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REVIEW ARTICLE

Consideration of the variability in control tumor incidence data at the Ramazzini 
Institute in evaluating treatment-related effects following chemical exposure

Robinan Gentrya, Tracy Greenea, Holly Bartowa, Cynthia Van Landinghama , Joseph Rodricksb and  
Harvey Clewellc 

aRamboll Americas Engineering Solutions, Inc., Monroe, LA, USA; bRamboll Americas Engineering Solutions, Inc., Arlington, VA, USA; 
cRamboll Americas Engineering Solutions, Inc., Research Triangle Park, NC, USA 

ABSTRACT 
The Ramazzini Institute (RI) has been conducting animal carcinogenicity studies for decades, many of 
which have been considered by authoritative bodies to determine potential carcinogenicity in humans. 
Unlike other laboratories, such as the U.S. National Toxicology Program (NTP), the RI does not provide 
a report or record of historical control data. Transparently documenting historical control data is critical 
in the interpretation of individual study results within the same laboratory. Historical control data allow 
an assessment of significant trends, either increasing or decreasing, resulting from changes in labora-
tory methods or genetic drift. In this investigation: (1) we compiled a dataset of the tumors reported in 
control groups of Sprague-Dawley rats and Swiss mice based on data included in published RI studies 
on specific substances, and (2) conducted case studies to compare data from this RI control dataset to 
the findings from multiple RI studies on sweeteners and corresponding breakdown products. We found 
considerable variability in the tumor incidence across multiple tumor types when comparing across 
control groups from RI studies. When compared to the tumor incidence in treated groups from mul-
tiple studies, the incidence of some tumors considered to be treatment-related fell within the variability 
of background incidence from the RI control dataset.

Abbreviations: CMCRC: Cesare Maltoni Cancer Research Center; CRL: Charles River Laboratory; DIPE: di- 
isopropyl-ether; EEL: European Experimental Laboratory; EFSA: European Food Safety Authority; 
ELFEMF: extremely low frequency electromagnetic fields; EPA: United States Environmental Protection 
Agency; ERF: European Ramazzini Foundation; ETBE: ethyl tert-butyl ether; FDA: United States Food and 
Drug Administration; GLP: Good Laboratory Practice; mg/L: milligram per liter; mg/kg-bw/day: mg per 
kg body weight per day; MTBE: methyl-tertiary-butyl ether; NIEHS: United States National Institute of 
Environmental Health Sciences; NIH: United States National Institutes of Health; NTP: National 
Toxicology Program; OECD: Organization for Economic Co-operation and Development; ppm: part per 
million; PWG: Pathology Working Group; RI: Ramazzini Institute; SD: Sprague-Dawley; SPF: specific 
pathogen-free; TAME: tert-amyl-methyl-ether
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Introduction

Since before its formal founding in 1987, the Cancer Research 
Center of the Ramazzini Institute (RI) has been performing 
and publishing the results of their carcinogenicity studies in 
rats or mice (Soffritti, Belpoggi, Minardi, et al. 2002). The RI 
has conducted studies investigating the carcinogenicity of 
vinyl chloride, benzene, formaldehyde, oxygenated gasoline 
additives, World Trade Center dust, extremely low frequency 
electromagnetic fields (ELFEMF), along with many other 
potentially carcinogenic agents (https://www.istitutoramazzini. 
it/about/). In the distant past, some of these studies had been 
considered by authoritative bodies to determine, both qualita-
tively and quantitatively, the potential for carcinogenicity in 
humans of the substances tested. In recent decades, however, 
studies conducted by the RI have been called into question 
by numerous regulatory and authoritative bodies, including 
the United States Food and Drug Administration (USFDA), the 
United States Environmental Protection Agency (USEPA), the 
European Food Safety Authority (EFSA), and the United States 
National Institutes of Health’s (NIH) National Toxicology 
Program (NTP), among others (Gift et al. 2013).

According to the RI, their carcinogenicity bioassay project is 
second only to that of the NTP and includes studies on a greater 
number of agents than in any other single laboratory (Soffritti, 
Belpoggi, Minardi, et al. 2002). Most of the agents studied by the RI 
were selected based on their presence in the environment and the 
number of people potentially exposed. The carcinogenicity bioas-
says performed by the RI are conducted following a basic design 
protocol with exposure beginning either during embryonal life 
(12th day of pregnancy), perinatal, or at 6–9 weeks of age and con-
tinuing for either 104 weeks, as in the case of the studies con-
ducted for formaldehyde (Soffritti, Belpoggi, Lambertin, et al. 2002) 
and methyl alcohol (Soffritti, Belpoggi, Cevolani, et al. 2002), or to 
end-of-life as in the case of studies conducted with aspartame 
(Belpoggi et al. 2006; Soffritti, Belpoggi, Esposti, Lambertini, Tibaldi, 
et al. 2006; Soffritti et al. 2007), with animals allowed to live until 
spontaneous death to account for tumors that may occur late in 
life. The routes of exposure for these studies are reportedly chosen 
to mimic the routes of human exposure including inhalation, intra-
peritoneal or intrapleural injection, ingestion (dietary or gavage), 
intratracheal instillation, and external exposure (radiation).

For nearly 40 years, the animals typically used in the RI 
studies were Sprague-Dawley (SD) rats from the Cesare Maltoni 
Cancer Research Center (CMCRC) of the European Ramazzini 
Foundation (ERF) colony (Soffritti, Belpoggi, Minardi, et al. 
2002). RI explains that the basic tumor incidences of this SD 
strain are well known, and the cancer susceptibility is not dif-
ferent from humans. According to the RI, their experimental 
research has been performed in highly standardized control 
conditions by largely the same team over decades.

In spite of claims by RI of highly standardized control con-
ditions, several of the RI lifetime bioassays have been heavily 

criticized by authoritative bodies due to study design (and 
protocol differences) and study conduct and analyses from 
other laboratories (EFSA 2006; Gift et al. 2013). A key criticism 
is that no information is provided for either the existence of 
a health monitoring surveillance program or the health status 
of RI’s source animals used over several decades (i.e. internal 
CMCRC/ERF rat colony) (Gift et al. 2013; Elmore et al. 2023a, 
2023b). Perceived health problems in the RI rat colony could 
have caused inflammatory changes in the lung, prompting 
discussions regarding the role of respiratory infections in the 
formation of selected tumors reported by RI (e.g. lymphoma/ 
leukemia) (Gift et al. 2013). It has been suggested that the 
observed lesions are confounded by possible pervasive infec-
tion and may be either neoplastic or inflammatory in origin; 
if neoplastic, the lesions may be the consequence of infec-
tion and not necessarily be treatment related.

In a review by USEPA scientists (Gift et al. 2013), it was 
noted that the fraction of RI control groups with a lymphoma/ 
leukemia rate of more than 10% has increased from 7% (three 
out of 43 studies) of RI studies conducted between 1988 and 
1989 to upwards of 82% (18 out of 22 studies) of studies con-
ducted from 2002 to 2006. The USEPA scientists indicated this 
noted increase may have been due to a “genetic drift associ-
ated with inbreeding of the colony and a more active immune 
system in the non-pathogen-free RI rats” (Gift et al. 2013). This 
explanation underscores a fundamental issue with the RI labo-
ratories, which is further compounded by rampant infections 
confirmed by the detection of antibodies and noted by Dr. 
Belpoggi in deposition (Rodricks and Turnbull 2010). 
Mycoplasma pulmonis infection persists despite immune and 
antibody responses (Schoeb et al. 1996, 2009).

In 2010, NTP pathologists and technicians conducted their 
preliminary review of selected RI pathology tissue sections 
(Malarkey et al. 2010), showing differences between NTP and 
Ramazzini scientists’ diagnoses of cancer types (e.g. concur-
rent lung infection vs. lymphomas/leukemias in methanol 
(Soffritti, Belpoggi, Cevolani, et al. 2002) and methyl-tertiary- 
butyl ether (MTBE) (Belpoggi et al. 1995) studies, inflamma-
tory infiltrates vs. ear/cranium neoplasms in methanol study 
(Soffritti, Belpoggi, Cevolani, et al. 2002)). Separately in 2011, 
USEPA and the United States National Institute of 
Environmental Health Sciences (NIEHS) jointly sponsored an 
independent group of scientists, the Pathology Working 
Group (PWG), to review RI-supplied tissue sections (a partial 
sampling was supplied) from a larger group of animal stud-
ies. The PWG concluded that the presence of respiratory 
infections rendered some RI diagnoses invalid (e.g. leukemias 
and lymphomas) (NTP 2011; Gift et al. 2013). Additionally, in 
response to a much earlier request in 2004, a pathology 
review demonstrated that RI’s diagnosis of mammary gland 
adenocarcinomas in one of the aspartame studies (Soffritti 
et al. 2007; Chiozzotto et al. 2011) were considered by select 
NTP reviewers to instead be fibroadenomas (NIEHS 2004).

In 2009, the RI was to open a European Experimental 
Laboratory (EEL) following the Organization for Economic Co- 
operation and Development (OECD) guidelines to maintain 
Good Laboratory Practice (GLP) certification from the Italian 
Minister of Health, the Italian GLP compliance monitoring 
authority (Gift et al. 2013). The outcome from the RI’s 
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establishment of the EEL is not clear, as publications that 
could showcase the results from the RI animal studies con-
ducted in the EEL after 2009 have not been identified.

In view of outstanding questions surrounding RI studies, his-
torical control data become even more critical in providing 
context for observed lesions. NTP and other laboratories pro-
vide historical control data to understand background inci-
dence of both cancerous and noncancerous lesions, “drift” or 
an increase in certain lesions over time, and how these 
changes over time might impact the interpretation of findings 
from these studies conducted by said laboratory. NTP com-
pares study findings to their historical control data to assess 
whether noted observations fall within the range of normal 
background variability. Except for a select group of RI historical 
controls from 1984 to 2001 reported in Bua et al. (2018) and 
historical control data for a select group of tumor types 
reported in Maltoni et al. (1983), the majority of historical con-
trol incidence from RI is not publicly available, contrary to what 
others have suggested (Soffritti, Belpoggi, Esposti, Lambertini, 
Tibaldi, et al. 2006; Bua et al. 2018; Falcioni et al. 2018).

The purpose of this evaluation was to attempt to create 
an RI historical control dataset to provide the means to com-
pare observations in any RI study against RI historical control 
data. The goal of this evaluation was to better understand 
the normal background variability in tumor incidence within 
SD rats and Swiss mice across control groups across RI stud-
ies and assess how findings in the RI treated groups for mul-
tiple compounds (aspartame, methyl alcohol, formaldehyde, 
and sucralose) compare. This evaluation is based solely on 
the experimental methods and tumor incidence data 
reported in published articles from the RI and does not take 
into account any deficiencies in experimental methodology 
or diagnostic processes or criteria of the RI that have been 
identified in other publications (Gift et al. 2013; Elmore et al. 
2023a, 2023b), such as infection, lack of pathology expert 
peer review, analysis of total tumors in some instances, and 
overt autolysis. Some of the latter considerations are noted 
in the discussion of the current evaluation. The compounds 
that are the focus of these comparative analyses were 
selected as they not only represent the potential for dietary 
exposure but also have been conducted by the oral route in 
multiple species. In addition, some recent RI mouse studies 
were conducted with specific pathogen-free (SPF) Swiss mice 
acquired from other laboratories. There was no indication 
that microbiological monitoring was performed during the 
course of these experiments conducted at the RI using 
acquired SPF mice. As part of the current evaluation, add-
itional comparisons were conducted to determine if back-
ground incidence between the early RI mouse colony and 
background incidence in acquired SPF mice is different. 
Implications of any identified differences are discussed.

