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Hormesis & LNTHormesis & LNT

Thi t ti t th liditThis presentation accepts the validity 
of both hormesis and LNT, that both 
models deserve an equal seat at the 

risk assessment table and can be 
integrated to estimate the optimal 

public health responsepublic health response.
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Reconciling Hormesis & LNTReconciling Hormesis & LNT

It is possible to integrate these twoIt is possible to integrate these two 
apparently opposing/divergent dose 

response modelsresponse models.



Integrating Hormesis & LNTIntegrating Hormesis & LNT

Even though I am an advocate of the 
hormesis model it is not the intentionhormesis model, it is not the intention 

of this presentation to make the 
scientific case for hormesis or toscientific case for hormesis or to 

criticize LNT.



Integrating Hormesis & LNTIntegrating Hormesis & LNT

I will present a brief description of the 
hormetic dose response model forhormetic dose response model for 

background purposes and to facilitate 
the subsequent integration of LNT andthe subsequent integration of LNT and 

hormesis.



HormesisHormesis

Dose-response phenomenonDose-response phenomenon 
characterized by a low-dose stimulation 

d hi h d i hibitiand a high-dose inhibition.

It is a non-monotonic/biphasic dose 
response with specific dose responseresponse, with specific dose response 

features.



Evidence of HormesisEvidence of Hormesis

Hormesis databases: 
many thousands of dose responses aremany thousands of dose responses are 

indicative of hormesis using rigorous 
entry/evaluative criteriaentry/evaluative criteria.
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Hormesis: a very general
hphenomenon

Independent of model (e.g., plant, 
microbial, invertebrate, vertebrate, 
h i it /i i ) d i thuman, in vitro/in vivo), endpoint, 

agent, level of biological organization 
(i e cell organ individual) and(i.e. cell, organ, individual) and 

mechanism.



The Quantitative Features of 
H iHormesis

M iMaximum response
(averages 130-160% of control)

Distance to NOAEL
(averages 5-fold)

Hormetic Zone

NOAEL

Controlo et c o e
(averages 10- to 20-fold)

Control

Increasing Dose



Generally, similar quantitative 
features with respect to amplitude 

and range of the stimulatory g y
response.



Hormesis & StimulationHormesis & Stimulation

Modest amplitude; 

30-60% Greater than control; 

Usually not more than 100% greaterUsually, not more than 100% greater 
than the control.



Stimulatory RangeStimulatory Range

~75 % of the dose responses; 

Within 20-Fold of NOEL/NOAEL



Hormetic responses are 
integrative endpoints 

across multiple levels of ac oss u t p e e e s o
biological organization
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Hormetic Dose ResponsesHormetic Dose Responses 
Relating to the Process of 

C i iCarcinogenesis
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Prolongation of Life Span by 
Low Dose Irradiation
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Appearance of db/db mice at 90thpp
week of age
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Model Uncertainty & Response 
Optimization 

The integration of hormesis and LNT 
responses can provide lower & upper 

bounds of population-based responses p p p
for cancer risk assessment.



Model Uncertainty & Response 
Optimization 

The goal would be to identify the dose 
which yields the most favorable public 

health response (i.e., lowest proportion of p ( , p p
adversely affected people) across the dose 

response continuumresponse continuum.



How would this be done?How would this be done?

Identify an optimal public healthIdentify an optimal public health 
response within a framework of dose 

d l t i tresponse model uncertainty.



Hormesis/LNT ConvergenceHormesis/LNT Convergence

Hormetic Method LNT Method
– Calabrese & 

Cook, 2005
– Gaylor, 1989
– Based on Howe 

– Calabrese et al., 
2015a, b

and Crump (1982)



Convergence Steps

Hormetic Method LNT Method

Step 1: Same Step 1: Estimate 1% 
response from animal

Step 2: Apply UF of 10-fold
response from animal 
bioassay via a BMD

Step 3: Estimate optimized 
hormetic response Step 2: Divide BMD01 by 

100-fold (two UFs)

Best estimate ~10-fold Step 3: Estimate risk at 
4below human BMD01 (could 

range from 5-≥100-fold)
BMD01/100 ≅10-4 



Hormesis/LNT ConvergenceHormesis/LNT Convergence
Hormetic Method LNT Method

Both approaches converge at the same dose;

Achieve optimized hormetic benefit (30-60% lower 
disease incidence than control) at dose where 

LNT h 10 4 i kLNT shows a 10-4 risk

This provides the bounds of model uncertaintyThis provides the bounds of model uncertainty.



