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Abstract 
Factsheets for the (eco)toxicological risk assessment strategy of the National Institute for 
Public Health and the Environment - Part IV 
 
This report contains two factsheets describing risk assessment methods used at the Centre for 
Substances and Integral Risk Assessment (SIR) of the National Institute for Public Health and 
the Environment (RIVM). The main aim is to enhance transparency and consistency in the risk 
assessment methods used at SIR-RIVM. The factsheets on forestomach tumours and Leydigcell 
tumours describe the mechanistic aspects involved in tumour formation, and the similarities and 
differences in anatomy, physiology and exposure conditions between rodents and humans. An 
approach is presented to evaluate the relevance of these types of tumours for human risk 
assessment. The two factsheets reflect a state-of-the-art approach and are meant to facilitate 
discussion with other national and international parties involved in risk assessment. 
 
Keywords: human risk assessment; forestomach tumours; Leydigcell tumours 
 
 

Rapport in het kort 
Factsheets voor de (eco)toxicologische risicobeoordelingsstrategie van het Rijksinstituut 
voor Volksgezondheid en Milieu - Deel IV 
 
Dit rapport bundelt twee factsheets waarin methodieken worden beschreven die worden gebruikt 
voor de risicobeoordeling van stoffen bij het Centrum voor Stoffen en Integrale 
Risicobeoordeling (SIR) van het Rijksinstituut voor Volksgezondheid en Milieu (RIVM). Het 
voornaamste doel is om de inzichtelijkheid en eenduidigheid van de bij RIVM-SIR gevolgde 
methodieken te vergroten. De factsheets over voormaagtumoren en Leydigcel tumoren 
beschrijven de mechanistische aspecten van de tumorvorming en gaan in op de verschillen in 
anatomie, fysiologie en blootstelling tussen knaagdieren en mensen. Er wordt een raamwerk 
geboden voor het evalueren van de relevantie van deze tumoren voor de humane 
risicobeoordeling. De factsheets vormen de weerslag van de huidige stand van wetenschap. Ze 
zijn bedoeld om de discussie met andere (inter)nationale partijen op het gebied van 
risicobeoordeling te bevorderen. 
 
Trefwoorden: humane risicobeoordeling; voormaagtumoren; Leydigcel tumoren 
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Samenvatting 
In dit rapport worden twee factsheets gepresenteerd die worden gebruikt voor de beoordeling van 
stoffen bij het Centrum voor Stoffen en Integrale risicobeoordeling (SIR) van het Rijksinstituut 
voor Volksgezondheid en Milieu (RIVM). 
 
In het voormaagepitheel van ratten, muizen en andere knaagdieren worden na blootstelling aan 
chemische stoffen regelmatig tumoren aangetroffen. De factsheet 'Voormaagtumoren' biedt een 
raamwerk voor het vaststellen van de relevantie van deze tumoren bij knaagdieren voor de 
humane risicobeoordeling, gegeven het feit dat de mens niet beschikt over een voormaag en het 
specifieke voormaag-epitheel ('squamous epithelium') niet in de menselijke maag voorkomt. Dit 
type epitheel komt echter voor in het bovenste deel van het menselijke spijsverteringskanaal, met 
name in de slokdarm. De factsheet beschrijft de mechanistische aspecten van de vorming van 
voormaagtumoren en de overeenkomsten en verschillen in anatomie, fysiologie en blootstelling 
tussen knaagdieren en mensen. Er wordt een getrapte benadering voorgesteld, aan de hand van 
het al dan niet genotoxisch zijn van een stof (eerste stap) en de toedieningsroute via welke 
voormaagtumoren veroorzaakt worden (stap 2). Op deze manier wordt een handreiking gedaan 
om te beoordelen of een stof, die bij knaagdieren voormaagtumoren veroorzaakt, ook voor de 
mens als potentieel carcinogeen moet worden beschouwd. 
 
De factsheet 'Leydig cel tumoren' geeft een raamwerk voor het vaststellen van de relevantie van 
het vóórkomen van deze tumoren bij dieren voor de humane risicobeoordeling. Het mechanisme 
achter de vorming van dit type tumoren wordt beschreven. Daarnaast wordt ingegaan op de 
overeenkomsten en verschillen tussen dier en mens voor wat betreft de anatomie en regulering 
van het hypofyse-hypothalamus-testikel hormoonsysteem. De factsheet definieert de 
omstandigheden waaronder Leydigcel tumoren kunnen worden beschouwd als niet-relevant voor 
de humane risicobeoordeling. 
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Summary 
This reports presents two factsheets for the risk assessment methods used in the Centre for 
Substances and Integral Risk Assessment (SIR) of the National Institute for Public Health and 
the Environment (RIVM). 
 
In the forestomach squamous epithelium of rats, mice and other rodent species tumours are 
observed frequently after exposure to chemicals. The factsheet 'Forestomach tumours' provides 
a strategy for establishing the relevance of these tumours in rodents for human risk assessment, 
given that humans do not have a forestomach nor squamous epithelium in their stomach. 
Squamous epithelium is, however, found in the upper digestive tract of humans, in particular the 
oesophagus. The factsheet describes the mechanistic aspects involved in forestomach tumour 
formation, as well as the similarities and differences in anatomy/physiology and exposure 
conditions between rodents and humans. A tiered approach is presented: in the first tier, a 
distinction is made between genotoxic and non-genotoxic substances, followed in the second tier 
by a distinction between routes of administration by which a substance induces forestomach 
tumours. Guidance is thereby provided on whether a rodent forestomach carcinogen is 
considered to present a carcinogenic hazard to humans or not. 
 
The factsheet 'Leydig cell tumours' provides a strategy for establishing the relevance of these 
tumours in animal studies for human risk assessment. In this factsheet the mechanistic actions 
involved in the formation of Leydig cell tumours are described as well as similarities and 
differences in anatomy and regulation of the hypothalamic-pituitary-testicular axis (HPT-axis) 
between animal species and humans. In the strategy, it is defined under which conditions Leydig 
cell tumours in animal studies can be considered as not relevant for human risk assessment. 
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Introduction 
One of the main tasks of the Expert Centre for Substances (SEC) and the Centre of Substances 
and Risk Assessment (SIR) of the National Institute for Public Health and the Environment 
(RIVM) is to assess the risk of compounds for public health and the environment. The 
availability of adequate and up-to-date risk assessment methods is of the highest importance to 
fulfill this task. Some of these methods follow international guidance, but many have been 
developed within the RIVM during the process of evaluation. These risk assessment methods are 
not rigid procedures but can be adapted based on new/developing scientific information, possibly 
triggered by questions from policy makers or by developments in (inter)national organisations. 
 
For specific problems or gaps in the assessment of (eco)toxicological effects, 'factsheets' are 
written by employees of SEC and SIR in co-operation with experts. These factsheets describe the 
current assessment strategies of SEC and SIR, and their main aim is to provide a transparent and 
accessible guidance for issues that are not covered by regular guidance documents. After 
adoption of the factsheet by the advisory board and the head of the laboratories SEC or SIR all 
employees of SEC and SIR have to follow the risk assessment method described in the factsheet. 
 
In 2001, the first eight factsheets were published in an RIVM report1, followed by similar reports 
in 2002 and 20032,3. The present report contains two factsheets that were produced in 2003 by 
SIR: 
 
1. Forestomach tumours 
2. Leydig cell tumour 
 
We hope that by publishing these factsheets, the risk assessment methods followed by 
RIVM/SEC and /SIR will become more transparent. The authors of each factsheet have tried to 
describe the state of the art of their subject. 
Remarks, omissions or supplementary information will be appreciated and can be send to 
ce.smit@rivm.nl and will be passed on to the responsible authors. 
 

