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Abstract

Under the European Union’s REACH (Registration, Evaluation, Authorisation and Restriction of Chemicals) regulation,
the European Chemicals Agency (ECHA) is required to assess the compliance of safety data submitted by chemical
registrants. ECHA must check a proportion of registration dossiers for compliance. From 2010 to 2023, 4,854 compliance
checks (CCHs) were conducted. When dossiers lack required studies or use inappropriate adaptations, ECHA issues
decisions that are publicly available. As of April 2, 2024, 2,311 such decisions have been published. This study
systematically analyzed these published CCH decisions, focusing on ECHA's findings of non-compliant REACH
registrations and the use of adaptations to standard data requirements. We found that over 70% of published CCH
decisions included at least one adaptation, with “read-across” being the most common (48%). Among these, 83
documents contained read-across adaptations with justifications that ECHA deemed plausible. To understand what made
these read-across hypotheses acceptable, we evaluated them using 17 assessment elements that capture specific
arguments registrants proposed to justify the adaptation. Elements of “acceptable” read-across hypotheses included
strong evidence of (i) toxicokinetic similarity between the registered substance and its analogues, and (ii) toxicodynamic
similarity, supported by bridging studies. Additional support from in vitro studies and QSAR predictions further
strengthened the accepted read-across hypotheses. Overall, this analysis provides insights into what constitutes a
successful read-across under REACH data requirements. By identifying and evaluating accepted cases or read-across
adaptations, we highlight best practices for establishing scientifically robust justifications for chemical similarity that can
meet ECHA's high regulatory standards.

Plain language summary

This study analyzed the outcomes of the “compliance checks” on the data submitted by chemical manufacturers or
importers for approval by the European Chemicals Agency. We focused on the instances when adaptations to required
tests were proposed. Specifically, we analyzed cases where “read-across” was used to avoid animal tests otherwise
required by the European Union’s REACH regulation. Instead of new tests, registrants may use results from similar
chemicals if scientific justification is strong. This study found that, although read-across was used very frequently, only
about 7.5% of such adaptation proposals were found to be satisfactory. The accepted cases relied on clear evidence of
similarity in metabolism or strong supporting toxicological data, especially about how the chemicals behave in the body.
This work sheds light on why few read-across arguments succeed, providing examples of strong justifications. We
conclude that while successful read-across may replace animal testing, better justifications are needed.
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1 Introduction

Compliance checks are a critical element of the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH)
regulation [Article 41] (European Council, 2006). They are the mechanism whereby the European Chemicals Agency (ECHA)
assesses whether the data submitted by manufacturers and importers (called “registrants”) in support of the registration of their
chemicals in the European Economic Area follows the REACH legal requirements. The registration dossiers are required to contain
certain data satisfying standard information requirements (SIR) depending on the annual tonnage of the chemical, as outlined in
Annexes VII to X of the REACH regulation. These data are necessary to identify and manage the potential risks of substances in
commerce. Under Article 41 of REACH, ECHA is required to evaluate at least 5% of the registration dossiers for completeness and
compliance with REACH requirements, this target was increased to 20% in 2019 (ECHA, 2024). The scope of compliance checks
can be either “comprehensive”, where the complete dossier is reviewed, or based on a specific hazard concern (“targeted””) where
only a subset of the data is scrutinized (ECHA, 2014). If a data gap for SIR is identified in the dossier, ECHA issues a compliance
check (CCH) decision to the Registrants outlining the shortcomings in the information provided for a SIR and listing the actions
registrants must take to bring the relevant SIR into compliance. A redacted version of the CCH decision is published on the ECHA
web site. Typically, if a registration dossier is found to be in compliance with the SIR, no further action is taken by ECHA other than
a note that a check has been performed; however, there could be other reasons, not always stated, why no published decision is
released following CCH.

It is the registrants’ obligation to ensure the dossier they file under REACH is in compliance with the SIRs. SIRs may be
fulfilled by tests conducted (or, where appropriate, proposed to be conducted) with the chemical being registered, or adapted with
sufficient justification according to Article XI, or Column 2 of Annexes VII to X of the REACH regulation (European Council, 2006).
Adaptations to standard data requirements can be grouped into three broad categories: i) testing that does not appear scientifically
necessary, ii) testing that is not technically possible, and iii) testing that is tailored to the likelihood of exposure to the substance
during manufacturing and/or use (European Council, 2006). The first adaptation type may include read-across (Annex XI, section
1.5). Read-across is a scientific approach that supports the use of existing data from a “source” chemical(s) that are structurally and
otherwise similar for the “target” chemical that is lacking the required data (ECHA, 2015; Patlewicz et al., 2014; OECD, 2014;
Benfenati et al., 2019). In addition, there are specific criteria set in law which specify that read-across encompasses both the
justification from reading across from one substance to another, but also that the study to be read-across is adequate for use in REACH
(ECHA, 2008). Read-across is one of the most commonly used adaptation methods, both under REACH (ECHA, 2023; Roe et al.,
2025) and in other regulatory contexts (Wang et al., 2012; EFSA Panel on Contaminants in the Food Chain et al., 2023). Numerous
guidance documents are available describing approaches to justifying “similarity” between source and target chemicals. Most notable
ones are from ECHA (ECHA, 2008, 2015, 2017), European Food Safety Authority (EFSA Scientific Committee, 2025), US
Environmental Protection Agency (Wang et al., 2012; Lizarraga et al., 2023), and the Organisation for Economic Cooperation and
Development (OECD, 2014). Additionally, the industry also weighed in on the state of read-across and how to improve submissions
(Ball et al., 2016; Patlewicz et al., 2013; Lester and Yan, 2021).

