oral (drinking water) study in rats ....................................... 4 
2.2.2  Apaja (1980) dermal and oral (drinking water) study of malonaldehyde 

and methanol in mice ............................................................................................. 6 
2.2.3  NEDO (1985a) two-year inhalation study of methanol in rats .............................. 7 
2.2.4  NEDO (1985b) 18-month inhalation study of methanol in mice ........................... 8 

2.3  Hypothesis-Based Weight-of-Evidence Evaluation of Methanol Carcinogenicity 
Bioassays ............................................................................................................................ 9 
2.3.1  The Soffritti et al. (2002) results should not be given much weight in the 

evaluation of carcinogenicity. ................................................................................ 9 
2.3.2  The Apaja (1980) graduate thesis should also not be given much weight ........... 13 
2.3.3  Although the NEDO (1985a) rat study should be considered as part of the 

weight of evidence, US EPA's reanalysis of that study should not be given 
much weight ......................................................................................................... 14 

2.3.4  The NEDO (1985b) mouse study results need to be considered in the 
weight of evidence ............................................................................................... 16 

2.4  Summary and Conclusions ............................................................................................... 16 

3  Weight of Evidence Regarding a Plausible Mode of Action for Methanol 
Carcinogenesis ........................................................................................................ 19 
3.1  Methanol Metabolism, Toxicokinetics, and DNA Reactivity ........................................... 19 

3.1.1  Metabolism and Toxicokinetics ........................................................................... 19 
3.1.2  Genotoxicity ........................................................................................................ 21 

3.2  Lymphohematopoietic Carcinogenic Potential of Formaldehyde ..................................... 21 
3.2.1  The weight of evidence does not support a causal association between 

formaldehyde exposure and lymphoma ............................................................... 22 
3.3  Hypothesis-Based Weight-of-Evidence Evaluation of the Proposed Modes of 

Action for Methanol Carcinogenesis ................................................................................ 23 
3.3.1  There is no evidence to support a mode of action for methanol 

carcinogenesis that involves formaldehyde as the ultimate carcinogen .............. 24 
3.3.2  There is no evidence to support a mode of action for methanol 

carcinogenesis that involves oxidative stress, particularly in humans ................. 26 
3.3.3  Summary .............................................................................................................. 26 

4  Conclusions ............................................................................................................ 28 
4.1  Consideration of Methodological Limitations in Critical Studies in Considering 

Alternative Accounts ........................................................................................................ 29 
4.2  Comparison of Alternative Accounts for Reported Effects from Methanol 

Exposure ........................................................................................................................... 31 



  

Methanol_WoE_Final   Gradient
 

References ......................................................................................................................... 34 



  

Methanol_WoE_Final  1 Gradient
 

1 Introduction and Background 

 Methanol is naturally produced in small amounts in the human body as a result of metabolism and 

dietary sources such as fruit, vegetables, and alcoholic beverages (US EPA, 2009).  Methanol also has 

many commercial uses, as it is a building block for many chemical products, including those used in 

construction, housing and automotive industries, and consumer products such as varnishes, shellacs, 

paints, windshield washer fluids, and antifreeze (US EPA, 2009).  The demand for methanol has 

increased in recent years, and is expected to continue to increase, because of its use in biodiesel fuels (US 

EPA, 2009). 

 

 There are no epidemiology studies of methanol carcinogenicity in the published literature.  The 

only human studies that exist are neurological case reports and occupational studies.  Recently, however, 

several animal studies (Sofritti et al., 2002; Apaja, 1980; and NEDO, 1985a, 1985b all cited in US EPA, 

2009) have been put forth as supporting potential carcinogenic effects of methanol (US EPA, 2009).  

However, two of these studies (Sofritti et al., 2002; Apaja, 1980 cited in US EPA, 2009), reporting 

increased incidence of lymphoma in rodents, may have been confounded by chronic respiratory infection 

in the animals.  The other two studies (NEDO, 1985a, 1985b cited in US EPA, 2009) that were 

methodologically more robust reported no increased tumor incidence in the animals.  The only reported 

carcinogenic effects from these studies is from US EPA's reanalysis (US EPA, 2009) of the NEDO 

(1985b) rat study; US EPA reported an increased incidence of pheochromocytomas in high-dose females 

from reanalysis of the NEDO (1985b) data (US EPA, 2009).   

 

 Despite the lack of substantial and consistent toxicological evidence for methanol carcinogenesis, 

US EPA has proposed two modes of action for methanol carcinogenesis:  1) metabolism of methanol to 

formaldehyde, followed by formaldehyde induction of lymphoma via one of the modes of action recently 

proposed in US EPA's draft toxicological review of formaldehyde (US EPA, 2010); and 2) induction of 

carcinogenesis via oxidative stress caused by hydrogen peroxide (H2O2) release during catalase-induced 

metabolism of methanol to formaldehyde.  The proposed modes of action, however, find little support 

with regard to biological plausibility or human relevance in the current scientific literature.    

 

 Acceptance of methanol as a human carcinogen on the strength of observed associations of 

exposure and effect seen in the animal studies requires accepting the existence of underlying biological 

processes that embody the causal forces, whether or not these underlying causal processes are identified.  

This is true of any observed association that is deemed causal, but what is notable about methanol and 
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lymphoma, and the proposed modes of action involving formaldehyde that has been put forth in support 

of this apparent association, is that the current understanding of methanol metabolism (slow half-life for 

metabolism to formaldehyde – 3 hours) and formaldehyde metabolism (fast half-life for metabolism to 

formic acid – 1 minute) raises the issue of whether the phenomena observed in the animal studies can be 

interpreted as causal and consistent with known biology.  Also notable, with regard to the proposed mode 

of action involving oxidative stress induction by catalase activity from methanol metabolism, is that 

catalase is not involved in human metabolism of methanol (only in animal metabolism of methanol), 

raising the issue of whether the observed phenomena in animals are even relevant to humans.  It is not 

simply that the underlying biological causal processes are unproven – or even that they are hypothetical – 

but rather, that there seems to be no scientifically plausible means for sufficient causal processes to 

operate based on what is believed to be true about methanol and lymphoma, particularly in humans.   

 

 In short, one is faced with a contradiction between the apparent (though not certainly causal) 

association of lymphoma with methanol exposure in at least some animal studies and the apparent 

(though unproven) impossibility of such a causal effect in view of current biological understanding, and 

relevance to humans.  The apparent contradiction can be reconciled in one of two ways:  1) by accepting 

that carcinogenic risks in animals are actually increased and positing that the biological impossibility of 

such increases is somehow mistaken – that is, since the effect appears, it must have a possible causal 

explanation, or 2) by concluding that doubts about possible mechanisms have merit, and the apparent 

association of methanol and lymphoma reported in a few animal studies does not in fact indicate a causal 

connection (and that those studies showing lack of effect are indeed the ones to be taken at face value) – 

that is, the appearance of some apparent associations is in fact accounted for by chance or by 

shortcomings, which, according to this view, should be deemed false positive results.   

 

 We would argue that the process of evaluating the weight of evidence for human carcinogenesis 

from methanol largely comes down to evaluating the comparative degree to which each of these 

alternative accounts is supported by reference to scientific evidence.  The weighing should attend to 

observations that are consistent with and expected from each proffered explanation and its hypothesized 

underlying causes, but it should also note observations that are discordant.  In doing so, potential 

reasoning for why these discordant observations should not be regarded as definitively refuting – i.e., how 

they could, in fact, be consistent with the hypothesis being evaluated – should be examined.  The two 

competing accounts present different and essentially opposite proposals regarding which observations are 

to be regarded as revealing true, generalizable phenomena and which ones are leading us astray if we take 

them at face value. 
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 In pursuit of the first view – that causal mechanisms must exist because their effects are seen – 

several candidate causal mechanisms have been hypothesized (US EPA, 2009).  As these mechanisms are 

evaluated, it is important to consider their ad hoc nature; rather than being suggested a priori because of 

plausibly relevant observed properties, they are constructed after the fact specifically to propose a remedy 

to the fatal shortcoming of impossibility.  Furthermore, they are constrained by the need to offer a 

possible causal connection between lymphoma and methanol exposure without producing observable 

effects that contradict currently accepted knowledge and observations.  This ad hoc nature does not make 

the hypothesized mechanisms false, but it does put a premium on finding some independent, positive 

evidence of their operation and role rather than simply relying on their ability, if true, to furnish the 

needed mechanisms or apparent consistencies with observations, since they were chosen in part as 

support of these observations and proposed mechanisms.  

 

 In the present paper, we evaluate the scientific data relevant to the potential causal association 

between exposure to methanol and increased risk of lymphoma in humans using a structured approach to 

weight-of-evidence examination that we have developed and applied elsewhere (Rhomberg et al., 2010, 

2011).  Our analysis considers the proposed hypotheses and asks the following questions, considering 

possible ad hoc conclusions that have been put forth that are not consistent with the full body of evidence: 

 

1. What is necessary in the toxicological evidence, or in the proposed methanol modes of 

action, to support the hypothesis that methanol causes lymphoma?  What is sufficient, 

and are other elements also necessary? 

2. For those events or processes proposed as critical, what other observable manifestations 

should they have (in other tissues or species)?  Are these other manifestations indeed 

found? 

3. If either the operation or necessity of these proposed critical events were disproven, how 

else would one account for the array of outcomes? 
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2 Weight of Evidence Regarding Association Between Exposure to 

Methanol and Carcinogenesis in Humans and Animals 

 There is a lack of data in humans and limited data in animals for the carcinogenic effects of 

methanol.  Only four carcinogenicity studies of methanol in animals have been identified, and none of 

these studies were peer-reviewed until recently, following considerable controversy regarding the 

methodology and/or results of some of these studies.  To evaluate the weight of evidence of the methanol 

carcinogenicity data, the available studies and their methodological issues are summarized below, 

followed by several questions that should be considered in evaluating the evidence for carcinogenicity of 

methanol.  We then consider the strengths and limitations of each study in an attempt to answer these 

questions. 

