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distinguished using different text color 

 

A1:  What scientific questions or specific analyses appear most appropriate for graphical displays of 
pathology data (gross observations, histopathology findings, pathology scoring systems)? 

 

To evaluate pathology-related data, our pathologists routinely use several different data tables, including: 
1. individual animal fate table 
 
2. Incidence summary of microscopic observations table 
Compiled by treatment group, sex and tissue examined 
Table shows number of animals per group, number examined per tissue, number unremarkable, number 
with a specific finding for that tissue.) 
 
3 Summary of severity of microscopic observation table  
Compiled by treatment group, sex and tissue 
Table shows number of animals per group, number examined per tissue, number unremarkable, number 
with finding not present and/or total incidence),  incidence of findings by severity score, and in some 
cases, the average severity score for a finding by group.  
 
4. Incidence summary of macroscopic observations table  
Compiled by treatment group, sex and tissue 
Table shows number examined per tissue, number unremarkable, number with a specific macroscopic 
observation.  In some cases the table also lists the animal number of those animals with a specific 
observation, by group). 
 
5 Summary of organ weights and organ weight ratio tables 
Compiled by group, sex and tissue  
Table shows Group Mean, Standard Deviation, number of animals in group and P-value (if statistically 
analyzed) for the following weights;  Terminal body weight, and unadjusted organ weight, organ relative to 
body weight, organ relative to brain weight for each tissue weighed at necropsy. 
 
6. Summary of hematology, clinical chemistry and urinalysis data 
Compiled by group/sex and test measured.   
Table shows Group Mean, standard deviation, number of animals in group and P-value if statistically 
analyzed.  
 
Other tables used less routinely include: 
macroscopic-microscopic correlates 
histologic comments for microscopic findings  
Individual animal data  
Individual microscopic observations 
Individual macroscopic observations 
Individual organ weight and organ weight ratios 
Individual clinical pathology data 



 

It is important to differentiate use of graphical displays for purpose of data analysis or interpretation 
versus for data presentation.  In general the traditional postmortem tables (individual animal and 
summary of severity and/or incidence of diagnosis per organ per treated-dose group as compared to the 
concurrent control group(s)) are used exclusively for data analysis of routine toxicology studies.  In some 
special circumstances graphical displays are created in order to facilitate data presentation of multiple 
studies for a single or multiple compounds in a class or the comparison of study results relative to the 
range of incidences of control groups from multiple studies conducted in the same species under similar 
conditions (e.g. informal internal scientific meetings or in framing a response to agency questions).   It is 
important to note that histopathological data are non-parametric data and are best not be presented as 
mean across multiple studies but as a range of incidence of groups with a specific incidence of the finding 
within each study. 

Raw data overview (gross and histopathology) 
Incidence table view 
View anatomic pathology data in the context of other data. Disposition (e.g. moribund, icteric) and vital 
signs (e.g. heart rate, respiratory rate) are simple animal level one, Organ measurtement is relevant at 
organ level. Clinical pathology (e.g. hematology, chemistry, urinalysis) and pharmacokinetic data are 
very relevant but difficult case for integration. When available, tumor findings and palpation date are 
also relevant data to integrate. 
 
Organ weights are simple and useful.   
Histopathology findings are more pivotal than Gross Observations (?) 
Personally, I never considered graphic representation of histopathology results. For the presentation of clinical 
pathology data, graphic presentation would be helpful 
 
What treatment-related effects are produced ? Are there patterns of response across time within a study, 
between species and across studies of the same compound ? Are there similar patterns of response 
between different compounds ? 
 

Internally, within any given study, there is truly no “graphical” display used in data analysis or 
reporting of histopathology data.  Typically the study pathologist has a total grasp of what is 
going on vs FDA reviewer wanting an overall picture.  In contrast to numeric data, the 
histopathology is somewhat more complex as it is finding and grading which are of relevance, 
and ultimately, determination of relation to test article by study pathologist. 

Data visualization for individual studies is challenging as relatively low number of data points (single 
timepoint, few animals per group – slightly different for rodents and little dynamics [probably 90% of 
microscopic findings are graded 1]); pie charts as currently used in TSP are difficult to read and to 
compare as the size of the pie is difficult to put in relation. Arne Mueller has explored heat mapping 
which may be an interesting solution as it allows increasing the dynamics of the data. 

A good visualization would be needed for comparisons across studies/compounds – similar terms or 
overarching definitions should be used to make it more powerful for pattern analysis. 



Good visualization should be feasible for organ weights. 

Incidence and severity of histopath findings 
 

Gross observations may be of limited value in graphical displays.  More useful might be histopathology 
findings with the associated scoring, viewed across dose groups, and possible inclusion of ancillary data 
(clinical chemistry, hematology, coagulation, etc.). 
 

