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Supplementary Figure S1. Spheroid size determination by the Fiji algorithm, based on 

the method by Ivanov et al.[1]. The Fiji macro code used was as follows: 

 

{ 

run("Enhance Contrast", "saturated=0.8") 

run("16-bit"); 

setThreshold(75,255); 

//setAutoThreshold("Yen"); 

setOption("BlackBackground", false); 

run("Convert to Mask"); 

//getHistogram(0,hist,256); 

//ratio = hist[255]/hist[0]; 

//run("Maximum...", "radius=3"); 

 //run("Fill Holes"); 

 //run("Minimum...", "radius=2"); 

 run("Remove Outliers...", "radius=50 threshold=0 which=Bright"); 

 run("Minimum...", "radius=2"); 

 //run("Maximum...", "radius=30"); 

 //run("Watershed"); 

 }. 

 

Supplementary Table S1. Xenograft studies used for comparing growth inhibition and 

growth. To compare oxaliplatin growth inhibition of HCT116 spheroids on-chip to xeno-

grafts, a literature search was conducted. Inclusion criteria were as follows: indexation in 

PubMed, analysis period and treatment start at a tumor starting volume of 50 mm3 or 

larger, subcutaneous placement of tumors, and more than one treatment cycle during the 

analysis period of 2–5 weeks.  

 



Micromachines 2022, 13, 739 2 of 8 
 

 

Author Treatment Start volume 

tumor (mm3) 

14 day volume 

(mm3) 

Volume increase 

(vs. start) 

De Bruijn et al. [2] Control 100 1060 10.5 

De Bruijn et al. [2] Oxaliplatin 100 450 4.5 

Liang et al. [3] Control 200 1000 5 

Liang et al. [3] Oxaliplatin 200 500 2.5 

Nagaraju et al. [4] Control 100 570 5.7 

Nagaraju et al. [4] Oxaliplatin 100 370 3.7 

Shelton et al. [5] Control 50 650 13 

Shelton et al. [5] Oxaliplatin 50 380 7 

Threatt et al. [6] Control 100 790 8 

Threatt et al. [6] Oxaliplatin 100 600 6 

Xu et al. [7] Control 100 570 6 

Xu et al. [7] Oxaliplatin 100 150 1.5 

Zhang et al. [8] Control 50 680 13 

Zhang et al. [8] Oxaliplatin 50 380 7 

 

 

 

 
Supplementary Figure S2. Growth inhibition from existing HCT116 xenograft studies 

plotted against dose per week. Growth inhibition was between 30% and 80% for multiple 

doses. Dosages per week ranged from 4 to 20 mg/kg/week. There was a modest dose re-

sponse relation for multiple dose studies, although the variability was relatively large and 

the explanatory power of dose was relatively low. Sources: multiple-dose studies [2–8]; sin-

gle-dose studies [9–12].  
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Supplementary Figure S3. HCT116 xenograft tissue stained with hematoxylin–eosin 

(HE). Viable HCT116 xenograft tissue (V) consisted of tumor tissue with limited differen-

tiation, stroma and extracellular matrix, as there was mainly hematoxylin (blue) staining 

of nuclei and limited eosinophilic (pink) staining, implying limited extracellular matrix. 

Nonviable tissue (N) was characterized by nuclear shrinkage (pyknosis) and progressive 

loss of nuclei, which resulted in less hematoxylin (blue) staining and more pronounced 

eosinophilic staining (pink). Scale bar = 200 µm. 

 

 
Supplementary Figure S4. Correlation between image-based tumor volume derivation 

of the spheroids and automated cell count after trypsinization. 

 

 

 
Supplementary Figure S5. Equality of spheroid start diameter per treatment condition, 

on-chip and in the 96-well plate (“sphera”). Average start diameters per condition were 

between 0.45 mm and 0.48 mm. 
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Supplementary Figure S6. Validation of dynamic drug control on chip. Dynamic solute 

concentration control was validated with fluorescein. Signal was evaluated with a Leica 

DM IRM fluorescence microscope. Flow was at 2 µL/min for all steps. Fluorescein concen-

trations at 10.5, 4.0, 2.9, and 0.4 µM were evaluated at 15, 15, 30, and 30 min, respectively. 

The last step was truncated. Fluorescein concentrations were chosen to match the concen-

trations of oxaliplatin of the first three steps of the flow schedule (Figure 2a) and the last 

step. The lag in concentration adjustments was due to Poisseuille flow 14. 

