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Disclaimer

• All statements given in this presentation are the result of my continuous learning 
and my personal experience (but maybe also my misinterpretation!) 

• They thus, do not necessarily reflect the opinion of my former employer or any 
regulatory agency 

• Furthermore, I received no financial support or grants for the authorship and 
preparation of this presentation 
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Introduction
Transgenic animal models are powerful tools for developing a more 
detailed understanding on the roles of specific genes in biological 
pathways and systems. 

Applications of these models have been made within the field of 
toxicology, most notably for the screening of 

• Mutagenic potential

• Carcinogenic potential 

• Characterization of toxic mechanisms of action.
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Background for the program (1996 to 2001) 

•  The ILSI HESI Alternatives to Carcinogenicity testing Committee (ACT) organized an

international collaborative research program to help develop the scientific data needed to 

further understand the benefits and limitation of new methods proposed for carcinogenicity

testing. 

•  The research program was initiated in 1996 and the data was presented in a workshop in

Leesburg, Virginia, US in November 2000.  

All the results were published in 2001 (Tox Pathol. Volume 29, Supplement, Pages 1 - 351)  

•  Six proposed assays/models were included (p53, TgAC, Tg rasH2, Xpa, Neonatal Mouse, SHE)

•  A set of 21 chemicals were selected for testing with the goal of generating data relevant to a

number of potential modes of carcinogenic action relevant to human risk assessment, as well as

different chemical and therapeutic classes. 

•  More than 50 laboratories world-wide participated over a period of 4 years in data collection

efforts from more than 120 studies

Introduction
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• 2 GENERAL CONCLUSIONS AND RECOMMENDATIONS 

• 2.1 Regulatory acceptance 

• In the TgrasH2 as well as in the p53 model, all 21 ILSI/HESI compounds have been 
studied. Although some individual studies showed equivocal responses, the outcome 
as a whole suggests that these two models can be accepted for regulatory purposes 
and are likely to have an additive value to carcinogenicity assessment if studies are 
properly designed. 

• The TG.AC reacted inconsistently and incompletely to known human carcinogens... 
Nevertheless, the model is considered to be useful for screening the carcinogenic 
properties of dermally administered pharmaceuticals. The TG.AC model cannot be 
recommended for oral studies with the forestomach as "reporter site" . 

• The XPA-/- and XPA/p53 assays appear to be promising models, but more data from 
studies using acceptable protocols are needed… 
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What is tested for Carcinogenicity?

• Agrochemicals 
• Chemicals 
• Food additives 
• Human pharmaceuticals for long term use
• Veterinary pharmaceuticals 

S1A Guideline on the  NEED for carcinogenicity studies of pharmaceuticals (CPMP/ICH/140/95)

S1B Carcinogenicity: TESTING for carcinogenicity of pharmaceuticals (CPMP/ICH/299/95)

S1C Carcinogenicity:  DOSE SELECTION for carcinogenicity studies of pharmaceuticals  (CPMP/ICH/383/95)

S1C(R2)  Addendum to 'dose selection for carcinogenicity studies of pharmaceuticals’: addition of a limit dose

and related notes of pharmaceuticals (CPMP/ICH/366/95)

S1(R1)  Rodent Carcinogenicity Studies for Pharmaceuticals – Position Paper
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1.2 Purpose of the Addendum 

This Addendum expands the evaluation process for assessing human carcinogenic 

risk of pharmaceuticals by introducing an additional approach that is not described 

in the original S1B Guideline. This is an integrative approach that provides specific 

weight of evidence (WoE) criteria that inform whether or not a 2-year rat study is 

likely to add value to a human carcinogenicity risk assessment. The Addendum also 

adds a plasma exposure ratio-based approach for setting the high dose in the rasH2-

Tg mouse model1, while all other aspects of the recommendations for high dose 

selection in S1C(R2) Guideline still apply.

Application of this integrative approach reduces the use of animals in accordance 

with the 3R (reduce/refine/replace) principles and shifts resources to focus on 

generating more scientific mechanism-based carcinogenicity assessments, while 

continuing to promote safe and ethical development of new pharmaceuticals. 