 

2.1 Methanol Carcinogenicity in Humans 

 There are no epidemiology studies of methanol carcinogenicity in the published literature.  The 

only available data regarding methanol toxicity in humans are from case reports and a few occupational 

and controlled exposure studies of neurological effects (as discussed in the recent draft toxicological 

review of methanol by US EPA, 2009).  Because there are no human data to evaluate for potential 

carcinogenicity from methanol exposure, the remainder of this section will focus on the data from animal 

studies. 

 

2.2 Methanol Carcinogenicity in Animals 

2.2.1 Soffritti et al. (2002) oral (drinking water) study in rats 

 The study by Soffritti et al. (2002) was conducted at the European Ramazzini Foundation (ERF) 

and was originally published as a brief report that did not undergo peer review.  In this study, 100 male 

and 100 female Sprague-Dawley rats were exposed to 0, 500, 5,000, or 20,000 ppm methanol in drinking 

water for 104 weeks (two years), then the animals were kept under observation until their spontaneous 

death (up to 153 weeks).  Differences in tumor incidence between treated and control groups were 

evaluated using the χ2 test.  The authors reported increased incidences of all "hemolymphoreticular" 

tumors combined in high-dose females.  These tumors included lymphoblastic lymphoma, lymphoblastic 

leukemia, lymphocytic lymphoma, lympho-immunoblastic lymphoma, histiocytic sarcoma, monocytic 
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leukemia, and myeloid leukemia.  An increased incidence of ear duct carcinomas was also reported in 

high-dose males.   

 

 The ERF recently made available the data from the Soffritti et al. (2002) study and the results 

were evaluated by Cruzan (2009).  Lung pathology (including inflammation, dysplasia, or neoplasms) 

was present in a large majority of the treated and control rats, regardless of their age of death.  For 

example, lung pathology was reported in 80-96% of the rats that died before 18 months and in 87-94% of 

all rats at study termination.  A reanalysis of the tumor data by Cruzan (2009) using the standard National 

Toxicology Program (NTP) statistical analysis (based on poly3 and lifetable tests) indicated that the 

incidence of all hemolymphoreticular cancers combined was increased in all female treated groups 

compared to controls, but not in any of the treated males.  Of the hemolymphoreticular tumors, 92% 

occurred in the lung, and the only specific cancer of this type with an increased incidence in treated 

animals compared to controls was lympho-immunoblastic lymphoma in high-dose males and in all treated 

females.  The reanalysis also indicated that the incidence of ear duct carcinomas was increased in both 

high-dose males and females.  

 

 Cruzan (2009) noted that the methodology for carcinogenicity studies at the ERF, including the 

methanol study by Soffritti et al. (2002), does not conform to Organisation for Economic Co-operation 

and Development (OECD), US EPA, or NTP guidelines for carcinogenicity studies.  These guidelines 

require the termination of rat studies at 104 weeks so that the pathology of a sufficient number of controls 

and treated animals can be compared at the same age.  The guidelines also require the sacrifice of 

moribund animals to aid in the minimization of tissue decay, which could interfere with pathologic 

evaluation.   

 

 The European Food Safety Authority (EFSA, 2006) proposed the hypothesis that infection in the 

ERF rat colony, rather than treatment, was responsible for the increased incidence in lymphomas and 

leukemias in the ERF studies of rats exposed to aspartame and MTBE.  Others have suggested that 

infections in the ERF colony confounded the results of the methanol study as well (Cruzan, 2009; Schoeb 

et al., 2009a; Schoeb and McConnell, 2010).  The rat colony at ERF is not specific-pathogen-free (SPF); 

rather, the animals are conventionally maintained and therefore are subject to respiratory infections that 

can be misdiagnosed as lymphomas (Schoeb et al., 2009a; Schoeb and McConnell, 2010).  

 

 In 2010, pathologists from NTP performed a preliminary examination of tissue slides from the 

Soffritti et al. (2002) study during a site visit to ERF.  Histologic sections from various organs of 100 
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high-dose and 100 control male rats were examined and, in general, the NTP pathologists diagnosed 

fewer neoplasms and more inflammatory lesions than in the original findings, noting that the 

inflammation was consistent with chronic infection (Malarkey et al., 2010).  The results of this 

examination were not quantified in the site visit report.  The NTP pathologists recommended a formal 

pathology peer review to resolve these discrepancies.  Cruzan (2011 ACN needed) recently obtained, 

through a Freedom of Information Act (FOIA), a copy of the Slide Review Worksheet from the NTP 

evaluation that compared the individual slide evaluations from NTP and ERF (used in Soffritti et al., 

2002).  According to Cruzan (2011), the NTP pathologists did not agree with the ERF pathologist on the 

majority of lymphomas and ear cancers.  For example, the ERF reported lymopho-immunoblastic 

lymphoma (LIL) in the lungs for 23 rats (vs. only 1 reported by NTP), and reported an additional 29 rats 

with LIL in the lungs and other tissues (vs. only 12 reported by NTP).  Further, as discussed by Cruzan 

(2011), according to the NTP pathologists, no rats in the control group, and only 1 in the high-dose group 

(20,000 ppm methanol) had LIL in the lungs only, with 5 control and 7 high-dose rats having LIL in the 

lungs plus other tissues.  NTP pathologists also reported 6 ear carcinomas in the control rats and 9 in the 

high-dose group.  Therefore, contrary to the results presented by Soffritti et al. (2002), NTP examination 

of the Soffritti data does not support a conclusion of increased cancer risk from methanol exposure.  

 

2.2.2 Apaja (1980) dermal and oral (drinking water) study of malonaldehyde and methanol in 

mice 

 The study by Apaja (1980, as cited by US EPA, 2009) was written as a graduate thesis and the 

data were not published in the peer-reviewed literature.  The study was not designed to evaluate the 

carcinogenicity of methanol; rather, the study examined the carcinogenicity of malonaldehyde (as the 

dimethylacetal which hydrolyzes to malonaldehyde and methanol in dilute aqueous solution) and included 

methanol-only controls but no concurrent negative controls.  Apaja (1980, as cited by US EPA, 2009) 

exposed groups of 25 male and 25 female Swiss Webster mice from the conventionally maintained 

Eppley Institute colony to methanol in drinking water at doses of approximately 550, 1,000, or 2,000 

mg/kg-day six times per week until their spontaneous death (up to 120 weeks).  The mice in this study 

were euthanized when moribund.  The incidence of malignant lymphomas in methanol-treated mice was 

higher than the overall incidence in historical controls for high-dose females and mid-dose males, but the 

author concluded that these incidences were "within the normal range of occurrence of malignant 

lymphomas in Eppley Swiss mice," although no data were provided to support this.  A separate group of 

25 female mice was treated by dermal exposure to approximately 530 mg/kg-day methanol three times 
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per week until spontaneous death.  The incidence of malignant lymphomas in these mice was reported to 

be within the historical control range as well. 

 

 The reported incidences of lymphomas in the drinking water study were higher in methanol-only 

treated mice compared to those treated with both malonaldehyde and methanol, and no dose-response 

relationship is evident for methanol exposure and lymphomas when all groups treated with methanol 

(with or without malonaldehyde) are considered (see Table 1).  The location of the lymphomas (in terms 

of organ system involved) was not reported in this study.  Because the mice were not maintained under 

SPF conditions and there was a high level of pneumonia reported (8-28%), the Apaja (1980, as cited by 

US EPA, 2009) study may have involved respiratory infections similar to the ERF rat colony (TERA, 

2010). 

 

Table 1 
Lymphoma Incidence in Mice Exposed to Methanol and Malonaldehyde 

in the Study by Apaja (1980) 
 

Malonaldehyde 
Dose (mg/day) 

Methanol Dose 
(mg/day) 

% Lymphoma 

Males 
0 82.7 17 

28.0 49.8 0 
0 43.5 24 

17.8 31.5 12 
0 24.6 4 

10.3 18.2 25 
Females 

0 84.5 40 
23.5 41.8 4 

0 40.8 36 
14.8 26.2 28 

0 22.6 16 
8.6 15.3 36 

 

2.2.3 NEDO (1985a) two-year inhalation study of methanol in rats 

 A two-year inhalation study of methanol in rats was conducted by the New Energy Development 

Organization (NEDO) in Japan in the early 1980s, with the original report of the study prepared in 1985 

in Japanese (NEDO, 1985a, as cited by US EPA, 2009).  This study was not peer reviewed until recently, 

after the Methanol Institute had the study report translated into English. 

 

 In this study, groups of 52 male and 52 female F344 rats were exposed to 0, 10, 100, or 1,000 

ppm methanol by inhalation 19.5 hours per day for 104 weeks.  The study was conducted according to 
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OECD guidelines and OECD Good Laboratory Practices (GLP).  The animals were maintained under 

SPF conditions and were checked for antibodies to infectious agents every four months.  The authors 

reported no statistically significant increases in tumor incidence in treated animals compared to controls 

using Fisher's exact test.  As part of their recent draft toxicological review of methanol, US EPA (2009) 

reanalyzed the data from the 2008 translation of the study, also using Fisher's exact test, and reported 

increased incidences of lung adenomas and carcinomas combined in high-dose males compared to 

concurrent controls (p < 0.05).  This was based on incidences of six adenomas and one carcinoma in high-

dose males and of one adenoma and no carcinomas in control males.  US EPA (2009) also reported an 

increase in the incidence of pheochromocytomas, which are tumors of the adrenal gland, in high-dose 

females compared to NTP historical control rates (p < 0.05) but not compared to concurrent controls.  The 

authors of this study did not conduct dose-response analyses of the data. 

 

 The NEDO (1985a, as cited by US EPA, 2009) study was independently peer-reviewed in 2009 

through the Eastern Research Group (ERG) at the request of US EPA (ERG, 2009).  Three of five 

reviewers agreed with the NEDO study authors that there was no conclusive evidence of carcinogenicity.  

One reviewer concluded that additional analyses, such as evaluations of dose-response relationships, 

might have provided positive results.  The final reviewer stated that induction of pheochromocytomas 

could not be conclusively dismissed, based on his own statistical analysis of the data which indicated a 

statistically significant increase of this tumor type in high-dose females compared to concurrent controls 

(ERG, 2009). 

