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Is there a problem with tumour measurement accuracy?
In animal studies tumour size is used to assess response to anti-cancer therapy. The current 
standard for volumetric measurement of  subcutaneous tumours is external calliper by taking a 
length and width measurement, a method often affected by error.

Historically it has been shown that excising a tumour and taking a weight in grams (g) has a 1:1 
relationship with the true volume (mm³) of  the tumour. We aimed to investigate if  taking a 
length, width and height measurement automatically using a novel 3D and thermal imaging 
system more closely aligned with the excised weight and therefore the true tumour volume.

Striving for greater accuracy:
A thermal, RGB and 3D imaging system, BioVolume, was used to collect tumour 
measurements in addition to callipers. BioVolume automatically captures scan height and 
uploads raw scan image data to the software, allowing scans to be reviewed at will. It has been 
shown that using tumour width as a proxy for height is inaccurate, with height almost always 
measuring less than the width (Figure 1).

PHAS 1 PHASE 2

Design:
2 tumour growth studies, study 1 and study 2, were selected across NSG and Nude animal strains, 
at varying termination points for each animal. A final measurement of  length and width were 
taken with callipers and a volume was calculated using a standard length, width, width equation. 
A final Biovolume scan was also taken which automatically calculated the length, width and 
height to generate the tumour volume. This was then compared to the excised tumour weight.

The length and width measurements were used to calculate the calliper tumour volume, using the 
formula:

𝑇𝑢𝑚𝑜𝑢𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 𝐿𝑊𝑊 =
𝜋
6
𝑇𝑢𝑚𝑜𝑢𝑟 𝐿𝑒𝑛𝑔𝑡ℎ ×𝑇𝑢𝑚𝑜𝑢𝑟 𝑊𝑖𝑑𝑡ℎ!

Whereas BioVolume used the following formula:

𝑇𝑢𝑚𝑜𝑢𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 𝐿𝑊𝐻 =
𝜋
6
𝑇𝑢𝑚𝑜𝑢𝑟 𝐿𝑒𝑛𝑔𝑡ℎ ×𝑇𝑢𝑚𝑜𝑢𝑟 𝑊𝑖𝑑𝑡ℎ ×𝑇𝑢𝑚𝑜𝑢𝑟 𝐻𝑒𝑖𝑔ℎ𝑡

Data was collected from 2 studies: in Study 1, 13 NSG animals were inoculated with an 
MCL tumour and in Study 2, 45 NUDE animals were inoculated with a MiaPaca tumour. 
BioVolume volume (using height) and calliper volume (using width as a proxy for height) 
were compared to the excised weights at the end of  the study.

Tumours were excised from the animals and weighed. This weight was then compared to 
the tumour volumes calculated for both callipers and BioVolume, and the volume 
variation and relative percentage variation from the excised weight were plotted for each 
method.

Bland-Altmann methods were used for initial exploratory plots, simple summary statistics 
(consisting of  mean, absolute and relative difference) and paired difference statistical tests 
were used to look for statistical differences between results.

From Study 1 it can be concluded that including a true height measurement of  a 
subcutaneous tumour is better for obtaining an accurate tumour volume. In this initial 
investigation the use of  a 3D and thermal imaging system provided results that were 8 times 
closer to the excised weight volume (relatively speaking) than the corresponding calliper
volumes.

Work is now underway to further strengthen the robustness of  these findings with studies 
being conducted across varying operators, laboratories and animal strains to validate 
accuracy across a wider dataset, and further understand its impact on animal welfare and 
observation of  therapeutic efficacy.
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Figure 2: Using the BioVolume software to analyse scans with thermal, RGB and 3D imaging. Calliper 
measurements were also entered into the software as shown above. 

Figure 1: Scatter plot of  tumour height against tumour width measurements for 5,584 scans using BioVolume. Height is 3 times 
smaller than width on average.
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Figure 3: Measured and predicted tumour volumes compared against corresponding excised weight volume for 
the same rodent on the same day (Study 1). BioVolume tumour volume using height was on average -

188.1mm³ different from the excised weight (P = 0.02), whereas calliper-measured volume was +1004.4mm³ 
different on average (P = 1.28 x 10⁻¹¹).

Results show that the 3D and thermal imaging system has a mean difference across both 
studies of  just -77mm³ to the mean excised weight whilst mean difference for callipers is 
+210mm³. In both studies BioVolume performed consistently and always offered a volume 
more closely corelated to excised weight, however the same was not true for callipers.

In Study 1 callipers had a mean difference of  +1000mm³ (differences shown in figure 3) 
and 132% (relative differences shown in Figure 4) relative difference, whilst BioVolume 
remained consistent and was only -188mm³ (15.4%) from the mean excised weight. Some 
volumes obtained for BioVolume using height were predicted because some animals were 
not scanned on the same date that excised weights were taken.

The results from Study 1 clearly show that BioVolume using height obtains a measurement 
much closer to the true tumour volume. When comparing the relative volume differences to 
excised weights, BioVolume measurements are on average 8 times closer to the excised 
weight measurements than callipers as shown in figure 4. In comparison to excised tumour 
volume, When using height, BioVolume's calculated tumour volumes were more 
comparable to excised tumour volume (P=0.02), than calliper-calculated volumes (P=1.28 x 
10⁻¹¹, both paired t-test).

Tumour height is not equal to tumour width

BioVolume closer to excised weights than callipers by mean difference

BioVolume closer to excised weights than callipers by relative difference

Figure 4: Volumes and predicted volumes compared against their corresponding excised weight volume for the 
same rodent on the same day (Study 1). BioVolume using height had an average relative difference of  -15.4%

from the excised weights, whereas calliper measures had a relative difference of  132.9%.


