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• 1st half - Role of Toxicologic Pathologist in drug 

development 

• 2nd half – Application of imaging technologies in 

Toxicologic Pathology – “The Magnetic Resonance 

Imaging (MRI) Histology = Smart sections” 

 

OUTLINE OF THE LECTURE 
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Definition: Investigation of structural and functional 

consequences of injurious stimuli (i.e., chemicals, 

drugs or physical agents) 

The Discipline of Toxicologic Pathology 

Toxicologic Pathology 

Clinical Morphologic 
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The Pivotal Role of the Toxicologist Pathologist 

in All Phases of Drug Development 

Toxicologic Pathologist 

Acute, Subacute 

Studies 

Exploratory 

Studies 

Chronic 

Studies 

Non Clinical Studies 

Drug 

Discovery 
Phase I Phase II Phase III 

Clinical Trials 

Duration of Drug Development 8-15 Years Market Launch 

First Human Dose 
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The preclinical evaluation – What are the goals? 

• Pre-clinical pharm/tox data are used to: 
   - Identify target organs and make correct interpretation 

about their significance 

   - Identify need for specialized clinical safety monitoring 

   - Select starting doses/regimens 

   - Estimate pharmacokinetics, i.e. investigate the  
relationship between exposure and toxicity  

The purpose of animal (preclinical) safety studies is 
not to use it for direct extrapolation of animal data to 
humans. Rather, the goal is to use animal data to 
characterize potentially adverse changes that might 
be expected to occur in humans in response to 
administration of a particular drug and recommend 
the dose level  that should be safe to start with. 
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Challenges in drug development - The importance of 

correct evaluation and interpretation of  preclinical 

toxicity findings  

• The successful navigation of a new molecule or 
chemical through the Discovery and 
Development process to market requires a 
series of carefully considered “GO, NO GO” 
decisions. Decisions related to toxicity issues 
that result in the unnecessary termination of a 
promising molecule are as unfortunate as 
allowing a potentially harmful molecule to 
progress.  

• It is therefore pivotally important, using extensive 
investigation, experience and knowledge, to 
make a careful  and  integrated assessment of 
in-life, anatomic and clinical pathology findings 
derived from toxicity studies 
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The optimal outcome of preclinical program… 

• The optimal goal - outcome is to predict the 

preclinical long-term SAFETY OF THE DRUG 

from the 14 days and 3 months studies 

• The pharmaceutical companies are eager to 

predict unsafe drugs as early as possible, 

without wasting expensive resources, but on the 

other hand, not to loose good drugs that induce 

irrelevant pathology in preclinical program 
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• Importance of  much experienced director of R&D,   known for  

exercising  good judgment. 

• Importance of location of the company headquarter, market size and 

therapeutic area. 

• It is estimated that 90% of industry R&D expenditures now go into 

molecules that never reach the market. In this context, making the 

right decision on what to progress to late-stage clinical trials  is 

paramount in driving productivity. 

• According the Pfizer: ”about 2/3 of the phase I  compounds 

could have been predicted to be likely failures on the basis of 

available data”. 

• There is strong bias in most R&D organization in “progression 

seeking” behavior instead of “truth seeking” behavior (for reasons 

such as job-security, position in the organization and passion to 

the compound). 
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Histopathology –  

The Art of Vision and Description… 
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Microscopy Will Remain a Cornerstone of 

Surgical Pathology  

Rosai J, Laboratory Investigation (2007) 87, 403–408  
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Control Treated – Hepatocytic Hypertrophy  

A “Pharmacological” (Adaptive) Effect in the Liver 
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Drug-induced target organ toxicity 
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(safety) 

. 
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Liver section from a male mouse treated with 1 mg/kg Kawa Kawa 

for 2 years. Note (arrows), hepatoblastoma. 