Materials and methods

Identification of relevant studies for historical control 
dataset

As there are no comprehensive lists of the studies conducted 
by the RI, literature searches were conducted using PubMed 

and Google Scholar to identify all 2-year RI bioassays or RI 
lifespan carcinogenicity studies from which control data 
could be extracted, including the studies conducted for the 
case study chemicals. Search terms used for the literature 
searches included the last names of Ramazzini authors, taken 
from the RI webpage (https://www.istitutoramazzini.it/about/) 
or from other identified studies published by RI authors, 
combined with terms including “Ramazzini”, “carcinogenicity”, 
“lifetime” or “lifespan”, and “rat” or “mouse”.

Data extraction and organization of the RI control 
dataset

NTP has developed a dataset reporting historical pathology 
results in control groups across cancer bioassays in different 
test species and strains (NTP 2023). The current evaluation to 
develop a dataset of control tumor incidence data for RI fol-
lowed NTP practices for data extraction and organization, 
reporting data by study type and other relevant factors that 
include species, sex, route of administration, vehicle, study 
type, and laboratory. Tumor incidence is typically defined as 
the number of animals exhibiting a tumor type divided by 
the number of animals examined and is expressed as both 
raw counts and percentage. NTP historical control pathology 
tables also present the mean and standard deviation of 
tumor incidence and preneoplastic lesions, as well as the 
range of tumor incidence and preneoplastic lesions across 
studies, along with the number of studies summarized.

Study characteristics for RI studies in which control data 
were reported were tabulated according to study citation, 
substance tested, year of publication, experiment number, 
species/strain and gender, study duration, route of exposure 
and vehicle, number of animals per control group, tumor or 
preneoplastic lesion type, number of tumors or preneoplastic 
lesions in the control group,1 and percent tumor or preneo-
plastic lesion incidence within a study-specific control group. 
The compilation of these study characteristics from the con-
trol animals of the available RI studies is referred to hereafter 
as the RI control dataset. Control data from studies con-
ducted in rats and mice from 1987 to the present were 
chosen for comparisons as it brackets the time frame of 
when the selected case studies (case studies for comparison 
include aspartame, sucralose, formaldehyde, and methyl alco-
hol) were conducted and therefore should be representative 
of the potential background tumor incidence in control ani-
mals during the time these studies were conducted. Keeping 
the timeframe similar to the studies selected for a case study 
comparison decreases the chance of variability observed 
among control groups due to genetic drift within the SD rat 
or Swiss mouse colony of the RI. Also, it is likely that the 
methods used for pathological evaluation and the nomencla-
ture used to identify tumors would not have changed signifi-
cantly within this limited timeframe as compared to studies 
conducted decades before.

For the RI studies selected for the case study comparison, 
additional data collected included the number of animals, 
tumor incidence, and percent tumor incidence (including pre-
neoplastic lesions) for the control groups, as well as the 
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treated groups. Some discussion of these results is provided 
in the results section, with additional detailed information 
provided in supplemental files.

Control comparison

To compare individual study results to the assembled RI con-
trols in the RI control dataset, summary statistics were first 
derived for the combined control group data across the pub-
lished RI studies (with the same route of administration) sep-
arately for each tumor type reported for male and female 
rats or mice. The summary statistics determined for each 
tumor type were the mean incidence rate (reported as a per-
centage and equal to the incidence of the tumor type div-
ided by the number of control animals), the standard 
deviation of the incidence rate, and the minimum and max-
imum incidence rates seen across all the control groups 
being combined.

RI control data for all administration routes were com-
piled; however, the comparative analyses were limited to the 
oral route (dietary, drinking water, or gavage exposures), as 
the case studies were all conducted by the oral route. A pair-
wise comparison of the incidence of each tumor type 
reported in male or female control rats was conducted across 
the RI studies for all oral routes of administration. This pair-
wise comparison allowed for investigating oral route, vehicle, 
or diet, as a contributing factor to variability in the control 
incidence. Following NTP’s approach to reporting historical 
control information, we then combined the control data from 
the RI control dataset (developed as part of this evaluation) 
for all oral routes and compared the range of control inci-
dence to the incidence for tumor types reported by the RI 
authors to be treatment-related in the treatment groups 
from the designated case studies (aspartame, formaldehyde, 
and methyl alcohol). In these individual studies, treatment- 
related effects were considered those reported as signifi-
cantly different from concurrent controls or showed a statis-
tically significant trend. By following the NTP approach, we 
were able to rely on tumor incidence data from a larger pool 
of RI control animals to represent the range of background 
incidence.

The RI historical control data reported in Bua et al. (2018) 
– covering studies conducted between 1984 and 2001 – and 
Maltoni et al. (1983) were considered for limited tumor types 
in RI SD rats, and it is likely these control data were already 
considered as part of the studies included in our RI control 
dataset. The mean and standard deviation of the reported 
controls in Bua et al. (2018) fell within the range of values for 
each tumor type included in the RI control dataset. Further, 
Maltoni et al. (1983) did not disclose the date range for the 
historical control incidence data they reported, and, there-
fore, these data were not included in the RI control dataset.

For each case study (aspartame, formaldehyde, or methyl 
alcohol), several different comparisons were conducted. 
Initially, the percent incidence for each tumor type reported 
by the study authors to be statistically significantly increased 
compared to concurrent controls or reported to have a statis-
tically significant trend, was compared to the range of 

percent incidence from the RI control dataset for the years 
1987 to the present. Next, the relevant RI control data were 
subdivided into the following date ranges − 1992–1997, 
1997–2006, or 1992–2006 – to better represent the time 
period during which the studies for aspartame, formaldehyde, 
or methyl alcohol were conducted. The percent incidence 
reported for each treated group was then compared to the 
RI control dataset percent incidence using both trends ana-
lysis and pairwise comparisons to confirm the conclusions 
reached regarding purported treatment-related effects. For 
these analyses, statistical significance was determined by per-
forming (i) the Cochran–Armitage trend test on the incidence 
data (Cochran 1954; Armitage 1955) and (ii) Fisher’s exact 
test (Fisher 1935; Irwin 1935) between the concurrent control 
and each of the treated groups. Tumor incidence trends were 
considered significant if the Cochran–Armitage trend test had 
a p value of less than .05. If Fisher’s exact test p value was 
less than .05 for one or more of the treated groups (com-
pared to the concurrent control), the incidence was consid-
ered significantly increased. Comparative analyses for Swiss 
mice data were also conducted based on available studies, 
and designated case studies were for aspartame and 
sucralose.

Results

RI control incidence data

The literature search identified 119 possibly relevant RI car-
cinogenicity studies. A summary of the studies conducted in 
SD rats and Swiss mice are presented in Tables 1a and 1b. 
Because of the large number of studies identified, further 
details from these studies including the author and year of 
publication, year the study was conducted, test substance, 
and the lab from which the test animals were obtained, are 
presented in Supplemental Tables. The supplemental tables 
are categorized by rodent species: SD rats (Supplemental 
Table 1), Swiss mice (Supplemental Table 2), and other 
rodent species including Wistar rats, Golden hamsters, and 
B6C3F1 and RF/J mice (Supplemental Table 3). Of the 119 
studies identified as possibly relevant, there were multiple 
publications that either did not report any original data (e.g. 
reviews, commentaries), were not available for purchase, or 
were published in Italian only (Supplemental Table 4). Most 
accessible studies were performed years prior to publication, 
drawing from statements in the publications (e.g. referring to 
study start dates or references to current Italian laws regulat-
ing study conduct). The year of study conduct (if available) is 
included in Supplemental Tables 1–4. In the absence of a 
clear indication of when the study was performed, a study 
was assumed to have been conducted approximately 8 years 
prior to publication, based on the pattern noted for other RI 
studies.

RI SD rats control dataset

Of the 119 studies identified, 60 studies were conducted in 
SD rats and published between 1957 and 2005, the same 
species and strain RI used to evaluate the case study 
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compounds (aspartame, formaldehyde, or methyl alcohol). RI 
studies considered relevant for the RI control dataset 
include carcinogenicity studies with multiple routes of 
administration (i.e. drinking water, diet, oral gavage, intra-
peritoneal injection, intrapleural injection, and intratracheal 
instillation). Exposure in some RI rat studies, including those 
for formaldehyde and methyl alcohol, began at around 
8 weeks of age and continued for approximately 104 weeks, 
after which the exposure to treatment stopped and the rats 
were allowed to live until spontaneous death. In other RI 
studies, exposure began in utero and continued until spon-
taneous death, such as for aspartame (Soffritti et al. 2007; 
Chiozzotto et al. 2011), electromagnetic fields (Bua et al. 

2018), and mobile phone radiofrequency (Falcioni et al. 
2018). All RI SD rat control tumor incidence data are pre-
sented in Supplemental Table 5, otherwise known as the RI 
SD rat control group dataset.

The methods and results of each RI case study (i.e. aspar-
tame, formaldehyde, methyl alcohol in SD rats, and aspar-
tame and sucralose in mice) are discussed further below.

Outcomes from relevant RI studies conducted in SD rats

Aspartame
There are two RI aspartame carcinogenicity studies con-
ducted in SD rats, with the results reported in several 

Table 1a. Published Ramazzini Institute (RI) studies in SD rats.