ProposalProposal

Adopt an acceptable risk of 10-4 using 
the LNT model since this dose alsothe LNT model since this dose also 
yields the optimal hormetic dose-

response benefit with the lowest cancerresponse benefit with the lowest cancer 
incidence in the population.



10-4 = Regulatory “Sweet Spot”10 = Regulatory Sweet Spot
10-4 provides substantial protection10 provides substantial protection 

against theoretical low dose risks (10-6) 
th t b l th d t ti fthat are below the detection of 

epidemiological and toxicological 
studies/methods, while including 

potential benefits predicted by the p p y
hormetic dose-response model.



Estimating the Regulatory 
“S t S t”“Sweet-Spot”

Linear Model (LNT)

on
se 10-4 Risk/LNT

R
es

po Background

Hormetic Model
Optimized Benefit/Hormesis

Dose
Optimized Benefit/Hormesis 



LNT & Hormesis Convergence

Public Health OptimizationPublic Health Optimization 
Application



Assume 106 peopleAssume 106 peopleAssume 106 peopleAssume 106 people

250,000 (25%) are  
predicted to develop

250,000 (25%) are  
predicted to developpredicted to develop 

tumors/lifetime
predicted to develop 

tumors/lifetime

100 people are 
estimated to be
100 people are 
estimated to beestimated to be 

adversely affected 
with organ specific 

estimated to be 
adversely affected 
with organ specific g p

cancer above 
background/10-4 risk

g p
cancer above 

background/10-4 risk



Assume bladder Assume bladder ssu e b adde
cancer 5% rate

ssu e b adde
cancer 5% rate

12,500/250,000 are 
predicted to develop
12,500/250,000 are 

predicted to developpredicted to develop 
bladder cancer from 

“normal” background

predicted to develop 
bladder cancer from 

“normal” background

Add 100 new cases 
for the 10-4 excess
Add 100 new cases 
for the 10-4 excess



Subtract 1 case for 
spontaneous and 

Subtract 1 case for 
spontaneous and p

excess incidence in 
same person

p
excess incidence in 

same person

12 500 + 100 -1 =12 500 + 100 -1 =12,500 + 100 -1 = 
12,599 Total

12,500 + 100 -1 = 
12,599 Total

25% of cases will 25% of cases will 
not develop bladder 
cancer via hormetic 
mechanism 3 150

not develop bladder 
cancer via hormetic 
mechanism 3 150mechanism  3,150 

cases prevented
mechanism  3,150 

cases prevented



The “Sweet-Spot” & Bladder 
CCancer 

Linear Model (LNT)Linear Model (LNT)
10-4 Risk/LNT
(12 599 bladder tumors)

on
se Background

(12,599 bladder tumors) 

Hormetic ModelR
es

po (12,500 bladder tumors)  

Optimized Benefit/Hormesis
(9 350 bladder tumors)

Dose
(9,350 bladder tumors) 



Advantages of IntegrationAdvantages of Integration

Characterizes model uncertainty;Characterizes model uncertainty;

Optimizes exposure standard method;Optimizes exposure standard method; 

Provides population based responseProvides population based response 
with lowest integrated risk; 

Hormetic prediction can be 
tested/validatedtested/validated



Advantages of IntegrationAdvantages of Integration

Minimizes model error by combiningMinimizes model error by combining 
optimal features of both models;

LNT is likely to be more accurate atLNT is likely to be more accurate at 
10-4 than 10-6 while still being strongly 

t tiprotective



More Advantages of IntegrationMore Advantages of Integration

This strategic compromise of model 
integration for population health 
optimization in the presence of 

considerable uncertainty should also 
t ti t t t dencourage constructive means to test and 

resolve areas of uncertainty.



Issues with IntegrationIssues with Integration

Only applies to animal bioassays butOnly applies to animal bioassays but 
could be expanded to epidemiology 

d tdata

LNT risk assessment practice needs 
the flexibility to accept risks at 10-4the flexibility to accept risks at 10 4

rather than “deminimus” lower risks 
( 10 5 10 6)(e.g., 10-5 or 10-6)
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