Excellent predictive value of 

preclinical studies 

Other toxic lesions observed in the liver of Kawa Kawa treated mice: 

•*Hepatpcytic fatty changes 

•*Cystic degeneration 
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Flu vaccine-induced pericarditis in mice  

 

 

Case reports of post-flu 

vaccination of pericarditits  
De Meester et al., Symptomatic pericarditis 

after influenza vaccination: report of two 

cases Chest. 2000 Jun;117(6):1803-5 

Godreuil wt a., Acute haemorrhagic 

pericarditis following influenza vaccination 

Presse Med. 2003 Feb 15;32(6):258-9. 

Excellent predictive value of 

preclinical studies 
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Opioid Neurotoxicity: Neuropathologic Effects in Rats of Different 

Fentanyl Congeners – Acute effect 

• convulsant doses of opioids produces limbic system damage in rats 
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Opioid Neurotoxicity: Neuropathologic Effects in Rats of Different 

Fentanyl Congeners – Chronic  effect 



Histopathological finding that 

may be of  no relevance to 

human 
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HYALINE DROPLET NEPHROPATHY (MALLORY-HEIDENHAIN STAIN – 

MALE FISCHER 344 -O-NITROTOLUENE  



The case of irrelevance  of thyroid  adenomas noted 

in rats treated with hepatic liver inducers of P450 

enzymes 
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Treatment related thyroid hypertrophy, hyperplasia and adenoma 

secondary to liver microsomal induction 

Control thyroid Thyroid from a treated rat – 
 follicular hypertrophic epithelium 

Follicular cell adenoma 
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Histopathology raw data 

• The signed final pathology report, representing  

the consensus of the primary and peer review 

pathologists 

• Slides, tissues, paraffin blocks, and slides  
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Trimming of the liver  
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Determination of cause of death - principles 

• The pathologist is responsible for identifying the 

cause of death (COD) and/or morbidity in animals 

that die or are euthanized prior to scheduled 

necropsy in toxicology studies, including 

carcinogenicity studies. 

• The COD may not be the proximate event leading to 

death, but should be the overall process that leads 

to the proximate cause. 
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Determination of cause of death – principles (cont.) 

• The pathologist should have and use all 

available information for each animal to 

determine the COD. This includes data such as 

hematology, clinical chemistry, body weights, 

clinical observations, metabolism, etc. 

• The pathologist should determine whether 

overall mortality and any differences in mortality 

among groups are the result of compound 

administration. 

• If the COD cannot be determined, this should be 

stated as COD undetermined or COD not 

determined from the available information. 



33 

 

 

 

 

 

• The purpose of the peer review process is to ensure 

the pathology report is an accurate reflection of the 

pathology findings for the study…. 
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DRAFT OECD guidance document on 

pathology peer review 

• Records and reporting of the peer review should be 

sufficiently detailed to allow reconstruction of the 

process and verification that the correct tissues were 

examined. 

• The GLP compliance status of the peer review 

should be clearly stated in the final report. 

 

 



Scanning of the slides on the web –  

Aperio – Leica  system 

The incoming “future” of the peer review 



38 

Pathology Working Group 

I SAID ‘SPINDLE CELL” AND 

HE SAID ‘SQUAMOUS CELL” 



The New Nomenclature Project  

INHAND 

International Harmonization of Nomenclature  

and Diagnostic Criteria for Lesions in Rats and Mice 
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• Established at 2006, as a joint initiatives of the 
American, Japanese, European Societies of 
Toxicologic Pathology 

• To produce publications for each organ system that 
provide a standardized nomenclature and differential 
diagnosis for classifying microscopic lesions 
observed in laboratory rats and mice in toxicity and 
carcinogenicity studies. 

• To serve in advisory role for the FDA SEND initiative 
with the goal of mapping INHAND terminology to 
SEND codelists of preferred terms  

Objectives of the INHAND 
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• Management by a Global Executive Steering 
Committee (GESC) with representation from 
major societies of toxicologic pathology 

• Composed of 15 organ system working 
groups (OWG) defined by the GESC  
(dealing with rodents only) 

• 4 non rodent species working groups to  
be formed 

 

Structure of the INHAND Organization 
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 Descriptive vs. Interpretative Terms  

 