Study conduct timeframe Reference study Test substance

2005 Falcioni et al. (2018) Mobile phone radiofrequency
2005 Soffritti et al. (2013) World Trade Center (WTC) dust
2005 Soffritti and Giuliani (2019) S-50 Hz MF and 1.8 GHz GSM radiofrequency radiation
2005 Soffritti et al. (2016a) Sinusoidal-50 Hz magnetic field and formaldehyde
2005 Bua et al. (2018) ELFEMF
2004 Vornoli et al. (2022) Aflatoxin B1 alone or with ELFEMF
2003 Soffritti, Belpoggi, Esposti, Lambertini (2006) Sodium arsenite
2002 Soffritti et al. (2016b) Sinusoidal-50 Hz Magnetic Field and c radiation
2002 Belpoggi et al. (2011); Soffritti, Minardi, et al. (2004) Fluoro-edenitic fibers
2001 Einbond et al. (2012) Black cohosh
1997 Tibaldi et al. (2020); Chiozzotto et al. (2011); Soffritti et al. (2007) Aspartame
1997 Belpoggi et al. (2006); Soffritti, Belpoggi, Esposti, Lambertini,  

Tibaldi, et al. (2006); Soffritti et al. (2005)
Aspartame

1995 Belpoggi, Soffritti, Minardi, et al. (2002) Tert-amyl-methyl-ether (TAME) and di-isopropyl-ether (DIPE)
1994 Belpoggi, Soffritti, Guarino, et al. (2002) Mancozeb
1993 Maltoni et al. (1999) Ethyl tert-butyl ether (ETBE)
1992 Soffritti et al. (2015) c-Radiation
1988, 1989, 1991 Maltoni, Minardi, Pinto, et al. (1997) Tamoxifen
1991 Soffritti et al. (1997) Chlorine
1990 Minardi and Maltoni (1998) Rockwool
1990 Soffritti, Belpoggi, Lambertin, et al. (2002) Formaldehyde and acetaldehyde
1990 Soffritti, Belpoggi, Cevolani, et al. (2002) Methyl alcohol
1989 Minardi et al. (2002) Vinyl acetate monomer
1988–1991 Belpoggi et al. (1995) MTBE
1986 Soffritti, Belpoggi, Cevolani, et al. (2002) Ethyl alcohol
1985 Maltoni, Ciliberti, Pinto, et al. (1997) Gasoline
1984 Soffritti et al. (1989) Formaldehyde
1984 Soffritti, Belpoggi, et al. (2004) Toluene
1981–1984 Maltoni and Minardi (1988) Detergency zeolites
1981 Maltoni et al. (1983) Benzene
1976, 1979, 1981 Maltoni et al. (1985, 1989) Benzene
1981 Minardi and Maltoni (1988) Asbestos
1981 Soffritti, Belpoggi, et al. (2004) Toluene
1980–1983 Conti et al. (1988) Para-methylstyrene
1980–1983 Cotti et al. (1988) Vinylidene chloride
1980–1983 Maltoni et al. (1982) Benzene
1980–1983 Maltoni and Cotti (1988) Vinyl chloride
1980–1984 Perino et al. (1988) Olive oil
1979 Maltoni et al. (1983) Benzene
1979–1983 Maltoni, Lefemine, Cotti, et al. (1988) Trichloroethylene
1979–1983 Maltoni, Cotti, Perino (1988) Methylene chloride
1978 Maltoni and Cotti (1986) Tetrachloroethylene
1977–1980 Ciliberti et al. (1988) Propylene
1977 Maltoni, Lefemine, Tovoli, et al. (1988) Chlorofluorocarbons
1976–1983 Maltoni et al. (1986) Trichloroethylene
1976–1979 Conti et al. (1988) Styrene oxide
1976–1979 Maltoni et al. (1983) Benzene
1975–1979 Maltoni, Lefemine, Tovoli, et al. (1988) Chlorofluorocarbons
1975–1983 Maltoni, Ciliberti, Cotti, et al. (1988) Acrylonitrile
1974–1977 Conti et al. (1988) Styrene
1971–1973 Maltoni et al. (1977) Vinyl chloride and vinylidene chloride
1971–1976 Maltoni et al. (1981) Vinyl chloride
1971 Maltoni and Lefemine (1974) Vinyl chloride
1971 Maltoni and Lefemine (1975) Vinyl chloride
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publications (Belpoggi et al. 2006; Soffritti, Belpoggi, Esposti, 
Lambertini, Tibaldi, et al. 2006; Soffritti et al. 2007; Chiozzotto 
et al. 2011). In the first study (Belpoggi et al. 2006; Soffritti, 
Belpoggi, Esposti, Lambertini, Tibaldi, et al. 2006), male and 
female SD rats (100–150/sex/group) were administered 0, 80, 
400, 2,000, 10,000, 50,000, or 100,0002 ppm aspartame in the 
diet equivalent to a daily intake of 0, 4, 20, 100, 500, 2500, or 
5000 mg/kg-bw/day, respectively, beginning at 8 weeks of 
age until spontaneous death (week 159) at which time cancer 
incidence was assessed. The authors reported a significantly 
increased dose-related trend in the incidence of total 

malignant tumors in both males and females, with a signifi-
cant increase in incidence following administration of 
50,000 ppm in females. A significant trend in the incidence of 
hyperplasia of the olfactory epithelium was reported by the 
authors in males and females, with significant increases in 
incidence reported following administration of 10,000 ppm 
and higher in both males and females. A significant trend in 
the incidence of preneoplastic and neoplastic lesions of the 
renal pelvis and ureter in female rats was reported with sig-
nificant increases in the incidence of preneoplastic and neo-
plastic lesions of the renal pelvis and ureter reported 

Table 1b. Published Ramazzini Institute (RI) studies in Swiss mice.

Study conduct timeframe Reference study Test substance

1997 Soffritti, Padovani, et al. (2016) Sucralose
1997 Soffritti et al. (2010) Aspartame
1989 Maltoni, Ciliberti, Lefemine, et al. (1997) Vinyl acetate monomer
1983–1985 Maltoni, Conti, Perino, et al. (1988) Benzene
1983–1985 Maltoni et al. (1989) Benzene
1981 Minardi and Maltoni (1988) Asbestos
1980–1983 Conti et al. (1988) Para-methylstyrene
1979–1983 Maltoni, Cotti, Perino (1988) Methylene chloride
1979–1983 Maltoni, Lefemine, Cotti, et al. (1988) Trichloroethylene
1977–1980 Ciliberti et al. (1988) Propylene
1977 Maltoni, Lefemine, Tovoli, et al. (1988) Chlorofluorocarbons
1976 Maltoni et al. (1986) Trichloroethylene
1975 Maltoni, Lefemine, Tovoli, et al. (1988) Chlorofluorocarbons
1971–1976 Maltoni et al. (1981) Vinyl chloride

Table 2. Variability of tumor incidence from SD rats dietary and drinking water studies.

Sex Tumor type Fisher’s exact probability

Tumor incidence significantly greater in dietary studies compared to drinking water studies
Female Bone head osteosarcoma 0.016
Female Ear duct carcinoma 0.0025
Female Intestine adenocarcinoma 0.04
Female Mammary gland fibroma and fibroadenoma 0.0275
Female Oral cavity lips and tongue acanthoma 0.0327
Female Ovaries cystadenoma 0.0263
Female Thymus benign thymoma 0.0001
Female Thyroid gland C-cell adenoma 0.0045
Female Thyroid gland C-cell carcinoma 0.0058
Female Thyroid gland follicular adenoma 0.0002
Female Thyroid gland follicular carcinoma <0.0001
Female Total benign tumor bearing animals <0.0001
Female Uterus leiomyosarcoma 0.0199
Female Uterus malignant schwannoma 0.0001
Female Uterus polyp <0.0001
Female Zymbal gland carcinoma 0.0075
Male Ear duct carcinoma 0.0162
Male Pancreas islet cell carcinoma 0.0385
Male Pituitary gland adenoma <0.0001
Male Subcutaneous tissue lipoma and fibrolipoma 0.0126
Male Thyroid gland follicular adenoma 0.0001
Male Thyroid gland follicular carcinoma <0.0001
Male Total benign tumor bearing animals <0.0001
Male Zymbal gland carcinoma <0.0001
Tumor incidence significantly greater in drinking water studies compared to dietary studies
Female Adrenal gland cortical adenoma 0.0091
Female Adrenal gland pheochromoblastoma 0.0117
Female Adrenal gland pheochromocytoma 0.0011
Female CNS brain oligodendroglioma 0.03
Female Mammary gland adenocarcinoma 0.0184
Female Pancreas islet cell adenoma 0.011
Female Pituitary gland adenoma 0.007
Female Uterus squamous cell carcinoma 0.0401
Male Adrenal gland pheochromoblastoma 0.0059
Male Adrenal gland pheochromocytoma <0.0001
Male CNS brain oligodendroglioma 0.0222
Male Testes interstitial cell adenoma 0.0034
Male Total malignant tumor bearing animals 0.0047

158 R. GENTRY ET AL.



following administration of 2000 ppm and higher. The inci-
dence of total lymphomas and leukemias was significantly 
increased following administration of 400 ppm and higher in 
female rats compared to concurrent controls, and a signifi-
cant trend in the incidence of lymphomas and leukemias was 
reported in both males and females. Statistically significantly 
increased tumor incidence or trends reported by the study 
authors are presented in Supplemental Table 6.

In the second study in which exposure was initiated in 
utero, male and female SD rats (70–95/sex/group) were 
administered 0, 400, or 2000 ppm dietary aspartame equiva-
lent to daily intake of 0, 20, or 100 mg/kg-bw/day aspartame, 
respectively (Soffritti et al. 2007; Chiozzotto et al. 2011). The 
study was initiated with adult females (designated as 
breeders by the study authors) administered the test diet 
from the 12th day of pregnancy through weaning, and then 
sacrificed. The offspring continued treatment until spontan-
eous death (around week 144). The study authors reported a 
significant increase in the incidence of uterine polyps follow-
ing administration of 400 ppm in females; however, the inci-
dence of uterine polyps was not significantly increased 
following administration of 2000 ppm. In male rats, the 
authors reported a significant trend in the incidence of total 
malignant tumors along with a significant increase following 
administration of 2000 ppm. In females, there was a signifi-
cant trend in the incidence of mammary adenocarcinomas 
and a significant increase in incidence of mammary adeno-
carcinomas following administration of 2000 ppm. The inci-
dence of lymphomas and leukemias was significantly 

increased following administration of 2000 ppm in both 
males and females, and there was a significant trend 
reported in female rats. Statistically significantly increased 
tumor incidence or trends reported by the study authors are 
presented in Supplemental Table 7.

In response to criticisms of the RI carcinogenicity studies, 
including the inability to histologically distinguish inflamma-
tory lesions from neoplasia (Schoeb et al. 2009), Gnudi et al. 
(2023) recently reevaluated lesions from these aspartame 
studies. Unfortunately, this re-analysis relied upon past 
flawed methods employed in the study which could not dif-
ferentiate neoplastic lesions from non-neoplastic lymphoid 
lesions in rodents (Elmore et al. 2023a, 2023b).

Formaldehyde
Formaldehyde was administered to groups of 50 male and 
50 female SD rats in drinking water at concentrations of 0, 
10, 50, 100, 500, 1000, or 1500 mg/L (0, 1.4, 7, 14, 70, 140, or 
210 mg/kg-bw/da)3 (Soffritti, Belpoggi, Lambertin, et al. 2002). 
The control group included 100 males and 100 females that 
received tap water only. Exposure began at seven weeks of 
age and continued for 104 weeks, with study termination 
and cancer incidence assessment following spontaneous 
death. Tumor incidences noted by the study authors included 
a significant increase in the incidence of total malignant 
tumors in males following administration of 1500 mg/L, and a 
significant increase in the incidence of testicular interstitial 
cell adenomas following administration of 1000 mg/L in 

Table 3. Summary statistics for tumors of interest across RI control groups in SD rats for studies conducted between 1987 and 2006 (oral route of 
administration).

