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Definitions: Read‐across
• Read‐across is a method of filling a data gap whereby a chemical with 
existing data values is used to make a prediction for a ‘similar’ chemical

• Target chemical is a chemical which has a data gap that needs to be filled 
i.e. the subject of the read‐across

• Source analogue is a chemical that has relevant data and has been 
identified as an appropriate analogue for use in a read‐across based on 
similarity to the target chemical

Source 
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National Academies Report [2017]: Using 21st Century Science to Improve Risk‐Related Evaluations

ECHA RAAF read‐across scenarios:
1.Analogue approach: Common toxicant causing same effect 
2.Analogue approach: Same effect caused by different toxicants 
3.Category approach: Common toxicant causing same effect, 
effect varies (trend) across members 

4.Category approach: Same effect caused by different toxicants, 
effect varies (trend) across members 

5.Category approach: Common toxicant causing same effect, 
effect does not vary across members 

6.Category approach: Same effect caused by different toxicants, 
effect does not vary across members 

Read‐across approaches:
• Analogue approach (data from a source chemical is read across to the target chemical) 
• Category approach (from multiple source chemicals to the target chemical) 

3 ways to demonstrate “similarity”: 
(i) functional group, 
(ii) common precursors, and 
(iii) constant pattern in the changes of potency across the group



“Nonetheless, since registrants have made extensive use of alternative methods and
adaptation possibilities provided in REACH Annexes VII‐XI instead of providing data from
experimental studies, verification of the compliance of dossiers in the highest tonnage
bands will still require sustained effort over the next years. In particular, adaptations
based on read‐across and weight of evidence are often poorly documented and justified,
and are not acceptable.” Report on the Operation of REACH and CLP 2016

http://dx.doi.org/10.14573/altex.1601251 



Committee Charge: 
• to provide recommendations on integrating new 
scientific approaches into risk‐based evaluations 

Committee Sponsors: 
• US Environmental Protection Agency
• US Food and Drug Administration
• National Institutes of Health (NIEHS and NCATS)
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“Exposure scientists, toxicologists, epidemio‐
logists, and other [subject matter experts] need 
to collaborate closely to ensure that the full 
potential of 21st century science is realized.”

2017

http://dels.nas.edu/Report/Using‐21st‐Century‐Science‐Improve/24635



Priority‐setting: Can be based on hazard, exposure, or risk 

Assessment of mono‐constituent chemicals: Can be included in 
traditional chemical hazard and dose‐response assessments of various 
regulated substances, such as pesticides, drugs, and food additives 

“Site‐specific” assessments: Can involve selection of geographic sites or 
chemicals/mixtures at a contaminated site

Assessment of new and complex chemistries: Can involve assessment of 
green chemistry, new and complex substances, and unexpected 
environmental degradation products of chemicals in commerce

Using 21st Century Science in Decision‐Making:
Defining the Areas of “Fit for Purpose” 

http://dels.nas.edu/Report/Using‐21st‐Century‐Science‐Improve/24635



“Margin of safety”

Priority‐setting

http://dels.nas.edu/Report/Using‐21st‐Century‐Science‐Improve/24635



Assessment of mono‐constituent chemicals

??????

http://dels.nas.edu/Report/Using‐21st‐Century‐Science‐Improve/24635



Assessment of mono‐constituent chemicals

http://dels.nas.edu/Report/Using‐21st‐Century‐Science‐Improve/24635



“Site‐specific” assessments

http://dels.nas.edu/Report/Using‐21st‐Century‐Science‐Improve/24635



Use of a “Mechanistic Class” for Cancer Hazard ID
• Classes can be defined by a 
single common agent

• Dyes metabolized to benzidine
• Mechanistic class can be defined 
by similar biological activity

• Vinyl halides; PCBs; Air pollution
• Mechanistic data alone can be 
used as a basis for classification

• Using Key Characteristics of 
Carcinogens as an organizing 
principle

International Agency for 
Research on Cancer (IARC)

Monographs Program 
evaluates causes of human 
cancer (hazard identification)

https://monographs.iarc.fr/cards_page/preamble‐monographs/



“Read‐across” of Haloacetic acids for Cancer Hazard ID
• Example from NTP Report on Carcinogens
• Goal: establish carcinogenicity hazard for a 
chemical class using “new approach data” 

• Structural similarity for HAAs is well known
• Variety of in vivo, in vitro, and in silico data, 
including use of Key Characteristics of 
Carcinogens to organize mechanistic data

• Challenges:
• Lack of clear trends, or a common MOAs
• Conclusions only reached on HAAs 
metabolized to common moiety that is 
already “reasonably anticipated to be a 
human carcinogen”

https://ntp.niehs.nih.gov/ntp/roc/monographs/haafinal_508.pdf



Read‐Across in Risk Assessment by US EPA: A “Tiered Surrogate Approach”

“…the Superfund Health Risk Technical 
Support Center [may use] available 
information in an appendix and develop a 
“screening value.” Appendices receive the 
same level of internal and external scientific 
peer review as the PPRTV documents to 
ensure their appropriateness within the 
limitations detailed in the document. Users 
of screening toxicity values in an appendix to 
a PPRTV assessment should understand that 
there is considerably more uncertainty 
associated with the derivation of an 
appendix screening toxicity value than for a 
value presented in the body of the 
assessment.”