Despite robust multi-stakeholder discourse on best practices in read-across, perception exists that the regulators are seldom
satisfied with the read-across justifications crafted by the registrants under REACH. By contrast, a recent systematic review of ECHA
decisions on Testing Proposals showed approximately 50% of read across adaptations were found to be acceptable under the “testing
proposal evaluation” (TPE) mechanism (Roe et al., 2025). Registrants can fill data gaps by conducting new tests, either using the
registered substance or another substance to avoid unnecessary animal testing. ECHA decisions on testing proposals are publicly
available and this analysis showed that adaptations were found in 23% (350) of testing proposals, the majority of those being read-
across. Based on the summary information provided in the testing proposal decisions and ECHA’s Read-across Assessment
Framework (RAAF) guidance documents (ECHA, 2015, 2017), the key arguments in read-across hypotheses were grouped into 17
assessment elements (AEs, Table 1).

Previously, Ball et al (Ball et al., 2016) systematically evaluated ECHA’s decisions on both testing proposals and
compliance checks. Their study examined examples of read-across on the eve of the publication of ECHA’s RAAF (ECHA, 2015).
While valuable information has been presented in their analysis, the number of published CCH decisions more than quadrupled in
the decade since 2015 as shown by the recent analysis of the submissions under REACH (Patlewicz et al., 2024). In addition, ECHA’s
approach to identifying dossiers for compliance check evaluation now also includes grouping of substances by structural similarity
(ECHA, 2019). Collectively, there are compelling reasons to re-examine read-across adaptations in compliance check decisions by
ECHA. Accordingly, we systematically evaluated 2,386 publicly available CCH decisions that were posted to ECHA’s dossier
evaluation page' prior to April 2", 2024. We examined all types of proposed adaptations decided upon by ECHA, with a particular
focus on read-across. While published CCH decisions indicate the presence of some deficiencies in the registration dossier, and most
read-across adaptations were ultimately found to be unacceptable, we did identify cases where proposed read-across hypotheses were
found to be acceptable by ECHA. We analyzed these cases in terms of the AEs used to justify similarity to understand how each
acceptable read-across was justified to pass a rigorous compliance check and whether there are patterns in successful examples.

' https://echa.europa.eu/information-on-chemicals/dossier-evaluation-status
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Tab. 1: Assessment Elements (AEs) used for analysis of read-across in compliance check (CCH) decisions
(as originally proposed in Roe et al., 2025).
AEs based on toxicodynamic and other considerations | AEs based on toxicokinetic considerations

AE 1 | Structure/physicochemical properties AE 9 Formation of common (identical) compounds
AE 2 | Common biological targets with common | AE 10 | Exposure of biological targets to common compounds
metabolites

AE 3 | Common biological targets without common | AE 11 Extent of the bioavailability of the parent compound
metabolites (qualitative)
AE 4 | Common biological targets without common | AE 12 | Formation and impact of non-common
metabolites (quantitative) compounds/exposure to other compounds than those linked
to the prediction

AE 5 | Environmental degradation to non-common | AE 13 | Metabolites of source and target have been identified

compounds
AE 6 | Environmental bioaccumulation of potential non- | AE 14 | Potential presence of uncharacterized metabolites or
common compounds impurities
AE 7 | Common environmental degradation pathways Other AEs
AE 8 | Toxicodynamic similarity based on the data from a | AE 15 | Characterization of constituents (for multi-constituent or
bridging (OECD TG) study UVCB substances)
AE 16 | Toxicodynamic similarity based on the data from a bridging
(not a TG) study
AE 17 | Lack of observed adverse effects
2 Methods
21 Review of ECHA CCH decisions and data extraction

ECHA’s publishes decisions on dossier evaluation (both TPE and CCH decisions on its website!. On April 2", 2024, we exported
records of all CCH decisions, representing 21% of all registrations under REACH (ECHA, 2024). The export included substance
identifier, stage of evaluation process, and date of decision (if available). We identified 4,854 CCH records from this export. Among
these, 2,386 included a link to a published decision. Details relating to this export can be found in Table S12.

All CCHs with links to a public decision (n = 2,386) were manually reviewed to have information extracted on the initiation
date, data gaps identified, substance type, highest applicable annex, and the use of adaptation(s). Adaptations were categorized in
accordance with the appropriate sections of the REACH regulation and a brief summary can be found in Table S23. An adaptation
was identified by direct statements in the document, such as “You have submitted an adaptation in accordance with Annex XI Section
_”, or “We have evaluated the information in accordance with Annex XI Section . All adaptations were considered rejected unless
there was a statement stating otherwise. We excluded decisions that were unable to be accessed because they were either under review
by the ECHA Board of Appeal or had another technical limitation. Decisions were also excluded if they were from incomplete years
(i.e., published after December 31, 2023) or were coded as Article 42 enforcement decisions. The latter cases represent a check of
whether the registrant has followed the requirements set by the decision under Article 41 which was published earlier; therefore, they
do not constitute a new decision or a new compliance check. In total, 2,311 decisions remained for further analysis.