                                                 
1 Luttik R, Van Raaij MTM, editors. Factsheets for the (eco)toxicological risk assessment strategy of the Netional 
Institute for Public Health and the Environment (RIVM). Bilthoven: National Institute for Public Health and the 
Environment; 2001. Report no. 601516007. 
2 Luttik R, Pelgrom SMJG, editors. Factsheets for the (eco)toxicological risk assessment strategy of the Netional 
Institute for Public Health and the Environment. Part II. Bilthoven: National Institute for Public Health and the 
Environment; 2002. Report no. 601516009. 
3 Luttik R, Van Raaij MTM, editors. Factsheets for the (eco)toxicological risk assessment strategy of the Netional 
Institute for Public Health and the Environment. Part III. Bilthoven: National Institute for Public Health and the 
Environment; 2003. Report no. 601516010. 
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1. Forestomach tumours 
 
Factsheet FSV-011/00, date 25-09-2003 
 
Author: M.E.J. Pronk 
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1.1 Introduction and problem definition 
 
The forestomach squamous epithelium of rats and mice and other rodent species is a common 
target site for tumour formation by chemicals. Forestomach epithelial tumours are most 
frequently induced when the chemical is given by the oral route, especially by gavage. Some 
chemicals, though, exert their carcinogenic potential also when administered by inhalation or 
by the parenteral route. Among the forestomach carcinogens identified are N-
nitrosocompounds, polycyclic aromatic hydrocarbons, halogenated hydrocarbons, phenolic 
compounds. Some forestomach carcinogens have marked irritant properties. Many forestomach 
carcinogens act primarily through genotoxic (DNA-reactive) mechanisms, often also inducing 
tumours in other organs and tissues. For some others, however, evidence exists that the mode of 
carcinogenic action may include some non-genotoxic mechanism(s) [11,12,13,36]. 
Since humans do not have a forestomach nor squamous epithelium in their stomach, the 
relevance of neoplasia of the rodent forestomach for human risk assessment can be questioned. 
On the other hand, the forestomach squamous epithelium in rodents is a continuation of the 
squamous epithelium in the oesophagus. As the epithelium of the human oesophagus is 
morphologically of the same type as the oesophagus and forestomach epithelium of rodents, 
carcinogens targeting the forestomach squamous epithelium in rodents might therefore induce 
tumours in the human oesophagus (and related organs as oral cavity and pharynx). This 
factsheet provides a strategy for establishing the relevance of rodent forestomach tumours for 
human risk assessment. 

1.2 Background information on forestomach anatomy, tumour 
types and characteristics, and normal incidences 

1.2.1 Anatomy 
The rodent stomach consists of two anatomically distinct parts of approximately equal size: a 
non-glandular forestomach and a glandular stomach. The forestomach is connected to the 
oesophagus at the gastro-oesophageal junction, and is clearly separated from the glandular 
stomach by a distinct border called the limiting ridge. This limiting ridge is a sphincter-like 
constriction that regulates movement of ingested material between the different sections of the 
stomach. The forestomach is not present in e.g. humans, monkeys, dogs, cats, rabbits and 
guinea pigs, but in pigs the pars oesophagea is of a similar structure. The main function of the 
forestomach is storage and triturition of ingested food prior to digestion in the glandular 
stomach. Under normal circumstances, reflux of gastric contents into the oesophageal lumen is 
prevented by the gastro-oesophageal junction that serves as a physiological sphincter. 
The rodent glandular stomach comprises fundic and pyloric regions and is structurally and 
functionally similar to the stomach of other mammalian non-ruminant species, including 
humans [1,2,3,4]. 
 
Histologically, the oesophagus and stomach have the same general structure consisting of a 
mucous membrane (mucosa), a layer of fibrous connective tissue (submucosa), circular and 
longitudinal layers of striated or smooth muscle (muscularis externa) and a thin layer of fibrous 
tissue covered by mesothelium (serosa). 
The mucosa (subdivided into an epithelial layer lining the luminal surface, the lamina propria 
and the muscularis mucosae) varies between the oesophagus and forestomach on the one hand 



RIVM report 601516012 page 11 of 39 

 

and the glandular stomach on the other, while the other layers are similar albeit variable in 
thickness. The main difference is that both the oesophagus and forestomach are lined with 
stratified squamous epithelium of which the most luminal layer of cells are keratinised, while 
the glandular stomach epithelium is columnar and contains many mucosal glands that secrete 
mucus, digestive enzymes and hydrochloric acid. Unlike the oesophagus of most mammals, 
including humans, the rodent oesophagus does not contain mucosal glands that secrete mucus 
(and some enzymes) to facilitate the passage of food. The forestomach also does not contain 
mucosal glands. 
The limiting ridge in the stomach of rodents is a raised fold of forestomach mucosa. It forms an 
elevated border as a result of folding at the junction between squamous and columnar 
epithelium. In other mammalian species an abrupt change from stratified squamous epithelium 
to simple columnar is seen at the gastro-oesophageal junction [2,4,5]. 

1.2.2 Tumour types and characteristics 
Forestomach tumours can be divided in epithelial and non-epithelial tumours. Attention is 
focussed only on the epithelial tumours, since the squamous epithelium is the main target of 
forestomach carcinogens. 
There are two main classes of epithelial forestomach tumours: squamous cell papillomas 
(benign) and squamous cell carcinomas (malignant). Chemical-induced tumorigenesis of the 
forestomach squamous epithelium generally appears to be a continuum, progressing from 
hyperplastic lesions to benign and eventually malignant neoplasia. It may be difficult to 
differentiate between the various stages. 
Squamous cell papillomas are usually exophytic, wart-like growths composed of a branching 
fibrovascular core covered by well-differentiated, hyperplastic squamous epithelium. Typically, 
they are supported by a stromal stalk continuous with the lamina propria, but some papillomas 
are sessile. Hyperkeratosis and acanthosis often occur (sometimes also parakeratosis and 
dyskeratosis), but some papillomas primarily show proliferation of the basal cell layer. They do 
not invade the gastric wall and do not metastasise. When multiple papillomas are diffusely 
spread throughout the forestomach, the term papillomatosis is sometimes used. 
Squamous cell carcinomas generally have an exophytic growth pattern and are predominantly 
sessile. They are composed of elements of squamous epithelium with moderate or marked 
atypia and pleomorphism and, very important, also show invasion of tumorous squamous cells 
through the muscularis mucosae into deeper layers. There might also be invasion to adjacent 
tissues/organs and/or metastases to distant tissues/organs. Inflammation, ulceration and 
necrosis usually occur in carcinomas. Endophytic carcinomas are occasionally observed with 
penetration of the muscle layer and ulceration to various depths. Based on the degree of 
differentiation, squamous cell carcinomas can be characterised as well differentiated (with a 
tendency for differentiation like in normal squamous epithelium, varying degrees of 
keratinisation, and the presence of keratin pearls) or poorly differentiated (cellular and nuclear 
atypia, solid sheets of cells separated by thin stromal tissue or strands or groups of cells 
intermingled with connective tissue, minimal or no keratinisation) [1,2,3,6,7]. 

1.2.3 Normal incidences 
Spontaneous squamous cell papillomas and carcinomas in the forestomach of rats and mice are 
rare findings, even in old animals. In rats, forestomach squamous cell papillomas have a very 
low incidence, usually less than 1%. Forestomach squamous cell carcinomas occur at a similar 
incidence. In mice, similar incidences have been noted for the malignant carcinomas, while the 
incidences for the benign papillomas were slightly higher (up to 4%). In both rats and mice, no 
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sex difference in incidence has been found for either the benign or malignant tumours 
[6,8,9,10,37]. 
In hamsters the occurrence of squamous cell carcinomas is rare, whereas the occurrence of 
squamous cell papillomas is much higher (incidences varying from 1 to 12%) than in rats and 
mice, but again without apparent sex differences.  
Epithelial hyperplasia of the forestomach also occurs spontaneously in hamsters, which seem to 
be extremely sensitive to dietary compositions [6]. 

