
Valutazione dei prodotti 
con effetto sulla tiroide 

Federica Crivellente 

Senior Scientific Officer, 

PREV Unit 

19° Congresso Nazionale 

Società Italiana di Tossicologia 

Bologna, 12 Febbraio 2020 

 



Regulation for pesticides 

Methodologies developed by the PPR 
Panel 

Establishment of cumulative assessment 
groups (CAGs) for effects on the thyroid 

Conclusions  

Recommendations 

Next steps 

 

 

 

OUTLINE 
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REGULATION 1107/2009 

3 

Art.4 (Approval criteria for active substances): The residues of plant 
protection products…shall not have any harmful effects on human 
health, including that of vulnerable groups,…taking into account 
known cumulative and synergistic effects where the scientific 
methods accepted by the Authority to assess such effects are 
available,… 

 

 

  

Regulation (EC) No 1107/2009 on the placing of plant 
protection products on the market 

Regulation (EC) No 396/2005 on maximum residue 
levels of pesticides in food and feed 

Art.14 (Decision on applications concerning MRLs): «…account shall be 
taken of: (a) the scientific knowledge; (b) the possible presence of 
pesticide residues arising from other sources than current plant 
protection uses of active substances, and their known cumulative 
and synergistic effects, when the methods to assess such 
effects are avaiable…» 

 

 
 



LEGAL CONTEXT FOR PESTICIDES 
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 Applications for MRLs (Art. 14 of 
Regulation (EC) No 396/2005) 

 Authorisation of plant protection 
products (Art. 4 of Regulation (EC) 
No 1107/2009) 

Pre 
marketing 

Post 
marketing 

 

 Analysis of official monitoring 
results regarding acute and 
chronic risks to the health of 
consumers 

When should a cumulative risk assessment be conducted? 



OUTPUTS OF THE PPR PANEL 
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2007: Suitability of existing methodologies and, if appropriate, the 
identification of new approaches to assess cumulative and synergistic risks from 
pesticides to human health with a view to set MRLs for those pesticides in the 
frame of Regulation (EC) 396/2005 

http://www.efsa.europa.eu/en/efsajournal/pub/705 

 

2008: Risk Assessment for a Selected Group of Pesticides from the Triazole 
Group to Test Possible Methodologies to Assess Cumulative Effects from 
Exposure through Food from these Pesticides on Human Health 

http://www.efsa.europa.eu/en/efsajournal/pub/1167  

 

2012: Guidance on the Use of Probabilistic Methodology for Modelling Dietary 
Exposure to Pesticide Residues 

http://www.efsa.europa.eu/en/efsajournal/pub/2839  

 

2013: Identification of pesticides to be included in cumulative assessment 
groups on the basis of their toxicological profile 

http://www.efsa.europa.eu/en/efsajournal/pub/3293  

 

2013: Relevance of dissimilar mode of action and its appropriate application for 
cumulative risk assessment of pesticides residues in food 

http://www.efsa.europa.eu/en/efsajournal/pub/3472  
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Hazard 
identification 

Hazard 
characterisation 

Exposure 
assessment 

Risk 
characterisation 

Hazard assessment 

Establishment of cumulative 
assessment groups of pesticides 
for their effects on the thyroid 
https://www.efsa.europa.eu/en/e
fsajournal/pub/5801 

Cumulative dietary 
exposure assessment 
of pesticides that 
have chronic effects 
on the thyroid using 
SAS software 
https://www.efsa.eur
opa.eu/it/efsajournal
/pub/5763 

Cumulative dietary 
exposure assessment 
of pesticides that 
have chronic effects 
on the thyroid using 
MCRA software 
https://www.efsa.eur
opa.eu/en/supporting
/pub/en-1707 

Cumulative dietary 
risk 
characterisation of 
pesticides that 
have chronic 
effects on the 
thyroid (in 
progress, public 
consultation in 
Sept 2019, 
publication 
foreseen for March 
2020) 

IMPLEMENTATION OF CRA 



CRA FOR PESTICIDES 
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 A cumulative assessment group 
is a set of pesticides that could 
plausibly act in combination and 
cause a specific toxicological 
effect 

 All pesticides causing a common 
specific (adverse) effect are 
included within a same 
cumulative assessment group 
(assumption of dose addition) 

 Why not similarity of chemical 
structure or mode of action? 