In total, 1,111 decision documents were found to include at least one read-across hypothesis that was evaluated in
accordance with Annex XI Section 1.5 of REACH. Of these, 83 documents were found to include at least one acceptable read-across
hypothesis. Two of these documents included two acceptable hypotheses; thus, there were 85 total hypotheses evaluated herein.
Additional information was extracted for these hypotheses such as the read-across type, source substance information, and the details
of the scientific rationale in the form of AEs. The read-across type could either be an analogue or group/category approach, as stated
in the ECHA decision documents. For source substances, the European Community (EC) number was extracted from the decision (if
available) and used to search the ECHA Chem database* for the substance type from the registration dossier. According to REACH,
substances can be classified as mono-constituent, multi-constituent, or UVCBs (unknown or variable composition, complex reaction
products, or biological materials). There were instances where CCH decisions were redacted to the point where the source substance
could not be identified, or the dossier could not be accessed through the ECHA Chem portal. We also recorded the OECD Test
guideline that best represented the endpoint(s) for which the read-across adaptation was proposed. These can represent information
mentioned in the dossier for an endpoint where a data gap does not exist due to the read-across used or where new information can
be generated/submitted using the read-across discussed in the decision.

Finally, we evaluated the scientific rationale proposed by registrants using the 17 AEs that were described previously (Roe
et al., 2025). These AEs are grouped into three types: i) those based on toxicodynamic or ecological considerations, ii) those based
on toxicokinetics, or iii) those based on other considerations such as substance type. In this study, AEs were assigned to the elements
of the read-across hypotheses that were found by ECHA to be acceptable.
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Fig. 1: A diagram illustrating the
breakdown of publicly available ECHA
CCH (compliance check) decision
documents

Shown are the numbers of decisions which fit
within each category — at least one adaptation
proposed, no adaptation proposed, or those

removed from analysis (see Tab. S23 for
details). For the decisions with adaptations,
989 Data shown are the numbers of documents
Watver containing different types of adaptations. Note
that many decisions contain more than one
l adaptation (see Fig. 2).
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2.2 Statistical analysis

Binomial distribution-based analysis was used to quantify the co-occurrence of two, three, or four adaptations in the same decisions,
and to test association among multiple adaptations (Han et al., 2022; Agresti, 2013). The expected and observed co-occurrence
frequency were compared using Binomial test. For two adaptations A and B, given sample size N, let xa and xs be observed positive
reads for A and B, respectively. The two estimated proportions pa and ps were calculated as pa= xa/N and ps= xs/N. Under
independence assumption, the expected frequency of two adaptations was Eas=Npas (where pas= paps), and the observed frequency
of two adaptations xaB followed a binomial distribution with parameters N and pas. Then twice the smaller tail probability of the
binomial distribution given xas was used as the exact p-value for testing the association of the two adaptations. Similar calculations
of the p-values were conducted for 3 and 4 adaptations.

23 Structural similarity test

For analogue read-across of mono-constituent target and source substances, the EC number of each substance was used to obtain
simplified molecular input line entry system (SMILES) identifiers for structural similarity analysis. SMILES for each of the 119
source—target substance pairs were identified based on the CAS numbers listed in the decision documents and retrieved using the
CompTox Dashboard batch search (Lowe and Williams, 2021). The SMILES strings were parsed and converted into Morgan
fingerprints using the “get.fingerprint” function from the rcdk R package (Guha, 2007), with the default setting corresponding to
ECFP6 (i.e., radius = 3). Fingerprints were of the “standard” type, in binary format, and 1024 bits in length. The Jaccard Similarity
Score for each pair was calculated by dividing the number of overlapping bits by the number of bits present in either the source or
the target (i.e., the union).

3 Results

A total of 2,386 CCH decisions published by ECHA before April 2, 2024 were manually examined to determine whether adaptations
were the basis of a data gap consideration (Fig. 1). We excluded 75 decisions from further analysis based on the criteria outlined in
Methods (for details, see Tab. S3°). Only 29% (675) of the documents examined did not mention adaptations, the remaining 1,636
decisions included at least one type of adaptation. Of the CCH decisions with adaptations, read-across was the most frequently used
adaptation — it was found in 1,111 decisions (68% of the decisions with adaptations). The second most used adaptation was data
waivers based on Annex XI Sections 2 and 3, and Annex VII-X Column 2 adaptations (ECHA, 2023). A total of 989 decisions
included at least one of these adaptations (for details, see Tab. S4°). Weight of Evidence was found in 578 decisions and Quantitative
Structure-Activity Relationship (QSAR) in 406 decisions; of these, 428 and 287 also contained read-across adaptations, respectively.
In vitro testing as an adaptation was only found in 8 decisions as we only classified it as an adaptation if ECHA directly stated that
the information submitted was an adaptation. The use of in vitro test guideline studies (i.e., OECD 422C-E, OECD 471, OECD 473,
OECD 476, etc.) was noted in CCH decisions; however, these were not considered to be adaptations because they are part of standard
information requirements under REACH (ECHA, 2023; European Council, 2006).