1.3 Mechanism of forestomach carcinogenesis 

1.3.1 Morphogenesis 
In general, the sequential development of forestomach tumours is morphologically 
characterised by early lesions such as slight focal epithelial damage with an inflammatory 
response, increased mitotic activity and diffuse hyperplasia with acanthosis and hyperkeratosis. 
Sometimes the hyperplasia is more complex with various degrees of basal cell proliferation. 
The early lesions progress to severe diffuse hyperplasia (with acanthosis, hyperkeratosis and 
sometimes parakeratosis), dysplasia, papilloma and/or papillomatosis and squamous cell 
carcinoma. Especially hyperplasias and papillomas containing a significant proliferation of 
basal cells and/or with evidence of atypia may be more prone to progress to squamous cell 
carcinoma. 
Tumours may arise in any part of the forestomach, but a common location is near the limiting 
ridge. The time between the onset of treatment and the appearance of tumours varies 
considerably (from a few months to over one year), depending on the chemical, the dose level 
and duration of treatment [1,2,11,14]. 

1.3.2 Mechanistic considerations 
The precise underlying mechanism of action for any forestomach carcinogen is at present not 
fully known. The tumorigenic lesions in the forestomach may be the result of a direct,  
genotoxic action of the compound on the epithelium, an indirect action (a prolonged 
proliferation stimulus) or a combination of both. Whatever the mechanism(s) involved, the 
tumours that arise in the forestomach epithelium are histologically indistinguishable. 

1.3.2.1 Genotoxicity / non-genotoxicity / combination 
Many forestomach carcinogens appear to act through a direct mode of action by inducing 
genetic alterations. They interact with forestomach DNA by alkylating DNA bases or forming 
DNA adducts. Their ability to influence DNA sequences such as those in oncogenes leads to 
populations of cancer precursor cells. Almost all DNA-reactive (or genotoxic) agents are multi-
site carcinogens, also inducing tumours at sites other than the forestomach [14,36]. There is, 
however, also a number of forestomach carcinogens that do not interact with DNA and thus 
lack genotoxicity. This group includes the widely investigated compounds butylated 
hydroxyanisole (BHA), propionic acid and chlorothalonil. In general, non-genotoxic 
carcinogens lack initiating activity but possess (strong) promoting activity in their target 
organs. They appear to cause forestomach tumours primarily through initial cytotoxicity (as 
evidenced by necrosis, inflammation, erosion and ulceration) and subsequent sustained cell 
proliferation and hyperplasia. Generally it requires high dose levels and a long time for the 
development of carcinomas. The potential to induce necrosis, erosion, and ulceration differs 
between chemicals, and a positive association appears to exist between cytotoxicity and 
carcinogenicity [13,18,36]. 
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Studies on promotion, inhibition and co-carcinogenesis have revealed that irritation, ulceration 
and hyperplasia of the forestomach squamous epithelium promoted the tumorigenic effect of 
classical genotoxic forestomach carcinogens like N-methyl-N’-nitro-N-nitrosoguanidine 
(MNNG). Cell proliferation may thus make an important contribution to forestomach 
carcinogens acting through a genotoxic mechanism. In turn, continuous strong cell proliferation 
makes the forestomach epithelial cells particularly susceptible to initiating agents [11,13,36]. 

1.3.2.2 Cytotoxicity and sustained cell proliferation 
The importance of cytotoxicity and continued strong cell proliferation in forestomach 
carcinogenesis can be linked to the big regenerative potency of the forestomach mucosa, being 
a tissue that is exposed for long periods to acid and potentially abrasive food constituents. 
Abnormal continuous stimulation of these regenerative processes by mechanical and/or 
chemical irritation can result in extensive hyperplasia and tumour formation [27]. For example, 
for chemicals inducing forestomach tumours after gavage administration it was demonstrated 
that there is a correlation between early forestomach mucosal cell proliferation and 
hyperkeratosis and the development of neoplasia [15]. 
In general, cellular proliferation secondary to injury is associated with enhanced susceptibility 
to chemical carcinogenesis at the site of cell proliferation, because cells in an abnormally high 
proliferative state are rendered more vulnerable either to initiating agents present in ingested 
material or formed endogenously or to defects in cell reproduction, thus providing the stimulus 
for progression to neoplasia [11,14,16]. Studies with non-genotoxic forestomach carcinogens 
have demonstrated that persistent tissue damage and sustained cell proliferation are causally 
related to tumour development at this site. Tissue damage may be direct, as with chemical or 
mechanical irritants, or indirect, where damage to the forestomach cells may result from a 
breakdown of the gastric mucosal barrier [14,16,27]. During continuous strong cell 
proliferation caused by non-genotoxic compounds (e.g. phenolic compounds like BHA), 
forestomach epithelial cells are particularly susceptible to carcinogens: in that situation small 
amounts of genotoxic compounds (such as hydroquinone metabolites, quinone metabolites, 
active oxygen species or food-derived mutagens) may interact with forestomach DNA and 
result in forestomach cell transformation [17,18]. 

1.3.2.3 Reversibility of forestomach lesions 
In general, forestomach lesions induced by genotoxic carcinogens do not regress but rather 
develop into papillomas and squamous cell carcinomas after cessation of treatment [17]. For 
some genotoxic forestomach carcinogens (e.g. methyl bromide), however, irritation rather than 
genotoxicity is largely responsible for the induction of hyperplastic lesions. In these cases 
hyperplastic lesions tend to regress after discontinuation of treatment [12,20]. 
Depending on dose and exposure duration, most forestomach hyperplasias as well as 
papillomas induced by non-genotoxic carcinogens rapidly regress after cessation of chemical 
treatment. Indeed, for phenolic compounds (which usually possess very weak initiating but 
very strong promoting activity) simple or papillary hyperplasia clearly regressed after treatment 
stopped. However, with some phenolic compounds (caffeic acid, sesamol, 4-methoxyphenol, 
but not BHA) atypical hyperplasia with a high level of DNA synthesis was observed, even after 
their withdrawal. Hence, even with non-genotoxic forestomach carcinogens it is possible that 
during strong proliferation genetic changes in DNA occur (e.g. due to interaction of the various 
compounds in the diet, which may result in the formation of DNA-reactive compounds in the 
forestomach), thereby causing the transformed cells to develop into atypical hyperplasias and 
finally carcinomas [17,18]. 
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1.3.2.4 Oral administration versus other routes of administration 
Chemicals administered orally come into direct contact with the forestomach epithelium, 
sometimes at high concentrations and for long periods. That is why chemicals when given by 
the oral route are more likely to give rise to forestomach tumours than when they are 
administered by other routes. This is especially so for gavage administration, which results in a 
bolus dose that exerts a traumatic effect on the forestomach epithelium. When repeated daily in 
chronic studies, it leads to chronic inflammation and regenerative hyperplasia. Moreover, oral 
gavage with a vehicle such as corn oil, which itself is a mild irritant and mitogen, results in 
longer retention of the compound in the forestomach than when the compound is given in 
water. Hence, the induction of forestomach hyperplasia and squamous cell tumours is a 
common finding in NTP rodent bioassay studies in which a high concentration of an irritating 
material suspended in corn oil is delivered by gavage into the forestomach daily for two years. 
For some chemicals (e.g. dichlorvos, ethyl acrylate, methyl bromide) the development of 
forestomach lesions has been shown to depend on administration by gavage, as opposed to 
other routes of administration (via food, drinking water, inhalation or skin). For other chemicals 
(like BHA) it has been demonstrated that when given via the diet, forestomach tumours only 
develop when there is continued exposure above certain dietary concentrations. This illustrates 
that a high local concentration at the forestomach mucosa is more important than the total body 
dose on a mg/kg bw basis [36]. 

