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Is there a problem with endpoints of  studies?
In oncology studies investigating solid tumours, levels of  ulceration should be incorporated into 
endpoints. Necrosis resulting in skin breakdown can be grounds for study termination. 
Although this is well understood, there is no standardised process for capturing calibrated 
images or recording tumour condition. Only a limited number of  investigations have been 
conducted on visual inspection of  mice, trends in occurrence of  ulceration, specificity to 
individual mouse models, and visual signs preceding ulceration.

PHAS 1 PHASE 2

Design:
An extensive dataset was reviewed to acquire the data which comprised of  over 5,677 scans, 
collected in 26 laboratories across 276 studies, with 117 users, 18 animal strains and 100 cell lines, 
captured using the 3D and thermal imaging system. Manual visual inspections using BioVolume 
were carried out on all images throughout the duration of  the selected studies. Initial ulceration 
date was recorded and compared to all other mice within the same model group, verifying any 
trends in the data. A secondary inspection of  the images was carried out from the date of  
ulceration, to look for any visual commonalities of  tumour condition during the pre-ulceration 
stage. 

How can this problem be addressed?
The objective is to show that a 3D & thermal imaging system (BioVolume) can provide scientists 
with key information on ulceration trends when selecting specific mouse models for a given study. 

Fig 1. Process for capturing an image with Biovolume. (A) Scruffing & positioning a mouse for Biovolume measurement.  (B) Biovolume 
Software combining 3D, RGB & Thermal data to measure the LWH of  the tumour. (C) Thermal segmentation of  the tumour from 

BioVolume software. 

Observations were made across 20 studies for each control group, with 10 of  these studies 
using a C57BL/6 animal strain with an MC38 Cell line, 6 studies using a C57BL/6 
animal strain and a TC-1 Cell line, and finally, 4 studies using a Balb/C animal strain and 
a CT26 Cell line. This resulted in observations of  204 animals.

The progression of  the scans was documented, with ulceration being defined as 
breakdown of  the skin due to the tumour growth. Day 0 was defined as the day of  the first 
scan, and the end date being that of  the last scan of  a particular animal. Once data had 
been collected and observations had been made, the mean was calculated across control 
group results for each cell-line and animal strain to obtain mean values for: ulceration 
date, volume at the point of  ulceration, animal life, animal life after ulceration and a 
maximum tumour volume for animals which did not show ulceration. Study averages were 
calculated separately.
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Based on extensive visual analysis of  ulcerated tumour condition within the captured 
images, it was shown that there are trends in tumour condition in both the days leading up 
to, and the days following the point of  ulceration, within certain mouse models. This point 
of  ulceration can therefore be pre-empted through the visualisation of  pre-ulceration 
symptoms displayed in the captured images, such as redness and tightness of  skin.

It can be determined that monitoring tumour condition using calibrated photographic and 
thermal images could play an important role in determining the suitability of  certain mouse 
models for studies and offers greater consistency in observing expected and unexpected 
events, offering a 3R's welfare refinement. Further investigations on how machine learning 
could be deployed to automatically track these changes in tumour condition at scale should 
be investigated. This investigation should be repeated across a wider data set, allowing an 
in-depth investigation into the effects of  cell-line on animal strain and vice versa.

Fig 4: Average ulceration volumes corresponding to average ulceration date for a cell line and average endpoint volume for a non
ulcerated rodent corresponding to average animal lifespan. Error bars show the standard error.

Fig 5: The ulceration analysis results for each of  the cell-lines. The average life for animals where no ulceration occurred was
compared to the life span of  animals where ulceration was recorded; this was broken down further into the average number of  

days before ulceration and how long an animal survived after ulceration was observed. Error bars show the standard error.

How does ulceration affect study duration?
Ulceration can result in many animals being culled before a study volume endpoint, 
due to the trauma that it inflicts upon the animal, resulting in fewer animals being 
available for analysis in the later stages of  a study. Therefore, sufficient time to 
investigate if  a treatment is working may not be available, or the sample size may 
reduce to a point that any conclusion would be uncertain or insufficient, due to a 
lack of  data.
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Fig 3. The formatting of  data collection for the ulceration analysis. Date and volumes are entered, with other results being calculated 
as dependencies of  these entries.

Fig 2. Images of  a CT26 tumour captured by the BioVolume scanner. The top row consists of  thermal images, RGB images in the 
middle and 3D images on the bottom row. Scans are placed in chronological order from left to right and span over a period of  15 days.

For all cell lines, the ulceration volume was less than that of  the average endpoint 
volume for other animals (shown in figure 4). Although measurements were 
captured at different timepoints, it was shown that a tumour becoming large did not 
directly correlate to ulceration, with some tumours ulcerating at an early stage in 
some studies (especially for TC-1) as shown in figure 5. For MC38 and CT26, 
ulceration had a clear effect on animal lifespan, with animals often being culled 
shortly after ulceration.

Out of  108 C57Bl/6 animals analysed for MC38, 55 showed signs of  necrosis 
(51%). For the 41 BALB/C animals with a CT26 cell-line, 17 showed signs of  
necrosis (40%). Ulceration was observed in 32 of  the 55 C57Bl/6 animals with a 
TC-1 tumour (58%). These results show that (51%) of  all animals observed 
displayed signs of  necrosis. The following results show the impact that ulceration 
can have on a study.
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