5d0i:10.14573/altex.2505191s3
6 doi:10.14573/altex.2505191s4


https://doi.org/10.14573/altex.2505191s3
https://doi.org/10.14573/altex.2505191s4

A

2.51%
11.4%

0.18%
/0.12%

. 28.4%

1 Adaptation

2 Adaptations
3 Adaptations
4 Adaptations

c £

m 5 Adaptations
I 6 Adaptations 0
1 7 Adaptations

35.8%
Pkl

B Read-Across
(n=1,111)

Weight of Evidence
(n =578)

QSAR

(n = 406)

Prior Literature
(n=271)

In vitro

(n=8)

Section 2

(n=93)

Section 3

(n =169)

Column 2

(n =920)

25
% of Adaptations

o @ = B O
- - : ' ' . : Number of Observed
Read—Ac(ra/s\s)_ @ . ‘ Co-occurrences of
2 Adaptations
Weight of Evi-_ .
dence (WoE)
QSAR (Q)A 0 25 100 225 400
Prior Literature >
i @
(PL) "J . ’ -Logw(p-value)
In Viiro (V); m R
Section 2 (52)- & Ao 5 Slang4
“Fewer Than Greater Than~
Section 3 (S3)- ' Expected Expected
D 3Adaptations E 4 Adaptations -Log, ,(p-value)
RA + WoE +C2 | Obs.=268 ll RA+WoE+Q+C2|Obs.=116 [} 5¢
RA +Q + C2| Obs.=187 RA + WoE + Q + PL | Obs.=33 . 4
RA + WoE + Q| Obs.=176 RA + WoE + S2 + C2 | Obs.=24 s
WOE + Q + C2 | Obs.=145 WOE + Q + PL + C2 | Obs.=22 3 [E3
RA + WOE + PL | Obs.=85 RA+Q+ 82+ C2|Obs.=18 5 b
WoE +Q + PL | Obs.=40 [l WOoE + Q + 83 + C2 | Obs.=17 -2 |5 %
|
O

Q +S3+ C2| Obs.=37
WOoE + 82 + C2 | Obs.=28
Q+ 82+ C2|Obs.=25
S2 + 83+ C2| Obs.=19
WoE +Q + S2 | Obs.=17
RA +S2 + S3| Obs.=14
Q+S2+ 83| 0bs.=13
RA + PL + S3 | Obs.=8
PL + 83 + C2| Obs.=8

WoE +Q + 82 +C2 | Obs.=15 [l

RA + WOE + Q + S2 | Obs.=14
RA +S2 + S3 + C2 | Obs.=12
RA+Q+S2+ 83| Obs.=10
Q+S2+S3+C2| Obs.=10
RA + WOE + S2 + S3 | Obs.=7
WOoE + S2 + S3 + C2 | Obs.=7
WOoE + Q + S2 + S3 | Obs.=4
WOE + PL + S2 + S3 | Obs.=3

h_

Fewer Than
Expected

€

3

ALTEX, accepted manuscript
published July 28, 2025
doi:10.14573/altex.2505191

Fig. 2: Adaptations in ECHA CCH decisions

(A) The number of adaptations in CCH decisions. (B)
Frequency of the individual types of adaptations. (C-E)
Analysis of adaptation co-occurrence in the same
decision document. (C) Co-occurrence of two
adaptations. Circle size corresponds to the number of
times each pairing has been observed. Circles are
colored if the co-occurrence was significantly (p<0.05,
the actual p-values are represented by the intensity of
the colors) greater (brown) or lower (blue) than
expected by chance. (D) Co-occurrence of three
adaptations. Adaptations are abbreviated as indicated
in Panel C. Number of co-occurrences for each triplet
is also shown. Only significant co-occurrences are
shown (see heat map for p-value and direction). (E)
Same as D, but for 4 adaptations occurring together

50 75 100 greater than chance.

Among CCH decisions with adaptations, only 35% contained one adaptation (Fig. 2A). The majority (>65%) contained two or more
adaptations to the standard data requirements. Figure 2B shows how often each adaptation was found in the same decision in
combination with other adaptations. While read-across was the most frequently used adaptation, only 25% of cases relied on read-
across alone. The in vitro based adaptations were used only in combination with other adaptations, all others had an instance of being
the only adaptation proposed. About 30% of CCH decisions contained two adaptations, Figure 2C shows the co-occurrence analysis
for these cases, highlighting the cases when a pair was found together significantly greater or fewer times as compared to chance. We
found that the weight of evidence co-occurred significantly more often together with read-across, QSAR, and prior literature data. At
the same time, read-across was used significantly fewer times in decisions also containing adaptations through Section 3 (exposure)
and Column 2 (test specific) reasoning. We also analyzed co-occurrence of three (Fig. 2D) or four adaptations (Fig. 2E). While many
combinations were found to be present together in numbers that were significantly greater than chance, it is noteworthy that read-
across is significantly co-occurring with both weight of evidence and QSAR (for a 3-adaptation analysis), and with Column 2
adaptations (for a 4-adaptation analysis).
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In the first decade of REACH implementation, ECHA was statutorily required to evaluate at least 5% of all registration
dossiers, this threshold was increased to 20% by an amendment to the regulation (ECHA, 2024; European Commission, 2020). Figure
3 A shows the time trends in the publication of CCH decisions (bars), as well as the annual fraction of decisions which contained any
adaptation (orange line) or read-across (blue line). ECHA has employed two main approaches to select dossiers for evaluation. From
2014 to 2018 (ECHA, 2014), the focus was on evaluating eight key hazard types (genotoxicity, carcinogenicity, repeated dose,
reproductive, and prenatal developmental toxicity, biodegradation, bioaccumulation and long-term aquatic toxicity). Since 2019,
ECHA’s Integrated Regulatory Strategy (IRS) prioritizes evaluation for groups of substances that are identified based on certain
regulatory needs (ECHA, 2019). Under the 2014 CCH strategy, between 135 and 267 CCH decisions were published each year (167
+ 56, mean + SD). A spike in 2014 corresponds to the focus on “targeted” CCH evaluations for specific endpoints (see Fig. S17). A
steady increase in the fraction of CCH decisions containing adaptations plateaued at around 85% in 2017. A similar trend is observed
for read-across adaptations, albeit the fraction of the latter has been on the decline since 2019 and has fallen from a peak of over 80%
in 2019 to around 50% in 2023. The IRS approach to dossier selection was based on lessons learned from the 2014 CCH strategy and
employs the use of grouping structurally similar substances to prioritize registrations for review (ECHA, 2019). Overall, a marked
increase from 136 published decisions in 2019 to around 250/year since then may be attributed to the implementation of this strategy.
Figure 3B shows the data specifically for published CCH decisions that contained read-across (blue bars), along with the fraction of
such decisions that contained at least one acceptable read-across hypothesis (green line). While the initial three years are difficult to
interpret due to the relatively low numbers, there appears to be a slight increase in the cases where read-across hypothesis was
acceptable to ECHA albeit there was a data gap that still needed to be addressed (referred to as “accepted read-across™ herein) in the
initial years, from 2016 through 2019, following the publication of the RAAF (ECHA, 2015). This could be due to the batch release
of decisions with group-based read-across hypotheses. For example, a large (13 substances) group of Optical Brighteners published
in 2018 contained accepted read-across for some of the endpoints.
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Under REACH, data requirements are based on the tonnage of the registered substance (Botham et al., 2023). Figure 4A
shows the number of CCH decisions without (white) or with (gray) adaptations for Annexes VII through X. The most recent
registration data released by ECHA shows that to date, approximately 12,500 unique substances had been registered across the four
annexes (ECHA, 2023); thus, about 18.5% of these registrations have published CCH decisions. Substances registered at 100-1000t
and >1000t (in accordance with Annex IX and X requirements respectively) represent approximately 38% of all registered substances
(2,346 for Annex IX and 2,335 for Annex X). Our data shows that nearly 80% of all published CCH decisions contained ECHA
comments on these higher tier Annexes (804 for Annex IX and 1,037 for Annex X). This is not surprising because ECHA stated their
intent to focus on substances registered over 100 tons per year (ECHA, 2019). The relative proportions of CCH decisions containing
adaptations is similar across all Annexes. Figure 4B shows the relative proportion of CCH decisions containing read-across which is
also similar across all Annexes. Annex X contained the highest proportion of acceptable read-across hypotheses (11.2%), but there
are examples of acceptable read-across in all Annexes.