1.4 Sensitive species/groups 

1.4.1 Interspecies and sex differences 
The incidence of naturally occurring benign forestomach tumours is independent of sex and is 
higher for hamsters than for mice and rats. Naturally occurring malignant lesions are seldomly 
seen in rats, mice and hamsters, and similar low non-sex-related incidences have been noted for 
these rodents (see section 2). 
 
Forestomach tumours have been induced in rats, mice and/or hamsters. The majority of cases 
involve rats, possibly because the rat is very often the species of choice in carcinogenicity 
studies. 
Database-analysis of 379 long-term NCI/NTP carcinogenicity studies in rats and/or mice 
revealed that with respect to chemical-induced forestomach carcinogenicity (as observed in 
23 studies), there was a strong analogy between males and females, as well as between species. 
The agreement between sexes within a species (73-100% for rats, 93% for mice), however, was 
considerably higher than the agreement between species (approximately 55%) [21]. This 
picture was confirmed in a more recent analysis, including also chemicals not being part of the 
NCI/NTP database [22]. 
Despite these strong analogies, species and sex differences are possible in forestomach 
carcinogenesis and have indeed been observed for some chemicals. Differences in transit time 
and luminal conditions (pH, microflora), which are species- and gender-related, may play a role 
[38]. It has also been postulated that factors such as differences in microsome- or cytosol-
mediated metabolic activation and covalent binding of carcinogenic chemicals to tissue 
macromolecules in the forestomach as well as in detoxification enzymes and DNA repair 
systems could be involved in species variation, while differences between the antioxidant 
defence systems of males and females could possibly account for some of the sex differences 
[13]. 
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1.4.2 Intraspecies differences 
Although the rat is very often the species of choice in carcinogenicity studies, not many 
different strains of rats have been used. Most studies have been conducted with F344 rats. 
 
There is one study investigating the strain-dependence of BHA-induced rat forestomach 
carcinogenesis. It appeared that major strain differences exist in susceptibility to forestomach 
squamous cell carcinoma induction by BHA, the incidence being highest in the SHR strain, 
followed by SD, F344 and Lewis. In addition, there was a positive correlation between 
development of squamous cell carcinomas and the severity of inflammation and tissue injury. 
Hence, sensitivity to cytotoxicity might be an important parameter [23]. 
 
The strain-dependence of BHA-induced forestomach carcinogenesis was also investigated in 
two strains of Syrian golden hamsters. BHA induced moderate to severe hyperplasia and 
forestomach papilloma in Misaki hamsters, but failed to induce forestomach papilloma in 
Lakeview hamsters. In these hamsters only mild hyperkeratosis and mild hyperplasia was 
observed [24]. 
 
In mice, a strain-dependence was demonstrated for forestomach carcinogenesis induced by the 
heterocyclic amine MeIQ (2-amino-3,4-dimethylimidazo[4,5-f]quinoline): CDF1 mice were 
susceptible, whereas C57BL/6N mice were not [25]. 
 
Hence, strain differences in forestomach carcinogenesis are possible. However, no firm 
conclusions on intraspecies susceptibility are possible, because strain-dependency has been 
investigated only for a limited number of chemicals in a limited number of studies. 

1.5 Miscellaneous / Other considerations 

1.5.1 Similarities and differences of oesophagus and oesophageal region 
of the stomach between humans and rodents 

In both rodents and humans, the oesophageal mucosa consists of stratified squamous 
epithelium with a keratin coating as protective barrier against possible chemical insults. The 
keratin coating is more pronounced in rodents than in humans. In addition to the keratin 
coating, humans however, in contrast to rodents, have a protective mucous layer against 
chemical insults. The mucus is secreted by oesophageal glands and lubricates the surface, 
thereby facilitating the passage of food through the oesophagus. The oesophagus of rodents 
does not contain mucosal glands, nor does the rodent forestomach. 
In both species the muscularis provides the motive power for rapid propulsion of food material 
from the pharynx to the stomach. There is thus little time for contact of ingested material with 
the oesophageal epithelial cells, even with ‘secondary’ exposure of the oesophagus due to 
vomiting. Humans are capable of vomiting when sufficient irritation occurs. Rodents lack the 
vomiting reflex. 
The oesophageal region of the stomach is the non-glandular part of the stomach lined with 
stratified squamous epithelium. In humans, the oesophageal region of the stomach is very 
limited, not to say absent. In contrast, in rodents this continuation of oesophageal epithelium 
(i.e. the forestomach) covers a substantial part of the stomach. The physiological conditions, 
however, are different between forestomach and oesophagus (a.o. pH, surface population of 
bacteria and yeast). Because of its storage function, the residence time of ingested material in 
the forestomach is much longer than in the oesophagus. Besides, when in long-term studies the 
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animals have free access to food, the rodent forestomach is practically exposed continuously 
because it is never empty [4,5]. 
 
Changes in the physiological conditions of the forestomach may also play a role in the 
induction of forestomach tumours by specific agents, e.g. substances stimulating the 
parasympathetic nervous system (like for instance cholinesterase inhibitors). Under normal 
circumstances, chemicals (particularly small, lipophilic substances) can be absorbed from the 
forestomach and, depending on the transit time and luminal pH, they can be degraded and 
stimulate proliferation. This process is enhanced by the presence of abundant saliva. With 
parasympathetic stimulation there is longer transit time, more abundant and alkaline saliva and 
more alkaline luminal pH. Stimulation of the parasympathetic system thus affects the luminal 
conditions of the forestomach, allowing the substance not only to be absorbed but, being 
subject to stasis, also to be degraded and to interact with epithelial cells. This enhances the 
potential of a chemical to produce toxicity, especially when the chemical is given by gavage, 
reaching the forestomach as a bolus. Over time that could result in increased proliferation and 
ultimately neoplasia [36]. 

1.5.2 Lack of effect in the oesophagus 
The epithelium of the forestomach and oesophagus in the rodent are morphologically identical, 
they are in fact continuous, so if the forestomach squamous epithelium were to respond to an 
insult, then a similar response might be expected in the oesophagus4. However, in general in 
studies where forestomach tumours were induced, no oesophageal tumours were observed. 
Epithelial hyperplasia or other oesophageal lesions were also seldomly observed, with the 
exception of the occasional gavage-induced injury. This could point to a lesser sensitivity of the 
oesophagus, which might be explained by: 
the rapid passage of ingested material through the oesophagus, and 
the difference in physiological conditions between the rodent forestomach and oesophagus (as 
explained above). 
 
Thus, unless a substance is extremely acidic or caustic, no chemical-cell interactions occur with 
the lining epithelium in the oesophagus. In contrast, in the forestomach a substance is subject to 
stasis and, depending on the prevailing pH, subject to degradation by microflora, allowing 
direct or indirect chemical-to-cell and cell-to-cell interactions [36] 

 

1.5.3 Markers/Threshold 
At an early stage prior to cancer development, strong toxicity and/or cell proliferation are 
caused in the rodent forestomach epithelium by many genotoxic as well as non-genotoxic 
forestomach carcinogens. Cytotoxicity and/or cell proliferation are therefore important markers 
for both carcinogenicity and/or promotion of carcinogenesis in the forestomach [13]. 
From experience gained at various sites in the rodent (including the forestomach) it is believed 
that strong proliferative non-genotoxic stimuli as the cause of tumour development have an 
effective threshold, unlike genotoxic substances. Below the threshold dose both the 
early/intermediate changes and the neoplastic changes are absent but above the threshold both 

                                                 
4 Except may be for chemicals administered by gavage. In principle, administering a chemical by stomach tube 
circumvents direct contact of the chemical with the oesophagus. In practice, however, gavage administration may 
result in exposure of the distal part of the oesophagus. Especially when corn oil is used as vehicle, some of the 
dose may adhere to the oesophagus. Moreover, gavage administration may induce mechanical injury. 



