
MEASUREMENT OF SUBCUTANEOUS TUMOR HEIGHT ACHIEVES GREATER VOLUMETRIC 
ACCURACY 

Daniel Brough (BioVolume), Karl Turley (BioVolume), Hope Amos (BioVolume), Jake Murkin (BioVolume)

Is there a problem with tumour measurement accuracy?

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:

BioVolume, a thermal, RGB and 3D imaging system, automatically captures scan height and uploads raw 

scan image data to the cloud, allowing scans to be reviewed at will. It has been shown that using tumour 

width as a proxy for height is inaccurate, with height always measuring less than the width (Figure 1); 

Tomayko MM, Reynolds CP. Determination of subcutaneous tumor size in athymic (nude) mice. 

Cancer Chemother Pharmacol. 1989;24(3).

PHAS 1 PHASE 2

Design:

3 in vivo datasets consisting of multiple studies were used: an evaluation study only dataset (9,522 scans), a 

control group only dataset (9,067 scans) and a dataset containing excised weights. The excised weights 

dataset originates from the BioVolume global dataset (all data), Figure 2 uses this dataset. The evaluation 

dataset comprised only of scans from trained BioVolume users, Figure 1 data belongs to this dataset. 

Control group data was used for the remainder of the plots discussed in this poster. 

Methods and welfare endpoints adhered to US or EU welfare and ethics rules depending on lab location. 

All animal care, lab work, caliper measurements, and 3D-TI scans were carried out by scientists in client 

organizations. Data were shared with Fuel3D to use in an aggregated and anonymized way. 

To compare to excised weights and justify the accuracy of volume measurements including height, 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. BioVolume used the following formula, whereas calliper volume was calculated in the same way but 

substituted tumour width in for height:

𝑇𝑢𝑚𝑜𝑢𝑟 𝑉𝑜𝑙𝑢𝑚𝑒 𝐿𝑊𝐻 =
𝜋

6
𝑇𝑢𝑚𝑜𝑢𝑟 𝐿𝑒𝑛𝑔𝑡ℎ × 𝑇𝑢𝑚𝑜𝑢𝑟 𝑊𝑖𝑑𝑡ℎ × 𝑇𝑢𝑚𝑜𝑢𝑟 𝐻𝑒𝑖𝑔ℎ𝑡

The difference from the measured volume to excised weights was calculated as a percentage difference, this 

was done for each measurement method then plotted against the prominence (height/width) value 

corresponding to each tumor as calculated by BioVolume. A linear model was then fit to the data.

Using the control dataset, the relationship between height and width for the tumor cell lines 4T1, CT26, 

LNCaP, MC38, RENCA and TC-1 was investigated more closely. This was done using linear modelling, 

where the following formula was used:  Height = Width:TumorName:Bin. ‘Bin‘ refers to LWW volume 

bins that helped account for the potential non-linearity of the height-width relationship with size. The 

model prodived slope estimates of the height-width relationship for each cell line and volume bin.

To investigate whether changing prominence over time could impact efficacy results, data were simulated 

to elimate unwanted sources of variability. This dataset comprised of 10 generated rodents in a control 

group and an identical treatment group consisting of the same 10 rodents. Growth rates for the length and 

width dimensions of the aforementioned 6 tumor cell lines were obtained using a linear model.

The effect of treatment was applied to the treated group at various levels of effectiveness (41 equally split 

levels ranging from 50% - 90%) on the growth rate for each length and width dimension. The height was 

then predicted from the width value by fitting data to the linear model formula shown above. This process 

was repeated 250 times for each of the 41 different treatment levels across the 6 cell lines.

Following this, the TGI for each trial was computed and the trial was considered successful if this 

value was less than 0.45. The number of successful trials for each measurement method were then 

compared, using simulation with LWW as the ground truth, providing error rates for the LWW 

measurement method for each cell line.

It has been shown that using width as a proxy for tumor height is an inaccurate assumption, with 

height being 3x smaller than the width on average and varies based on the size and cell line. 

BioVolume captures tumor height automatically and in doing so provides greater accuracy when 

calculating tumor volume (as shown in Figure 2), where it is just 1.4% away from the excised weights 

on average, compared to callipers using the LWW formula which overestimate by 50.5%. The 

unique behavior of height is highlighted when looking at its relationship with width across different 

cell lines, as the prominence (height/width) of the tumour can change over time (size dependent) and 

shows different trends dependent on the cell line. This complex behavior means that height must be 

measured in order to obtain accurate tumour volumes. Figure 4 showed that failure to capture height 

could lead to 7.7% of trials giving an incorrect result. Decreasing the number of false results saves 

money, animals, resources and time.
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Figure 1: Scatter plot of tumour height against tumour width measurements for 9,522 scans using BioVolume. 

Height is 3 times smaller than width on average.

Figure 2: Prominence (height/width) values recorded by 3D-TI (BioVolume) are plotted against the percentage 

difference from excised weight for 3D-TI (BioVolume) and caliper measurements. The shaded region outlines 

the 95% confidence interval associated with the prediction of the linear model. Y axis cropped at -125% & 225%. 

N = 299 for 3D-TI volume and N = 274 for caliper volume. 

A two-way ANOVA for unbalanced designs (type III) yielded a p-value of P < 0.0001 across the cell 

lines, volume bins and their interactions, suggesting that the variability across cell lines was 

significantly greater than the variability within them. 

Figure 4 shows how failure to measure height could lead to an increased number of incorrect results. 

The type of error was shown to be dependent on the cell line, where cell lines that shown an increase 

in prominence with size such as LNCaP are more likely to obtain false negatives when failing to 

measure height but cell lines where prominence decreases with size such as TC-1 are more likely to 

obtain a false positive result. On average 7.7% of LWW trials obtained an incorrect result when 

compared to LWH.

Figure 3: Tumor prominence by cell line. Slope gradient values of the model shown for height/width by volume 

bin across 6 different types of tumor cell line. Error bars show 95% CIs of the slope estimates.

Figure 4: The difference in number of successful trials for LWW compared to LWH (used as the gold 

standard) for each cell line, along with the associated risk type that these errors carry.

Figure 2 shows a comparison of prominence to the accuracy of each measurement device. It shows 

that 3D-TI (BioVolume) volumes remained accurate at all levels of prominence whereas the LWW 

caliper volumes became less accurate as prominence decreased. This is due to the overestimation 

of height by the LWW formula. The 3D-TI (BioVolume) LWH volumes obtained a mean 

difference of -1.4% ± 4.2%  whereas the LWW caliper volumes had a mean difference of 50.5% ±

4.7% away from the excised weights. 

This result gives further evidence to support the findings seen in Figure 1 where tumour height is 

measured to be only 1/3 of the tumour width on average. The relationship seen between the height 

and width in Figure 1 is heteroskedastic which indicates that there can be a range of height values 

for a given width. This greatly complicates approximating height from a width measurement as 

there is not a simple relationship between the two dimensions as previously assumed.

The different trends for each of the cell lines shown in Figure 3 demonstrate how the height/width 

ratio (prominence) can change as a tumour grows and that cell lines exhibit their own unique 

distributions. This reveals the complex nature of tumor morphology- the width-height relationship 

is not always linear.
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