A2: In what instances (use cases) would graphical/visual displays provide significant value?       

We use data tables primarily for: 
evaluating the data for treatment-related effects or correlations between findings 
writing the pathology report. 
supplementing the presentation of findings in support of the report narrative. 

Biomarker qualification studies are a good example of the use of graphical displays of studies designed to 
evaluate relationships between histopathology and a particular biomarker of interest.  It is important to 
note that these studies are prospective and hypothesis driven.  Histopathology results are plotted against 
a particular accessible (e.g. blood or urine) biomarker of interest.   In rare cases histopathology data has 
been converted to a graphical format to facilitate (e.g. informal Powerpoint) presentation of data from a 
very complex study - with large numbers of dose groups and/or findings that would otherwise be more 
cumbersome due to page and font size limitations using the more traditional table format.  Graphical 
displays have also been used to present the incidence of a particular histomorphologic finding in a study 
of interest against multiple age and strain-matched historical control groups from studies of similar 
duration conducted in the same test facility.   
 
Overall visualisation of gross and histomorphologic data (like heat map). 
Incidence table view with colours 
Trend detection (?) 
 

To help communicate the pathology findings to others on the project team. Yes. Being a visual person, I 
also use them for myself in the analysis of OW data. 
 
1. Inclusion in presentation materials (ex, Power-point) to communicate treatment related changes to 

teams, etc. 
2. Aggregating numerous scored data into a single visual display for identifying dose-related or 

treatment-related changes. 
      Pattern recognition for cross-compound or cross-study analysis 
 
Study overview of findings?  Especially with many studies being contracted out, similar to FDA 
request, internally…, a quick study overview of findings from CRO’s would be very helpful.  As 
well, in line with contracted studies, a view of studies across compound, or compound class. 
 
Pattern recognition for cross-study comparisons; hierarchical clustering may be another interesting tool 
to analyse patterns between studies/compounds 
 
In analyzing the existence of dose related trends 
 



Graphical/visual displays could be programmed in such a way to provide a quick overview of each organ 
system with fixed displays allowing for quick assessment of drug relationship to finding.  Associated 
ancillary data could be linked to each organ system display to allow for an easy second tier analysis. 
B1: What software tools are individuals currently using for graphically displaying/ analyzing 
histopathology data? Are these tools commercially available or in-house custom designs? 

To create data tables, we use; 
Internal reporting software 
Pristima reporting tools 

Histopathology tables (including summary and individual animal data) are generated from the 
(commercially available) pathology data capture system for initial evaluation and analysis of data.  If 
needed, tables can be re-formatted to sequence organs/dose groups into a more logical order or to 
facilitate viewing/presentation.  In most instances histopathology data is viewed, analyzed and presented 
exclusively in the standard table format.  There are rare circumstances where graphic displays are used 
to facilitate presentation of histopathology data (see A2). These relatively simple graphical displays are 
typically created for informal presentation using commonly available software tools such as Excel 
although software tools such as Spotfire could also be considered if needed for more complex datasets. 
 
In house viz 
Commercial: Spotfire/Tableau/R and I bet others would use SAS and Matlab 
 
None are being used. 
I use MiniTab 
 
An in-house designed software tool is available for displaying histopathology data. 
 
Spotfire and TSP 

Spotfire (commercial); TSP (in-house) 

Commercial: Sigma-Plot (display only) 
 

Image miner (Definiens), Spotfire.  Both are commercially available. 

 

B2: Are these tools being used for analyses within a single study or across multiple studies?   

Within a single study 

Graphical displays are not used for data analysis.  They are sometimes used for informal data 
presentation.  When used for presentation they sometimes involve data from multiple studies (e.g. 
comparison to historical incidence in control groups)   

Single + multiple studies (mostly across species and across compounds having same mechanism of 
action or MOT (molecular target?)). 

Not applicable. 
Within a single study 



 
Single study analysis 

Not being used for “analysis” of data, more as a tool for visual presentation of data 

Both 

Within single studies 
 

The tools are in limited use currently and are applied within a single study. 
 

B3: What are the strengths and weaknesses of the current tools? What functionalities are currently 
missing or unaddressed which would be beneficial?   

The standard histopathology tables are powerful tools for analyzing postmortem data.      

No significant weakness or functionality missing from our current tools/methods. 