 

2.2.4 NEDO (1985b) 18-month inhalation study of methanol in mice 

 A study of chronic methanol inhalation in mice was conducted by NEDO (1985b, as cited by US 

EPA, 2009) during the same time period as the NEDO inhalation study in rats.  Similar to the rat study, 

the NEDO mouse study was conducted according to OECD guidelines and GLP, and was not peer-

reviewed until recently (ERG, 2009).   

 

 In this study, groups of 52 male and 53 female SPF-maintained B6C3F1 mice were exposed via 

inhalation to the same concentrations of methanol as in the rat study (0, 10, 100, and 1,000 ppm) 19.1 

hours per day, for 78 weeks (18 months).  The authors stated that there were no increases in tumor 

incidence between controls and any of the treated groups.  An independent peer review through ERG 

(2009), as well as the recent reanalysis of the data by US EPA (2009), agreed with the authors' conclusion 

that there were no methanol-related carcinogenic effects in mice in this study. 
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2.3 Hypothesis-Based Weight-of-Evidence Evaluation of Methanol 

Carcinogenicity Bioassays 

 Based on the available data summarized above, we ask the following questions with regard to the 

animal evidence for carcinogenic effects of methanol: 

 

1. How should the Soffritti et al. (2002) study be evaluated in light of the methodological 
concerns, potential respiratory infections in ERF animals, and the results of the NTP 
examination of the slide data from this study? 

2. How should the Apaja (1980, as cited by US EPA, 2009) study be evaluated in light of 
the lack of concurrent negative controls for methanol and potential respiratory infections 
in the animals? 

3. Should the reanalysis of the NEDO (1985a, as cited by US EPA, 2009) data in rats by US 
EPA (2009) be used as evidence of carcinogenicity? What is the relevance of the adrenal 
gland pheochromocytomas observed in this study in the context of the tumors reported by 
Soffritti et al. (2002) and Apaja (1980, as cited by US EPA, 2009)? 

4. What is the relevance of the NEDO (1985b, as cited by US EPA, 2009) mouse study?  

5. Are there alternative explanations for the increased tumor incidences (or apparent tumor 
incidences) in any of these studies? 

 

 Some investigators have already considered the potential problems with the chronic animal 

studies of methanol described above, and there is debate as to how these issues may affect conclusions 

regarding the potential carcinogenicity of methanol.  We consider these studies and their related issues in 

our analysis below. 

 

2.3.1 The Soffritti et al. (2002) results should not be given much weight in the evaluation of 

carcinogenicity. 

 As described above, the study by Soffritti et al. (2002) was conducted at the ERF and was 

originally published without peer review.  The study design did not conform to any established guidelines 

for carcinogenicity studies, and the animals were conventionally maintained.  Increased incidences of all 

hemolymphoreticular tumors combined were observed in all treated females, but not in treated males.  

The vast majority of these tumors occurred in the lung, and lung pathology (particularly inflammation) 

was present in almost all of the rats in this study.  The incidence of ear duct carcinomas was also 

increased in both high-dose males and females.  The validity of these findings has been the subject of 
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debate because of potential problems with the study design and the pathologic evaluation of the animal 

tissues. 

 

 Because the animals in the ERF rat colony are conventionally maintained rather than being kept 

under SPF conditions, the EFSA (2006) proposed the hypothesis that infection in the colony was 

responsible for the increased incidence in lymphomas and leukemias in the rat carcinogenicity studies of 

aspartame and MTBE conducted at the ERF.  Others have suggested that infections, such as Mycoplamsa 

pulmonis disease, confounded the results of the ERF methanol study as well (Schoeb et al., 2009a; 

Schoeb and McConnell, 2010).  The hypothesis that infections were responsible for the tumor findings in 

ERF rat studies has sparked debate in the scientific literature.  A group from US EPA (Caldwell et al., 

2008) responded to this hypothesis, focusing on the studies of MTBE (Belpoggi et al., 1995, 1999). 

 

 Caldwell et al. (2008) stated that M. pulmonis infection was not confirmed in the rats used for the 

MTBE studies, but there were no reports available noting whether any testing for the infection occurred.  

M. pulmonis is common in conventionally-maintained rats and is the most likely cause of bronchial 

infection in such rats (Schoeb et al., 2009a).  Approximately 77% of control and treated rats in the ERF 

studies of MTBE, aspartame, and methanol combined had bronchitis (Schoeb and McConnell, 2010).  

Recent testimony of the lead author of the MTBE bioassay indicated that the ERF animal colony has been 

screened for pathogens and parasites annually since 2001, after the methanol study was completed, and 

antibodies to "mycoplasma" have been found (as noted by Schoeb and McConnell, 2010). 

 

 Caldwell et al. (2008) stated that an increased incidence of hemolymphoreticular tumors is 

relatively rare in animals used for ERF studies and is generally associated with agents that tend to have 

similar chemical characteristics (such as methanol and MTBE) or metabolites in common (such as 

methanol, formaldehyde, aspartame, and MTBE).  They noted that this apparent chemical specificity for 

induction of hemolymphoreticular tumor types would not be expected from a mode of action of 

generalized infection in the animals.  In contrast, Schoeb et al. (2009a) pointed out that M. pulmonis 

disease is subject to exacerbation by a variety of factors, including chemical treatment, advancing age, 

and husbandry conditions.  Schoeb et al. (2009b) stated that it is possible that treatment with certain types 

of chemicals could exacerbate M. pulmonis disease, so that survival of ERF control rats or rats treated 

with other chemicals is not compromised because they aren't treated with chemicals that induce severe M. 

pulmonis disease.  Furthermore, Schoeb et al. (2009b) stated that it is inappropriate to assume that 

chemical specificity could apply to induction of lymphomas but not to exacerbation of a respiratory 

infection such as M. pulmonis disease. 
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 Similar to the methanol study, an increased incidence in hemolymphoreticular tumors was 

observed in treated female rats, but not in males, in the MTBE study.  Caldwell et al. (2008) stated that if 

hemolymphoreticular tumors are related to a lung infection, they should occur in both sexes.  Schoeb et 

al. (2009a) countered this argument, stating that because chemicals commonly differ in metabolism or 

toxicity between males and females, it is plausible that a chemical with greater toxicity in one sex could 

exacerbate M. pulmonis disease more strongly in those animals.  Similar to the argument regarding 

chemical specificity above, Schoeb et al. (2009b) also noted that one should not assume that chemical 

induction of lymphomas, but not exacerbation of M. pulmonis disease, can differ between male and 

female rats.  Cruzan (2009) pointed out that although the total number of hemolymphoreticular tumors 

was increased only in females in the methanol study, the incidence of lympho-immunoblastic lymphoma 

was increased in both males and females; thus the argument by Caldwell et al. (2008) does not hold true 

for the methanol study. 

 

 Animals in carcinogenicity studies conducted at the ERF are kept under observation until their 

spontaneous death, rather than being sacrificed at 104 weeks as required by NTP and other guidelines.  

Caldwell et al. (2008) suggested that the increased incidences of hematolymphoreticular tumors observed 

in ERF studies, but not in bioassays of the same chemicals conducted at other institutions, are attributable 

to the longer study duration at ERF, as these tumors tend to occur more frequently in older rats.  This is 

not supported by the data, however.  Schoeb and McConnell (2010) pointed out that in the ERF bioassays 

for methanol, aspartame, and MTBE, 66.5% of tumors in the lung occurred within 104 weeks.  In the 

methanol study, there was no difference in the percentage of animals with hemolymphoreticular tumors 

between those dying prior to 104 weeks and those dying after 104 weeks (Cruzan, 2009).  Thus, it does 

not appear that a study duration beyond the standard 104-week time point is advantageous for detecting 

tumor induction by methanol. 

 

 Caldwell et al. (2008) stated that lung infection in the ERF colony is an acute event that happens 

terminally in older animals and was not present throughout the animals in the MTBE study.  Schoeb et al. 

(2009a) stated that M. pulmonis disease is not an opportunistic disease of aged rats but is acquired by 

young animals from affected mothers and persists for life.  As noted above, lung pathology, including 

inflammation, was consistent in animals from the methanol study, regardless of age of death (Cruzan, 

2009).  Lung pathology was reported in 80-96% of the rats that died before 18 months and, thus, was not 

an old-age response (Cruzan, 2009). 
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 The predominant form of lymphoma reported in the methanol, aspartame, and MTBE studies 

conducted at ERF is "lympho-immunoblastic," which is not a recognized lymphoma type in rats, and the 

organ most frequently affected was the lung (Cruzan, 2009; Schoeb et al., 2009a).  In the methanol study, 

92% of the hemolymphoreticular tumors were found in the lungs, suggesting that either the rats were 

highly susceptible to these tumors because of lung inflammation, or that the observations may not have 

been tumors (Cruzan et al., 2009).  Other than lymphoma-like lesions reported in association with M. 

pulmonis disease, no form of lymphoma in rats has such an organ distribution (Schoeb et al., 2009a).  

Schoeb and McConnell (2010) stated that the lymphoma lesions in the studies of aspartame and MTBE 

were reportedly characterized by accumulation of lymphocytes, plasma cells, and neutrophils, and that 

such lesions in the lungs of conventionally-maintained rats are more likely to be due to M. pulmonis 

disease than to chemical induction of a rare type of lymphoma with an uncharacteristic organ distribution.  

Overall, Schoeb et al. (2009a) and Schoeb and McConnell (2010) consider the evidence to be convincing 

that the rats in the ERF bioassays of methanol, aspartame, and MTBE had M. pulmonis disease, and that 

lesions caused by this disease may have been interpreted by ERF pathologists as pulmonary lymphomas. 

 

 The results of a preliminary examination of the histologic sections from the Soffritti et al. (2002) 

study by pathologists from NTP provides support for the confounding of the study results by infection.  