Figure 4C shows the breakdown of the number of published CCH decisions by substance type (mono-constituent, multi-
constituent, and UVCBs). Most CCH decisions were for mono-constituent (58%) and UVCB substances (33%); these are the most
common substance types registered under REACH. The relative proportion of CCH decisions containing adaptations appears to be
similar across the three substance types. The relative proportion of decisions with adaptations containing read-across also appears to
be similar. Mono-constituent substances had the highest fractions of adaptations with acceptable read-across (Fig. 4D). Indeed, there
are unique challenges to read-across adaptations for multi-constituent and UVCB substances, as detailed in a separate RAAF
document (ECHA, 2017).

Acceptable read-across hypotheses were most commonly found in decisions for mono-constituent substances, followed by UVCBs
(Fig. 5A). Figures 5B-C show the source substance types that were proposed in read-across hypotheses for mono-constituent and
UVCB substances. Both target and source substance were frequently of the same type (88% for mono-constituent and 44% for
UVCB); however, the registrants also attempted read-across between substance types, primarily mono-constituent substances were
used as a source to UVCB targets (33% for UVCB). It is also of note that in about half of accepted read-across cases, the registrants
had more than one target-source pair (Fig. 5D). Structural similarity is a fundamental element of plausible read-across, especially for
REACH (European Council, 2006), therefore, we examined the similarity between target and source pairs for mono-constituent
substances where chemical descriptors can be calculated. We used Morgan fingerprints and calculated the Jaccard index between the
target and source substance pairs as a metric of structural similarity. Most substance pairs displayed a high similarity (Jaccard index
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> 0.8); still, there were instances where far lower chemical structure similarity was present yet the read-across was found to be
acceptable (see Tab. S5% for details).

As noted before, comprehensive CCHs are primarily focused on eight key hazard types (ECHA, 2014). Each of these
involves evaluation of multiple endpoints and the required studies must follow OECD test guidelines (TG). Figure 6 shows a summary
of OECD TG studies for which read-across adaptations were accepted. Among “human health” effects-related study types (Fig. 6A),
74% of accepted read-across adaptations were for TG 414 (Prenatal Developmental Toxicity Study) in either the first (40 cases) or
second (23 cases) species. For non-mammalian hazards or physical-chemical properties (TG studies of 100 to 300 series), there were
fewer accepted read-across adaptations with the largest proportion (20%) falling on TG 201 (Freshwater Alga and Cyanobacteria,
Growth Inhibition Test).
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Next, we examined how acceptable read-across adaptations were crafted in terms of their scientific justification. We
previously defined 17 AEs which represent components of a read-across hypothesis (Table 1). The use of AEs provides a uniform
method to evaluate read-across hypotheses over time, as well as between compliance checks and testing proposal evaluations. Figure
7A shows AEs that were proposed by registrants in accepted read-across adaptations, as summarized in CCH decisions (see Tab. S6°
for details). Every accepted read-across included reasoning for structural/ physico-chemical similarity (AE 1), which is one key
criterion outlined in Annex XI. There was a near even split between analogue and group approaches (48.2% vs 51.8%) where AE1
was used. The second most common AE in acceptable read-across was “use of supporting data from non-guideline studies’ (AE 16).
Interestingly, there were no or only a handful instances when accepted read-across used considerations focused on toxicodynamics
(AEs 2-4) and environmental considerations (AEs 5-7).