 
The population of specialists is usually not computer savvy, challenge is to prime the system with 
enough data/viz to give them access. 
Viz templates dedicated to SEND data are missing in most “canonical” software. 
Having a minimal set of viz is in my experience very hard because people have different questions / 
habits 
 

Not applicable. 
MiniTab has all I need, the only real disadvantage is that it is cumbersome to get the dataset from PathData into 
MiniTab (although it is easier than into Excel) 

The tool displays a description of the lesions for each tissue, along with incidence data. Visual cues for 
lesion severity exist. Specific tissues can be selected for display. Use of the software is not intuitive.  I do 
not think it is possible to filter control lesions from the drug-treated groups. No apparent means for 
searching across studies, with aggregation of data across studies. 

Internal tools are not always user friendly.  Consistent ontological terminology an issue, but will 
improve in the future – but still dependant on CRO data introducing new terms when these data 
are imported, so mapping of data an ever present issue.  Missing – quick study overview- it is 40 
various size circles with multiple circles per tissue depending on number of findings.  Hard on the 
eye 

Not a simple system. 

Strengths:  Allows for incorporation of more advanced endpoints (ie. –omics technologies, advanced 
imaging technologies, etc) with histopathology data. 
 
Weaknesses:  Experience with the systems is limited, data formatting and integration (transfer from LIMS 
into the systems can be problematic), visualizations/displays are not standardized resulting in a time 
investment for each user to establish 
 



C1: What visual displays, cues or guides would provide the greatest benefit for analysis and 
communication of treatment-related changes? 

Current data table format comparing and statistically analyzing findings by group/sex are the most useful 
for analysis of treatment-related effects.  We have not identified any need to “graphically display” our data 
in another format that would have to be validated and checked by QC/QA functions. 

Ability to conduct hypothesis-driven assessment of specific endpoints (organ weight, specific clinical path 
or biomarker parameters and histopathology). 

New ways to look at incidence tables is key. 

It is hard to say.  We don’t have much experience with this.  
For OW presentation, most of the time I use Individual Value Plot (by group), sometimes Interval Plot 

Color coding for severity scores of lesions, visual cues (eg, size of boxes) to indicate incidence of lesions. 
Visual cues that would highlight lesions not seen in control animals or are considered to be typical 
background lesions. 

We use the legacy systems for analysis of data, not visualization.  Communication of treatment related 
changes, truly only reflected in the “interpretation” of the study data, there is no real way to currently 
identify changes which are test article related, much less, those which ARE vs those which ARE NOT 
considered treatment related across all animal groups, for the same finding….example, liver 
hepatocellular hypertrophy may be a test article related change in a singular dose group.  For example: 4 
(10/10 animals), not present in group 3 (0/10) and present in Group 2 (1/10) and Control animals (3/10).  
The only place you would say Treatment related in Group 4 only, is in report interpretation.   

This is the holy grail question – if I knew I would have already done it! Again, I think the pies are too 
difficult to comprehend and relative sizes are flawed. A very simple way would be a histogram of total 
entries per organ/group to create a sort of heatmap – the viewer should then be able to increase 
resolution for a given tissue/organ and reach the actual finding level. Or directly plot a heatmap with 
hierarchical clustering that would light up potential target organs. This visualization would also allow for 
cross-study comparison 

See A2 – The power is in linking data (hematology, clinical chemistry, coagulation, morphometry, etc) and 
histopathology findings to drug effect. 
Also allows for easier cross-species comparisons or comparisons across different studies. 
 

 
C2: What limitations or caveats exist for displaying and analyzing histopathology data using 
visual/graphical displays versus standard data tables and written statements? (Examples include variance 
in lesion terminology and the qualitative nature in assigning severity scores, differences across labs and 
studies, etc.) 
 

Variations across studies in terminology used by different pathologists for similar findings 
Variability in how modifiers to primary diagnoses are added and displayed in tables 
Inability to easily link related findings (primary and secondary tumors) 



On the relative importance of pathologist’s training and historical knowledge and use of 
internal historical control data over measuring differences within one study or a small group 
of studies:  Graphical display tools can facilitate viewing and analysis of large or complex datasets.  
However, consider that many (background) histomorphologic findings are commonly observed in 
normal control animals.  Given that most toxicology studies are designed with one control group and 
3 treated groups, the chance of observing a randomly occurring event in a treated group at a higher 
incidence than control is at least 50% (depending on how many treated dose groups are examined).  
Therefore, whether using postmortem tables or graphical displays for data analysis, identifying 
differences in incidence or severity will not be difficult.  The challenge quickly becomes interpretation 
of the relative importance of these differences.  This depends more on knowledge and experience of 
a qualified anatomic pathologist using integrated analysis of all clinical and anatomic pathology study 
data and prudent use of historical control data.  