As noted above, NTP pathologists diagnosed fewer leukemias and lymphomas in the lung and more 

inflammatory lesions consistent with chronic infection than in the original findings (Malarkey et al., 

2010).  They and others (Schoeb et al., 2009a; Schoeb and McConnell, 2010) recommended a formal 

pathology peer review of respiratory sections from the studies at ERF.  NTP pathologists also diagnosed 

"about half" of the inner ear carcinomas as reported in the original findings (Malarkey et al., 2010); a 

similar difference was found between the number of ear duct carcinomas diagnosed by a formal NTP 

PWG and ERF pathologists in the aspartame study (Cruzan, 2009).  Further, as discussed above, recent 

review of the Slide Review Worksheets from the NTP evaluation (Cruzan, 2011) indicates that NTP 

pathologists did not agree with the ERF pathologist on the majority of lymphomas and ear cancers, and 

contrary to the results presented by Soffritti et al. (2002), the NTP examination of the Soffritti data does 

not support a conclusion of increased cancer risk from methanol exposure.  A formal peer review of all 

histologic sections from the methanol study would be helpful to confirm the reported findings, as the 

preliminary examination by NTP was only a partial review that was "not sufficient to support or refute the 

overall conclusions of the studies" as reported by the ERF (Malarkey et al., 2010).   

 

 Another issue with the Soffritti et al. (2002) study, and other carcinogenicity studies conducted at 

the ERF, is that all tumors derived from blood-forming cells are grouped together and termed 
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"hemolymphoreticular tumors," and the incidence of this group of tumor types is reported.  Individual 

tumor types should be considered separately, because each is derived from a different cell type and is a 

distinct disease with a unique mechanism of action.   

 

 Overall, the Soffritti et al. (2002) study appears to have serious methodological flaws.  It was not 

conducted according to established guidelines for carcinogenicity bioassays, and the use of 

conventionally-maintained animals increases the potential for confounding of the cancer effects by 

infections.  The likelihood of such confounding is strengthened by the presence of lung inflammation in 

the majority of the rats and the fact that almost all of the hemolymphoreticular cancers, including 

lymphomas, were found mainly in the lungs, which is uncharacteristic of lymphomas in rats.  The 

potential misdiagnosis of lung infections as lymphomas is a serious concern, particularly in light of the 

diagnosis of fewer tumors and more inflammatory lesions in a subset of tissue slides from this study by 

NTP pathologists compared to the study authors.  All of these issues make it difficult to draw conclusions 

about causation from this study; thus, it should not be given much weight in an evaluation of 

carcinogenicity of methanol. 

 

2.3.2 The Apaja (1980) graduate thesis should also not be given much weight 

 The Apaja (1980, as cited by US EPA, 2009) study of malonaldehyde carcinogenicity in mice 

from the Eppley Institute has not been published in the peer-reviewed literature and was not designed to 

evaluate the carcinogenicity of methanol.  For mice exposed to methanol in drinking water, the author 

reported an increased incidence of lymphomas in high-dose females and mid-dose males compared to the 

overall incidences in historical controls, but concluded that the incidences were still within the normal 

range for that strain of mice at the Eppley Institute.  As noted above, no dose-response relationship was 

evident for methanol exposure and lymphomas in this study when all groups treated with methanol (with 

or without malonaldehyde) are considered.   

 

 A recent peer review of the Apaja (1980, as cited by US EPA, 2009) study, conducted through 

Toxicology Excellence for Risk Assessment (TERA, 2010), noted several problems with the 

methodology and reporting of this study, and these limit the usefulness of the findings for assessing the 

potential carcinogenicity of methanol.  There were no concurrent negative controls in this study, so only 

historical control data were available for comparison.  The use of historical controls likely confounds the 

interpretation of the data, as these controls were not matched to the experimental group in each aspect of 

treatment except methanol exposure.  Nevertheless, the author reported that the lymphoma incidence in 
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methanol-treated animals was still within the historical control range, although this range was not 

provided. 

 

 The mice in the Apaja (1980, as cited by US EPA, 2009) study were not maintained under SPF 

conditions and no evidence of disease surveillance in the mouse colony over the course of the study was 

reported.  This increases the likelihood that the mice in this study may have had respiratory infections, 

which is further strengthened by the author's report of a high incidence of pneumonia (8-28%) in the 

mice.  The peer review report noted that the histopathological data were not adequately described, 

however, and the locations of the reported lymphomas were not provided (TERA, 2010).  Thus, it is not 

known whether any of the lymphoma lesions occurred in the lungs, nor whether they were characteristic 

of M. pulmonis disease or another type of infection. 

 

 Overall, the Apaja (1980, as cited by US EPA, 2009) study does not provide evidence of a 

carcinogenic effect of methanol in mice.  Although increased incidences of lymphomas were reported in 

some dose groups compared to the overall incidence in historical controls, the author stated that these 

incidences were within the normal range of occurrence in historical controls, and no dose-response 

relationship was observed.  It is not known whether the use of concurrent negative controls would have 

provided clear evidence of carcinogenicity, or would have strengthened the findings of a lack of 

carcinogenicity.  It is also unclear if the findings are confounded by infections, which would strengthen 

the evidence for a lack of carcinogenic effects.  Because of the concerns with the methodology and 

reporting of the Apaja (1980, as cited by US EPA, 2009) study, it should not be given much weight in the 

evaluation of methanol carcinogenicity.  This is supported by the conclusions in the report of the peer 

review of this study, in which three of the four panel members stated that the study should not be used for 

cancer classification (TERA, 2010).     

 

2.3.3 Although the NEDO (1985a) rat study should be considered as part of the weight of 

evidence, US EPA's reanalysis of that study should not be given much weight 

 Unlike the drinking water studies by Soffritti et al. (2002) and Apaja (1980, as cited by US EPA, 

2009), the inhalation study of methanol by NEDO (1985a, as cited by US EPA, 2009) was conducted 

under established guidelines and the animals were maintained under SPF conditions and checked 

regularly for infections.  The study authors reported no increased incidences of tumors, including 

lymphomas, in the methanol-treated rats compared to concurrent controls.  The study recently underwent 
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peer review through ERG (2009), and US EPA (2009) recently reanalyzed the data from this study after 

an English translation became available. 

 

 The reanalysis of data from this study by US EPA (2009) reported increased incidences of lung 

adenomas and carcinomas combined in high-dose males compared to concurrent controls.  Only one of 

the lung tumors in this dose group was a carcinoma, however, and the remaining six tumors were benign 

adenomas.  This reanalysis also indicated an increased incidence of adrenal gland pheochromocytomas in 

high-dose females compared to NTP historical control rates, but not compared to concurrent controls.  As 

noted above, concurrent controls provide a better comparison, as they are matched more closely to the 

experimental group and are less likely to confound the interpretation of the data.  Thus, the comparison to 

historic controls does not enhance the evaluation of carcinogenicity when data for concurrent controls are 

available.  

 

 In the report of the peer review of the NEDO (1985a, as cited by US EPA, 2009) study, three of 

the five reviewers agreed with the study authors that there was no conclusive evidence of methanol 

carcinogenicity; one reviewer suggested that dose-response analyses may provide positive results; and 

one reviewer stated that induction of pheochromocytomas could not be conclusively dismissed after his 

own analysis indicated a statistically significant increase in the incidence of this tumor in high-dose 

females compared to concurrent controls.   

 

 The NEDO (1985a, as cited by US EPA, 2009) study should be given more weight in the 

evaluation of methanol carcinogenicity because of its robust study design and use of healthy animals.  

Overall, this study does not demonstrate a carcinogenic effect of methanol in rats.  The reanalysis of the 

data by US EPA (2009) should not be given much weight, as it appears to have combined benign and 

malignant lung tumors and emphasized comparisons to historical, rather than concurrent, controls in order 

to report a positive result.  If comparisons to historical control groups are considered, it is noteworthy that 

the incidence of pheochromocytomas in high-dose males was decreased compared to historical controls 

from the same studies used by US EPA (2009) for comparison to pheochromocytoma incidence in high-

dose females.  The US EPA (2009) reanalysis does not support carcinogenicity in the NEDO (1985a, as 

cited by US EPA, 2009) study, as it does not indicate an increased incidence of any malignant tumor type 

compared to concurrent controls.  The independent statistical analysis of the pheochromocytomas by one 

of the peer reviewers should not be dismissed, but the statistical methods were not reported and the results 

are not consistent with the lack of induction of this tumor type compared to concurrent controls in the 

analyses by the study authors and US EPA (2009).   



  

Methanol_WoE_Final  16 Gradient
 

 

 Moreover, in weighing the evidence for potential methanol carcinogenesis, it is not clear how the 

US EPA's reanalysis (if accepted), including reported observations of one lung carcinoma and adrenal 

gland pheochromocytomas in high-dose females, fits with the Soffritti et al. (2002) and Apaja (1980, as 

cited by US EPA, 2009) results in which reported tumors were lymphomas and other 

hemolymphoreticular tumor types.  The lack of consistency regarding reported tumor types across these 

studies weakens the overall weight of evidence for methanol carcinogenesis.  That is, why should one 

assume the reported lymphomas in the Soffritti et al. (2002) and Apaja (1980, as cited by US EPA, 2009) 

studies are the tumor type of concern, when they carry no more weight (and possibly less, given the 

methodological flaws and potential confounding effects is these studies) than the reanalysis of the NEDO 

(1985a) study by US EPA where lung adenomas and adrenal gland pheochromocytomas have been 

reported?  Therefore, in addition to potential problems with each individual study or reanalysis, the 

inconsistencies across the studies further weakens the evidence for methanol carcinogenesis. 

 

2.3.4 The NEDO (1985b) mouse study results need to be considered in the weight of evidence 

 Similar to the NEDO (1985a, as cited by US EPA, 2009) rat inhalation study, the NEDO (1985b, 

as cited by US EPA, 2009) mouse inhalation study was robust and the animals were SPF and routinely 

checked for infections.  The authors reported no increased incidences of tumors in any of the methanol-

treated groups compared to the concurrent controls.  These conclusions were consistent with those of an 

independent peer review of the study through ERG (2009) and of a recent review of the data by US EPA 

(2009). 