• Similarity Context 1: n‐Hexane and n‐
Nonane are compounds that have high 
structural similarity to n‐Heptane 
(>84%)

• Similarity Context 2: n‐Nonane is 
metabolized in vivo similarly to n‐
Heptane (higher relative amounts of 
the 2‐and 3‐alcohol and g‐valerolactone
metabolites formed, compared to the 
neurotoxic g‐diketone compounds from 
n‐Hexane candidate analogue)

• Similarity Context 3: n‐Nonane‐induced 
proliferative forestomach lesions are 
similar to the lesions observed after 
oral n‐Heptane exposure (as compared 
to unique n‐Hexane induced 
neurotoxicity) 

??
??

“…the database for continuous 
exposure to n‐Heptane is inappropriate 
for the derivation of provisional oral 
toxicity values. However, information is 
available for this chemical, [thus] a 
“screening value” [can be derived]”

N‐Nonane Oral 90 day study

(For n‐Hexane!)

Read‐Across in Action: Case Study of n‐Heptane (US EPA PPRTV Program, 2016) 



Read‐Across in Action: Case Study of p,p’‐DDD (US EPA PPRTV Program, 2017) 



Chemical descriptors

QSAR 
models

Data source:

Toxicogenomics assays
(24h)

Nontoxic Toxic

42%
Toxic

58%
Non‐
toxic

Hepatotoxicity
(28 day)

Liver histopathology Clinical chemistry

127 drugs

~70% accuracy
(Uehara 2010)

Combining chemical descriptors and bioassays

Aim: to predict hepatotoxicity from 
chemical structures and bioassays

Toxicogenomics 
models

Low et al. (2011) Chem. Res. Toxicol. 24, 1251‐1262



68- 75% 
accuracy

Hybrid models

Chemical descriptors

QSAR 
models

Data source:

Hepatotoxicity
(28 day)

127 drugs

55-61% 
Acc

Toxicogenomics 
models

Toxicogenomics expression
(24h)

Top 400 genes

Top 100 genes

Top 30 genes

Top 4 genes

2,923 genes

Rank by 
differential 
expression

69-78% 
Acc

Results: QSAR    <       Hybrid    <     Toxicogenomics
models           models models

4 classification methods
(RF, SVM, kNN, DWD)

Low et al. (2011) Chem. Res. Toxicol. 24, 1251‐1262



Chemical‐Biological Read‐Across (CBRA)
allows visual comparison of multiple compounds

Low et al. (2013) Chem. Res. Toxicol. 26(8):1199‐208.



Diaminobenzene Case Study

Alkyl Phenol Case Study• Test 100s of chemicals in many in vitro cells
• Collect high‐throughput gene expression data
• Find chemicals that are best “analogues”

DeAbrew et al Toxicology 423 (2019) 84–94DeAbrew et al Tox Sci 151 (2016) 447–461

Use of connectivity mapping  and genomics to support read across



US EPA’s GenRA v1 – Approach
I. Data
1,778 Chemicals 
3,239 Structure descriptors (chm)
820 Bioactivity hitcall (bio) 
ToxCast

574 toxicity effects (tox) ToxRefDB

II. Define Local 
neighborhoods

Use K‐means analysis to 
group chemicals by similarity
Use cluster stability analysis 
~ 100 local neighborhoods

III. GenRA

Use GenRA to predict toxicity 
effects in local neighborhoods
Evaluate impact of structural and/or 
bioactivity descriptors on prediction
Quantify uncertainty 

Shah et al. Regul Toxicol Pharmacol. 2016; 79:12‐24Slide courtesy of Dr. Grace Patlewicz (US EPA)



ALTEX. 2019 Feb 4. doi: 10.14573/altex.1811292. [Epub ahead of print]

https://comptox.epa.gov/dashboard/



Proposed Applications of ChemMaps:
• Users can search, mine and explore [the] library of 
drugs as easily as they would look at a city map. 

• [Could] open new perspectives for drug repurposing, 
e.g. by directly visualizing the proximity and 
structure similarity between two drugs being very 
close in the drug space. 