 

 
 

Supplementary Figure S7. Ki67 (proliferation) quantification of HCT116 spheroid sec-

tions in Qupath. Control spheroid (a,b) and spheroid treated with dynamic oxaliplatin 

after 2 days (c,d). Ki67-negative cells are encircled in blue, while Ki67-positive cells are 

encircled in red (b,d). 

 

 
 

Supplementary Figure S8. Detection of apoptosis marker cleaved caspase-3 (CC3). Con-

trol spheroid (a,b) and spheroid treated with dynamic oxaliplatin after 2 days (c,d). A 

threshold for the DAB stain resulted in a CC3-positive area (c,d, in red). Scale bar = 20 um. 
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Supplementary Figure S9. Limited cleaved caspase 3 (CC3) staining at the tumor edge 

of untreated xenografts. Scale bar = 100 um. 

 

 
 

Supplementary Figure S10. Macroscopic view of HCT116 xenografts stained with HE 

(left) or Ki67 (right). Untreated HCT116 xenografts, at on average ~400 mm3 (4.5 mm ra-

dius) volume. Hematoxylin (blue) staining was confined mostly to the outer parts of the 

spheroids, whereas central parts showed more eosin (pink) staining. Ki67 (DAB, brown) 

was also mostly confined to outer areas of the xenografts and correlated strongly to re-

gions with intense hematoxylin staining. 
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Supplementary Figure S11. Quantitative analysis of Ki67 positivity. Whole-slide analy-

sis of xenograft tumor 910TR in Figure 10. Proliferating regions are shown in red, while 

nonproliferating regions are shown in blue. Scale bar = 2 mm top, 200 µm bottom. 

 

Supplementary Data to Supplementary Figures S9 and S10: Description of the Derivation of the 

Thickness of the Proliferating Shell of the Spheroid.  

To calculate the constant radius growth in the pharmacodynamic model, the thick-

ness of the proliferating shell, consisting of Ki67-positive cells, needed to be estimated. 

First, in Qupath, cells were classified as Ki67-positive or -negative with nucleus detection 

parameters similar to Robertson et al [1]. 

As the proliferating cells were located more peripherally, the associated volume was 

not equal to the proportion of positive cells (40%) in the cross-section. An initial estimate 

would be to treat the Ki67-positive cells as perfectly located peripherally in a perfect 

sphere. Thus, 60% of Ki67-negative cells would occupy a fraction of 0.77 of the radius of a 

circle. If the nonproliferating radius had a fraction of 0.77 of the total radius, a sphere 

would have a non-proliferative volume of 46%. Hence, the proliferative volume would be 

54%. 

However, cells are not perfectly located peripherally. To more precisely estimate the 

associated volume, taking the location of cells into account, the associated relative volume 

per cell was estimated. An estimate was obtained by calculating the distance of cell from 

its x- or y-coordinate to the x or y centroid of the entire tumor. This distance provided a 

circumference around the axis of rotation. The circumference was representative of the 

relative volume, as the cell density for proliferating and non-proliferating regions was 

comparable at 8600 and 9500 per mm2. The resulting proliferating volume estimate was 

then on average 46% (46%, 50%, and 43% for the three xenografts 910 TL, 910 TR, and 911 

TL). 

The volume of the xenografts was individually calculated by averaging the vertical 

and horizontal diameter, while calculating the volume as a perfect sphere. With the pro-

portion of proliferative cells known, the (outer) radius of proliferating cells could be cal-

culated. The average radius of the proliferating shell was calculated at 0.9 mm. 

 

Supplementary Data to Supplementary Figures S10 and S11: Derivation of Constant Radius 

Growth from On-Chip Growth and the Proliferating Shell of HCT116 Xenografts 

The average derived volume for the three xenograft control tumors was 432 mm3, with a 

radius of 4.69 mm. With a proliferating outer shell of 0.9 mm, the proliferating volume 

was equal to 197 mm3. Thus, 40% growth, based on spheroid growth in the first 2 days, 

before the formation of a necrotic core and decrease in the proliferation rate, of this 
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proliferating volume in 1 day resulted in a tumor volume of 505 mm3. The radius was then 

4.94mm. Therefore, the radius growth in 1 day was 0.25 mm/day.  

When the spheroids were treated with in vivo-like oxaliplatin on-chip, growth 

stopped for 2 days, before subsequently recovering. The average growth rate over 1 week 

on-chip was 17%. Applying this growth rate to the proliferating shell thickness of 0.9 mm 

resulted in a constant radius growth of 0.11 mm/day (Supplementary Figures S9 and S10). 

 

 

 
Supplementary Figure S12. Image showing <5% Ki67-positive cells in nonproliferating 

regions. Scale bar = 20 um. 
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