We also were interested in comparing successful read-across adaptations in CCH decisions to those previously identified
in TPE decisions; for that, we restricted our analysis to the most common TG studies where read-across adaptations were proposed.
OECD TG studies that require the largest number of animals are TG 414 (Prenatal Developmental Toxicity), TG 408 (Repeated Dose
90-Day Oral Toxicity Study), and TG 443 (Extended One Generation Reproductive Study) (Roe et al., 2025; Knight et al., 2023).
Figure 7B shows the breakdown of AE use for CCH (limited to 50 decisions that had accepted read across adaptations for these test)
and read-across in either accepted or rejected read-across adaptations evaluated by ECHA as part of testing proposal review. It is not
surprising that AE1 has been part of every read-across adaptation included in this analysis — all accepted and rejected read-across
adaptations included arguments explaining chemical similarity. What is different between CCH and TPE read-across decisions, are
the patterns in the use of several other AEs. The formation of common/identical compounds (AE 9) and the impact of non-common
compounds (AE 12) appeared to be more common in read-across adaptations evaluated in CCH. By contrast, testing proposals
containing read-across often relied on toxicodynamic considerations, although these arguments did not always result in acceptance
of the proposed adaptation (AEs 2-4).

Finally, we examined whether there were any common elements in the proposed read-across hypotheses among accepted
adaptations under CCH. We noticed five major read-across types which cover all acceptable read-across adaptations in CCH (Tab.
2). Figure 8 shows several examples of the substances for each of these common types of accepted read-across. The first example,
tartaric acid and its salts, was a group read-across where the registrants predominantly relied on AE 9 (formation of common

% doi:10.14573/altex.2505191s6


https://doi.org/10.14573/altex.2505191s6

ALTEX, accepted manuscript
published July 28, 2025
doi:10.14573/altex.2505191

Tab. 2: The grouping of read-across hypotheses into the five major read-across types found in CCH decisions containing

acceptable read-across
See Figure 8 for illustrative examples and Table S7° for details.

Figure 8 Common Foundation of the Read-Across Type and Group Number of RA Hypotheses %
example Read-across Hypothesis Names
1 Dissociation to common Groups: 23 45.9%
compound(s) e Tungstate RA Category
e Tartaric acid and its salts
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Analogues 16
2 Hydrolysis to common Analogues 8 9.42%
compounds
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type of effects o Alkylamidopropyl betaines (AAPB)
e Aromatic Sulphonic Acids (ASA)
o Hydrotropes
e Perfluorinated organic chemicals,
C15-18
Analogues 13
4 Non-common metabolites Groups: 13 18.8%
o Stilbene Fluorescent Whitening
Agents (Optical Brighteners)
Analogues 3
5 Common and non-common Analogue 1 1.18%
metabolites
Total: 85 100%
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Fig. 8: Representative examples of the major types of acceptable read-across arguments in publicly available CCH decisions
(A-E) Real hypotheses identified in CCH decisions with acceptable read-across with structures, see Table 2 for further details. (A, B)
Visualization of AE 9 (the formation of common compounds) in the two major forms that it takes (A) dissociation to common ions and
(B) rapid hydrolysis of target to source. (C) Examples of acceptable read-across where only AE1 (structure) and AE8/16 (availability of
TD data) were discussed in the decision. (D) Example of a category were structures have similar metabolite patterns that lead to a
common toxicological effect. (E) Example of how the formation of common and non-common compounds can be proposed in registration

dossiers.
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compounds) to justify similarity. Evidence was provided for the target and source compound’s dissociation to a common anion (that
was deemed as a putative hazardous substance) and non-common cation(s) (i.e., Na*, K*, Ca?", and Mg?", that are not expected to
cause toxicity). As shown in example two, AE 9 can also serve as a critical element of the similarity argument when the target
substance is hydrolyzed or otherwise transformed to the source substance rapidly and completely. The third example shows common
read-across hypotheses where, in addition to some evidence of physico-chemical similarity, the primary evidence came from the
“bridging” toxicology data, from either guideline or non-guideline studies; these data were used to reason that different compounds
have the same type of a toxic effect. Examples four and five illustrate the role of the evidence that confirms metabolism to non-
common but structurally similar moieties (AE 13). In the case of Optical Brighteners (example four), the identification of possible
sites of metabolism using QSAR modeling and reasoning for how those metabolites would not affect the prediction of toxicity were
key in supporting the plausibility of read-across. Example five shows a complex hypothesis where AEs 9 and 13 were used because
both common and non-common compounds are formed during metabolism. In this example, the non-common compounds were
reasoned to be responsible for the toxic effect of the target, while the common compounds had negligeable effect.