RIVM report 601516012 page 17 of 39 

 

types of change are manifest. Hence, substances causing hyperplasia will only be effective in 
provoking tumour development when administered in doses sufficiently high to provoke 
proliferating stimuli. At lower doses in which no proliferative action can be found, in principle 
no tumours will occur. For those non-genotoxic carcinogens known to cause characteristically 
defined and sustainable tissue damage as a precursor of tumour development in rodents, it 
should thus be possible to establish a threshold dose below which both effects will not appear 
[11,16]. 

1.6 Assessment and RIVM/SIR strategy 

1.6.1 Approach taken by other organisations 
Several international organisations and expert committees have dealt with forestomach 
carcinogens. Although all conclude that it is difficult to see the relevance to humans of tumours 
induced in an organ which does not exist in humans, a clear guidance on what to do with the 
finding of forestomach tumours in animal studies with regard to the risk assessment for humans 
is often lacking. Some have proposed to discount certain tumours found in rodents when 
evaluating carcinogenic risks for humans, on the basis of mechanistic considerations (e.g. local 
irritant action). Rat and mouse forestomach tumours induced after oral (especially gavage) 
administration belong to these [30,33,34,35]. However, there is no consensus on this matter: 
investigators from NIEHS are of the opinion that there are few scientific data to justify routine 
exclusion of several site-specific tumours, including forestomach tumours [31,32]. 
 
Until recently (see below) IARC was of the opinion that rodent forestomach findings cannot be 
readily dismissed, but that no judgement on the potential carcinogenic hazard to man is 
possible on the basis of the induction of this type of tumour in rodents [1,3]  For genotoxic 
carcinogens, even if the substance is found to be carcinogenic only in the rodent forestomach, it 
is generally reasoned that they cannot be regarded as safe for humans because these substances 
might induce irreversible, initiating events at different sites in humans [11,13]. 
For carcinogens inducing rodent forestomach tumours by a non-genotoxic mechanism 
involving cytotoxicity and/or increased cell proliferation and restorative hyperplasia, a 
threshold-approach is usually applied, assuming that there is no carcinogenic risk in humans as 
long as the exposure to humans is below the level at which tissue damage and preneoplastic 
lesions occur [11,16]. The threshold-approach has been proposed for several non-genotoxic 
forestomach carcinogens like for instance BHA [26,29; by JECFA and SCF], propionic acid 
[27] and chlorothalonil [28] (by several committees, like JMPR, UK-PAC, HWC). In applying 
the threshold-approach, mostly the NOEL for forestomach hyperplasia (if being the most 
sensitive toxic endpoint) is used in establishing a safe level for humans. In the case of 
chlorothalonil-induced forestomach lesions JMPR concluded that rodents are poor models for 
predicting human risk and that the dog or monkey may be more suitable models. Consequently, 
JMPR did not use the NOEL for forestomach hyperplasia in rodents but a NOEL from a dog 
study in establishing a safe level for chlorothalonil [28]. 
 
Recently, IARC addressed the mechanisms by which forestomach tumours occur in rodents and 
considered the predictive value of rodent forestomach tumours for the identification of 
carcinogenic hazards to humans [36]. IARC concluded that 'the precise underlying mechanism 
of action for any forestomach carcinogen is at present not fully known. Nevertheless, most 
genotoxic forestomach carcinogens appear to act through a mode of action involving genetic 
changes in oncogenes and tumour suppressing genes. Non-DNA reactive agents appear to 
cause forestomach tumours primarily through initial cytotoxicity and subsequent sustained cell 
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proliferation and hyperplasia.' IARC is of the opinion that, in principle, carcinogens targeting 
the forestomach squamous epithelium in rodents – even if they only cause tumours at this site – 
are relevant for humans, because of the following: 
• while humans do not have a forestomach, they do have comparable squamous epithelial 

tissues in the oral cavity and (large part of) the oesophagus; 
• the target tissues for carcinogens may differ between experimental animals and humans and 

a forestomach carcinogen in rodents may target a different tissue in humans; 
• tumorigenic effects in the forestomach are usually accompanied by similar effects in other 

tissues, indicating that there may be either general (e.g., genotoxic or receptor interactive) 
or multiple modes of action. 

However, IARC also recognises that the relevance for humans is probably limited for agents 
that have no demonstrable genotoxicity and that are solely carcinogenic for the forestomach 
squamous epithelium in rodents after oral administration. This because the exposure conditions 
during oral administration (particularly with gavage dosing) are quite different between 
experimental animals and humans in that physical effects may result in high local 
concentrations of test substances in the forestomach and prolonged exposure of the epithelial 
tissue. Consequently, for these agents, the mode of carcinogenic action could be specific to the 
experimental animals. IARC therefore recommends that in evaluating the relevance of the 
induction of forestomach tumours in rodents for human cancer the exposure conditions in the 
experiments have to be considered. 
⇒ IARC-approach: 

Carcinogens that cause forestomach tumours in rodents should be evaluated as if they 
presented a carcinogenic hazard to humans. 
But: 
Agents that only produce tumours in the forestomach of rodents after prolonged treatment 
through non-DNA reactive mechanisms may be of less relevance to humans, since human 
exposure to such agents would need to surpass time-integrated dose thresholds in order to 
elicit the carcinogenic response [36]. 

Unfortunately, the way this exemption is phrased ('may be of less relevance') is no firm 
statement on whether or not to take into account the rodent forestomach findings in human risk 
assessment. 

1.6.2 RIVM/SIR strategy 
As hypothesised in the introduction, carcinogens targeting the forestomach in rodents might 
induce tumours in the human oesophagus (and related organs as oral cavity and pharynx). 
However, from the available data it can be concluded that with respect to chemical-induced 
forestomach tumours, the rodent is not a suitable model for predicting effects likely to occur in 
humans in the upper digestive tract, in particular the oesophagus. Moreover, even in rodents 
forestomach carcinogens in general do not affect the oesophagus. In assessing the relevance of 
rodent forestomach tumours for human risk assessment one should take account of the 
differences in anatomy/physiology and exposure conditions between rodents and humans. 
a. Differences in anatomy/physiology 
- An oesophageal region in the stomach (the so-called forestomach) is present in rodents, but 

absent in humans. 
- The rodent forestomach and oesophagus have different physiological conditions: the 

forestomach is colonised by microflora and subjected to changes in pH. 
- Rodents lack a vomiting reflex, while vomiting enables humans to get rid of an irritating 

substance, which a number of forestomach carcinogens are. 
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b. Differences in exposure conditions 
- Due to the rapid passage through the oesophagus, there will be limited or no interaction of 

the chemical with the epithelial lining of the oesophagus. In contrast, due to the storage 
function of the forestomach and the eating habits of rodents, a chemical is subject to stasis 
in the forestomach, allowing more interaction with the forestomach mucosa. 

- In the induction of forestomach tumours by non-genotoxic carcinogens, the exposure 
duration and the presence of high local concentrations appear to be crucial. The exposure 
conditions resulting in such prolonged high local concentrations in the rodent forestomach 
(long-term oral administration of a chemical via gavage or in high dietary/drinking water 
concentrations) are not representative for human exposure conditions. 

 
Further, it is to be noted that: 
- Many forestomach carcinogens have some form of genotoxicity. 
- Most genotoxic forestomach carcinogens are multi-site carcinogens. 
- The mechanism of forestomach carcinogenesis by non-genotoxic substances is time- and 

dose-dependent and reversible (unless exposure is excessively prolonged or intense), 
pointing to a threshold-based mechanism: at doses below those yielding cytotoxicity and 
enhanced cell proliferation, there will be no promotion of tumour development. 