1Since other short-term models mentioned in S1B have not gained significant use compared to rasH2-Tg mouse over the 

past 20 years, pharmaceutical development experience with these models is far more limited. Therefore, other short-term 

carcinogenicity models referred to in S1B would not qualify for a plasma exposure ratio-based high dose selection. 

It is appropriate to use wild-type rasH2-Wt littermates of rasH2-Tg mice for dose range-finding studies and for generating 

exposure data. 
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2. A WEIGHT OF EVIDENCE APPROACH TO ASSESS THE 

HUMAN CARCINOGENIC POTENTIAL OF PHARMACEUTICALS

2.1 Factors to Consider for a WoE Assessment 
…. 

Last sentence: 

A rasH2-Tg mouse study is not expected to be completed to support a WoE assessment. 

However, if rasH2-Tg mouse study results are available, they should be included in the WoE

document. 

2.3 Mouse Carcinogenicity Studies 

A carcinogenicity study in mice, either a 2-year study in a standard strain of mice or a short-

term study in a transgenic model as in ICH S1B, remains a recommended component of a 

carcinogenicity assessment plan, even for those compounds for which the WoE assessment 

indicates a 2-year rat study would not contribute significant value. Use of a transgenic model

is consistent with the 3R (reduce/refine/replace) principles and this model should be 

prioritized unless there is a scientific rationale for conducting a 2-year study in mice. 
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3. CLARIFICATION ON CRITERIA FOR HIGH DOSE SELECTION BASED ON   

EXPOSURE FOR RASH2-TG MOUSE CARCINOGENICITY STUDIES 

• A plasma exposure (AUC) ratio for high dose selection in the absence of dose limiting 

toxicity or other criteria as outlined in ICH S1C(R2) has not been globally accepted as a 

dose-setting criterion in the rasH2-Tg mouse model. A retrospective evaluation of 

available data from 53 compounds tested in this model determined that detection of 

compound-related tumors emerged in all cases within a systemic rodent-to-human 

exposure ratio up to 50-fold (15*). Based on this analysis, it was concluded that a 50-fold 

plasma exposure ratio (rodent:human) is an adequate criterion for high dose selection. 

Therefore, all criteria for selection of the high dose as specified in S1C(R2) for 2-year 

rodent carcinogenicity studies are applicable to rasH2-Tg mice, including a plasma 

exposure ratio, except that the plasma exposure ratio will be 50-fold in rasH2-Tg 

mice rather than 25-fold as for 2-year studies conducted in standard strains of rodents. 

*Hisada S, Tsubota K, Inoue K, Yamada H, Ikeda T, Sistare FD. Survey of tumorigenic sensitivity in 6-month
rasH2-Tg mice studies compared with 2-year rodent assays. J Toxicol Pathol 2022;35:53–73. 
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The rasH2 transgenic mouse model

• The rasH2 Transgenic Mouse Model was developed by Dr. Tatsuji Nomura
and colleagues of the Central Institute for Experimental Animals (CIEA) in
Kawasaki, Japan

• Is a hemizygous transgenic mouse carrying the c-Ha-ras oncogene and that
gene’s promotor/enhancer within the genetic background of
a BALB/cByJ C57BL/6J F1 mouse

• Approximately 3 copies of the transgene are integrated in a tandem
array into chromosome number 15 

• The homozygous c-Ha-ras genotype is lethal
• Spontaneous tumors in hemizygous transgenic mice are rare until

6 months of age.
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Genetic Stability of rasH2 Mice

Tsutsumi et al, 2022 JTP 35, 19 - 24 
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Stability of rasH2 Mice
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Study Design: DRF Studies

ICH1B(R): It is appropriate to use wild-type rasH2-Wt littermates of rasH2-

Tg mice for dose range-finding studies and for generating exposure data. 