Tumor type
Number of  

studies
Mean  

(%)

Standard  
deviation  

(%)
Minimum percent  

incidence (%)
Maximum percent  

incidence (%)
Total number of animals  

considered across all controls

Female rats
Intestine leiomyosarcomas 8 0.2% 0.47% 0.00% 1.33% 1538
Ear duct carcinoma 15 4.9% 3.93% 0.00% 14.67% 2030
Intestine leiomyoma 9 0.4% 0.44% 0.00% 1.05% 1594
Lymphoimmunoblastic lymphoma 4 5.0% 7.00% 0.00% 15.33% 370
Lymphomas and leukemias 21 9.5% 5.85% 0.00% 21.62% 2528
Mammary gland adenocarcinoma 20 8.6% 4.30% 1.03% 18.92% 3012
Mammary gland adenocarcinoma 20 8.6% 4.30% 1.03% 18.92% 3012
Pancreas exocrine adenoma 15 0.8% 0.77% 0.00% 2.00% 1989
Pancreas islet cell carcinoma 11 0.02% 0.06% 0.00% 0.20% 2206
Pelvis transitional cell carcinoma 3 0.0% 0.00% 0.00% 0.00% 310
Renal pelvis and ureter dysplastic carcinomas 1 0.0% NA 0.00% 0.00% 150
Renal pelvis and ureter dysplastic hyperplasia 1 1.3% NA 1.33% 1.33% 2
Total malignant tumor bearing animals 22 35.7% 11.21% 15.00% 59.46% 3006
Uterus polyp 18 13.5% 6.51% 5.41% 25.33% 2378
Zymbal gland sebaceous adenoma 9 0.6% 0.9% 0.0% 2.7% 1073
Male rats
Intestine leiomyosarcomas 8 0.1% 0.2% 0.0% 0.7% 1551
Adrenal gland pheochromoblastoma 18 23.1% 10.9% 6.7% 48.3% 2378
Adrenal gland pheochromocytoma 16 30.1% 16.3% 6.0% 58.9% 2087
Bone head osteosarcoma 12 3.4% 1.1% 0.0% 10.7% 1817
Ear duct carcinoma 14 4.6% 4.1% 0.0% 13.3% 1856
Glandular stomach adenomatous polyp 3 0.0% 0.00% 0.0% 0.0% 650
Intestine adenocarcinoma 11 0.1% 0.2% 0.0% 0.4% 1722
Intestine leiomyoma 9 0.1% 0.3% 0.0% 1.0% 1192
Lymphomas and leukemias 19 14.6% 9.3% 0.0% 40.0% 2237
Pancreas exocrine adenoma 14 0.9% 1.9% 0.0% 7.1% 1927
PNS other peripheral nerve malignant schwannoma 8 0.6% 0.9% 0.0% 2.0% 997
Spleen fibroangioma 12 0.3% 0.5% 0.0% 1.7% 1757
Testes interstitial cell adenoma 10 5.1% 4.6% 0.0% 12.0% 1706
Total malignant tumor bearing animals 20 32.4% 9.1% 18.3% 50.0% 2684
Zymbal gland sebaceous adenoma 10 0.1% 0.3% 0.0% 1.0% 1572
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males, but not following administration of 1500 mg/L. There 
was a significant increase in the incidence of lymphomas/leu-
kemias following administration of 100 mg/L and higher in 
males and following administration of 1000 and 1500 mg/L in 
females. Other tumor incidences noted by the study authors 
included significant increases in the incidence of malignant 
mammary tumors in females following administration of 
100 mg/L and higher, as well as the presence of rare stomach 
leiomyosarcomas, intestine leiomyomas, and leiomyosarco-
mas. Statistically significantly increased tumor incidence or 
trends reported by the study authors are presented in 
Supplemental Table 8.

Methyl alcohol
Soffritti, Belpoggi, Cevolani, et al. (2002) administered methyl 
alcohol in drinking water at concentrations of 0, 500, 5000, 
or 20,000 ppm (equivalent to 0, 70, 700, or 2800 mg/kg-bw/ 
day)4 to groups of 100 male and 100 female SD rats. Test art-
icle administration began when the animals were 8 weeks of 
age and continued for 104 weeks, with study termination 
and cancer incidence assessment following spontaneous 
death. Significantly increased tumor incidences noted 
included total malignant tumor-bearing animals and ear duct 
carcinomas at all doses in both males and females; and lym-
phomas and leukemias at all doses in females. Statistically 
significantly increased tumor incidence or trends reported by 
the study authors are presented in Supplemental Table 9.

RI control dataset for RI Swiss mice

Of the 119 studies identified, 11 were conducted in Swiss 
mice, the same species and strain used in RI aspartame and 
sucralose mice studies. Routes of administration for the 11 
studies included drinking water, diet, oral gavage, and inhal-
ation (see Supplemental Table 2). While most studies had 
exposures beginning around 8 weeks of age, continuing for 
approximately 78 weeks and ended weeks later at spontan-
eous death in the case of vinyl acetate monomer (Maltoni, 
Ciliberti, Lefemine, et al. 1997), both sucralose (Soffritti, 
Padovani, et al. 2016) and aspartame (Soffritti et al. 2010) 
exposure continued until spontaneous death. The aspartame 
and sucralose studies were conducted in 1997 (Soffritti et al. 
2010; Soffritti, Padovani, et al. 2016). In contrast, the Swiss 
mice control dataset was comprised primarily of studies con-
ducted from 1989 or earlier. All compiled historical tumor 
incidence control data in Swiss mice are presented in 
Supplemental Table 10.

Both the sucralose and aspartame studies were conducted 
with SPF Swiss mice obtained from the Charles River 
Laboratory (CRL) in Milan, Italy. There was no indication that 
microbiological monitoring was performed during the experi-
ments conducted at the RI. Although no historical control 
oncology or carcinogenicity data are provided on the CRL 
website for the Milan, Italy, facility, historical control data 
(assumed to be from the CRL Swiss mice colony) are pro-
vided in both the sucralose and aspartame publications 
(Soffritti et al. 2010; Soffritti, Padovani, et al. 2016). 
Comparative analyses with the Swiss mice control incidence 

in the RI control dataset and with the historical control data 
included in the sucralose and aspartame studies were 
conducted.

Review of the sucralose and aspartame studies indicated 
that the same control group was used for both of these stud-
ies, so a comparison of the most recent controls from the RI 
mouse colony (Maltoni, Ciliberti, Lefemine, et al. 1997) to the 
concurrent CRL control group from the sucralose and aspar-
tame studies was also conducted to determine if background 
incidence between the early RI mouse colony and back-
ground incidence from recent studies conducted with 
acquired mice from the CRL were different. This comparison 
indicated the ranges of tumor incidence across controls in 
the RI mouse colony (Maltoni, Ciliberti, Lefemine, et al. 1997) 
and the control groups from the sucralose and aspartame 
studies (Soffritti et al. 2010; Soffritti, Padovani, et al. 2016) 
obtained from CRL were comparable.

Outcomes from relevant RI studies conducted in Swiss 
mice

Aspartame
Soffritti et al. (2010) administered aspartame to Swiss mice at 
dietary concentrations of 0, 200, 800, 16,000, or 32,000 ppm 
(0, 250, 1000, 2000, or 4000 mg/kg-bw/day) from day 12 of 
gestation until death. The authors reported increased tumor 
incidence only in males: a significant dose-related trend in 
the incidence of hepatocellular carcinomas, with a significant 
increase in the incidence of hepatocellular carcinomas follow-
ing administration of 16,000 or 32,000 ppm, compared to 
concurrent controls; a significant increase in the incidence of 
hepatocellular adenomas and carcinomas combined was 
reported following administration of 16,000 ppm; a significant 
dose-related trend in the incidence of alveolar/bronchiolar 
carcinomas, with a significant increase in the incidence of 
alveolar/bronchiolar carcinomas and alveolar/bronchiolar 
adenomas and carcinomas combined reported following 
administration of 32,000 ppm. Statistically significantly 
increased tumor incidence or trends reported by the study 
authors are presented in Supplemental Table 11.

Sucralose
Five groups of male and female Swiss mice were fed diets 
containing 0, 500, 2000, 8000, or 16,000 ppm (equivalent to 
0, 400, 1600, 6400, or 12,800 mg/kg-bw/day)5 sucralose from 
day 12 of gestation until death (Soffritti, Padovani, et al. 
2016). The tumor incidence from the control and treated 
groups is presented in Supplemental Table 12. The authors 
reported a significant dose-related trend in total malignant 
tumor bearing male animals. There was also a significant 
increase in the incidence of total hematopoietic tumors fol-
lowing administration of 2000 or 16,000 ppm and leukemias 
following administration of 2000, 8000, or 16,000 ppm in 
males. A significant dose-related trend in the incidence of 
histiocytic sarcomas was also reported in males. Statistically 
significantly increased tumor incidence or trends reported by 
the study authors are presented in Supplemental Table 12.

160 R. GENTRY ET AL.

https://doi.org/10.1080/10408444.2024.2314056
https://doi.org/10.1080/10408444.2024.2314056
https://doi.org/10.1080/10408444.2024.2314056
https://doi.org/10.1080/10408444.2024.2314056
https://doi.org/10.1080/10408444.2024.2314056
https://doi.org/10.1080/10408444.2024.2314056
https://doi.org/10.1080/10408444.2024.2314056


Statistical comparisons

Comparative analyses across RI control groups
Data were collected for approximately 600 different tumor 
types (including preneoplastic lesions) across RI studies iden-
tified in SD rats and Swiss mice, including all routes of expos-
ure. The summary statistics for each study’s control data 
including sex, tumor type, and mean incidence rate reported 
as a percentage (i.e. the incidence of the tumor type divided 
by the number of animals in the control group) are pre-
sented in Supplemental Table 5 (SD rats) and Supplemental 
Table 10 (Swiss mice).

Pairwise comparisons were also conducted between con-
trol groups from studies within the RI control dataset in 
rats from 1987 to the present by different methods of oral 
administration (diet, drinking water, oral gavage). 
Statistically significant differences in tumor incidences were 
observed across control groups between diet and drinking 
water studies (Table 2) suggesting high variability in control 
tumor incidences across these routes of exposure. These 
control animals would be receiving the same diet and 
drinking water; therefore, differences related to route of 
exposure among these control animals would not be 
expected. This finding suggests that any differences in inci-
dence between control animals in drinking water or dietary 
study, as well as any differences observed for other routes 
of oral exposure (e.g. gavage) may be due to background 
variability in tumor development and not related to vehicle. 
Because these are control animals exposed to the same diet 
and drinking water, controls from all oral groups (i.e. diet, 
drinking water, and gavage) were combined (similar to how 
NTP approaches historical controls). Swiss mice controls 
were limited to only one study (Maltoni, Ciliberti, Lefemine, 
et al. 1997).

Of the approximately 600 different tumor types identified 
in the published studies, only a subset of tumors were used 
in the comparative analyses based on relevant ones from the 
case studies being evaluated here (see Table 3). Table 3 pro-
vides the mean percent incidence, standard deviation, min-
imum and maximum percent incidence, and the total 
number of animals considered for each tumor type being 
considered. A high degree of variability across controls was 
observed for most tumor types. For example, in female rats, 
the range of percent incidence for lymphomas and leuke-
mias, reported in 21 studies, was 0–21.6%. For total malig-
nant tumor bearing animals, the percent incidence in females 
ranged from 15.0% to 59.5% (22 studies), and in males the 
range was 18.3–50.0% (20 studies).

Additionally, comparative analyses across date ranges (i.e. 
1987–1992, 1993–1996, 1997–2001, 2002–2006) showed a 
high degree of variability over time in tumor incidence 
across control groups relative to the different tumor types 
(Table 4). Examples are provided for lymphomas and leuke-
mias in male and female rats (Figures 1 and 2, respectively) 
and total malignant tumors in female rats (Figure 3). For 
example, the range of percent tumor incidence of total 
malignant tumors in female rats was 20–59.5% from 1987 
to 1992, 15–41.3% from 1993 to 1996, 36.7–48% from 1997 
to 2001, and 36–42.5% from 2001 to 2006. These 

comparisons show wide variability in background tumor 
incidence in male and female control rats across RI experi-
ments (32 studies).