 
Approach 
Given the above, in establishing the risk of rodent forestomach carcinogens for humans, first a 
distinction has to be made between genotoxic and non-genotoxic substances, followed by a 
distinction in exposure route. 
 
1. Is the substance inducing forestomach tumours in rodent studies genotoxic? 

a) If on the basis of the available data the answer is yes, then the substance should be 
evaluated as if it presents a carcinogenic hazard to humans. This because a genotoxic 
substance might induce irreversible, initiating events in related and/or different sites in 
humans. In the risk assessment for humans a non-threshold approach has to be applied 
to the rodent forestomach findings, or, if multiple sites are affected (which will almost 
always be the case), to the most critical site. 
Note: The database present for a given genotoxic substance may indicate that 
cytotoxicity rather than genotoxicity is the determining factor for forestomach tumour 
induction. In that case, the available data should be subjected to expert consultation, in 
order to decide on the primary mode of action and the way forward in risk assessment. 

b) If on the basis of the available data the answer is no, the exposure conditions under 
which the forestomach tumours were induced should be considered (question 2).  

 
2. Are forestomach tumours induced in rodent studies after oral administration? 

a) If the answer is yes, then the effects of the substance on the rodent forestomach after 
oral administration are considered rodent-specific and therefore not relevant for 
humans. This because the exposure conditions in rodents, which are considered not 
representative for humans, contribute to responses that are unique for the forestomach. 
Hence, the rodent forestomach findings (both tumours and hyperplasia) after oral 
exposure do not have to be taken into account for human risk assessment. The risk 
assessment for humans should be based on the most critical, relevant effect identified in 
the available database.  

b) In the extremely rare case that the answer is no (given that practically all of the 'non-
oral' forestomach carcinogens identified up to now are genotoxic), the available data 
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should be subjected to expert consultation, in order to decide on a case-by-case basis 
how to deal with the rodent forestomach findings in human risk assessment. 

 
In all cases a narrative is needed to substantiate the choices made. 
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2.1 Introduction and aim 
Spontaneous testicular tumours are commonly observed in some rat strains [2,3,21] and in dogs 
[20] and mice [6,7]. The tumours can be divided in three types: Sertoli cell tumour, seminoma 
and Leydig cell tumour (interstitial cell tumour) [9,20]. The main function of Leydig cells 
(LCs) is the production of testosterone.  
Leydig cell tumours (LCTs) are mostly benign and are observed especially in older animals 
[2,20,21].  
Some uncertainty exists about the true occurrence of Leydig cell adenomas in man, although 
occurrence seems to be rare and restricted primarily to white males [7]. The known risk factors 
for LC adenomas are restricted to heritable disorders of the endocrine system (congenital 
adrenal hyperplasia and androgen insensitivity syndrome), Klinefelter’s syndrome, Androgen 
Insensitivity Syndrome (AIS) [Quigly et al. 1995 in 25], familial male precocious puberty 
(FMPP) [Shenker et al. 1993, 1995 in 25] and cryptorchidism with related testicular atrophy 
[21,23, ref. 104 in 7]. 
LCs are a common target of compounds tested in rodent carcinogenicity bioassays [9]. Doubts 
have been raised about the relevance of chemical-induced LCTs for human risk assessment [1; 
2,7,9,21]. In this factsheet, the toxicological relevance of a chemical-induced increase in LCTs 
in laboratory animals for human risk assessment will be discussed. 

2.2 General information and mechanisms of induction 
In the rat the distinction between LC hyperplasia and adenoma (tumour) is, like other endocrine 
tumours in the rat, arbitrarily based on size [7-9]. There has been much discussion concerning 
the exact size that should be used to discriminate between hyperplasia and adenoma. Two 
arbitrary criteria have been developed for rodents [9]: 
• According to the National Toxicology Program (NTP), an aggregate of LCs smaller than the 

diameter of a seminiferous tubule is classified as being focal hyperplasia [Boorman et al. in 
9]. A mass of LCs greater than that of a seminiferous tubule is classified as a tumour. 
Masses of this size generally produce some compression of adjacent tubules. 

• Guidelines recommended by The Society of Toxicologic Pathologists for standarization of 
diagnosis propose three tubular diameters as the arbitrary separation of focal LC hyperplasia 
from LC neoplasia [McConell et al. in 9]. In addition, the proliferative focus must also have 
morphological features consistent with LCT. These features may include evidence of 
autonomous growth by symmetrical peripheral compression of adjacent seminiferous 
tubules, evidence of cellular pleomorphism, and development of a typical endocrine 
sinusoidal vascular network. 

To date, the debate continues without a generally accepted size criterium [9]. 
In toxicology safety assessment studies, almost none of the references use the pathological 
criteria to distinguish between LC hyperplasia (LCH) and LCT [9]. It is considered that the 
transition from LCH to LCT is part of a continuous spectrum of change, and both LCHs and 
LCTs may be routinely pooled in the interpretation and analysis of carcinogenicity studies [21]. 
In contrast to rodents, no size criteria is used to distinguish between hyperplasia and tumour in 
humans [Mostofi and Davis, 1990 in 9].  
 
A number of chemicals, including many non-DNA-reactive compounds, have been shown to 
increase the incidence of LC hyperplasia and tumours in chronic studies in certain strains of 
rats, and occasionally in mice and dogs [21]. Morphologically, there appears to be no 
difference between spontaneous and chemically induced LCTs [8; 21]. 
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For many of the compounds that induce LCH and/or LCT the mechanism of action is not 
known. However, there are some generalisations that can be made regarding the mode of action 
or chemical activity, primarily involving effects on the hypothalamic-pituitary-testicular axis 
(HPT-axis). 
 
The regulation of testosterone production by LCs can be divided into extratesticular (via 
pituitary) and intratesticular (paracrine: by seminiferous tubules, and autocrine: by LC products 
such as estradiol and testosterone) [14]. The primary sites in the regulation of testosterone 
production in rats and humans are the hypothalamus and the pituitary (see Figure 1) [9]. 
In order to understand how chemicals may induce LCTs by interrupting the HPT-axis, it is 
necessary to understand the regulation of the HPT-axis. The hypothalamus secretes 
gonadotropin-releasing hormone (GnRH), which stimulates the secretion of luteinizing 
hormone (LH) by the pituitary. LH maintains testosterone levels in homeostasis [ref 17 in 
8,9,15,21] and LH binds to Leydig cells and activates adenylate cyclase to increase cAMP 
levels. Increased cAMP levels stimulate testosterone biosynthesis causing testosterone levels to 
rise in the bloodstream. Testosterone exerts a negative feedback on the release of GnRH and 
LH from the hypothalamus and pituitary, respectively (see fig. 1) [8,9]. 
An additional feedback control mechanism of LH involves the steroid estradiol. Testosterone is 
converted to estradiol via the enzyme aromatase, a process which is commonly referred to as 
aromatization. Aromatase activity is found in adipose tissue, liver, skeletal muscle and testis. In 
males, the majority of estradiol synthesis occurs in adipose tissue. Similarly to testosterone, 
increasing blood estradiol levels will attenuate LH secretion. 
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Figure 1. Regulation of the HPT-axis and control points for potential disruption. Symbols: (+) 
feedback stimulation; (-) feedback inhibition; ⊕ receptor stimulation; ⊗ enzyme or receptor 
inhibition [8,9].  
 
Figure 1 also illustrates mechanisms by which chemicals can disrupt the HPT-axis and produce 
LCTs in rats. In animals treated with some LC tumour-inducing agents, an increased level of 
circulating LH was observed, leading to the current concept that these adenomas arise due to 
chronic LH elevation [2,7,8]. 