Decreased cells 

Atrophy 

Lymphoid depletion 

Involution 

Hypoplasia 

Increased cells 

Hypertrophy 

Hyperplasia 

Proliferation 

EXAMPLE: Recommended Terminology for Immunopathologic 

(i.e., Immunotoxic) Treatment-related Findings 

Descriptive  

(preferred) 

Interpretative  

(not recommended) 
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Drug Induced Decreased Thickness of the Cortex,  

Due to Decreased Number of Lymphocytes 

Thymus 

Control Animal 

No abnormality detected 

Treated Animal 

Cortex – Lymphocytes, decreased 

Cellularity, moderate 



44 Toxicologic Pathology, 38: 5S-81S, 2010 

Proliferative and 

Nonproliferative 

Lesions of the  

Rat and Mouse 

Hepatobiliary System 

On-line Free Available Manuscripts 

https://www.toxpath.org/inhand.asp 
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INHAND Collaboration with the FDA on SEND 

(Standard for the Exchange of Nonclinical Data) 

Background: 

• During 2011, the INHAND Global Editorial Steering Committee 
(GESC) had discussions with representatives of FDA Center for 
Drug Evaluation and Research (CDER) and members of the 
Clinical Data Interchange Standards Consortium (CDISC) to 
examine the potential use of INHAND terminology in the 
software being developed for Standard for Exchange of 
Nonclinical Data (SEND) submission to the FDA. 

• The decision of the Government and industry toxicologists is 
that SEND terminology will widely accept the INHAND 
nomenclature. 

 

 

https://www.toxpath.org/inhand.asp
https://www.toxpath.org/inhand.asp
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• Standardized submitted data will result in 
submission efficiencies such as providing one 
standard used by sponsors and vendors, reduce 
review time, and increase reviewer efficiency. 

• Electronically submitted data for drug development 
program, when submitted in standardized format, 
can be searched within a study, across studies 
within a program, or across different programs. 

• It will allow reviewers to communicate their 
questions more precisely to the sponsor. 

References and presentation can be submitted upon 
demand – anyska@bezeqint.net 

Summary – Benefits 



Challenges in Interpretation of  

Pre-clinical Histopathological Data 
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It is All a Matter of Right Interpretation… 



Intramyocardial Injected “Drug”  

(Considered A Medical Device) 

Contaminated by  

Foreign Material, Provoking 

Granulomatous Reaction 
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Hematoxylin and Eosin 

Polarizing Microscope 

Foreign Body Coronary Arteritis 

A Drug “Contaminated” with Gauze – 

Cotton Fiber 
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Issue of Hepatic Centrilobular Bridging 

Fibrosis Observed in Dermal Toxicity Studies  

Injection Site 

Liver 

Drug administered by the 

subcutaneous route 
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26 Weeks Dermal Toxicity Study in Rat –  

Centrilobular Hepatic Fibrosis 

Arrows – Centrilobular fibrosis 
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The Liver Acinus 
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Arrows – Necrosis 

Central cavity of drug deposition 

Injection Site – 13 Weeks Dermal Toxicity Study –  
Cavity formation Surrounded by Necrosis (black arrows)  and Bacterial 

colonies (red arrows) 
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Central cavity of drug deposition 

Injection site necrosis and fibrosis 

Injection Site – 13 Weeks Dermal Toxicity Study –  
Cavity formation Surrounded by Necrosis and Chronic 

Inflammation (black arrows 
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• “Focal or multifocal hepatic necrosis, known as 
“corset liver”, was seen in women in times when 
severely stringent corsets were fashionable…  
The lesion was presumably due to interference 
with vascular perfusion in compressed areas of 
the liver and may be similar to the hepatic lesions 
observed in our work”… 

Human Cases of Liver Necrosis and Fibrosis in 

Comparable Circumstances… 

Parker GA, Gibson WB. Liver lesions in rats associated with wrapping of the torso. 