 

 The NEDO (1985b, as cited by US EPA, 2009) mouse study should be given more weight in the 

evaluation of methanol carcinogenicity because of the robust study design and use of healthy animals.  

This study provides evidence that there is no carcinogenic effect of methanol in mice. 

 

2.4 Summary and Conclusions 

 There are no epidemiology studies of methanol carcinogenicity available, so the weight of 

evidence regarding potential methanol carcinogenicity in whole organisms must rely on the available 

animal data.  These data are limited, however, as only four carcinogenicity studies in rodents have been 

identified:  chronic drinking water studies in rats (Soffritti et al., 2002) and mice (Apaja, 1980, as cited by 
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US EPA, 2009), and chronic inhalation studies in rats (NEDO, 1985a, as cited by US EPA, 2009) and 

mice (NEDO, 1985b, as cited by US EPA, 2009). 

 

 The Soffritti et al. (2002) and Apaja (1980, as cited by US EPA, 2009) studies have serious 

methodological flaws, and the potential confounding effects from suspected respiratory infections make it 

difficult to draw any conclusions about causation from these studies.  Thus, although they need to be 

considered, these studies should not be given much weight in the overall weight-of-evidence evaluation of 

methanol carcinogenicity.  Further, even if the methodological issues in the Soffritti et al. (2002) and 

Apaja (1980, as cited by US EPA, 2009) studies are overlooked, the data from these studies do not fit 

with other evidence from studies in healthy animals.  The induction of hemolymphoreticular and ear duct 

tumors in rats in the Soffritti et al. (2002) study and of lymphomas in the Apaja (1980, as cited by US 

EPA, 2009) study are not consistent with the NEDO (1985a, as cited by US EPA, 2009) rat study and 

NEDO (1985b, as cited by US EPA, 2009) mouse study results. 

 

 The NEDO (1985a, 1985b, both as cited by US EPA, 2009) rat and mouse studies should be 

given more weight in the overall weight-of-evidence evaluation because they are robust and there was no 

evidence of disease in the animals.  These studies reported no carcinogenic effects, of any of the tumor 

types reported by Sofritti et al. (2002) or Apaja (1980, as cited by US EPA, 2009), from chronic exposure 

to methanol.  Although US EPA (2009) reanalyzed the NEDO (1985a, as cited by US EPA, 2009) rat 

study, the reanalysis should not be given much weight because it appears to have combined benign and 

malignant lung tumors and emphasized comparisons to historical, rather than concurrent, controls in order 

to report a positive result.  The increased incidence of pheohromocytomas compared to historical controls 

is the only potential carcinogenic effect from the US EPA (2009) reanalysis of this study, and adrenal 

gland pheochromocytomas are very different from the lymphomas and other hemolymphoreticular tumor 

types reported by Soffritti et al. (2002) and Apaja (1980, as cited by US EPA, 2009), so it is not clear how 

these data support each other in the overall weight of evidence. 

 

 Without giving much weight to the Soffritti et al. (2002) study and the Apaja (1980, as cited by 

US EPA, 2009) thesis, we are left with the NEDO (1985a, 1985b, both as cited by US EPA, 2009) studies 

in rats and mice, which do not report a statistically significant carcinogenic effect of methanol.  And even 

if we accept the US EPA (2009) reanalysis of the NEDO (1985a, as cited by US EPA, 2009) rat study, we 

are left with one positive study (adrenal gland pheochromocytomas in rats) and one negative study (in 

mice).  Therefore, the best studies (NEDO studies) suggest either no carcinogenic effect (based on the 

original reported results), or inconsistent effects (if one accepts US EPA's reanalysis of the rat data), at 
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best, from chronic exposure to methanol.  And even the inconsistent effects within the NEDO studies are 

not consistent with the effects in the Soffritti et al. (2002) study and the Apaja (1980, as cited by US EPA, 

2009) thesis.  Another methanol bioassay in healthy animals would be helpful to confirm the results of the 

NEDO (1985a, 1985b, both as cited by US EPA, 2009) rat and mouse studies and add to the available 

evidence for consideration of the carcinogenicity of methanol. 

 

 Further, it is important to evaluate the reported carcinogenic effects in the context of whether 

there is a plausible biological mode of action for methanol carcinogenesis.  That is, if there is a plausible 

mode of action, then one might give more weight to the carcinogenesis data in the overall weight of 

evidence.  However, as discussed in the next section, there is little support in the scientific literature for 

the proposed modes of action for methanol carcinogenesis.  Therefore, the overall weight of evidence, 

including the lack of evidence for a plausible mode of action, does not support a causal association 

between chronic methanol exposure and carcinogenesis.   
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3 Weight of Evidence Regarding a Plausible Mode of Action for 

Methanol Carcinogenesis 

 As discussed in the previous section, the overall weight of evidence from the methanol 

toxicological data, and the lack of human data, provides little support for a causal association between 

exposure to methanol and carcinogenesis (particularly lymphoma) in animals and humans. 

 

 Despite these findings, US EPA's recent draft toxicological review of methanol (US EPA, 2009) 

proposes two potential modes of action for methanol-induced lymphoma: 

 

1. Methanol metabolism to formaldehyde, followed by formaldehyde induction of 
lymphoma via one of the modes of action recently proposed in US EPA's draft 
toxicological review of formaldehyde (US EPA, 2010). 

2. Induction of carcinogenesis via oxidative stress caused by hydrogen peroxide (H2O2) 
release during catalase-induced metabolism of methanol to formaldehyde.  

 

 To evaluate the weight of evidence with regard to the plausibility of these proposed modes of 

action, below we summarize what is known about metabolism, toxicokinetics, and DNA reactivity of 

methanol in animals and humans, followed by what is known about the lymphohematopoietic 

carcinogenic potential of formaldehyde in animals and humans.  In light of what it is known, and what has 

been proposed, we set out several questions that should be considered in evaluating the weight of 

evidence for the plausibility of these two modes of action. 

 

3.1 Methanol Metabolism, Toxicokinetics, and DNA Reactivity 

3.1.1 Metabolism and Toxicokinetics  

 The metabolism and toxicokinetics of methanol have been extensively studied and are 

summarized in a recent review by Cruzan (2009) and in US EPA's toxicological review (2009).  Methanol 

is endogenously produced and therefore naturally present in animals and humans.  It is also naturally 

present in the human body due to dietary sources such as fruits, vegetables, and alcoholic beverages.  

Methanol is needed for "one-carbon" additions to nucleic acids, proteins, etc.  Once methanol is absorbed 

(via inhalation or oral exposure), it is rapidly distributed to all organs, and the tissue:blood concentration 

ratios are predicted to be similar via different routes of exposure.  The blood level of methanol typically 
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ranges from 1 to 4 mg/L (Cruzan, 2009).  Under physiological conditions, methanol is metabolized to 

formaldehyde, which is then oxidized to formic acid, and further to carbon dioxide.  The metabolism of 

methanol in rats and mice is different from that in humans.  In rats and mice, methanol can be 

metabolized to formaldehyde via catalase or alcohol dehydrogenase (ADH1), with metabolism by 

catalase resulting in H2O2 as a byproduct.  In humans, only ADH1 is involved in the metabolism of 

methanol to formaldehyde.  Once formaldehyde is formed, formaldehyde dehydrogenase and S-

formylglutathione hydrolase are involved in rapidly metabolizing formaldehyde to formic acid in both 

animals and humans.  Formic acid is then converted to carbon dioxide via a folate-dependent enzyme 

system pathway in humans and a folate-dependent enzyme system and CAT-peroxide system in animals 

(US EPA, 2009; Cruzan, 2009; Hayes, 2001).  

 

 The half-life of administered methanol (approximately 3 hours) is much longer than the half-life 

of formaldehyde (approximately 1 minute) (US EPA, 2009; Cruzan, 2009); thus, accumulation of 

formaldehyde in tissues, as a result of typical methanol exposures, is not likely.  Typical environmental 

exposures to methanol for humans are likely less than 22 mg/kg-day, based on the OSHA methanol 

standard of 200 ppm1, and more typically are in the range of 0.3-1.1 mg/kg-day from dietary intake of 

aspartame (Kavet and Nauss 1990).  The typical "background" body burden of methanol is 0.5 mg/kg 

(Kavet and Nauss 1990).   

 

 In rats and mice, catalase metabolism of methanol to formaldehyde produces H2O2 as a byproduct 

(Kavet and Nauss, 1990).  Since H2O2 (a reactive oxygen species) induces oxidative stress, often leading 

to lipid peroxidation and oxidative DNA damage in cells where it is produced, oxidative stress has been 

proposed as a potential mechanism of action for methanol carcinogenesis (US EPA, 2009).  Parthasarathy 

et al. (2006, as cited in Cruzan, 2009) observed increased lipid peroxidation products in lymphoid tissue 

in rats exposed to 2370 mg/kg-d methanol, but exposure to similar levels (2000 mg/kg) in rabbits, mice, 

and monkeys did not increase oxidative DNA damage in lung, liver, or bone marrow cells (Shakov et al., 

2007 and Siu et al., 2007, as cited in Cruzan, 2009).  Recent studies show that chronic treatment of mice, 

rabbits, and moneys with methanol (2 g/kg i.p.) (McCallum et al., 2010a,b) did not result in increased 

levels of oxidative DNA damage (as measured by 8-oxo-dG) in bone marrow, spleen, kidney, lung, or 

liver in any species tested.  In addition, as part of one of the studies (McCallum et al., 2010a), fibroblasts 

from DNA-repair deficient mice (oxoguanine glycosylase (Ogg1) knockout (KO) mice deficient in the 

enzyme responsible for the repair of 8-oxo-dG DNA damage) were treated with methanol and did not 

                                                      
1 The OSHA standard for methanol is 200 ppm, which equals 262 mg/m3.  If we assume an inhalation rate of 10 m3/day for 
workers, a body weight of 70 kg, and a 60% absorption rate from inhalation (Kavet and Nauss, 1990), this results in a "worst-
case" dose of 22 mg/kg-day methanol. 
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accumulate 8-oxo-dG DNA damage.  Further, in vivo exposure of Ogg1 KO mice to methanol (2 g/kg 

i.p.) did not result in increased levels of 8-oxo-dG in bone marrow, spleen, kidney, lung, or liver 

(McCallum et al., 2010a,b).  Overall, these data suggest that methanol does not induce oxidative DNA 

damage. 