4 Discussion

This study follows on several recent “deep dives” into ECHA’s data on registrations, use of animals, and adaptations such as read-
across (Rovida et al., 2023; Knight et al., 2023; Patlewicz et al., 2024; Roe et al., 2025). Each one of these studies has taken a different
approach to distilling a very large body of evidence that exists about regulatory decisions on the attempts to adapt standard testing
requirements under REACH. Some have presented data on how many animals have been used, or will need to be used, to fulfill these
requirements (Rovida et al., 2023; Knight et al., 2023). These estimates, while highly instructive, remain imprecise because it is
difficult to predict the future from the past due to rapid evolution in the use of New Approach Methodologies and Integrated
Approaches to Testing and Assessment (Bal-Price et al., 2018; Van der Stel et al., 2021; Laroche et al., 2019). Others have analyzed
the databases containing some of the registration information and presented a very useful overview of what adaptations the registrants
use to justify waivers of new animal tests (Patlewicz et al., 2024). However, this type of analysis represents only one side of the
equation —the registrants’ view on what constitutes a good read-across hypothesis. Both sides of the equation were presented recently
in the analysis of the use of read-across in testing proposals (Roe et al., 2025) — both successful and unsuccessful read-across
adaptations were analyzed in terms of the elements of their justifications. It was found that ECHA was quite receptive to read-across
adaptations in testing proposals — around 50% of submissions were accepted; however, it was also evident that certain elements of
the read-across hypothesis can either significantly impact (either increase or decrease) the odds of acceptance. While testing proposal
evaluation is an important step in the REACH workflow, it is also not the final decision on the sufficiency of the information included
in the actual registration dossier. In essence, the regulators may give the registrants the benefit of the doubt at the testing proposal
stage because they can examine the final data in the registration dossier. What remained unexplored, was the fate of read-across
adaptations during compliance checks — the ultimate test of what ECHA would consider as acceptable evidence of chemical similarity
for the purpose of hazard evaluation.

The initial analysis of ECHA’s decisions on read-across under REACH compliance check mechanism was published in
2016 (Ball et al., 2016). That study evaluated 524 published CCH decisions or which 107 (~20%) included the use of read-across. It
is noteworthy that the authors stated that “only one or two [of these] appear to have been accepted” — a success rate of ~1%. Since
2016, the compendium of published CCH decisions has grown by over 350%. Concurrently, all parties involved in practicing read-
across have gained considerable amount of experience and knowledge; numerous reviews, case studies and guidance documents have
been published (Lester et al., 2023; Ball et al., 2020; Lizarraga et al., 2023; Patlewicz et al., 2019; EFSA Scientific Committee, 2025;
Blackburn and Stuard, 2014). Given the amount of attention devoted to the method of read-across in the past decade, it is notable that
in the current analysis we found that overall, only ~7.5% of read-across adaptations in CCH were a “success” — an improvement over
“one or two” successes identified in 2016 but hardly a satisfactory outcome. Also, we found that while both read-across submissions
and their acceptance have peaked around 2018, both are on a steady decline trend since then. In fact, there were no accepted read-
across adaptations in CCH decisions published in 2022 or 2023 — last two years in our analysis. Thus, the question remains — what
does “success” looks like for read-across adaptations in REACH registration dossiers?

There are several potential answers to this question. One explanation for the decline in accepted read-across adaptations in
published CCH documents could be that ECHA found all read-across hypotheses acceptable in compliance checks performed at that
time. When no document is published it could be because there were no concerns/deficiencies, or for other reasons. Thus, it is possible
that many of the “no decision” dossiers did contain read-across and/or other adaptations and they were found to be acceptable.
Overall, ECHA reported that ~25% of read-across hypotheses have been found acceptable, but this number likely includes both TPE
and CCH evaluations (ECHA, 2021). We found 1,894 CCH records without a decision — only 33% (n = 626) of those were
comprehensive compliance checks. Additionally, the current strategy targets substances at higher production volumes which have
been subject to regulatory “challenges” of grouping to fill data gaps (OECD, 2004; Patlewicz et al., 2014). Another explanation could
be that in cases of targeted compliance checks, the agency did not evaluate read-across adaptations for the endpoints that were not of
priority; thus, no decision on the adaptations of those tests was made even if a document was published. Regardless, determination
of whether such “practical” explanations to the low read-across acceptance in CCH may account for a substantive number of cases
is not easy because access to the full registration dossiers would be necessary. While both ECHA and the registrants, or trade
associations who generated dossiers on behalf of their members, could perform such an analysis, it was not possible for us to do —
this is a limitation of our work.
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The other considerations that can provide not only the answers but also the potential path forward for improvements to the
success of read-across adaptations, can be gleaned from our analysis of successful read-across adaptations. Specifically, we can learn
from how the registrants used the data available to them to assemble acceptable read-across adaptations. It has been suggested that it
is easier for read-across to be provisionally accepted during the evaluation of testing proposals as compared to the compliance check
(Ball et al., 2016; Roe et al., 2025). In our study, we have identified examples of read-across that has been deemed acceptable for the
same endpoints (represented by OECD TG) in both published TPE (Roe et al., 2025) and CCH (this study) decisions. As mentioned
before, read-across adaptations for OECD TGs 408, 414, and 443 are common. There appears to be similarities between read-across
hypotheses in both TPE and CCH, such as all acceptable hypotheses leaning heavily on justifications for structural/physicochemical
similarity (AE1) and some form of toxicokinetic similarities (AE9—14). However, there are also apparent major differences in the use
of some AEs between TPE and CCH decisions. Justifications relying on toxicodynamic considerations (AE2-4), and formation of
non-common metabolites (AE13-14) were not present in CCH with acceptable read-across for these endpoints. In TPE decisions
containing read-across, there were large groups of compounds like the Higher Olefins (n = 19) and Rosin Esters (n = 8) which relied
on the argument that “different compounds [would] have the same type of effect”. Strong support for the similarity argument came
from the chemical structure-based evidence that the source and target compounds would act through the same mode of action (AE3).
For evidence based on toxicodynamic data, either OECD TG (AES) or other studies (AE16) were needed to support the target organs
and then demonstrate the trend in effects across the putative category. In TPE decisions, especially rejected ones, justifications
frequently argued for formation of non-common but structurally similar metabolites (AE13), these were typically predicted for both
target and source substances. We found that one of the challenges in such an approach was that ECHA would request additional
information on predicted metabolites (AE14), especially when in vitro or computational methods were used in support of read-across
(AE16). Overall, it appears that read-across hypotheses in testing proposals were more “complex” as compared to those in accepted
read-across for CCH. Consequently, a common reason for rejection of read-across was the uncertainty in the similarity arguments
that were composed of multiple AEs in the same hypothesis (such as in AEs 4, 11, 12, 14, 16).