Aspartame in SD rats
Tumor types reported to be treatment-related in the RI aspar-
tame studies are listed in Table 5a (Belpoggi et al. 2006; 
Soffritti, Belpoggi, Esposti, Lambertini, Tibaldi, et al. 2006; 
Soffritti et al. 2007; Chiozzotto et al. 2011). Statistically signifi-
cant increased incidences of renal pelvis and ureter transi-
tional cell carcinoma and dysplastic carcinoma were reported 
following administration of aspartame at 100,000 ppm 
(5000 mg/kg-bw/day). As noted by Elmore et al. (2023a), these 
incidences were obtained by inappropriately combining 
lesions in the renal pelvis and ureter. According to Elmore 
et al. (2023a), epithelial tumors present in distinct organs, 
renal pelvis (kidney) and ureter, should be reported separately 
unless the same tumor appears to occur in both sites, then an 
attempt should be made to determine the organ of the tumor 
origin. Also, significantly increased incidences of renal pelvis 
and ureter dysplastic hyperplasia were reported following 
administration of 2000, 10,000, 50,000, or 100,000 ppm 
(equivalent to 100, 500, 2500, or 5000 mg/kg-bw/day). 
Additionally, the urothelial lesions may possibly represent 
chronic progressive nephropathy (i.e. not tumors of the kid-
ney pelvis and ureter), which is a manifestation of renal tubu-
lar disease and, very common in SD rats. These tumor types 
were not reported in other RI studies.

Most purported treatment-related tumor incidences fall 
within the variability of RI control incidence (e.g. lymphomas 
and leukemias in male rats, total malignant tumor bearing 
animals in males and females) (Table 5a). The incidence of 
lymphomas and leukemia in female rats were reported to be 
significantly increased at doses of 400 ppm and higher when 
compared to concurrent controls (Soffritti et al. 2005; 
Belpoggi et al. 2006); however, when comparing to the range 
of control incidence in the RI control dataset, only the two 
highest dose groups (50,000 and 100,000 ppm) fell outside of 
the historical control range (Table 5a).

Similar findings to those noted across all time periods in 
the RI control dataset were seen when comparing the inci-
dence of lymphomas and leukemias to control incidences 
assembled for the following time periods: 1992–1997 (Table 
5b), 1997–2006 (Table 5c), and 1992–2006 (Table 5d), indicat-
ing the incidence of lymphomas and leukemias in the control 
dataset is variable across time periods. Other tumor inciden-
ces (e.g. adrenal gland pheochromoblastoma in males, lym-
phomas and leukemias in males) were no longer statistically 
significant when compared to historical controls during the 
time periods 1992–1997, 1997–2006, or 1992–2006.

Formaldehyde in SD rats
When compared to the control incidence in the RI control 
dataset, only the incidence of intestine leiomyomas 
(1500 mg/L) and lymphomas and leukemias (1000 mg/L) in 
female rats, and lymphomas and leukemias and total malig-
nant tumor bearing animals in male rats (1500 mg/L) was 
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Table 4. Comparative analyses of tumor incidence reported in RI control groups of SD rats.

Tumor Time period
Total  

studies
Total with  

tumor
Total  

examined
Mean percent  
incidence (%)

STD  
(%)

Minimum percent  
incidence (%)

Maximum percent  
incidence (%)

Female rats
Intestine leiomyoma 1987–1992 3 1 236 0.3% 0.6% 0.0% 1.0%

1993–1996 1 0 100 0.0% NA 0.0% 0.0%
1997–2001 4 3 757 0.5% 0.5% 0.0% 1.1%
2001–2006 1 1 501 0.2% NA 0.2% 0.2%

Lymphoimmunoblastic lymphoma 1987–1992 1 1 60 1.7% NA 1.7% 1.7%
1993–1996 2 4 160 2.3% 0.9% 1.7% 3.0%
1997–2001 1 58 150 38.7%

�,† NA 38.7% 38.7%
Lymphomas and leukemias 1987–1992 13 84 1035 7.7% 5.5% 0.0% 21.6%

1993–1996 3 26 235 11.1% 8.9% 5.0% 21.3%
1997–2001 4 106 757 13.3%� 3.5% 8.7% 16.6%
2001–2006 1 68 501 13.6%� NA 13.67% 13.6%

Mammary gland adenocarcinoma 1987–1992 11 162 1422 10.7% 4.4% 6.0% 18.9%
1993–1996 3 18 235 7.2% 2.6% 5.0% 10.0%
1997–2001 5 52 854 5.3%� 2.7% 1.0% 8.7%
2001–2006 1 32 501 6.4%� NA 6.4% 6.4%

Pancreas exocrine adenoma 1987–1992 7 5 496 1.0% 0.8% 0.0% 2.0%
1993–1996 3 3 235 1.2% 1.1% 0.0% 2.0%
1997–2001 4 2 757 0.2%† 0.2% 0.0% 0.4%
2001–2006 1 1 501 0.2% NA 0.2% 0.2%

Pelvis transitional cell carcinoma 1987–1992 1 0 100 0.0% NA 0.0% 0.0%
1993–1996 1 0 60 0.0% NA 0.0% 0.0%
1997–2001 1 0 150 0.0% NA 0.0% 0.0%

Renal pelvis and ureter dysplastic carcinomas 1997–2001 1 0 150 0.0% NA 0.0% 0.0%
1997–2001 1 2 150 1.3% NA 1.3% 1.3%

Total malignant tumor bearing animals 1987–1992 13 552 1463 34.1% 12.4% 20.0% 59.5%
1993–1996 3 77 235 31.1% 14.1% 15.0% 41.3%
1997–2001 4 328 757 42.7%

�,† 4.8% 36.7% 48.0%
2001–2006 2 231 551 39.3%

�,† 4.6% 36.0% 42.5%
Uterus polyp 1987–1992 10 96 885 11.0% 4.7% 5.4% 21.7%

1993–1996 3 35 235 16.0% 6.8% 10.0% 23.3%
1997–2001 4 105 757 16.8%� 9.8% 7.7% 25.3%
2001–2006 1 90 501 18.0%� NA 18.0% 18.0%

Zymbal gland sebaceous adenoma 1987–1992 5 2 386 0.7% 1.2% 0.0% 2.7%
1993–1996 2 1 175 0.5% 0.7% 0.0% 1.0%
1997–2001 2 2 512 0.4% 0.5% 0.0% 0.7%

Male rats
Adrenal gland pheochromoblastoma 1987–1992 8 25 581 5.3% 7.5% 0.0% 21.4%

1993–1996 3 3 235 1.4%� 1.4% 0.0% 2.7%
1997–2001 4 17 771 1.9%� 1.4% 0.0% 3.1%
2001–2006 1 1 500 0.2%

�,†,‡ NA 0.20 0.2%
Adrenal gland pheochromocytoma 1987–1992 8 217 581 38.2% 16.1% 19.0% 58.9%

1993–1996 3 36 235 17.0%� 9.9% 6.0% 25.0%
1997–2001 4 247 771 27.4%

�,† 15.1% 12.0% 44.7%
2001–2006 1 77 500 15.4%

�,‡ NA 15.4% 15.4%
Bone head osteosarcoma 1987–1992 5 10 371 2.00% 2.8% 0.0% 6.0%

1993–1996 2 10 175 6.3%� 6.1% 2.0% 10.7%
1997–2001 4 20 771 2.3%† 1.6% 0.9% 4.1%
2001–2006 1 42 500 8.4%

�,‡ NA 8.4% 8.4%
Glandular stomach adenomatous polyp 1987–1992 1 0 100 0.0% NA 0.0% 0.0%

2001–2006 1 1 500 0.2% NA 0.2% 0.2%
Intestine adenocarcinoma 1987–1992 5 0 371 0.0% 0.0% 0.0% 0.0%

1993–1996 2 0 175 0.0% 0.0% 0.0% 0.0%
1997–2001 3 1 676 0.1% 0.3% 0.0% 0.4%
2001–2006 1 2 500 0.4% NA 0.4% 0.4%

Lymphomas and leukemias 1987–1992 11 96 731 11.4% 7.1% 0.0% 28.0%
1993–1996 3 50 235 20.7%� 17.8% 5.0% 40.0%
1997–2001 4 151 771 18.3%� 7.1% 9.5% 26.4%
2001–2006 1 83 500 16.6%� NA 16.6% 16.6%

Pancreas exocrine adenoma 1987–1992 6 3 421 1.7% 2.8% 0.0% 7.1%
1993–1996 3 1 235 0.6% 1.0% 0.0% 1.7%
1997–2001 4 2 771 0.2%� 0.2% 0.0% 0.4%
2001–2006 1 0 500 0.0%� NA 0.0% 0.0%

Spleen fibroangioma 1987–1992 6 1 421 0.2% 0.4% 0.0% 1.0%
1993–1996 2 0 160 0.0% 0.0% 0.0% 0.0%
1997–2001 3 5 676 0.7% 0.9% 0.0% 1.7%
2001–2006 1 2 500 0.4% NA 0.4% 0.4%

Testes interstitial cell adenoma 1987–1992 2 22 200 11.0% 1.4% 10.0% 12.0%
1993–1996 3 7 235 3.1%� 5.4% 0.0% 9.3%
1997–2001 4 44 771 4.9%� 3.2% 1.3% 8.1%
2001–2006 1 3 500 0.6%

�,†,‡ NA 0.6% 0.6%
Total malignant tumor bearing animals 1987–1992 11 433 1128 31.3% 9.8% 24.0% 50.0%

1993–1996 3 70 235 29.0% 10.2% 18.3% 38.7%
(continued)
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noted to fall above the range of RI control tumor incidence 
(see Table 6a). When the incidence of lymphomas and leu-
kemias in treated males and females was compared to the 
control incidences across the various time periods, only the 
incidence in the females (1500 mg/L) was significantly 
greater than the controls over all time ranges (Tables 6b, 6c 
and 6d). The incidence of testicular interstitial cell adenoma 
was significantly increased at concentrations of 50 mg/L and 
higher when compared to the control incidences from 1992 
to 1997 (Table 6b) and 1992 to 2006 (Table 6d). However, 
when compared to the range from 1997 to 2006, incidence 
among treated groups was significantly  increased only fol-
lowing exposures of 500, 1000, or 1500 mg/L.

Methyl alcohol in SD rats
Except for lymphomas and leukemias in the female rats and 
total malignant tumor bearing male animals, all other pur-
ported treatment-related tumors were outside of the range 
of incidence of the RI control dataset at the highest concen-
tration tested (20,000 ppm) (Table 7a). When compared to 
historical controls from specific time periods – i.e. 1992–1997 
(Table 7b), 1997–2006 (Table 7c), or 1992–2006 (Table 7d) – 
the increased incidence of lymphomas and leukemias in 
females and total malignant tumors in males observed across 
all doses were significant. The increased incidence of ear 
duct carcinomas in males and females was significant only at 
lower concentrations.

Table 4. Continued.