 

3.1.2 Genotoxicity  

 Methanol genotoxicity assays have been predominantly negative, as discussed in Cruzan (2009) 

and in US EPA's draft toxicological review (US EPA, 2009).  In vitro assays in bacteria and mammalian 

cell culture (Chinese hamster lung (CHL) cells, mouse lymphoma cells, Syrian hamster embryo cells, and 

human cells) are more than 75% negative, including negative results in human cell culture.  The NEDO 

(1987, as cited in Cruzan, 2009 and US EPA, 2009) genotoxicity assays in CHL cells were negative for 

forward mutations and chromosomal aberrations (CA), but did display a slight increase in sister 

chromatid exchanges (SCE) in CHL cells at the highest methanol concentration (28.5 mg/L). 

 

 In vivo methanol genotoxicity studies have been almost entirely negative (in mice), as discussed 

in Cruzan (2009) and by US EPA (2009), except for two old abstracts (Chang et al., 1983 and Pereira et 

al., 1982, as cited in Cruzan, 2009) that claimed to have observed increased chromosome aberrations 

(CA) in animals from methanol exposure, but not an increase in micronuclei (MN); these studies have not 

been found in published literature.  Wang et al. (2008, as cited in Cruzan, 2009) measured formaldehyde-

induced DNA adducts (deoxyadenosine adducts) in rats after formaldehyde or methanol exposure (via 

drinking water) and found no increase in these adducts in either leukocytes or liver from methanol or 

formaldehyde exposure.  A recent study by Swenberg (2010, unpublished), however, shows relatively 

small increases above endogenous levels of formaldehyde-induced dG adducts in rats exposed to high 

levels of methanol, but, even at these high doses, the endogenous adducts far outnumber the exogenous 

adducts.  NEDO (1987, as cited in Cruzan, 2009 and US EPA, 2009) found no increase in micronuclei 

(MN) formation in SPF mouse bone marrow cells upon gavage dosing with concentrations of methanol 

(1,050, 2,110, 4,210, and 8,410 mg/kg) comparable to (or higher than) the doses used by Swenberg (2010, 

unpublished).   

 

3.2 Lymphohematopoietic Carcinogenic Potential of Formaldehyde  

 As discussed by US EPA (2009) and Cruzan (2009), one proposed mechanism is that 

formaldehyde, generated from the metabolism of methanol, is the ultimate carcinogen from methanol 
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exposure.  Therefore, it is important to consider the weight of the available evidence put forth as 

supportive of a causal association between formaldehyde exposure and lymphoma, particularly 

hemolymphoreticular cancers of the lung that have been suggested to be causally associated with 

methanol exposure.  Below we summarize what is known about the potential for formaldehyde to cause 

lymphoma. 

 

3.2.1 The weight of evidence does not support a causal association between formaldehyde 

exposure and lymphoma 

 As discussed in several recent review articles (Cruzan, 2009; Rhomberg et al., 2011; Golden et 

al., 2006; Pyatt et al., 2008), the weight of evidence does not support a causal association between 

formaldehyde exposure and hemolymphoreticular cancers (particularly lymphomas).  In fact, the current 

debate regarding formaldehyde lymphohematopoietic carcinogenesis is whether formaldehyde exposure 

causes increased risk of leukemia, not lymphoma.  Since leukemias and lymphomas derive from different 

cells types, they should be considered separately (as discussed above), and consequently, the 

formaldehyde human data do not support a carcinogenic mechanism for methanol and lymphomas.   

 

 Cancer-type aside (i.e., lymphoma or leukemia), the weight of evidence does not support a causal 

association between formaldehyde exposure and any type of lymphohematopoietic cancers.  As 

summarized in our hypothesis-based weight-of-evidence (HBWoE) evaluation of formaldehyde 

(Rhomberg et al., 2011), there is no lymphohematopoietic cancer or group of lymphohematopoietic 

cancers for which associations with formaldehyde were found consistently within or across human 

epidemiology studies.  Although some statistically significant associations were reported, these were 

outnumbered by null findings using related exposure metrics, and there were no consistent exposure-

response relationships observed.  Because of the lack of consistency across studies, it is most likely that 

any observed effects were a result of confounders, limitations in statistical methods (e.g., multiple 

comparisons), disease misclassification, and/or exposure misclassification/measurement error.  

Furthermore, the available studies of formaldehyde hematotoxicity in both animals and humans provide 

little evidence for formaldehyde-associated leukemia, with animal studies generally reporting neither 

hematotoxicity nor leukemia associated with formaldehyde inhalation or ingestion.  And finally, based on 

evidence suggesting that formaldehyde does not move beyond the nasal respiratory mucosa to increase 

levels in the blood, and the lack of evidence for distant site formaldehyde-induced DNA damage beyond 

the nasal mucosa, the overall weight of evidence provides little support for the three proposed modes of 

action for formaldehyde leukemogenesis:  1) directly targeting bone marrow hematopoeitic stem cells; 
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2) targeting nasal stem cells, in nasal-associated lymphoid tissue (NALT), that later home to bone 

marrow; or 3) targeting circulating hematopoeitic stem cells that later home to bone marrow.   

 

3.3 Hypothesis-Based Weight-of-Evidence Evaluation of the Proposed Modes of 

Action for Methanol Carcinogenesis 

 The plausibility of the two proposed modes of action for methanol carcinogenesis have been 

extensively reviewed by Cruzan (2009), and also as part of comments provided by the Methanol Institute 

(MI, 2010) on US EPA's Draft Toxicological Review of Methanol (US EPA, 2009).  We have considered 

the data summarized above in addition to discussions by Cruzan (2009) and the MI comments (MI, 2010), 

and have come to the following questions with regard to the proposed modes of action.    

 

 With regard to the proposed mode of action involving formaldehyde as the ultimate carcinogen, 

several key questions need to be considered: 

 

1. How does one account for the different tumor types reported from formaldehyde 
exposure (predominantly leukemias) vs. methanol exposure (lymphomas)? 

2. Is it biologically plausible for methanol exposure, at typical environmental exposure 
levels, to lead to concentrations of formaldehyde in tissues above endogenous levels?   

3. How does one account for differences in genotoxic effects between methanol and 
formaldehyde, if formaldehyde is ultimately leading to the mutations proposed to induce 
carcinogenesis from methanol exposure? 

4. How does one account for the weight of evidence supporting a lack of a causal 
association between formaldehyde and lymphoma, or any lymphohematopoietic cancer? 

 

 With regard to the proposed mode of action involving oxidative stress from catalase production of 

H2O2, additional key questions need to be considered: 

 

5. What is the evidence that methanol exposure leads to conditions of oxidative stress? 

6. Since this mechanism is based on induction of oxidative stress from H2O2 released during 
catalase metabolism of methanol to formaldehyde, and humans utilize only alcohol 
dehydrogenase to metabolize methanol to formaldehyde, what is the human relevance of 
this proposed mechanism? 
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3.3.1 There is no evidence to support a mode of action for methanol carcinogenesis that involves 

formaldehyde as the ultimate carcinogen  

 The weight of evidence does not support a mode of action for methanol carcinogenesis involving 

formaldehyde as the ultimate carcinogen.  First, the tumor types reported in the methanol toxicity studies 

are lymphomas, which are different from leukemias predominantly reported in the formaldehyde 

epidemiology and toxicity studies, and as stated above, these two types of lymphohematopoietic tumors 

derive from different cell types and need to be considered separately.  Therefore, the debate regarding 

formaldehyde leukemogenesis aside, the toxicological and epidemiological formaldehyde carcinogenesis 

data (if accepted) do not support an association between methanol exposure (via metabolism to 

formaldehyde) and increased risk of lymphoma.  

 

 Second, if methanol carcinogenesis involves formaldehyde as the ultimate carcinogen, one would 

expect similar genotoxic effects for methanol exposure and formaldehyde exposure, and this is not the 

case.  High exposures to formaldehyde have been shown to induce DNA-protein crosslinks and 

formaldehyde-DNA adducts in the nasal mucosa of rats, and in bacterial and mammalian in vitro assays 

(US EPA, 2010; Rhomberg et al., 2011).  However, as already discussed, methanol genotoxicity assays 

have been essentially negative and, although high exposure concentrations may lead to a small increase in 

formaldehyde DNA adducts (Swenberg, 2010 unpublished), even higher exposure concentrations were 

not found to be genotoxic or tumorigenic (NEDO, 1987, as cited in Cruzan, 2009 and US EPA, 2009).  

Further, no studies have reported formaldehyde-induced DNA-protein crosslinks from methanol 

exposure.   

 

 Third, central to the plausibility of the formaldehyde mode of action is that methanol exposure 

would necessarily need to lead to levels of formaldehyde in the blood above endogenous levels.  As 

discussed above, given that methanol is metabolized slowly to formaldehyde (half-life of three hours) and 

then formaldehyde is quickly metabolized to formic acid (half-life of 1-minute), it is not biologically 

plausible that formaldehyde, generated as the result of typical human methanol exposure levels, will 

accumulate in tissues above endogenous levels.  In fact, there is no evidence presented by US EPA (2009) 

or others suggesting that typical human methanol exposures lead to increased levels of formaldehyde in 

the blood beyond endogenous levels.  Further, there is a lack of evidence supporting increased levels of 

formaldehyde in the blood even from direct exposures to high concentrations of formaldehyde.  Lu et al. 