 
On application of mathematical/statistical methods to histopathology data: In general, 
application of mathematical formulas or statistics to histopathology data within a graphical display 
would not be recommended.  Since histopathology data is by nature qualitative, categorical and not 
continuous, any proposal to apply mathematical or statistical assessments would require consultation 
with a qualified biostatistician.  If mathematical/statistical methods are applied, one must consider 
whether this constitutes generation of new “data” (particularly within context of GLP studies) and if so, 
to also consider potential requirements for method/system validation and data archive.   

 

Finding time from Pathologist to learn new ways is probably the main hurdle. Getting simple enough 
graphs for presentation is a challenge, but for exploration complexity is not a large issue. 

Terminology is mainly an issue for cross study analysis and typical searches like: “how often did we see 
that lesion in the past?”. 

When analyzing histopathology data from multiple studies, there may be significant differences in 
terminology and severity scoring. Human interaction is probably necessary to standardize the results 
across studies for meaningful subsequent analysis.  This human interaction would take into consideration 
comparison to findings on control animals and synonyms and near-synonyms. 
Agree 

Variances in lesion terminology and degree/extent of lesion description could create barriers for 
aggregating similar findings together. Assignment of severity scores for the same lesion could differ 
across studies for the same compound. Numeric ranges for severity scores and assigned qualifiers could 
differ across labs and eras (based on software used). 

I think the above C1 also applies to this.  You can’t make definitive “test article related” calls based upon 
incidences or visual displays of data.  Have had studies wherein sexual immaturity was present in large 
animals, incidence in testes, 0/3, 3/3, 3/3, 3/3.  It just so happened the controls were all sexually mature, 
but not the treated animals, and it had no relation to test article administration. Using any “display” of data 
for interpretation is dangerous if you do not know the data or read the study report.  Same holds true for 
organ weight data. 

See A1 – data have categorical range from 1 – 4 or 5 and grades 1 or 2 are most often used (estimated 
as high as 80-90% of all entries). Especially for background findings, usually grade 1 is applied “masking” 
subtle differences; therefore. This leads to very little dynamics in the data set. Also, there is no time 
course possible from an individual study further limiting the amount of data. For a given study, a well-
designed data table is probably much easier to understand then visualization. 



Limitation: adequate presentation of very detailed data (e.g. individual severity grade within the context 
of the treatment group) 

Examples include variance in lesion terminology and the qualitative nature in assigning severity scores, 
differences across labs and studies, etc. 
Agreed that variance in terminology and the qualitative nature in assigning severity scores are both 
significant limitations. 
 

C3: What cross-domain analyses (e.g. histopathology, clinical lab data, organ weights, TK/exposure data) 
lend themselves to graphical display?  

I’m not sure any of our analyses lend themselves to “graphic” display beyond text tables. 
Macroscopic-microscopic findings are common cross domain findings that are linked in the data. 

It would be important to use such tools in a focused manner rather than as a “fishing expedition”.  Cross-
domain analyses should be considered on a case-by-case basis to further investigate specific questions 
that arise during the initial data review.   
 
MI/MA+ PP (exposure) 
MI/MA + DS, VS and BW 
MI/MA + OM (organ weight) 
MI/MA + TF/PM 
LB+ PP (exposure) 
 
Numerical data is easy and useful to visualize.  Useful visualizations for textual findings will be powerful if 
they can be developed.  
Agree 
 

Graphing organ weight data versus histologic changes in those organs would be very interesting. Clinical 
lab (ie, biomarker) data graphed versus histologic changes in organs of interest would be of high value. 
Dose and exposure data (eg, AUC) should be assigned to the visual displays. 

I think any numeric data lends itself to viewing much more easily, challenge (perhaps) separating out time 
point data collection values. (treatment vs recovery)  Histopath data is layered between incidence and 
severity and ultimately, interpretation within report.  Graphical displays of numeric values also rely on 
interpretation as to their ultimate worth, but – for example, body weight gain/loss over course of study, a 
great visualized data point, as it is pure data.  Organ weight changes are subject to “interpretation” as to 
whether they are due to stress, body weight loss  (secondary to treatment – not directly test article 
related) or treatment related.  Most times, in the absence of any histopathological alterations, weight 
changes are dismissed as being related to treatment after comparison to historical control ranges of 
animals of same age (small animals) or just state that they are not considered test article related because 
there was no microscopic correlate to justify their “change” as being attributed to compound, again only 
done within the interpretation of reports.   

All of these depending there is a message to be shared. Just mining for clues in the data, this becomes 
much more challenging. 



The mentioned examples are all adequate. 

All those mentioned in the question above with the addition of –omics data (genomics, proteomics), 
cardiovascular assessments (BP, HR, etc), clinical signs, or more advanced imaging techniques (ie. CT, 
MRI, MS). 
 