Tumor Time period
Total  

studies
Total with  

tumor
Total  

examined
Mean percent  
incidence (%)

STD  
(%)

Minimum percent  
incidence (%)

Maximum percent  
incidence (%)

1997–2001 4 306 771 36.9%�,† 9.5% 24.2% 46.0%
2001–2006 2 192 550 34.5%† 0.7% 34.0% 35.0%

Zymbal gland sebaceous adenoma 1987–1992 5 0 371 0.0% 0.0% 0.0% 0.0%
1993–1996 2 1 175 0.5% 0.7% 0.00% 1.0%
1997–2001 2 0 526 0.0% 0.0% 0.0% 0.0%
2001–2006 1 0 500 0.0% NA 0.0% 0.0%

NA: not applicable.
�Significantly different from those collected between 1987 and 1992.
†Significantly different from those collected between 1993 and 1996.
‡Significantly different from those collected between 1997 and 2001.

Figure 1. Incidence of lymphomas and leukemias in control SD male rats.
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Aspartame and sucralose in Swiss mice
Historical controls from Maltoni, Ciliberti, Lefemine, et al. (1997) 
are relevant for comparisons with controls from the aspartame 
and sucralose RI studies in Swiss mice. The tumor types noted 
in the historical controls that were also noted in either the 
aspartame (Soffritti et al. 2010) or sucralose (Soffritti, Padovani, 
et al. 2016) RI study are listed in Table 8. Swiss mice used in the 
aspartame and sucralose RI studies were purchased from CRL, 
and only one set of controls was used for both studies. 
Comparative analyses of control groups are provided in Table 9
(aspartame) and Table 10 (sucralose).

Statistically significant increased tumor incidences when 
compared to concurrent controls were only reported in 
male mice in either the aspartame or sucralose studies. 
Available RI control data for comparison were limited, 
except for total malignant tumor bearing animals. There 
was a high degree of incidence variability across controls 
(53.9–96.3%). Incidence of hepatocellular carcinoma in male 
in the RI control dataset was 23.9% (21.4–26.3%). All 
tumor incidences reported for the aspartame or sucralose 
treated groups fell below or within the range of historical 
controls.

Figure 2. Incidence of lymphomas and leukemias in control female SD rats.

Figure 3. Incidence of total malignant tumor in female SD rats.
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Discussion

Historical control data are typically documented to assess 
background variability over time. High variability could sig-
nify that the animals may be prone to greater than usual 
spontaneous tumors or could suggest other underlying issues 
with laboratory conditions. In these situations, it is necessary 
to evaluate and understand any high spontaneous rate of 
tumors, as it could impact any conclusions regarding poten-
tial effects from treatment.

Numerous RI cancer studies conducted over several deca-
des have been considered by a multitude of authoritative 

bodies and subsequently criticized for their methods (e.g. a 
lack of a rodent health surveillance monitoring program). 
Elmore et al. (2023a, 2023b) have described the significant 
flaws with the RI study design, conduct, analyses, and inter-
pretation. Further, reporting of findings was found to be 
inadequate and historical control data were generally lacking.

As the RI has conducted numerous studies over the years 
and these studies have been and are considered by multiple 
authoritative bodies, the absence of historical control tumor 
incidence data represents a significant data gap. To better 
understand the potential background variability in tumor 
incidence across RI studies and to fill this data gap, this 

Table 5a. Comparative analyses of percent tumor incidence in SD rats between RI aspartame-treated groups and RI control dataset.

Tumor type

RI control dataset minimum and  
maximum percent incidence

Aspartame treated group  
percent incidence (%)

Minimum Maximum 0 ppm 80 ppm 400 ppm 2000 ppm 10,000 ppm 50,000 ppm 100,000 ppm

Female rats
Lymphomas and leukemias� 0.0% 21.6% 12.6%‡ NA 17.1% 31.4%¶ NA NA NA
Lymphomas and leukemias† 0.0% 21.6% 8.7%‡ 14.7%a 20.0%¶ 18.7%¶ 19.0%¶ 25.0%¶ 25.0%¶

Mammary gland 
adenocarcinoma�

1.0% 18.9% 5.3%‡ NA 7.1% 15.7%¶ NA NA NA

Renal pelvis and ureter 
dysplastic carcinomas†

0.0% 0.0% 0.0% 0.7% 2.0% 2.0% 3.0% 3.0% 4.0%¶

Renal pelvis and ureter 
dysplastic hyperplasia†

1.3% 1.3% 1.3%‡ 2.7% 3.3% 4.0% 6.0% 6.1% 8.0%

Total malignant tumor 
bearing animals†

15.0% 59.5% 36.7%‡ 42.7% 46.7% 44.7% 40.0% 58.0%¶ 51.0%

Male rats
Lymphomas and leukemias† 0.0% 40.0% 20.7%‡ 15.3% 16.7% 22.0% 15.0% 20.0% 29.0%
Lymphomas and leukemias� 0.0% 40.0% 9.5% NA 15.7% 17.1%¶ NA NA NA
Total malignant tumor 

bearing animals�
18.3% 50.0% 24.2%‡ NA 25.7% 40.0%¶ NA NA NA

NA: not applicable.
Gray shading indicates tumor incidence that was statistically significantly increased compared to concurrent controls and the percent incidence was outside of 

the RI control dataset range.
�Soffritti et al. (2007) and Chiozzotto et al. (2011).
†Belpoggi et al. (2006) and Soffritti, Belpoggi, Esposti, Lambertini, Tibaldi, et al. (2006).
‡Statistically significant trend as reported by the study authors.
¶Statistically significantly different compared to concurrent controls as reported by the study authors.

Table 5b. Comparative analyses of percentage of SD rats between RI aspartame treated groups and RI control dataset for studies conducted from 1992 to 1997.

Tumor type

RI control minimum and maximum  
percent incidence (1992–1997)

Aspartame treated group  
percent incidence (%)

Percent incidence Minimum Maximum 80 ppm 400 ppm 2000 ppm 10,000 ppm 50,000 ppm 100,000 ppm

Female rats
Lymphomas and leukemias� 10.6%¶ 5.0% 21.3% NA 17.1%‡ 31.4%‡ NA NA NA
Lymphomas and leukemias† 10.6%¶ 5.0% 21.3% 14.7% 20.0%‡ 18.7%‡ 19.0%‡ 25.0%‡ 25.0%‡

Mammary gland 
adenocarcinoma†

6.5%¶ 5.0% 10.0% NA 7.1% 15.7%‡ NA NA NA

Renal pelvis and ureter 
dysplastic carcinomas†

0.0%¶ 0.0% 0.0% 0.7% 2.0% 2.0% 3.0% 3.0% 4.0%‡

Renal pelvis and ureter 
dysplastic hyperplasia†

1.3%¶ 1.3% 1.3% 2.7% 3.3% 4.0% 6.0%‡ 6.1%‡ 8.0%‡

Total malignant tumor 
bearing animals�

36.3% 15.0% 44.2% NA 38.6% 32.9% NA NA NA

Male rats
Lymphomas and leukemias† 18.8%¶ 5.0% 40.0% 15.3% 16.7% 22.0% 15.0% 20.0% 29.0%‡

Lymphomas and leukemias� 18.8% 5.0% 40.0% NA 15.7% 17.1% NA NA NA
Total malignant tumor 

bearing animals�
30.4% 18.3% 38.7% NA 25.7% 40.0% NA NA NA

NA: not applicable.
Gray shading indicates tumor incidence from treated groups was significantly different from tumor incidence from the RI control dataset and the percent inci-

dence was outside of the RI control dataset range.
�Soffritti et al. (2007) and Chiozzotto et al. (2011).
†Belpoggi et al. (2006) and Soffritti, Belpoggi, Esposti, Lambertini, Tibaldi, et al. (2006).
‡Significantly different from mean tumor incidence from RI control dataset range.
¶Statistically significant trend when compared to mean tumor incidence from RI control dataset.
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assessment focused on compiling available published inci-
dence data on control groups across RI studies to build RI 
historical control datasets for the SD rats and Swiss mice 
used in their studies. We then set out to assess whether the 
tumor incidence reported to be statistically significantly 
increased following treatment in selected case studies when 
compared against concurrent controls would retain their sig-
nificance when compared to the incidence in the RI control 
dataset.

Twenty-one RI studies were conducted likely between 
1990 and 2009, which includes the timeframe when the 
aspartame (1997), sucralose (1997), methanol (1990), and 

formaldehyde (1990) RI studies were conducted. In Soffritti 
et al. (2007) and Chiozzotto et al. (2011), the authors dis-
cussed 20 years’ worth of historical control data for 2415 
male SD rats and 2424 female SD rats, the same as those up 
to 2001 reported in Bua et al. (2018). Our historical control 
dataset aggregates incidence rates reported across 3445 
male and 3707 female SD rats, and 52 male and 85 female 
Swiss mice.

We found inconsistent approaches across RI studies. It is 
important to note that the historical control datasets com-
piled in this evaluation are based solely on purported tumor 
incidence data reported in published articles from the RI. The 

Table 5c. Comparative analyses of percentage of SD rats between RI aspartame treated groups and RI control dataset for studies conducted from 1997 to 2006.

Tumor type

RI control mean, minimum and maximum  
percent incidence (1997–2006)

Aspartame treated group  
percent incidence (%)

Percent incidence Minimum Maximum 80 ppm 400 ppm 2000 ppm 10,000 ppm 50,000 ppm 100,000 ppm

Female rats
Lymphomas and leukemias� 14.0%¶ 8.7% 16.6% NA 17.1%‡ 31.4%‡ NA NA NA
Lymphomas and leukemias† 14.0%¶ 8.7% 16.6% 14.7% 20.0%‡ 18.7%‡ 19.0%‡ 25.0%‡ 25.0%‡

Mammary gland 
adenocarcinoma†

6.1%¶ 1.0% 8.7% NA 7.1% 15.7%‡ NA NA NA

Renal pelvis and ureter 
dysplastic carcinomas†

0.0%¶ 0.0% 0.0% 0.7% 2.0% 2.0% 3.0% 3.0% 4.0%‡

Renal pelvis and ureter 
dysplastic hyperplasia†

1.3%¶ 1.3% 1.3% 2.7% 3.3% 4.0% 6.0%‡ 6.1%‡ 8.0%‡

Total malignant tumor 
bearing animals�

42.9% 36.0% 48.0% NA 38.6% 32.9% NA NA NA

Male rats
Lymphomas and leukemias† 19.6%¶ 9.5% 26.4% 15.3% 16.7% 22.0% 15.0% 20.0% 29.00%‡

Lymphomas and leukemias� 19.6% 9.5% 26.4% NA 15.7% 17.1% NA NA NA
Total malignant tumor 

bearing animals�
39.34% 24.21% 45.96% NA 25.70% 40.00% NA NA NA

NA: not applicable.
Gray shading indicates tumor incidence from treated groups was significantly different from tumor incidence from the RI control dataset and the percent inci-

dence was outside of the RI control dataset range.
�Soffritti et al. (2007) and Chiozzotto et al. (2011).
†Belpoggi et al. (2006) and Soffritti, Belpoggi, Esposti, Lambertini, Tibaldi, et al. (2006).
‡Significantly different from mean tumor incidence from RI control dataset range.
¶Statistically significant trend when compared to mean tumor incidence from RI control dataset.

Table 5d. Comparative analyses of percentage of SD rats between RI aspartame treated groups and RI control dataset for studies conducted from 1992 to 2006.