 Often modes/mechanism of 
action are unknown 

 Different modes/mechanisms of 
action may contribute to a same 
adverse effect 

 Consultation with EU 
Commission – precautionary 
principle 



ESTABLISHMENT OF CUMULATIVE 
ASSESSMENT GROUPS - PROCESS 
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1. Identification of specific effects which 
qualify for cumulative risk assessment 

2. Characterisation of specific effects 

3. Data collection 

4. Grouping of pesticides into CAGs 

5. Selection of the Index Compound (IC) and 
of the relative potency factor (RPF) 

6. Analysis of uncertainties 



Hypothyroidism 

 

C-cell hypertrophy, 
hyperplasia and 
neoplasia  
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1. IDENTIFICATION OF THE SPECIFIC EFFECT 
FOR THE THYROID 

CAG 
HYPOTHYROIDISM 

CAG 
C-CELL 

HYPERTROPHY, 
HYPERPLASIA AND 

NEOPLASIA 



HYPOTHYROIDISM 
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Altered function of the thyroid gland resulting in 
follicular cell hypertrophy, hyperplasia and 
neoplasia 

 

 



C-CELL HYPERTROPHY, HYPERPLASIA AND 
NEOPLASIA 
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C-cell hypertrophy, hyperplasia and neoplasia 
are observed after repeated exposure to 
certain pesticides 

Sustained C-cell stimulation leading to 
hyperplasia is expected to play a promoting 
role in further progression to neoplasia 

 These effects are considered relevant for 
humans 

C-cells secrete hormone 
calcitonin involved in 
calcium homeostasis and 
regulation of bone marrow 
formation 



2. CHARACTERISATION OF THE SPECIFIC 
EFFECT 
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Definition of the descriptors (indicators) in toxicological 
studies suggesting that an active substance causes the 
specific effect 

 Hypothyroidism: 

 Decreased circulating T3 level, decreased circulating T4 
level 

 Increased circulating TSH levels 

 Increased relative thyroid weight 

 Follicular cell hypertrophy 

 Follicular cell hyperplasia 

 Follicular cell neoplasia, follicular cell adenoma, follicular 
cell carcinoma 

 Evidence of a MoA in direct relation to hypothyroidism 

 Effects on C-cells: 

 C-cell hypertrophy 

 C-cell hyperplasia 

 C-cell tumours: C-cell adenoma, C-cell carcinoma 

 Evidence of MoA in direct relation with C-cell hypertrophy, 
hyperplasia and neoplasia 

 



3. DATA COLLECTION FOR EFFECTS ON 
THE THYROID 
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 Two data collections available: 

1. Consortium RIVM, ICPS and ANSES 
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/sp.efsa.2016.EN
-999 

2. EFSA 

 

422 Active Substances (ASs) screened 

  Studies rated as “acceptable” or “supportive” were considered from different 
animal species (mainly rat, mouse and dog) and any limitation which could 
have had an impact on the acceptability of the study were flagged 

 The lowest no observed adverse effect level (NOAEL)/lowest adverse effect 
level (LOAEL) for a specific effect observed in the most sensitive sex  

 When more than one specific effects was observed for an AS in one study, each 
of them was collected under a separate entry 

 When several indicators of a specific effect have been observed in one study, 
the most sensitive one(s) has(have) been indicated in the column “Endpoint of 
a specific effect” 

 Information on the potential MoA was collected 



4. GROUPING OF PESTICIDES INTO CAGs 
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CAG 
hypothyroidism: 

128 ASs 

CAG C-cells: 
17 ASs 

An AS was included in the CAG if at least one of the 
respective indicators was observed at statistically significant 
or biologically relevant level in at least one toxicological 
study assessed as ‘acceptable’ in the DAR, RAR or equivalent 
documents 