(2010) showed that exposure to formaldehyde at concentrations much higher than typical human exposure 

levels (10 ppm for 6 hours/day for 1 to 5 days) are unlikely to increase endogenous levels of 
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formaldehyde beyond the nasal mucosa.  As discussed above, Wang et al. (2008, as cited in Cruzan, 

2009) measured formaldehyde-induced deoxyadenosine (dA) adducts in rats after formaldehyde or 

methanol exposure and found no increase in adducts in either leukocytes or liver from methanol or 

formaldehyde.  As already discussed, a recent study by Swenberg (2010, unpublished) found relatively 

small increases above endogenous levels of formaldehyde-induced dG adducts in rats exposed to high 

concentrations of methanol.  Even at these high doses, however, the endogenous adducts far outnumbered 

the exogenous adducts.  Although these data suggest the possibility that, at least in rats, exposure to very 

high concentrations of methanol could lead to small increases above endogenous levels of formaldehyde 

in the blood and in the levels of formaldehyde DNA-adducts, other data do not support a high 

mutagenic/genotoxic potential for this level of adducts, consistent with the lack of genotoxicity observed 

in the majority of methanol genotoxicity studies.  For example, NEDO (1987, as cited in Cruzan, 2009 

and US EPA, 2009) found no increase in micronuclei (MN) formation in SPF mouse bone marrow cells 

upon gavage dosing with concentrations of methanol (1,050, 2,110, 4,210, and 8,410 mg/kg) comparable 

to (or higher than) the doses used by Swenberg (2010, unpublished); the NEDO study also found no 

increase in tumorigenesis.  Therefore, much lower, typical human exposures to methanol (less than 22 

mg/kg-day) would likely be insufficient to generate biologically relevant levels of formaldehyde DNA 

adducts (i.e., the level of exogenous adducts would be extremely small compared to the level of 

endogenous adducts, as suggested by Swenberg (2010, unpublished) from much higher methanol 

concentrations), and consequently, would not induce sufficient genotoxicity above background levels to 

cause an increased risk in tumorigenesis.   

 

 Further, although studies suggest that the metabolism of methanol is similar in rodents and non-

human primates, even though the first step in the metabolism occurs through different pathways (catalase 

in rodents vs. ADH1 in humans and non-human primates) (Kavet and Nauss, 1990), it is worth 

considering that at very high exposure concentrations, where metabolic saturation begins to occur, 

resulting in increased blood levels of methanol, that perhaps there are differences between species that 

could result in different rates of methanol metabolism to formaldehyde.  In fact, physiologically based 

pharmacokinetic (PBPK) models for methanol in rats, monkeys, and humans (Horton et al., 1992; 

Bouchard et al., 2001) show that metabolism is very similar across species at concentrations less than 

1200 ppm, but methanol blood levels begin to differ across species at higher exposure concentrations.  

Therefore, the potential for species differences in methanol metabolism should be considered as part of 

interpretation of results from very high methanol exposure concentrations.   
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 Finally, and also central to the lack of plausibility of this mode of action, is that the scientific 

basis for an association between formaldehyde exposure and lymophohematopoietic carcinogenesis 

(predominantly leukemogenesis) is weak.  Although there is considerable debate regarding the possibility 

of an association, the overall weight of evidence provides little support for formaldehyde leukemogenesis 

(Rhomberg et al., 2011).  Therefore, until the weight of evidence shifts more in favor of an association 

between formaldehyde exposure and increased risk of lymphoma (and currently this is unlikely since 

there is only weak to no evidence for an increased risk of a different type of lymphohematopoietic cancer 

from formaldehyde exposure – leukemia), there is little scientific basis for entertaining the possibility that 

methanol metabolism to formaldehyde leads to an increased risk of lymphoma.     

 
3.3.2 There is no evidence to support a mode of action for methanol carcinogenesis that involves 

oxidative stress, particularly in humans 

 There is little support for a proposed mode of action in animals (and no support in humans) for 

methanol carcinogenesis involving the production of reactive oxygen species and oxidative stress from 

the metabolism of methanol to formaldehyde via catalase which produces H2O2 as a byproduct.   

 

 As discussed above, the animal data do not support an association between methanol exposure 

and oxidative stress.  Although some evidence of oxidative stress has been observed in rats exposed to 

high concentrations of methanol (Parthasarathy et al., 2006, as cited in Cruzan, 2009), exposure to similar 

levels in rabbits, mice, and monkeys did not increase oxidative DNA damage (as measured by 8-oxo-dG 

adducts) in lung, liver, or bone marrow cells (Shakov et al., 2007 and Siu et al., 2007, as cited in Cruzan, 

2009; McCallum et al., 2010a,b).   

 

 The lack of evidence for an oxidative stress mechanism for methanol carcinogenesis in animals 

aside, this proposed mechanism is not relevant in humans since ADH1, and not catalase, is involved in 

the metabolism of methanol to formaldehyde (US EPA, 2009; Hayes, 2001), and therefore H2O2 is not a 

byproduct of methanol metabolism in humans.  Consequently, the weight of evidence strongly contradicts 

an oxidative stress mode of action for methanol carcinogenesis in humans. 

 
3.3.3 Summary 

 The proposed modes of action for methanol carcinogenesis find little support in the scientific 

literature.  First, with regard to the proposed mode of action involving formaldehyde, there is no evidence 

that typical environmental exposures to methanol lead to levels of formaldehyde in blood or tissues that 
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are above endogenous levels; in fact, the evidence suggests this is biologically implausible.  Without 

increased levels of formaldehyde, the proposed mode of action involving formaldehyde as the ultimate 

carcinogen is not supported.  Further, the biological implausibility of the involvement of formaldehyde in 

methanol carcinogenesis is supported by toxicological observations.  That is, the tumor types reported 

from methanol exposure (lymphomas) are different from the tumor types reported from formaldehyde 

exposure (leukemias), and the two tumor types should be considered separately.  And finally, the current 

weight of evidence provides little support for an association between formaldehyde exposure and 

increased risk of any lymphohematopoietic cancer (leukemia or lymphoma).  Therefore, with little basis 

for asserting that formaldehyde exposure leads to leukemia or lymphoma, there is little, if any, scientific 

basis for asserting that the generation of formaldehyde from methanol metabolism is causally associated 

with the reported increase in methanol-induced lymphomas.     

 

 Second, animal data provide little support for the proposed mode of action involving oxidative 

stress from catalase production of H2O2 during metabolism of methanol to formaldehyde.  Moreover, 

given that humans do not utilize catalase for this metabolism (i.e., methanol is metabolized to 

formaldehyde via alcohol dehydrogenase), the weight of evidence strongly contradicts an oxidative stress 

mode of action in humans.   

 

 Finally, the lack of evidence for the two proposed modes of action for methanol carcinogenesis is 

supported by weak evidence of methanol carcinogenesis in animals (as discussed earlier), where the only 

positive studies are possibly confounded by chronic respiratory infection in the animals.  If the 

carcinogenesis data were more convincing, they would provide more of a basis for proposing a 

carcinogenic mode of action.  Taken as a whole, however, the inconclusive evidence of carcinogenesis in 

animals, together with lack of evidence for methanol-induced genotoxicity, and evidence that the 

proposed modes of action are either biologically implausible or lack human relevance, suggests that the 

overall weight of evidence for a causal association between methanol exposure and increased risk of 

lymphoma (particularly in humans) is not supported.  
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4 Conclusions 

 HBWoE comes down to evaluation of alternative "accounts" (Rhomberg et al., 2010).  An 

account (which we put forth in this context as a technical term), is a proposed set of explanations for the 

set of observed phenomena across the body of relevant observations.  The explanations need not be 

proven – what is important is that one set out what is being proposed as causal and generalizable 

phenomena (that constitute the basis for applying observations of biological perturbations or realized risks 

in other contexts to project potential risks to humans as they are exposed), what is being proposed as the 

basis for deviations that lead to observations that do not fit the hypothesized causal model (i.e., that would 

otherwise be counterexamples or refutations), what assumptions are made that are ad hoc (to explain 

particulars, but for which the evidence consists of their plausibility and the observations they are adduced 

to explain), what further auxiliary assumptions have to be made (and how reasonable they are in view of 

our wider knowledge and understanding), and what is relegated to error, happenstance, or other causes not 

relevant to the question at hand.  There are competing accounts, and one should evaluate the main 

accounts as to:  how the evidence supports them; what is necessary to assume; and overall, how the WoE 

for each suggests how compelling the account is. 

 

 The importance of considering alternative "accounts" is made explicit by Austin Bradford Hill in 

his seminal paper on distinguishing causality from association: 

 

None of my nine viewpoints can bring indisputable evidence for or against the cause-

and-effect hypothesis and none can be required as a sine qua non.  What they can do, 

with greater or less strength, is to help us to make up our minds on the fundamental 

question – is there any other way of explaining the set of facts before us, is there any 

other answer equally, or more, likely than cause and effect? (Hill, 1965) [emphasis 

added] 

 

 The essence of the accounts is that they constitute being explicit about Bradford Hill's "ways of 

explaining the set of facts before us."  They are not conclusions or findings, but rather provisional 

proposals for the reasons behind the set of observations at hand – noting proposed causal pathway 

commonalities among different observations and proposing reasons, even if only tentative and presumed, 

for why apparent contradictions to the general operation of those causal principles are to be provisionally 

accounted for, set out in a way that makes clear where assumptions, interpretations, and tentative 

inferences have been drawn.  It is by comparing alternative accounts – alternative hypotheses about what 
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causal effects actually exist – and assessing their comparative support from information at hand that we 

can judge how compelling each alternative should be deemed to be and, hence, with what degree of 

confidence we can judge the hypothesized causal processes (and their consequences for human risk 

estimation) to be supported by the factual record.  The support for each account is to be assessed by 

examining its success at explaining phenomena, its need for assumptions to fill in gaps (and the 

comparative reasonableness of those assumptions, compared to those needed for competing accounts), 

and its comparative invocation of ad hoc suppositions that are necessary to accommodate what might 

otherwise be inexplicable results.  An account is most compelling when it not only stands in accord with 

the data, but also helps "explain" the data in a parsimonious way (not elaborating a separate reason for 

every observation but instead finding common reasons for sets of observations) and, moreover, achieves 

this explanatory ability much more readily than any competing account.  The alternative accounts reflect 

the set of hypotheses and what reasons one in effect accepts as true for each set of available associated 

observations if one subscribes to the account.  