Tumor type

RI control mean, minimum and maximum  
percent incidence (1992–2006)

Aspartame treated group percent  
incidence (%)

Percent incidence Minimum Maximum 80 ppm 400 ppm 2000 ppm 10,000 ppm 50,000 ppm 100,000 ppm

Female rats
Lymphomas and leukemias� 13.3%¶ 5.0% 21.3% NA 17.1%‡ 31.4%‡ NA NA NA
Lymphomas and leukemias† 13.3%¶ 5.0% 21.3% 14.7% 20.0%‡ 18.7% 19.0% 25.0%‡ 25.0%‡

Mammary gland 
adenocarcinoma†

6.4%¶ 1.0% 10.0% NA 7.1% 15.7%‡ NA NA NA

Renal pelvis and ureter 
dysplastic carcinomas†

0.0%¶ 0.0% 0.0% 0.7% 2.0% 2.0% 3.0% 3.0% 4.0%‡

Renal pelvis and ureter 
dysplastic hyperplasia†

1.3%¶ 1.3% 1.3% 2.7% 3.3% 4.0% 6.0%‡ 6.1%‡ 8.0%‡

Total malignant tumor 
bearing animals�

40.6% 15.0% 48.0% NA 38.6% 32.9% NA NA NA

Male rats
Lymphomas and leukemias† 19.3%¶ 5.0% 40.0% 15.3% 16.7% 22.0% 15.0% 20.0% 29.0%‡

Lymphomas and leukemias� 19.3% 5.0% 40.0% NA 15.7% 17.1% NA NA NA
Total malignant tumor 

bearing animals�
33.6% 18.3% 46.0% NA 25.7% 40.0% NA NA NA

NA: not applicable.
Gray shading indicates tumor incidence from treated groups was significantly different from tumor incidence from the RI control dataset and the percent inci-

dence was outside of the RI control dataset range.
�Soffritti et al. (2007) and Chiozzotto et al. (2011).
†Belpoggi et al. (2006) and Soffritti, Belpoggi, Esposti, Lambertini, Tibaldi, et al. (2006).
‡Significantly different from mean tumor incidence from RI control dataset range.
¶Statistically significant trend when compared to mean tumor incidence from RI control dataset.
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Table 6a. Comparative analyses of percent tumor incidence in SD rats between RI formaldehyde-treated groups and RI control dataset.

Tumor type

RI control minimum and maximum  
percent incidence

Formaldehyde treated group  
percent incidence (%)

Minimum Maximum 0 mg/L 10 mg/L 50 mg/L 100 mg/L 500 mg/L 1000 mg/L 1500 mg/L

Female rats
Intestine leiomyoma 0.0% 1.1% 0% 4% 2% 0% 0% 0% 6%
Lymphomas and leukemias 0.0% 21.6% 7% 10% 14% 16% 14% 22%� 20%�

Male rats
Intestine adenocarcinoma 0.0% 0.4% 0% 2% 0% 0% 0% 0% 6%
Intestine leiomyosarcomas 0.0% 0.7% 0% 0% 0% 0% 0% 0% 4%
Lymphomas and leukemias 0.0% 40.0% 8% 8% 20% 26%� 24%� 22%� 46%�

Testes interstitial cell adenoma 0.0% 12.0% 10% 6% 12% 12% 20% 24%� 18%
Total malignant tumor bearing animals 18.3% 50.0% 38% 28% 24% 44% 48% 46% 72%�

Gray shading indicates tumor incidence that was statistically significantly increased compared to concurrent controls and the percent incidence was outside of 
the RI control dataset range.
�Statistically significantly different compared to controls as reported by the study authors.

Table 6b. Comparative analyses of percent tumor incidence in SD rats between RI formaldehyde-treated groups and RI control dataset from 1992 to 1997.

Tumor type

RI control minimum and maximum  
percent incidence (1992–1997)

Formaldehyde treated group  
percent incidence (%)

Percent incidence Minimum Maximum 10 mg/L 50 mg/L 100 mg/L 500 mg/L 1000 mg/L 1500 mg/L

Female rats
Intestine leiomyoma 0.6%† 0.0% 1.1% 4% 2% 0% 0% 0% 6%�

Lymphomas and leukemias 10.6%† 5.0% 21.3% 10% 14% 16% 14% 22% 20%�

Male rats
Intestine adenocarcinoma 0.0%† 0.0% 0.0% 2% 0% 0% 0% 0% 6%
Intestine leiomyosarcomas 0.3%† 0.0% 0.7% 0% 0% 0% 0% 0% 4%�

Lymphomas and leukemias 18.8%† 5.0% 40.0% 8% 20% 26% 24% 22% 46%
Testes interstitial cell adenoma 2.5%† 0.0% 9.3% 6% 12%� 12%� 20%� 24%� 18%�

Total malignant tumor bearing animals 30.4%† 18.3% 38.7% 28% 24% 44%� 48%� 46%� 72%�

Gray shading indicates percent tumor incidence from treated groups was significantly different from mean percent incidence from the RI control dataset and the 
percent incidence was outside of the RI control dataset range.
�Significantly different from tumor incidence from RI control dataset range.
†Statistically significant trend when compared to mean tumor incidence from RI control dataset.

Table 6c. Comparative analyses of percent tumor incidence in SD rats between RI formaldehyde-treated groups and RI control dataset from 1997 to 2006.

Tumor type

RI control minimum and maximum  
percent incidence (1997–2006)

Formaldehyde treated group  
percent incidence (%)

Percent incidence Minimum Maximum 10 mg/L 50 mg/L 100 mg/L 500 mg/L 1000 mg/L 1500 mg/L

Female rats
Intestine leiomyoma 0.4%† 0.0% 1.1% 4% 2% 0% 0% 0% 6%�

Lymphomas and leukemias 14.0% 8.7% 16.6% 10% 14% 16% 14% 22% 20%�

Male rats
Intestine adenocarcinoma 0.0%† 0.0% 0.0% 2% 0% 0% 0% 0% 6%
Intestine leiomyosarcomas 0.2%† 0.0% 0.7% 0% 0% 0% 0% 0% 4%�

Lymphomas and leukemias 19.6%† 9.5% 26.4% 8% 20% 26% 24% 22% 46%
Testes interstitial cell adenoma 5.7%† 1.3% 8.1% 6% 12% 12% 20%� 24%� 18%�

Total malignant tumor bearing animals 39.3%† 24.2% 46.0% 28% 24% 44% 48% 46% 72%�

Gray shading indicates percent tumor incidence from treated groups was significantly different from mean percent incidence from the RI control dataset and the 
percent incidence was outside of the RI control dataset range.
�Significantly different from tumor incidence from RI control dataset range.
†Statistically significant trend when compared to mean tumor incidence from RI control dataset.

Table 6d. Comparative analyses of percent tumor incidence in SD rats between RI formaldehyde-treated groups and RI control dataset from 1992 to 2006.

Tumor type

RI control minimum and maximum  
percent incidence (1992–2006)

Formaldehyde treated group  
percent incidence (%)

Percent incidence Minimum Maximum 10 mg/L 50 mg/L 100 mg/L 500 mg/L 1000 mg/L 1500 mg/L

Female rats
Intestine leiomyoma 0.4%† 0.0% 1.1% 4% 2% 0% 0% 0% 6%�

Lymphomas and leukemias 13.3%† 5.0% 21.3% 10% 14% 16% 14% 22% 20%�

Male rats
Intestine adenocarcinoma 0.0%† 0.0% 0.0% 2% 0% 0% 0% 0% 6%
Intestine leiomyosarcomas 0.1%† 0.0% 0.7% 0% 0% 0% 0% 0% 4%�

Lymphomas and leukemias 20.0%† 5.0% 40.0% 8% 20% 26% 24% 22% 46%
Testes interstitial cell adenoma 5.17%† 0.0% 9.3% 6% 12%� 12%� 20%� 24%� 18%�

Total malignant tumor bearing animals 37.2%† 18.3% 46.0% 28% 24% 44% 48% 46% 72%�

Gray shading indicates percent tumor incidence from treated groups was significantly different from mean percent incidence from the RI control dataset and the 
percent incidence was outside of the RI control dataset range.
�Significantly different from tumor incidence from RI control dataset range.
†Statistically significant trend when compared to mean tumor incidence from RI control dataset.

CRITICAL REVIEWS IN TOXICOLOGY 167



historical control datasets do not account for the many defi-
ciencies in experimental methodology or diagnostic proc-
esses or criteria employed by the RI, such as infection, lack of 

pathology expert peer review, analysis of total tumors in 
some instances, or overt autolysis. In addition, the nomencla-
ture used to identify tumor types was not standardized (e.g. 

Table 7a. Comparative analyses of percent tumor incidence in SD rats between RI methyl alcohol-treated groups and RI control dataset.

Tumor type

RI control minimum and maximum percent incidence Methyl alcohol treated group percent incidence (%)

Minimum Maximum 0 ppm 500 ppm 5000 ppm 20,000 ppm

Female rats
Ear duct carcinoma 0.0% 14.7% 9.0%† 8.0%� 16.0%� 19.0%�

Lymphomas and leukemias 0.0% 21.6% 13.0% 24.0%� 24.0%� 28.0%�

Total malignant tumor bearing animals 15.0% 59.5% 43.0%† 48.0%� 48.0%� 63.0%�

Male rats
Ear duct carcinoma 0.0% 13.3% 13.0%† 13.0%� 17.0%� 24.0%�

Total malignant tumor bearing animals 18.3% 50.0% 55.0%† 55.0%� 64.0%� 70.0%�

Gray shading indicates tumor incidence that was statistically significantly increased compared to concurrent controls and the percent incidence was outside of 
the RI control dataset range.
�Statistically significantly different compared to controls as reported by the study authors.
†Statistically significant trend as reported by the study authors.

Table 7b. Comparative analyses of percent tumor incidence in SD rats between RI methyl alcohol-treated groups and RI control dataset from 1992 to 1997.

Tumor type

RI control minimum and maximum  
percent incidence (1992–1997)

Methyl alcohol treated group  
percent incidence (%)

Percent incidence Minimum Maximum 500 ppm 5000 ppm 20,000 ppm

Female rats
Ear duct carcinoma 6.0%† 1.7% 14.7% 8.0% 16.0%� 19.0%�

Lymphomas and leukemias 10.6%† 5.0% 21.3% 24.0%� 24.0%� 28.0%�

Total malignant tumor bearing animals 36.3%† 15.0% 44.2% 48.0%� 48.0%� 63.0%�

Male rats
Ear duct carcinoma 4.7%† 0.0% 13.3% 13.0%� 17.0%� 24.0%�

Total malignant tumor bearing animals 30.4%† 18.3% 38.7% 55.0%� 64.0%� 70.0%�

Gray shading indicates percent tumor incidence from treated groups was significantly different from mean percent incidence from the RI control dataset and the 
percent incidence was outside of the RI control dataset range.
�Significantly different from tumor incidence from RI control dataset range.
†Statistically significant trend when compared to mean tumor incidence from RI control dataset.

Table 7c. Comparative analyses of percent tumor incidence in SD rats between RI methyl alcohol-treated groups and RI control dataset from 1997 to 2006.