RIVM report 601516012 page 27 of 39 

 

Increases in LH level were not seen in all studies of chemicals for which the proposed mode of 
action calls for elevated LH. Compensation may occur to restore homeostasis, such as 
induction secondary to seminiferous tubule damage, paracrine involvement, events related to 
peroxisome proliferation and increased steroid clearance due to enzyme induction [7]. 
 
In tables 1 and 2 (see Annex I) compounds are listed that produce LC hyperplasia and/or LCTs 
in rats, mice or dogs. Because of the implications in risk assessment, DNA-reactive and non-
DNA-reactive compounds are considered separately [7]. 

2.2.1 Direct DNA reactive mechanisms 
Most of the genotoxic compounds that induce LCTs also induce adenomas and/or carcinomas 
at other sites (see table 2 in Annex I; [9]), and LCT is one of the endpoints to be considered [7]. 

2.2.2 Non-DNA reactive mechanisms 
The non-genotoxic compounds are subdivided by their mode of action, chemical activity, 
chemical class or as other (table 1 in Annex I); [9]. 
There are 7 modes of action that appear to affect hormonal control of LC activity [7,9]. 
Androgen receptor antagonism: competition with testosterone and dihydrotestosterone (DHT) 
for binding to the androgen receptor. This competition reduces the net androgenic signal to the 
hypothalamus and pituitary resulting in an increase in LH with a concomitant elevation of 
testosterone.  
1. Testosterone biosynthesis inhibition: decrease in testosterone levels increases LH levels in 

rats, resulting in the development of LCTs. 
2. 5α-Reductase inhibition: blocks the conversion of testosterone to DHT. DHT amplifies the 

androgenic signal through several mechanisms: (i) unlike testosterone, DHT cannot be 
aromatized to estrogen and thus its effect is purely androgenic and (ii) DHT binds to the 
androgenic receptor with greater affinity and stability than testosterone. Hence, 5α-
reductase inhibitors decrease DHT levels, which reduce the net androgenic signal received 
by the hypothalamus and pituitary and thereby causes a compensatory increase in LH 
levels. 5α-reductase inhibitors induce LCTs in mice and LC hyperplasia in rats. 

3. Aromatase inhibition: blocks the conversion of testosterone to estradiol, resulting in a 
decrease in estradiol and an increase in LH levels. (In some chronic studies, dogs have 
been reported to be more sensitive than rats for the development of LC hyperplasia in 
response to aromatase inhibition [7,24]. 

4. Estrogen agonism: induces LCTs in certain strains of mice (Alderly Park outbred, 
BALB/c, Strong A) but not in rats [8]. These strain differences have been attributed to 2 
factors: (i) estrogen increase LH levels in mice, but decrease LH levels in rats and (ii) 
estrogen may directly stimulate LC proliferation via a paracrine mechanism [7,9]. 

5. GnRH agonism: the only documented examples of a non-LH type mechanism that can 
induce LCTs. GnRH agonists induce LCTs in rats by binding to GnRH (or LHRH, 
luteinizing hormone releasing hormone) receptors on Leydig cells. Because Leydig cells 
from mice, monkey and human do not contain GnRH (LHRH) receptors, these species are 
believed to be not susceptible to tumour induction by this class of compounds 
[7,8,10,16,21]. 

6. Dopamine agonism: decreases serum prolactin levels in rats, which causes downregulation 
of LH receptors on LCs, and thus a decrease in testosterone production. Decreased 
testosterone results in an increased LH level. This effect has not been reported for any 
other species than rat (and decreased prolactin does not decrease the number of LH 
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receptors on human LC). An alternative mechanism has been proposed, namely that 
dopamine agonists increase GnRH levels that subsequently increases LH levels. The 
relative contribution of these two mechanisms toward the development of LCTs remains to 
be determined [9]. 

2.2.3 Other possible mechanisms 
Since many compounds are able to induce LC hyperplasia and/or tumours by mechanisms other 
than the HPT-axis disrupting mechanisms described above, many studies have focussed on 
additional modes of action for LCT induction, although the contribution of the suggested 
mechanisms needs to be elucidated. Additional factors with LCT-inducing potential are 
discussed below. 
- In addition to the direct effects of elevated levels of LH, proto-oncogene activation appears 

to be also a consequence of LH stimulation of LC, and might provide a common underlying 
mechanism [7]. 

- Testosterone production is also suppressed by glucocorticoids in rats (elevated after stress) 
[9]. It is proposed that stress (indicated by an increase in serum corticosteroid levels), 
related to individual caging, particular among males, directly impairs testosterone synthesis 
and produce LC atrophy, which leads to a feedback increase in the synthesis of LH by the 
anterior pituitary [19]. This phenomenon has been observed in toxicity studies with rats. 
(note: rats in inhalation and dermal toxicity studies are singly caged, whereas in feed or 
gavage studies, rats are group-caged [19]. 

- While it is clear that normal functioning of the LCs is dependent on an appropriate 
endocrine environment within the testis, primarily that provided by LH stimulation, the 
paracrine environment also plays an important role (seminiferous damage, IGF-1, TGFα, 
IL-1) [9,14,21]. 

- Several peroxisome proliferators have been shown to induce LCTs in rats, without inducing 
peroxisomes in the Leydig cells (whereas peroxisome proliferation was observed in the 
liver) [7,8]. 

- Besides cAMP, other second messenger systems (arachidonic acid, leukotrienes, 
calcium/calmoduline, chloride ions, free radicals [ref. 28 in 7,9] may also be involved  the 
induction of LC hyperplasia [7]. 

2.3 Normal values and natural variation 
The spontaneous incidence of LCTs in animals is species, strain and age dependent [5,7-9]. See 
tables 3 and 4 of Annex II. 
The comparison of spontaneous incidences between animal and man is tenuous because 1) the 
diagnosis in animals is from histological examination from animal experiments (standard 
observation) while in man (with complaint) from palpation, and 2) some rat strains are (very) 
sensitive (high LCT incidences). Inspite of these differences, the data suggest a substantial 
lower occurrence of LCT in humans compared to rats [7]. 
 
Rats 
In Sprague-Dawley, Osborne-Mendel and Brown-Norway rats, LCTs are generally very rare, 
whereas their incidence reaches 90-100% in 18-24 month-old F344 rats. Wistar-derived strains 
exhibit variable incidences ranging from less than 10% to nearly 100% [2,6,7]. Histologically, 
about 90% of LCTs in rats are considered to be benign [5,21]. In the remaining 10% malignant 
tumours, distant organ metastasis is extremely rare [5]. 
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Mice 
Spontaneous incidence of LCTs in mice older than 18 months is considerably lower than in 
rats, and ranges from 0.1 to 2.5% [4, ref. 4 and 5 in 7]. 
 
Dogs 
The spontaneous incidence of LCTs in beagle dogs at 7.75 years is 6.3%, and a further 8% 
showed Leydig cell hyperplasia [9,17], whereas the reported incidence for dogs in general 
ranges from 0.034% to 16%. In dogs, the tumours are mostly benign, and metastases are 
observed in only 2% [20]. 
 
Humans 
The estimated incidence of LCTs is 0.3 to 3 per million [2,9]. In man, LCTs are distributed 
equally in various age groups [21,23]. The incidence of LCTs appears to vary by ethnic 
background, where the highest incidence is seen in white males [9,23]. An important risk factor 
is cryptorchidism, which occurs in greater frequency in white men [3,23]. Prenatal exposure to 
estrogens, specifically DES, has been shown to be a risk factor for cryptorchidism although not 
in all studies [3]. 
Children with LCT are more likely to demonstrate a definite clinical syndrome and may 
develop isosexual precocious pseudopuberty or feminization. Adult men may show 
feminization but often demonstrate no symptoms other than a testicular mass. Children with 
LCTs usually show a high urinary excretion of 17-ketosteroids, while adults have normal 
values, unless the tumour in the adult is metastatic. Probably all feminizing LCTs produce 
estrogens (high urinary estrogen excretion and high spermatic vein estradiol to testosterone 
ratio) [15]. 
 