 

4.1 Consideration of Methodological Limitations in Critical Studies in 

Considering Alternative Accounts 

 Methanol presents an interesting example of a more general issue in carcinogen hazard 

identification:  the problem of how to consider the impact of studies with considerable methodological 

limitations.  One approach is to conduct an initial quality screen, and eliminate studies from consideration 

that fail to meet set standards of conduct.  The difficulty with this approach is that it is hard to reject 

completely the possibility that the omitted studies provide at least some information about real 

phenomena despite their failings, and this is exacerbated when (as with methanol) there are few 

rigorously conducted alternative studies on which to rely.  The approach risks criticism that inconvenient 

results at odds with a predetermined conclusion are being disqualified on technicalities.  Another 

approach is to include the questioned studies, but somehow to discount their weight in the overall 

conclusion.  When, as with methanol, the collective evidence reveals only questioned suggestions of 

effects of potential relevance, one can conclude that no rigorous basis for identifying a human hazard 

potential exists and assign a low likelihood to the agent's human carcinogenicity.  The difficulty with this 

approach is that, without an overt process for conducting the weighing, the conclusion is also subject to 

criticism on the grounds that studies were either over- or under-weighed, and it is not clear what to make 

of down-weighted but nonetheless non-rejected possibilities, nor why the overall conclusion is the best 

interpretation of the data at hand. 
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 In our view, our hypothesis-based approach to weight of evidence provides an improved 

approach; it neither eliminates studies outright nor takes them on face value.  By making the inference 

process explicit, and by calling attention to the reasoning behind a weight-of-evidence conclusion and 

specifically how it is connected to study results, it makes the process transparent and subject to legitimate 

scientific discussion about how compellingly data support specific interpretations.  The key to the process 

is to be explicit about the reasoning behind why particular study outcomes are to be seen as evidence of a 

potential carcinogenic effect in humans, and to recognize such inference as a generalization (and not just 

an extrapolation) – that is, as a hypothesized feature of the interaction of the agent with mammalian 

biology so as to lead to risk of generating tumors.  As a generalization, this feature ought to apply to all 

tested animals, or if it does not, there should be biological reasons behind the exceptions, and there should 

be other observable consequences of the hypothesized processes, evidence for or against which becomes 

part of the weight-of-evidence consideration.  In the hypothesis-based approach, parallelism or 

congruence of effects (either frank endpoints or evidence of the operation of the hypothesized causative 

processes) among datasets strengthens the argument for the existence and operation of the hypothesized 

risk-generating processes, and lack of concordance tends to refute its general existence, and hence the 

strength of its presumed application to humans.  The reasoning as to why incongruities and exceptions 

exist, at least in the form of hypothesized bases for their failure to conform to the hypothesized 

generalization, become part of the weight of evidence.   

 

 Each study outcome of potential relevance has alternative interpretations that must be weighed 

against one another – that the effect is real and is a manifestation of some process that the test animals 

have in common with humans, suggesting that humans might share the chemically-induced effects, or that 

the effect is an artifact of the study shortcomings and does not represent an instance of a tumor-generating 

process even in the study animals themselves, much less in humans, or even that the effect in the test 

animals is real enough, but its mode of action is such that it is a manifestation of a process specific to that 

strain or set of conditions and would not constitute a process generalizable to other systems, and therefore 

does not constitute a basis for inference of human cancer risk.  The patterns of congruence and mutual 

support – or the lack thereof – among all the studies in the body of evidence, provides information about 

the relative plausibility of these alternative explanations of individual results, and the weight of evidence 

as a whole comprises a comparative analysis of the relative credence one should place in the alternative 

accounts of the whole array of study outcomes at hand (in view of all of the data and the collections of 

explanations of the observed outcomes that constitute alternative accounts). 
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 In this view, the way to consider studies with methodological problems is to consider the 

alternative hypotheses that (a) despite the problems, the study results indicate a particular effect of human 

relevance, in view of the database-wide evidence for and against that effect, and the potential 

methodological problems have not effaced or biased the particular result, or (b) the study's apparent effect 

is in fact an artifact of its methodological limitations, in view of its incongruence with other study 

outcomes and the perceived likelihood that the methodological flaws could produce such an artifact. 

 

 In our view, in the case of methanol's weight of evidence, it is the lack of consistent connection or 

corroboration among the study results, combined with the ready and plausible alternative explanations 

that the apparent results are artifacts of poor experimental design and conduct – and further combined 

with the mechanistic implausibility of the apparent results in view of known biology and properties of 

methanol – that lead us to conclude that no compelling animal evidence of methanol's human 

carcinogenicity exists.  That is, we deal with the imperfect studies by explicitly considering and preferring 

the alternative explanation of apparent positive results as artifacts, finding this explanation more 

compelling than that they are true human-relevant effects that have shown through despite the study 

shortcomings, and that the difficulty in imagining a mechanistic basis for the apparent actions can be 

overcome by proposing that we are somehow mistaken about the severity of the difficulties.  In short, the 

interpretation of apparent positive animal results as artifacts is judged more plausible than that the 

disparate effects are real and indicators of potential risks in humans, with the differences among studies 

and the mechanistic difficulties explicable by an extensive set of special pleadings as to why they should 

not be refuting.    

 

4.2 Comparison of Alternative Accounts for Reported Effects from Methanol 

Exposure  

 For methanol, there are two accounts that need consideration.  One account consists of acceptance 

of the animal evidence as sufficiently compelling that, even in the face of no human data, with the 

concerns regarding the potential flaws and confounding effects in the animal studies, and inconsistency of 

effects across studies (if one accepts the reported effects), one of the proposed modes of action for 

methanol carcinogenesis must be right.  Moreover, the arguments against the biological plausibility of 

these modes of action must in some way be incorrect.  Acceptance of this account is associated with many 

unanswered questions and post hoc explanations for how the current data should be interpreted as 

supporting it.  This account requires that one accepts the reported exposure and disease information in the 

animal studies as true, even though methodological issues, including chronic respiratory infections in the 
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animals could have biased the results.  Furthermore, because of the weak and inconsistent toxicological 

evidence for a causal association, this account requires that one rely heavily on the truth of toxicokinetic 

and mechanistic hypotheses that permit a plausible biological mode of action.  To accept this account as 

true, one must accept either of two scenarios based on the two proposed modes of action.  For the first, 

one must accept that somehow typical environmental exposures to methanol can lead to concentrations of 

formaldehyde in tissues above endogenous levels, and that this increased level of formaldehyde can lead 

to carcinogenesis (particularly lymphomas), even though there are several lines of evidence that counter 

this hypothesis, including:  a) a large body of evidence suggesting the biological implausibility of 

increased blood and tissue levels of formaldehyde following typical human methanol exposures;  b) 

genotoxic and carcinogenic effects of formaldehyde are different from those observed from methanol 

(i.e., methanol is not genotoxic even at very high exposure concentrations, and reported carcinogenic 

effects from methanol are lymphomas and not leukemias that are the predominant tumor type reported in 

the formaldehyde studies), and c) the scientific basis for a causal association between formaldehyde 

exposure and leukemogenesis is weak (Cruzan, 2009; Rhomberg et al., 2011; Golden et al., 2006; Pyatt et 

al., 2008).  For the second scenario, one must accept that the oxidative stress mode of action proposed for 

animal carcinogenesis is somehow relevant to humans, even though methanol is metabolized to 

formaldehyde via alcohol dehydrogenase in humans and not catalase; therefore, not producing H2O2 and 

oxidative stress in humans.  If one is to conclude that methanol exposure is causally associated with 

human lymphoma, one must assert not only that these hypothesized modes of action are conceivably true 

but that it is indeed known that one of them is true, for otherwise an essential and utterly necessary 

element of the causal conclusion is missing. 

 

 For this account, there is a very large degree of ad hoc argument.  That is, the elements of this 

account are chosen so as to fit the hypothesis already put forth, not based purely on an evaluation of the 

weight of the evidence as a whole and how it may (or may not) support the proposed hypothesis.  

Consequently, alternative accounts need to be considered.  

 

 An alternative, and contrasting, account is that it is not possible for methanol to increase levels of 

formaldehyde in the blood and tissues from typical human methanol exposures, or for the metabolism of 

methanol in humans to lead to a condition of oxidative stress, and therefore there is no biologically 

plausible mechanism for methanol carcinogenesis in humans.  This is supported by a large body of 

toxicokinetic and mechanistic data in animals and in vitro, and by the largely negative toxicological 

evidence, which are considered under this account to be the true results, while those relatively isolated 

positive results are considered false positives attributable to potential flaws in experimental design and 
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confounding by chronic respiratory infection.  If this account is true, an association between methanol 

exposure and carcinogenesis (lymphoma) would be understood as not plausible for humans, and the few 

positive associations that have been observed in animals would be attributed to alternative explanations.  

That is, the apparent positive responses among the animal studies may actually have been some 

combination of false positives attributable to possible methodological problems and chronic respiratory 

infections in the study animals.  Or, given the evidence suggesting that the formaldehyde mode of action 

pathway is biologically not plausible, and the tumor types reported in the methanol-exposed animals were 

not the same as those reported in the formaldehyde studies, the results in the animal studies (if found to be 

truly related to methanol exposure) could only be due to a mechanism not relevant in humans (oxidative 

stress from catalase metabolism of methanol). 

 

 In comparing these two accounts, neither is proven or disproven, but when assessing the weight 

of the available evidence in support of either account, it is clear that the first account requires far more ad 

hoc assumptions and post hoc explanations.  In the first account, the inferences regarding potential human 

risk are not coming from the data themselves, but from assumptions invoked after the fact to fit the 

hypotheses put forth and without the evidence that would tie the weak toxicological and mode of action 

data causally to methanol exposure.  Therefore, the weight of evidence for this account (i.e., exposure to 

methanol is causally associated with lymphoma in humans) is weak in comparison to the more substantial 

weight of evidence supporting the lack of a causal association. 
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