CAG HYPOTHYROIDISM 
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5. INDEX COMPOUND (IC) AND RELATIVE 
POTENCY FACTOR (RPF) 

16 

 IC and RPF are needed to perform cumulative exposure/risk 
assessments (to normalise the toxicity of all ASs in each CAG to 
the IC) 

 IC selected between ASs of high potency and with highly convincing 
evidence that it causes the specific effect using the following criteria: 

 

 Quality of the study (considered acceptable, statistical robustness 
of findings) 

 Strength of the specific effect (NOAEL, number of indicators of the 
specific effect observed) 

 Evidence of dose-response relationship 

 Consistency in the occurrence of the specific effect across genders, 
species and studies 

ICs selected: Ioynil for CAG hypothyroidisms  and fenbuconazole 
for CAG on C-cells 

 

 

              
                         NOAEL of the IC 

            RPF= 

                         NOAEL of the AS 



Regulation 1107/2009: Member States ‘shall not be prevented from 
applying the precautionary principle where there is scientific uncertainty as 
to the risks with regard to human and animal health’ and ‘shall take into 
consideration possible elements of uncertainty in the information in order 
to ensure that the chances of failing to detect adverse effects or of 
underestimating their importance are reduced to a minimum’  

Uncertainty analysis evaluating the potential of –under or overestimation 
of the actual risk for consumers 

6. UNCERTAINTY ANALYSIS 
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Sources of uncertainties: 

 Method used to collect and assess toxicological data 

 Limitations in the available data and scientific knowledge 

 Composition of the CAGs 

 Toxicological characterisation of the ASs 

 Slope and shape of dose-response relationship 

 Contribution of metabolites and degradation products 

 Adequacy of dose addition 

 Inter and intra-species differences in toxicological sensitivity 

 



ANALYSIS OF UNCERTAINTIES 
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The CAGs established in this report were used to carry out cumulative 
exposure and risk assessments following the methodology developed by 
the PPR Panel. This methodology assumes that all ASs included in a CAG 
combine their effects by dose addition.  

 

Question 1: 

How sure is it that the CAG contains all the active substance 
causing the respective specific effect and only the AS causing this 
effect? 

a) whether all ASs causing hypothyroidism are well included in the CAG (the 
outcome of the RA might be underestimated) 

b) whether ASs not causing the effect are included in the CAG (the outcome 
of the RA might be overestimated) 

Question 2: 

How sure is it that these ASs combine their individual toxicities 
according to the dose-addition model at their actual dietary 
exposure level? 



QUESTION 1b - WEIGHT OF EVIDENCE AND 
EXPERT KNOWLEDGE ELICITATION 
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 Assess the probability that each substance actually causes the 
specific effect 

 Development of a structured procedure which combines 
techniques for weight of evidence assessment and expert 
knowledge elicitation by: 

 
 Identifying lines of evidence that are important for assessing whether 

the AS causes the effect 

 Rating the weight of each line of evidence (score from 1 to 10) 

 Reviewing the evidence for each AS 

 Integrating the lines of evidence by multiplying all coefficients 
corresponding to the lines of evidence for each AS 

 Clustering the ASs in different groups of similar weight of evidence on 
the basis of their score 

 Assessing how many of the ASs in each subgroup actually cause the 
specific effect (by mean of expert knowledge elicitation-”Sheffield” 
protocol) 

 The elicited distributions for the subgroups were combined by 1D 
Monte Carlo simulation to calculate a probability distribution of ASs 
that actually cause the specific effect 

 



LINES OF EVIDENCE FOR HYPOTHYROIDISM 
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0 1 2 3 4 5 6 7

Known MoA

evidence of dose-response relationship for the most sensitive
indicator(s)

observation of indicators of the effect in at least 2 species

NOAEL for hypothyroidism is at the same level as or does not differ
by a factor exceeding 2 from the NOAEL to the ADI

follicular cell hyperplasia

follicular cell tumors

increased serum TSH levels (or serum TSH levels unmeasured)

follicular cell hypertrophy

decresased serum T4 and/or T3 levels (or serum T4 and T3 levels
unmeasured)

increased relative thyroid weight

6.5 

1.5 

2.4 

2.6 

2.9 

3.5 

3.5 

4.8 

4 

6.1 



INTEGRATION OF THE LINES OF EVIDENCE 
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The assessment of the number of ASs in each subgroup 
actually causing hypothyroidism was conducted individually by 
three toxicologists  addressing the following question: 

 

How many pesticides in this group cause hypothyroidism, 
defined as a dose-related increase of any size in incidence 
and/or severity of hypertrophy and/or hyperplasia and/or 
neoplasm over any dose range in thyroid follicular cells of one 
or more laboratory mammal species? 