By contrast, instances of more straightforward read-across hypotheses with fewer AEs prevailed of accepted read-across in
CCH decisions. For example, the most common type of accepted read-across adaptations in CCH decisions was the case of different
salts of the same compound (AE 9). In these examples, it was also hypothesized that the non-common cations such as Na*, K*, Ca?*,
and Mg?" will not have adverse effects (AE12). For example, a decision from 2019 on substance EC 942-024-5 noted that “£CHA
accepts unrestricted read-across between ammonium, calcium, potassium, and sodium salts.” We also found that the hypotheses of
this type were typically included in the draft decision, meaning it was not originally included in the registration until after the
compliance check was initiated. Tartaric acid and its salts, for example, was a hypothesis proposed during the draft decision that
ECHA deemed acceptable for data generation if the registrant chose to pursue it. Another example relates to Tungstate read-across —
the hypothesis was not accepted until after the registrant submitted in vivo toxicokinetic data on the source substance. It appears that
the inclusion of data that supports formation of common metabolites can be very useful for acceptance or read-across; however, these
data may also generate additional questions. A common case is the hypothesis that the target substance is expected to hydrolyze to
the source rapidly. There has been discussion on what constituents’ “rapid” hydrolysis as it may be different for each endpoint or
route of exposure (Ball et al., 2014). It is also important to consider the rate of biotransformation depending on the route of exposure
— the read-across based on the hydrolysis of dichloro(dimethyl)silane to dimethylsilanediol was accepted for the oral route but rejected
for inhalation (EC 200-901-0). The rate of hydrolysis was not known for inhalation resulting in unacceptable uncertainty to accept
that exposure to the parent (AE11) and impact of non-common compounds (AE12) could be ascertained with confidence.

Another common example of an acceptable read-across hypothesis in CCH is that “different compounds have the same
type of effects”; these cases typically focused more on supporting data streams (AE8 and AE16) that showed toxicodynamic similarity
rather than a predicted mode of action. For example, read-across from the hydrochloric salt of methylamine was accepted due to
testing limitations of the target (i.e., methylamine). In the case of methylamine, there was no explicit statement of a Section 2 (Testing
feasibility) adaptation which may have been appropriate adaptation in this case. Other hypotheses of these same type included
reasoning for AE8 and AE16 to show the similar effects in similar endpoints. For dinitrogen tetraoxide, a read-across for OECD TG
489 (in vivo Comet assay) was supported by non-guideline in vitro genotoxicity studies on the analogue substance. The Aromatic
Sulphonic Acids category has examples of read-across acceptance for higher tier endpoints (OECD TG 408, 414, and 443) but
rejection of in vitro genotoxicity studies due to a lack of bridging information (AE8 and AE16). These examples show how important
appropriate supporting information may be for the evaluation of read-across.

Different compounds may also show similar effects due to metabolism to structurally similar compounds (AE13 and AE14).
In this case, most examples are from one group covering 13 substances (Stilbene Fluorescent Whitening Agents (Optical
Brighteners)). The OECD QSAR toolbox was used to predict metabolism of side chains of these large molecules to justify the
argument of a common metabolism pattern among the substances. Alongside these predictions, the registrants provided supporting
data for lower tier assays — in vitro mutagenicity and acute toxicity endpoints. Read-across hypothesis for members of this group that
lacked data for these same endpoints was accepted; however, the lack of in vivo toxicokinetic data to validate QSAR metabolism
predictions precluded acceptance of the read-across hypothesis for the higher tier endpoints. In fact, ECHA specifically requested
toxicokinetic data to address these data gaps and support the read-across.

There was one instance when both AE9 and AE13 were included as part of the accepted read-across hypothesis for in vitro
genotoxic endpoints. The target and source substances were shown to hydrolyze to a common compound (sebacic acid) and other
structurally similar non-common products. The non-common compounds, not sebacic acid, were considered as ultimate toxicants.
Additionally, it was hypothesized that the non-common compounds could undergo further metabolism to a secondary non-common
compound. The registrant also included in vitro mutagenicity data showing that all hydrolysis products appeared to be non-genotoxic
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and inclusion of these data increased confidence in the overall read-across because the hypothesis was both straightforward and also
had relevant experimental data.

In conclusion, this study builds on recent analyses of how read-across adaptations are evaluated under the EU’s REACH
regulation, particularly in the context of compliance checks (CCH). The previous analyses (Ball et al., 2016) showed very low success
rates (~1%), but our analysis found that about 7.5% of read-across adaptations in CCH decisions were accepted; still, no accepted
cases have been found in 2022 or 2023. The numbers for acceptable read-across adaptations reported herein may be lower than the
actual figures; however, it's impossible to determine this due to the proprietary nature of the dossiers that were reviewed by ECHA
but did not result in a published decision. Overall, our study highlights that simpler, well-justified read-across cases (e.g., between
salts of the same compound or with strong toxicokinetic evidence) were more likely to succeed. These findings suggest that despite
increased guidance and experience, the path to successful read-across remains challenging, especially without transparent access to
full dossiers or targeted regulatory feedback.
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