Based on the analysis, we propose that the Tg.rasH2 mice and not the CByB6F1 mice should be 
used in future DRF studies. The Tg.rasH2 mice demonstrate more toxicity than the CByB6F1 mice, 
possibly because of their smaller size. Also, the Tg.rasH2 males appear to be more sensitive than 
the female Tg.rasH2 mice.
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Study Design: DRF Studies
Body weight gain differences (%) in 
TG.rasH2 vs. CByB6F1 (wt) mice at day 28

Males

Females
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Positive Control: 

Ethyl carbamate (Urethane)

(3 x 1000 mg/kg i.p. on days 1,3,and 5*)

Urethane (BioReliance, …)

* Shah et al. 2012, International Journal of Toxicology 31(5) 423-429

Yamamoto S. et al. Rapid induction of more malignant tumors by various genotoxic
carcinogens in transgenic mice harboring a human prototype c-Ha-ras gene than in control
non-transgenic mice. Carcinogenesis. 1996;17(11): 2455-2461

Target Organs: Lung and Spleen
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Study Design: Positive Controls

Period No of
Animals

Duration
Urethane*

Histo

2003 -

2005

25 / sex 26 wk All Protocol 
Organs

2005 -

2009

25 / sex 18 wk All Protocol 
Organs

2010 -

2015

15 / sex 18 wk Lung and Spleen

2016 - 2022 10 / sex 12 wk Lung

2023 - 0 / sex ?? None ?Paranjpe, et al. 2013, 2014, 2019, 2021

Shah et al. 2012
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Positive Control: 

N-Nitroso-N-methylurea

NMU (LabCorp)
1 x 75 mg/kg i.p. 

Target Organs: Non-glandular Stomach and Hematopoietic System

Yamamoto et al. 1996;Carcinogenesis 17(11): 2455-2461
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Positive Control: NMU
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Male rasH2: (NMU)
Spleen and Liver: Histiocytic Sarcoma
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Male rasH2 Control: Thymus, normal appearance
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Male, rasH2 Mouse, NMU: Thymus, Epithelial cells increased
- Thymoma
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Female, rasH2 Mouse, Thymus: Thymoma/Lymphoma
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rasH2: Positive control (NMU), Female Skin: 
Hyperplasia, epidermis and Papilloma
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rasH2: Positive control (NMU) Female
Skin: Papilloma  and  Carcinoma, Basal cell
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Study Design

• Despite the increased use of the Tg.rasH2 model, 
there has been no systematic survey of current 
practices in the design, interpretation of results 
from the bioassay, and global health authority 
perspectives.

• All of the studies included a full list (*40) of tissues 
for histopathological evaluation
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Historical Control Data



RESTRICTED

Historical Control Data

Spontaneous Neoplasms and Causes of Mortality in rasH2 Mice from 26-Week Carcinogenicity Studies 
Marcia Elisa Pereira Bacares; Covance Laboratories Inc., Chantilly, Virginia, USA, Poster at ESTP, Cologne 2019
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Historical Control Data: Latest review:

52 studies in males and 51 studies in females for a total of 1,615 

male mice and 1,560 female mice: No Data from Positive Controls
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Lung: from focal alveolar Hyperplasia
to bronchiolo-alveolar Carcinoma
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rasH2: 26 wk, gavage, twice daily, male

Glandular Stomach: Hyperplasia, mucosa, focal; 



RESTRICTED

rasH2: 26 wk, gavage, twice daily, female
Harderian Gland, Adenoma

rare in pos. Controls  ??
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rasH2: 26 wk, gavage, twice daily, male
Harderian Gland, Adenocarcinoma

Even more rare in pos. Controls !!
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Interpretation of Results: 
Male rasH2: 26 wk, gavage, twice daily treatment

Liver: Focus of cellular alteration, basophilic (right: DD Adenoma)

Incidence: Males: 0 – 0 – 0 – 2    Females: 0 – 0 – 0 – 0 
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In the current survey, only 16% of respondents (3 companies) reported observing a 
spontaneous tumor in an organ/tissue that was not listed in the HCD of the test 
facility where the study was conducted. For these 3 respondents, 3 to 5 additional 
tumors in novel organs were identified; none of the additional tumors themselves 
were novel. These tumors included forestomach squamous cell carcinoma (1), 
leiomyosarcoma/leiomyoma (1 each), uterine sarcoma (1), 
lymphangiosarcoma/lymphangioma (1 and 2, respectively), hepatocellular adenoma 
in a female mouse (1), and pituitary adenoma (1). In addition, 2 sponsors identified 
hemangiosarcoma in organs not previously included in the HCD