 

This was followed by a facilitated discussion of the individual 
assessments, leading to agreement on a consensus distribution 
and reasoning for each subgroup 

EXPERT KNOWLEDGE ELICITATION 
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ROULETTE METHOD 
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1D MONTE CARLO SIMULATION 
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Substances likely to 
cause 
hypothyroidism 



NUMBER OF SUBSTANCES CAUSING 
HYPOTHYROIDISM 

25 Median estimate: 71 substances 

Total number of substances 
really causing hypothyroidism 



 CAGs for effects of pesticides on the thyroid were established by 
the PPR Panel in 2013 

 Two specific effects relevant for CRA were confirmed: 
hypothyroidism and C-cell hypertrophy, hyperplasia and neoplasia 

 CAGs were updated on the basis of additional information 
collected 

 NOAELs were defined to characterise the ASs included in the 
CAGs for the respective specific effect; ICs were proposed to 
enable cumulative exposure and RA with methods using RPFs 

 The assessment of cumulative risks of pesticides for the thyroid 
should be focused on hypothyroidism because the highest risks 
are expected to be observed for this effect 

 Sources of uncertainties resulting from the methodological 
approach and from the limitations in available data and scientific 
knowledge have been identified and considered 

 

CONCLUSIONS 
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 Uncertainties should be integrated into the CRA: by incorporating the 
probabilities of CAG membership into a probabilistic calculation or by 
sensitivity analyses 

 Liver enzyme induction should be considered as a relevant effect for 
CRA when CAGs for the effects of pesticides on the liver will be 
established 

 OECD TG 443 requires measurement of TH levels; however, many 
compounds have not been tested with these current guidelines yet. It 
is recommended, when missing, to require the measurement of such 
hormones: they would also provide the basis to establish CAGs and 
characterise ASs with respect to thyroid-mediated neurodevelopment 

 The CAGs established should be regularly updated 

 

RECOMMENDATIONS 
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 The EFSA Scientific Committee is currently 
working on a Guidance which should provide 
specific criteria for grouping of ASs into CAGs 

 EFSA will then proceed with the establishment 
of CAGs for effects on other organs/systems 
(the liver, adrenals, eye, repro and 
development) 

 EFSA will propose a plan for systematic update 
of the already established CAGs and for the 
possible need to collect further data on other 
organs/organ systems (e.g. hematopoietic 
system, kidney, testes) 

NEXT STEPS 
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BACK UP SLIDES 



 The CAG for hypothyroidism includes 7 times as many ASs as the 
CAG for C-cell hypertrophy, hyperplasia and neoplasia 

 12 out of the 17 ASs included in the CAG for C-cell hypertrophy, 
hyperplasia and neoplasia are also included in the CAG for 
hypothyroidism 

 Only 2 ASs present in the CAG for C-cell hypertrophy, hyperplasia 
and neoplasia only have a NOAEL below of 2 mg/kg bw per day; 
in contrast, 25 ASs and metabolites present on the CAG for 
hypothyroidism have a NOAEL below 2 mg/kg bw per day 

COMPARISON BETWEEN THE CAG ON 
HYPOTHYROIDISM AND THE CAG ON C-CELLS 
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The C-cells are usually less sensitive to pesticides than follicular 
cells or that effect on C-cells are more difficult to be detected 

It should be sufficient to perform a CRA with the CAG on 
hypothyroidism, assuming that similar protection goals would 
apply to hypothyroidism and C-cell hypertrophy, hyperplasia and 
neoplasia 