Toxicol Pathol. 1995, Jul-Aug; 23(4):507-12 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Parker+GA"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Gibson+WB"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Gibson+WB"[Author]
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• The long-term wrapping of the animal caused 
constriction and physical compression of the 
abdomen  

• Hepatic centrilobular degeneration and fibrosis were 
attributed to passive congestion… rats that died 
during the course of the study had severe hepatic 
congestion and dilated cardiac ventricles, which 
were attributed to cardiac or respiratory failure due 
to pressure exerted by the wrap 

Rodent Cases of Liver Necrosis and Fibrosis in 

Comparable Circumstances… 

Nyska A, Waner T, Wormser U, Gur E, Kuttin E, Dayan D. Arch Toxicol. 1992;66(5):339-46.  

Possible pitfalls in rat extended dermal toxicity testing: an hepatic-ocular syndrome. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Nyska+A"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Nyska+A"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Waner+T"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Wormser+U"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Gur+E"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Kuttin+E"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Dayan+D"[Author]
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term="Dayan+D"[Author]
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LESIONS RELATED TO IV ROUTE OF ADMINISTRATION 

- TOX STUDY IN MINIPIGS FOLLOWED BY A 6 WEEK RECOVERY 

PERIOD  

• A range of lesions were seen at the local implantation 

and injection site, in the heart, aorta, and lungs, resulted 

from the catheter used for the drug administration, 

introduced through the right jugular vein.  

• Such changes included: capsule formation at the 

implantation site, inflammation in the jugular vein and 

subcutis, presence of singular organized thrombi in the 

lungs and a single case of minimal focal inflammation in 

the heart and aorta.  

• In particular, a single male animal from group 4 had 

minimal centrilobular vacuolation, associated with single 

cell hepatocytic cell necrosis. This change is considered 

to reflect systemic circulatory problem, secondary to 

focal heart inflammation seen in this animal, provoked by 

the introduction of the catheter. 
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26 WEEK I.V. TOX STUDY IN MINIPIGS FOLLOWED BY A 6 WEEK 

RECOVERY PERIOD  - LESIONS RELATED TO IV ROUTE OF 

ADMINISTRATION – JUGULAR VEIN THROMBOSIS 

Detachment of  fragments from  

the jugular vein thrombosis,  

leading to  pulmonary thrombosis 
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LESIONS RELATED TO IV ROUTE OF ADMINISTRATION–  

26 WEEK I.V. TOX STUDY IN MINIPIGS FOLLOWED BY A 6 WEEK RECOVERY 

PERIOD  -  LUNG THROMBOSIS (different grades of vascular obstruction) 
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26 WEEK I.V. TOX STUDY IN MINIPIGS FOLLOWED BY A 6 WEEK RECOVERY 

PERIOD  - LESIONS RELATED TO IV ROUTE OF ADMINISTRATION – AORTA – AN 

ABCESS (DUE TO TRAUMATIC LESION BY THE CATHETER) 
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26 WEEK I.V. TOX STUDY IN MINIPIGS FOLLOWED BY A 6 WEEK RECOVERY PERIOD  - 

LESIONS RELATED TO IV ROUTE OF ADMINISTRATION – HEART – BACTERIAL VALVULAR 

ENDOCARDITIS (DUE TO TRAUMATIC LESION BY THE CATHETER) 

Severe  heart 

pathology leading to  

congestive heart failure 

with hepatic centrilobular 

congestion 
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26 WEEK I.V. TOX STUDY IN MINIPIGS FOLLOWED BY A 6 WEEK 

RECOVERY PERIOD  - LESIONS RELATED TO IV ROUTE OF 

ADMINISTRATION – HEART – FOCAL MYOCARDITIS (DUE TO 

TRAUMATIC LESION BY THE CATHETER) 

Heart  pathology leading to  

congestive heart failure 

with hepatic centrilobular  

degeneration and necrosis 
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26 WEEK I.V. TOX STUDY IN MINIPIGS FOLLOWED BY A 6 WEEK RECOVERY PERIOD  - LESIONS RELATED 

TO IV ROUTE OF ADMINISTRATION – CENTRILOBULAR HEPATOCYTIC DEGENERATION AND NECROSIS 

(APOPTOSIS) - this lesion is reflecting systemic circulatory stasis due to congestive heart failure 

Same animal as the previous photo of focal myocarditis 
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END 1ST PART 

 



Flowers in the Desert of Negev 