Chemical space: a complex compendium of 1D, 2D and
3D pre‐computed molecular descriptors to generate
the chemical space in three dimensions

Web interface: an interactive, mouse‐based, easy‐to‐
use navigation in any internet browser on mobile or
computer platforms

Navigation options: Inspired by Google Maps

“Exploring drug space with ChemMaps.com”

Borrel et al Bioinformatics, 34(21), 01 November 2018, Pages 3773–3775



ToxValue.org
Step 1: 
Enter 

Compound 
Information

Step 2:
Verify Chemical 

Name and 
Structure

Step 4: 
Export Results 
(including 
applicability 
domain)

Step 3:
Look Up Toxicity 
Values or Make 
Predictions

Animal 
toxicity data

“Toxicity 
Value” 

[Regulatory]

Prediction of 
a Regulatory 

Value

Wignall et al. Environ Health Perspect. 2018 126(5):057008



Read-Across Example Using ToxValue.org
Diethylene glycol ethers (Di EGEs)

Diethylene glycol ethyl ether 
(DGEE, CAS 111-90-0 )

Diethylene glycol 
monobutyl ether (DEGBE, 
CAS 112-34-5)

Diethylene glycol propyl ether 
(DGPE, CAS 6881-94-3)

Diethylene glycol hexyl ether 
(DGHE, CAS No. 112-59-4)

NOAEL: 167 mg/kg-day based 
on kidney and liver effects in 
pigs

NOAEL: 50 mg/kg-day for 
anemia in rats

50 mg/kg-day

Chemical

C
rit

ic
al

 N
o 

Ef
fe

ct
 L

ev
el

50 mg/kg-dayDose Incidence
0 0/3

167 0/3

500 1/2

1117 1/1

Dose # Mean SD
0 10 9.27 0.35

50 10 9.13 0.22

250 10 8.94 0.34

1000 10 8.53 0.31

? ?

167 mg/kg-day 167 mg/kg-day

25



NOAEL: 167 mg/kg-day based 
on kidney and liver effects in 
pigs

Chemical

BMD 222 mg/kg-day
BMDL 81.4 mg/kg-day 

BMD 443 mg/kg-day
BMDL 45.2 mg/kg-day

C
rit

ic
al

 P
oi

nt
 o

f D
ep

ar
tu

re NOAEL: 50 mg/kg-day for 
anemia in rats

Diethylene glycol ethyl ether 
(DGEE, CAS 111-90-0 )

Diethylene glycol 
monobutyl ether (DEGBE, 
CAS 112-34-5)

Diethylene glycol propyl ether 
(DGPE, CAS 6881-94-3)

Diethylene glycol hexyl ether 
(DGHE, CAS No. 112-59-4)

Diethylene glycol ethers (Di EGEs)

50 mg/kg-day 50 mg/kg-day

? ?

167 mg/kg-day 167 mg/kg-day

Read-Across Example Using ToxValue.org



ToxValue.org Output

27

Z-score output: Distance from your chemical to the nearest chemical in training set 
compared to the average nearest-neighbor-distances in the training set 
• 0 = same distance as average distances in the training set
• >0 = your chemical is at a further distance than average distances in the training set
• <0 = your chemical is at a closer distance than average distances in the training set

Use Z > 1 as a conservative cut-off for applicability, Z > 3 as a less-restrictive cut-off (to define 
anything < cut-off as within AD of model).

Diethylene glycol hexyl ether 
(DGHE, CAS No. 112-59-4)



NOAEL: 167 mg/kg-day based 
on kidney and liver effects in 
pigs

Chemical

BMD 222 mg/kg-day
BMDL 81.4 mg/kg-day 

BMD 443 mg/kg-day
BMDL 45.2 mg/kg-day

83.2

0.96 8290
BMD (mg/kg) 

38.6

0.74 2330
BMDL (mg/kg) 

BMD (mg/kg) 

BMDL (mg/kg) 
1.46

76.3

4610

197

2.28 19,700

C
rit
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al
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nt
 o

f D
ep

ar
tu

re NOAEL: 50 mg/kg-day for 
anemia in rats

Diethylene glycol ethyl ether 
(DGEE, CAS 111-90-0 )

Diethylene glycol 
monobutyl ether (DEGBE, 
CAS 112-34-5)

Diethylene glycol propyl ether 
(DGPE, CAS 6881-94-3)

Diethylene glycol hexyl ether 
(DGHE, CAS No. 112-59-4)

28

Diethylene glycol ethers (Di EGEs)
Read-Across Example Using ToxValue.org



Reflections on single‐chemical read‐across
• Metabolism is often easiest way to define a “class” 
• Common mechanisms have worked for a few well‐established 
classes (dioxins, PCBs, PAHs, etc.), but may be more difficult to 
generalize to other “classes” (e.g., HAAs)

• “Key characteristics” approach may be helpful to organize 
mechanistic data

• Decision‐context‐specific questions
• Hazard or dose‐response?
• Do we need an “‐icity”?
• Do we need to bring in other components such as physical‐chemical 
properties, persistence, bioaccumulation?



Sufficient Similarity Challenge in Read‐Across: 
From Case Studies to Application

• Defining “sufficient”: Depends on who (which agency) you ask…
• Defining “similarity”: It is clear that structure‐based similarity alone is 
insufficient, if you ask the regulators (especially in Europe)

• So if one’s “sufficient similarity” argument is not accepted, what then?

• Are “case studies” the way forward? Yes and no, because some 
regulators are very inpatient and deem “case studies” to be just 
another “delay tactic” by the industry…

• There are no easy answers but there is no alternative to more work in 
this area – publication of “case studies” is a path to acceptance