Interpretation of Results: 
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rasH2: 26 wk, gavage, twice daily, male
Nasal Cavity: Carcinoma (HD)

Not previously listed



RESTRICTED

Currently still under discussion: Statistical Analysis
Definition of „Common“ and „Rare“ Tumors

Expanded Statistical Decision Rules for Interpretations of Results of Rodent 

Carcinogenicity Studies of Pharmaceuticals

Karl K. Lin & Mohammad A. Rahman

First Online: 01 September 2018 Part of the ICSA Book Series in Statistics book series (ICSABSS)

The FDA draft Guidance for Industry, Statistical Aspects of the Design, Analysis, and Interpretation of Chronic Rodent Carcinogenicity 

Studies of Pharmaceuticals (2001) recommends that a positive dose–response alone in tumor incidence of an individual tumor type be 

tested at 0.005 or 0.025 and that a pairwise comparison alone of an increase in tumor incidence in a treated group over the control 

group of the tumor type be tested at 0.01 or 0.05 level of significance for a common or a rare tumor, respectively, in a standard NDA or 

IND submission with two chronic studies in both sexes of rats and mice. 

The use of these decision rules (levels of significance) in statistical tests of the drug effect on individual tumor types results in an overall 

false-positive rate of about 10% in such a submission. 

However, the decision rules for two types of submissions other than those with two chronic studies in rats 

and mice were either not discussed or barely mentioned in the 2001 draft guidance document. They are 

submissions including one chronic study in rats and one six-month study in transgenic mice and 

submissions including only one chronic study in either rats or mice

https://link.springer.com/chapter/10.1007/978-981-10-7820-0_8#auth-Karl_K_-Lin
https://link.springer.com/chapter/10.1007/978-981-10-7820-0_8#auth-Mohammad_A_-Rahman
https://link.springer.com/chapter/10.1007/978-981-10-7820-0_8#chapter-info
https://link.springer.com/bookseries/13402
https://link.springer.com/chapter/10.1007/978-981-10-7820-0_8#ref-CR26
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Control

Low 

Dose Mid Dose

High 

Dose Pos. Ctr. 

Spleen Males 25 25 25 25 10

Discolored 2 1 1 5 4

Large 0 0 0 2 3

Mass 0 0 0 1 0

Raised area 2 0 0 0 0

Control

Low 

Dose Mid Dose

High 

Dose Pos. Ctr. 

Spleen Females 25 25 25 25 10

Discolored 6 1 7 7 1

Large 0 0 0 1 6

Mass 1 0 0 0 0

Raised area 0 1 0 0 0

Example: 26 wk: Gross Finding: 

SPLEEN – Discoloration, cranial or caudal end, 10 mm2
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Male rasH2: Spleen:
Gross finding: discolored, cranial end, 10 mm2, = Pigment, slight



RESTRICTED

Male rasH2: Spleen:
Gross finding: discolored, cranial end, 10 mm2, = Pigment, slight
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Male rasH2:  Spleen: 1. discolored cranial end, 5 mm2, = Pigment, minimal, 

2. raised area, mid region, up to , 5 mm3, tan, soft = Hemangiosarcoma

1.

1. 1.

2.

2.
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Laboratory Animals (1995) 29, 459-463
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Hill, AC et al. 1977: Pigment in the spleen of C57BL
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rasH2 Male, 28d DRF, 
Angiomatous lesion, early HAS?
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Male rasH2 mouse: Skeletal muscle: Myopathy, degenerative
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Summary

• The 6-month TG rasH2 Mouse Assay is the model currently recommended
apart from weight of evidence approaches in rats (or other species) for
submissions of pharmaceuticals according to ICH 2B(R)

• Type of positive control (Urethane/NMU), nos of animals, treatment
duration and statistical evaluation are still under discussion

• Profound knowledge of background data (historical controls) is needed
(not only for proliferative lesions!) for precise interpretation to avoid false
negative outcomes
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Köszönöm szépen! 


