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Goal 1
• Generate in vivo mutation data for 7 model nitrosamines, with robust carcinogenicity 

data, 
• Confirm the TGR assay as a surrogate for carcinogenicity for known  nitrosamines 

Goal 2
• Provide information and comparators for assessment of relative potency, i.e. assess 

mutation frequency relative to the TD50

Goal 3
• Concurrently, collect tissues for ecNGS to show consistency with TGR for that 

endpoint and provide data  to support a more amenable methodology.

HESI NRP In Vivo Team Strategy and Goals



Genotoxicity & Cancer Risk 
Assessment: TGR and/or ECS

• Quantification of genotoxicity of chemical 
exposures requires exquisite sensitivity

• Limitations in technology for direct 
measurement of induced mutations have 
been circumvented with elegant selection-
based assays

• Modern ECS-based tools offer the possibility 
of gathering a far greater degree of 
biochemical information but, until now, have 
not yet been able to reach the requisite 
accuracy

Salk et al Nat Rev Genet 2018; Salk et al Cell Reports 2019; Valentine et. al., PNAS 2020
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Using Genetic Toxicity Data for Risk Assessment: 
Overview of Progress to Date  (From George Johnson)



Why TGR for Mutagenic Potency Assessment?
The Challenge

• Nitrosamines are direct-acting mutagens via DNA 
alkylation

• Rodent carcinogenicity (2yr) studies are gold standard 
but impractical for impurities

• Ames/in vitro screens identify hazard, not potency
• TD50 derivation requires full bioassay – expensive and 

time-consuming
• Need shorter, fit-for-purpose studies that anchor to 

carcinogenic risk

TGR Solution

• Robust, OECD 488-compliant (2022) validated in vivo 
mutation endpoint

• Gold standard for in vivo mutagenicity – directly measures 
gene mutations

• 4-week studies sufficient to generate high-quality dose-
response data for BMD

• Mutation is the key precursor event to nitrosamine 
carcinogenicity (established MoA)

• TGR BMDL50 highly correlated with TD50 from 2yr 
bioassays (R² = 0.95)

• Enables potency ranking and acceptable intake (AI) 
derivation



TGR Study Design: OECD 488
Dose Selection

4–6 dose groups
(not 3)
Capture bottom
of curve for BMD

Animals

Rat or Mouse
Male preferred
N ≥ 6/group
(N=6 NNK study)

Duration

28-day oral
exposure
(3 tissue sampling)

Tissues

Target organ
(e.g., liver, lung
for NAs)
GI tract

Endpoints

Mutant frequency
(cII gene)
Histopath
Body weight

NNK Exemplar Study: Dose Justification

Dose (mg/kg/day) Rationale

0.001 Capture no-effect level; improve BMD calculation

0.01 / 0.1 Straddle literature LOEL for lung/liver tumors; align with Gold TD50

0.3 / 1.0 Half-log midpoints; bracketing carcinogenic dose range

10 / 30 Approaching MTD; confirm curve shape for modeling



TGR and ECS Mutation Frequency Data for NNK

Tissue
NOGEL

(mg/kg)

LOGEL

(mg/kg)

TGR 
BMDL

(mg/kg)

ECS 
BMDL 
(mg/kg)

Ratio of TGR 
and ECS BMDL

Lhasa 
TD50

(mg/kg)

Ratio of 
TGR and 

TD50

Lung 0.1 1.0 0.12 0.07 1.4x 0.182 1x

Liver 1 10 1 0.5 2x 0.651 1.7x

TGR ECS



In Vivo TGR Potency Estimates for Selected 
Exemplar NAs Jolly, Robert A et al. “Ames concordance with the in vivo transgenic rodent (TGR) 

gene mutation assay for NDSRIs and relative in vivo TGR potency with 
nitrosamines with robust dose-response carcinogenicity data.” Regulatory 
toxicology and pharmacology : RTP vol. 167 (2026): 106051. 
doi:10.1016/j.yrtph.2026.106051



Relationship between in vivo TGR BMDL50 
and Carcinogenicity TD50

BMDLs obtained 
from 4wk studies, 
while TD50s are 
from 2yr rodent 
bioassays!

Why this matters…
• 4-week TGR study can 

replace 2-year rodent 
bioassay for potency 
estimation

• BMDL50 is as or more 
conservative than TD50 —
protective by design

• Enables science-based, 
compound-specific AI 
derivation beyond TTC 
defaults

• Supports regulatory 
submissions where 
compound-specific limit is 
needed

• Consistent with ICH M7 
quantitative risk assessment 
framework



In Vivo TGR Potency Ranking: NAs vs. NDSRIs
Higher Potency NAs

(BMDL50 ≤ TTC)

• NDMA
• NDEA
• NNK
• NMOR

Lower Potency NAs
(BMDL50 > TTC)

• NPIP*
• NDELA
• NPYR

NDSRIs (Complex NAs)
Comparative Assessment

• Structurally complex
• Generally lower potency
• Compared to simple NAs
• Using same BMD framework

*NPIP AI = 1.3 µg/day; near TTC threshold (1.5 µg/day). Confidence intervals per Jolly et al. 2026.



Possible Risk Assessment Applications of TGR Data
01 | Direct Extrapolation

Use BMDL50 directly to calculate AI:

AI = BMDL50 / 50,000
(analogous to TD50/50,000 in M7)

Provides compound-specific limit
Most scientifically defensible
Requires robust dose-response data

02 | Categorical / Bin Approach

Assign compound to potency bin based on 
TGR BMDL50 relative to reference NAs:

• Higher potency: apply more stringent AI
• Lower potency: justify higher AI

Useful when full modeling not available; 
semi-quantitative

03 | Anchor Approach

Anchor unknown NDSRI to known NA with 
similar TGR potency:

NDSRI BMDL50 compared to
NDMA, NDEA, NNK BMDL50

Used when direct study not yet run; 
leverages structural read-across/alternate 
methodology and full duration of 
comparator



Conclusions & Future Directions
Key Conclusions

• In vivo TGR mutagenic potency (BMDL50) is highly 
correlated with carcinogenic potency (TD50; R² = 
0.95)

• 4-week TGR studies provide BMDLs as conservative 
as 2-year rodent bioassays

• ECS mutation data correlate with TGR and are a 
promising complementary tool

• Three frameworks available: direct extrapolation, 
bin/categorical, and anchor approaches

• NDSRIs can be assessed relative to model NA 
potency rankings

Future Directions

• TGR split-dosing studies to assess 
cumulative dose vs. daily dose 
rate on mutation frequency

• Expand NDSRI TGR dataset for 
robust potency comparisons

• ECS (duplex sequencing) as 
faster, higher-throughput 
alternative to TGR

• Adduct analysis of NAs
• Regulatory acceptance: Not 

there yet…build HA guidance 
around TGR-based AI derivation

Jolly RA et al. Reg Tox Pharmacol 167 (2026): 106051. doi:10.1016/j.yrtph.2026.106051
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