Tumor type

RI control minimum and maximum  
percent incidence (1997–2006)

Methyl alcohol treated group  
percent incidence (%)

Percent incidence Minimum Maximum 500 ppm 5000 ppm 20,000 ppm

Female rats
Ear duct carcinoma 6.1%† 5.8% 6.4% 8.0% 16.0%� 19.0%�

Lymphomas and leukemias 14.0%† 8.7% 16.6% 24.0%� 24.0%� 28.0%�

Total malignant tumor bearing animals 42.9%† 36.0% 48.0% 48.0% 48.0% 63.0%�

Male rats
Ear duct carcinoma 6.5%† 6.0% 6.9% 13.0%� 17.0%� 24.0%�

Total malignant tumor bearing animals 39.3%† 24.2% 46.0% 55.0%� 64.0%� 70.0%�

Gray shading indicates percent tumor incidence from treated groups was significantly different from mean percent incidence from the RI control dataset and the 
percent incidence was outside of the RI control dataset range.
�Significantly different from tumor incidence from RI control dataset range.
†Statistically significant trend when compared to mean tumor incidence from RI control dataset.

Table 7d. Comparative analyses of percent tumor incidence in SD rats between RI methyl alcohol-treated groups and RI control dataset from 1992 to 2006.

Tumor type

RI control minimum and maximum  
percent incidence (1992–2006)

Methyl alcohol treated group  
percent incidence (%)

Percent incidence Minimum Maximum 500 ppm 5000 ppm 20,000 ppm

Female rats
Ear duct carcinoma 6.0%† 1.7% 14.7% 8.0% 16.0%� 19.0%�

Lymphomas and leukemias 2.9%† 1.7% 3.3% 24.0%� 24.0%� 28.0%�

Total malignant tumor bearing animals 40.6%† 15.0% 48.0% 48.0% 48.0% 63.0%�

Male rats
Ear duct carcinoma 5.9%† 0.0% 13.3% 13.0%� 17.0%� 24.0%�

Total malignant tumor bearing animals 37.2%† 18.3% 46.0% 55.0%� 64.0%� 70.0%�

Gray shading indicates percent tumor incidence from treated groups was significantly different from mean percent incidence from the RI control dataset and the 
percent incidence was outside of the RI control dataset range.
�Significantly different from tumor incidence from RI control dataset range.
†Statistically significant trend when compared to mean tumor incidence from RI control dataset.
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mammary gland benign vs. mammary gland adenomas, 
malignant tumors vs. mammary gland carcinoma). Some 
studies provided a complete list of all tumor types identified 
and others, only purported treatment-related tumors. In con-
trast, NTP documents all tumor incidence including in con-
trols and across controls (i.e. historical controls).

We also found considerable variability in tumor incidence 
across RI study control groups. Significant differences were 
noted in tumor incidences across control groups from diet 
versus drinking water studies and for different time periods, 
indicating high variability in control tumor incidences among 
studies in which the animals would be receiving the same 
diet and drinking water. This type of variability related to 
route of exposure would not be expected among control ani-
mals, which suggests background variability in tumor devel-
opment not related to the route of exposure or vehicle. A 
high degree of variability was indicated by the ranges of per-
cent tumor incidence in both SD rats and Swiss mice. In 
some cases, the percent incidence spanned 19% or greater. 
In SD rats, the range of percent incidence of lymphomas and 
leukemias was greater than 20% in females (0–21.6%) and 
40% (0–40%) in males. The range of percent incidence of 
total malignant tumors in males and female SD rats and 
male Swiss mice was greater than 30% (18.3–50%), 40% (15– 
59.5%), and 42% (53.9–96.3%), respectively. Yet, the increased 
incidence of these same tumor types in both SD rats and 
Swiss mice was the same as those tumor types the RI relies 
on to suggest treatment-related tumor incidence in the des-
ignated case studies for aspartame, formaldehyde, and 
methyl alcohol-treated rats and sucralose-treated mice.

Most purported treatment-related tumor incidences for 
aspartame and sucralose were found to be within the back-
ground variability of the RI control dataset. The purported 
treatment-related tumor incidences for formaldehyde and 
methanol that were found to be statistically significantly 
increased when compared to concurrent controls were 
shown to be outside of the range of incidence when 
assessed against the RI control dataset. It is worth restating 
that the historical control datasets culled together from the 
various RI articles do not account for the deficiencies in 
experimental methodology or diagnostic processes or criteria 
identified by others (e.g. infection, lack of pathology expert 
peer review, analysis of total tumors in some instances, overt 
autolysis and more).

It should also be noted that the tumor incidence reported 
by Soffritti, Belpoggi, Esposti, Lambertini, Tibaldi, et al. (2006) 
and Soffritti, Belpoggi, Esposti, Lambertini (2006) for rats 
exposed to concentrations of aspartame in drinking water 
from 8 weeks of age until natural death were evaluated stat-
istically by the study authors using a poly-3 survival adjust-
ment technique. While useful for 2-year studies, the poly-3 
technique has never been validated for lifetime studies such 
as those conducted by the RI (Kissling et al. 2008; Gift et al. 
2013). Applying the poly-3 technique to lifetime or longer 
term studies without regard for limitations could have 
resulted in incorrect estimates by Soffritti, Belpoggi, Esposti, 
Lambertini, Tibaldi, et al. (2006) and Soffritti, Belpoggi, 
Esposti, Lambertini (2006) of statistical significance (Kissling 
et al. 2008). For this evaluation, we were not able to apply a 
survival adjusted test such as the poly-3 test because 

Table 9. Comparative analyses of percent tumor incidence in Swiss mice between RI aspartame-treated groups and RI control dataset.

Tumor type

RI control minimum and maximum percent incidence Aspartame treated group percent incidence (%)

Minimum Maximum 0 ppm 2000 ppm 8000 ppm 16,000 ppm 32,000 ppm

Male mice
Liver hepatocellular carcinoma 21.4% 26.3% 5.1% 11.7% 14.5% 15.6%� 18.1%�

Lung alveolar/bronchiolar carcinoma NA NA 6.0%† 5.8% 11.3% 12.5% 13.3%�

Total malignant tumor bearing animals 53.9% 96.3% 56.4% 56.3% 72.6% 60.9% 68.7%
�Statistically significantly greater than the concurrent control reported by authors.
†Significant dose related trend reported by authors.

Table 10. Comparative analyses of percent tumor incidence in Swiss mice between RI sucralose-treated groups and RI control dataset.

Tumor type

RI control minimum and maximum percent incidence Sucralose treated group percent incidence (%)

Minimum Maximum 0 ppm 500 ppm 2000 ppm 8000 ppm 16,000 ppm

Male mice
Leukemias NA NA 1.7%† 5.3% 17.5%� 10.6%� 15.7%�

Histiocytic sarcoma NA NA 0.9%† 0.9% 0.0% 1.5% 4.3%
Total hematopoietic tumors NA NA 8.5%† 9.6% 20.0%� 15.2% 25.7%�

Total malignant tumor bearing animals 53.9% 96.3% 56.4%† 58.8% 58.8% 53.0% 62.9%�

NA: not applicable.
�Statistically significantly greater than the concurrent control reported by authors.
†Significant dose related trend reported by authors.

Table 8. Summary statistics for relevant tumor incidence across RI control groups in Swiss mice.

Tumor type Number of studies
Mean  

(%)
Standard deviation  

(%) Min. (%) Max. (%)
Total number of animals  

considered across all controls

Male mice
Liver hepatocellular carcinoma 2 23.87% 3.46% 21.43% 26.32% 52
Lymphomas and leukemias 2 34.02% 7.71% 28.57% 39.47% 52
Total malignant tumor bearing animals 2 75.07% 30.02% 53.85% 96.30% 40
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individual animal data required for the test (i.e. tumor 
response and time of death) were not available. However, no 
significant survival issues were reported in the RI studies 
evaluated in this assessment; therefore, the results of the 
Cochran–Armitage trend test (Cochran 1954; Armitage 1955) 
on the incidence data used in this assessment should provide 
results similar to those of the poly-3 test.

Here, we have compiled the incidence from available RI 
control groups that may assist others in the future. Clearly 
and transparently documenting historical control incidence 
data is critical to the interpretation of study results from a 
particular laboratory. Reputable bodies like the NTP continue 
this best practice. By doing so, this will allow for a proper 
assessment of treatment-related tumor incidence within the 
context of the variability of background incidence over time.

The strength of our paper is a complete account of 
reported tumor incidence in control groups across accessible 
published RI studies. Our analyses were limited by the inad-
equate reporting of when the RI studies were conducted and 
of what RI chose to include in their publications (as the his-
torical control data are not on their website).

While the results of the current evaluation fill a significant 
data gap in the evaluation of results from RI studies, other 
critical considerations to draw conclusions on relevance to 
human health remain. As noted by Elmore et al. (2023a, 
2023b), the methods used in the RI studies, specifically 
selected immunohistochemical (IHC) markers, are not able to 
differentiate between neoplastic and non-neoplastic lymph-
oid lesions in rodents, calling into question selected results 
from RI studies. Further, questions surrounding a mycoplasma 
infection in the RI rodent colony persist. All major rodent 
producers have Mycoplasma pulmonis on their pathogen 
exclusion lists due to effects, both clinical and subclinical, 
that may invalidate the study results, including the inability 
to histologically distinguish inflammatory lesions from neo-
plasia (Schoeb et al. 2009). The accuracy of the diagnoses of 
the pathological lesions reported in some RI studies may also 
have been affected by autolysis. Pathological examinations 
performed by the RI were performed on tissues collected 
after natural death due to the methodology used by RI that 
allowed treated and control animals to live until spontaneous 
death. In studies with scheduled necropsy time, the time 
between death and placement of tissue specimens in preser-
vative is minimized; however, when the animals are allowed 
to die naturally (possibly hours prior to clinical observation 
times), tissue preparation may not occur for hours after death 
increasing tissue autolysis and compromising the quality of 
the pathological examination (Gift et al. 2013; Elmore et al. 
2023a). In addition to these issues, many other significant 
shortcomings have been noted including, but not limited to, 
ineffective tissue preservation, inappropriate combination of 
tumors (e.g. malignant tumors, lymphomas/leukemias), mis-
diagnoses of lesions, double counting of lesions, etc. (Brix 
et al. 2010; Elmore et al. 2023a, 2023b).

Notes

1. Number of animals (when reported) with each tumor type within the 
control group. If the number of animals with a tumor type was not 

reported, then it was calculated based on the total number of ani-
mals and the percent tumor incidence reported in the study.

2. The aspartame dietary concentration of 100,000 ppm exceeds the 
limit dose for dietary studies recommended by the FDA as reported 
in “Toxicological Principles for the Safety Assessment of Food 
Ingredients Redbook 2000 Chapter IV.C.6”.

3. Doses in ppm drinking water were converted using a default daily 
drinking water intake and body weight for rats of 0.049 L/day and 
0.35 kg, respectively.

4. Doses in ppm drinking water were converted assuming 1 ppm ¼
1 mg/L and using a default daily drinking water intake and body 
weight for rats of 0.049 L/day and 0.35 kg, respectively.

5. Equivalent doses in units of mg/kg bw/day were not provided by 
the authors. The equivalent doses provided for the sucralose study 
were estimated based on the ratio of doses in ppm to doses in mg/ 
kg bw/day provided in the aspartame mouse study (Soffritti et al. 
2010).
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