A summary is given in Table 1 below. 
 
Table 1. LCT incidence in different species 
Species LCT incidence (%) 
Rats 0.8 - 100 
Mice 0.1 – 2.5 
Dogs 0.03 - 16 
Humans 0.3 x10-6 – 3 x10-6 
 

2.4 Sensitive species/groups 

2.4.1 Interspecies 
Although in literature high incidences of natural occurring LCTs are described for both rats and 
dogs, studies on mechanisms of LCT induction are usually restricted to rats (and mice), and 
also most carcinogenity studies are performed with rodents. Therefore, most information is 
available on rats. Information on interspecies differences are mainly restricted to rat and 
human. 
Although the anatomy and regulation of the HPT-axis are generally comparable between rats, 
mice, dogs, monkeys and humans, there are some differences, which may play a role in the 
differences in sensitivity of induction of LCTs in these species. The interspecies differences 
include: 
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• Rats lack sex hormone binding globulin (SHBG). In man, ~95% of testosterone in peripheral 
blood is bound to SHBG, which retards its metabolism and clearance [9]. Because the ratio 
between bound and free (bioavailable) testosterone is kept in balance, it is relatively difficult 
in man to perturb the peripheral levels of testosterone in any short-term way. In contrast to 
man, the rat has no peripheral SHBG and thus the blood levels of testosterone can 
potentially be altered more rapidly [9]. The half life of circulating LH in humans is in excess 
of 100 minutes, while in the rat the half life is 5 to 10 minutes [9]. 

• Rats have a greater LH receptor number per Leydig cell than humans (human LCs contain 
approximately 1500 LH receptors/cell, whereas rat LCs contain approximately 20000 
receptors/cell, a 13-fold difference between rats and humans) [7,9,21]. 

• Rats have GnRH receptors on their LCs, in contrast to mice, monkeys and humans [7,21]. 
• Prolactin modulates LH receptor levels on LCs in rats, but not in humans [7]. 
• Rats and humans appear to respond different to exogenous hCG (human Chorionic 

Gonadotropin, a hormone equivalent to LH in its action on LCs), with rat LC showing 
hyperplasia and human LC showing hypertrophy [7,21]. 

• Mice and monkey appear to be less sensitive than rats to androgen receptor antagonists. 
There is no information available for humans [7]. 

• 5α-reductase inhibitors induce LC hyperplasia in rats and LC hyperplasia and LCTs in mice. 
There is no information available for humans [7]. 

• Estrogen agonists induce LCTs in mice by mechanisms that do not appear to be present in 
rats. No information is available for humans [7]. 

• Histologic and electron microscopic features of malignant LCTs in rats resemble that of 
human LCT, except for the presence of crystalloids of Reinke which are present in 40% of 
the human LCTs, and are not observed in rats [5,7]. The function of Reinke’s crystals is 
unknown [18]. The presence of Reinke crystals is unique for human LC and the Australian 
wild bush rat [9]. 

• Testosterone levels decline with age in most strains of rats as well as in humans. In rats, this 
decrease is probably secondary to declining LH levels. This is in contrast to the situation in 
man, where LH levels tend to increase with age, presumably related to decreasing 
testosterone levels [9]. 

 
All of these differences may contribute to the observed higher incidence (and probably greater 
sensitivity for induction) of LCH/LCT in rodents when compared with human. 

2.4.2 Intraspecies  
Apart from strain differences in the rat and the observed higher incidence of LCTs in older 
dogs (in absence on information in the literature on the mechanisms of induction of LCTs in 
older dogs), there are no indications for specific sensitive groups within a species.  
Human variation is described in  Section 2.3. 

2.5 Assessment and RIVM/SIR strategy 
Known human incidence of clinically detectable LCTs in the general population is very low. 
However, occurrence of LC hyperplasia is unlikely to be detected in men of any age since 
routine autopsy typically does not include microscopic evaluation of the testes [7,9]. The true 
occurrence of LCTs in humans may be higher than currently thought, but is nonetheless 
significantly lower than in rats [9,21]. 
The pathways for the regulation of the HPT-axis of rat and humans are qualitatively similar. It 
appears that there is evidence that suggest that human LCs are quantitatively less sensitive than 
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rats in their proliferate response to LH, and hence their sensitivity to chemically induced LCTs 
[9]. Nevertheless, the available evidence for most mechanisms of action is insufficient to 
conclude that they are not relevant for humans. For LCT induction there are, based on the 
current state of knowledge, only 2 mechanisms for which it can be concluded that they are not 
relevant to humans: GnRH and dopamine agonists. Because testicular GnRH and Prolactin 
receptors are either not expressed or expressed only at a very low level in humans, the 
induction of LCTs in rats by GnRH and dopamine agonists would appear to be not relevant to 
humans. However, the relevance to humans of the remaining 5 mechanisms of action cannot be 
ruled out [9]. 
 
Generally, only in cases where a species-specific mechanism is involved in the induction of 
LCTs, and there is sufficient evidence that the mechanism of LCT induction is not relevant in 
humans, the increases in LCTs in the testspecies are not considered in the risk assessment. 
In circumstances in which the mechanism of induction is unknown, it should be assumed that 
humans are potentially susceptible [7]. This view is in line with the view of the EPA and 
Classification and Labelling on LC hyperplasia/neoplasia [11-13,22,25]. 
 
The distinction between LC hyperplasia and LC tumour is based on size. There are no uniform 
used/accepted size criteria although the criteria of the Society of Toxicologic Pathologists are 
frequently used. Since it is considered that the transition from LC hyperplasia to LCT is a 
continuous spectrum of change, both hyperplasia and neoplasia are considered in the risk 
assessment. For the risk assessment, the relevance of increased LCTs in laboratory animals is 
considered separately for genotoxic and non-genotoxic compounds. 
 
1. Only in cases where a species-specific mechanism is involved in the induction of LCTs, 

and there is sufficient evidence that the mechanism of LC induction is not relevant in 
humans (in rat GnRH and dopamine agonists), the compound inducing the tumour is 
considered as carcinogenic for the species concerned, but not for humans (see above). 

2. Genotoxic compounds 
Most of the genotoxic compounds that induce LCTs also induce adenomas and/or 
carcinomas at other sites and LCT is one of the endpoints to be considered in the risk 
assessment. Even when only LCT are observed, it cannot be excluded that these substances 
induce tumours at other sites in humans. Therefore, the LCTs are considered to be relevant 
for human risk assessment. 

3. Non-genotoxic compounds 
An increase in LCT number has to be statistically significant and dose-related for 
considering in the risk assessment as evidence of carcinogenicity. A statistically significant 
increase may also occur in the high dose only. 
Accompanying LC hyperplasia contributes to the weight of evidence of the neoplastic 
response. However, a compound is not designated carcinogenic based on increased 
hyperplasia only.  

 
Expert consultation is needed: 
- when the increase in LC hyperplasia/neoplasia is the critical effect for determining the 

NOAEL of a study. 
- when a non-significant increased incidence in LCTs, dose-related and/or accompanied by 

hyperplasia, is observed in species/species strains, which have a low spontaneous 
incidence of LCTs (see Annex II) .  

- when only a significantly (dose-related) increased incidence of hyperplasia is observed. 
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- when the LCT incidence in the control group deviates from the normal background 
incidence in that species/species strain, and the LCT numbers observed in the dosed groups 
may pose a problem. 
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