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Abstract. Image segmentation is an important topic in medical image processing.
Multicellular tumour spheroids (MTS) are currently one of the most widely
employed in vitro model for pre-clinical drug screening in cancer research.
Assessing their growing requires the segmentation of images acquired at several
time points. This paper presents the preliminary results of an approach for the
automatic segmentation of multicellular tumour spheroids. The obtained
segmentation accuracy is reasonable demonstrating that the approach proved
adequate.
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1. Introduction

The domain of image processing is characterised by a number of challenges, including
the time-consuming and operator-dependent nature of the process, inter- and intra-
operator variability, and limited scalability. To address these issues, a range of automated
image processing methods have been proposed, encompassing traditional (or heuristic)
algorithms and artificial intelligence (Al)-based techniques. In this context, Lacalle et al.
[1] proposed Spheroid], an open-source tool for the segmentation of spheroid images.
Specifically, it employs a binarization algorithm and contour detection based on the
Sobel edge detection operator to segment images of human glioblastoma spheroids.
Furthermore, Chen et al. [2] developed SpheroidSizer, a MATLAB-based tool for
spheroid segmentation that employs a Chan-Vese level-set algorithm. Additionally, it
enables the extraction of quantitative parameters (e.g., area, width, length, and volume).
Recently, there was an increasing of the application of Al techniques for image
segmentation, driven by advancements in computational power. In the specific field of
spheroid image segmentation, Grexa et al. [3] and Akshay et al. [4] presented two notable
deep learning (DL) frameworks that perform the segmentation task using Mask R-CNN
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networks. Specifically, SpheroidPicker employs a ResNet-101 backbone and is trained
on bright-field RGB images; in contrast SpheroScan uses a ResNet-50 feature pyramid
network as a backbone and it is trained on spheroids composed of bladder smooth muscle
cells (SMCs) and human embryonic kidney (HEK) cells. In several studies, both
traditional and artificial intelligence-based algorithms have been integrated into a
segmentation tool. Indeed, Piccinini et al. [5] proposed AnaSP, a MATLAB-based
platform that deploys both traditional thresholding techniques and deep learning
algorithms based on convolutional neural networks (CNN), including VGGs and
ResNets.

Multicellular tumour spheroids (MTS) are currently one of the most widely employed
in vitro model for pre-clinical drug screening in cancer research [7]. These three-
dimensional cell aggregates are not attached to any surface and are composed of
heterogeneous mixtures of different cell types. A significant potentiality of MTSs resides
in their ability to replicate the physiologically relevant spatial configuration of different
tumours such as glioblastoma multiforme (GBM) and to allow precise adjustments to
their composition, offering a realistic platform for drug screening [8]. MTSs allows the
study of interactions among various cell types within the tumour microenvironment,
including immune, stromal, and endothelial cells. Additionally, they can replicate
hypoxic and necrotic regions found in tumours. While traditional drug screening on
MTSs involves destructive colorimetric viability tests, there is a growing interest in using
images acquired through optical and fluorescence microscopy as label-free systems to
assess treatment efficacy [9]. In addition, MTS are often characterized by an intrinsic
variability in shape and size, correlated to the formation protocol adopted or culturing
conditions. In this optic, it is imperative to develop reliable tools to identify not only the
best conditions for the pre-selection of the best spheroids, but also the pivotal parameters
that can better evaluate spheroids behaviour [7]. Studies have demonstrated that various
morphological parameters, such as size, circularity, invasion area, and optical density,
can be extracted from optical images to describe treatment responses [10]. However, the
accuracy of these parameters heavily relies on the quality of image segmentation. To
facilitate the study of MTSs and provide reliable high-throughput screening platforms, it
is crucial to develop image processing algorithms for automatic segmentation and
parameter extraction. Current segmentation methods are often optimized for analysing
single MTSs in suspension culture and may not generalize well to different experimental
conditions, such as studying MTS infiltration patterns within hydrogel matrices.

The aim of this paper is to present the preliminary results of a method for the
automatic segmentation of multicellular tumour spheroids.

2. Spheroid Segmentation
2.1 Dataset description

The dataset employed in this work consists of fluorescent spheroids images acquired
using spinning disk microscope (Nikon Eclipse Ti 2), with 10x magnification. Mature
Tumour Mix spheroids (composed by 90% U87-GFP and 10% GBM-8-GFP cells were
prepared using Corning® Costar® Ultra-Low Attachment Multiple 96-wells Plate
(Merck) (4000 cells/well) and embedded in a Glioma extracellular matrix (G-ECM)-gel
solution, composed by collagen-I hydrogel (4mg/mL), in a 96 well plate. The 96-wells
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plate was then placed in incubator at 37°C for at least 15 minutes to allow the jellification.
To explore the role of microglia cells in supporting tumour spheroids invasion, Tumour
Mix (with U87-GFP and GBM-8-GFP) spheroids were embedded in the G-ECM
hydrogel, as well as single microglia cells (e.g. HMC3 cells) (100 cells/ul, for a total
volume of 10 pul per well). Both types of spheroids were divided into different treatment
groups as follows:

e A control spheroid (CTRL), which is not treated with any drugs, and it is used

as reference;

e Free Drug (FD)-treated spheroids, which are treated with different

concentrations (10, 50 and 200 nM) of Bortezomib delivered as free drug;

e Nanoparticles (NPs)-treated spheroids, which are treated with the same

concentrations of Bortezomib but encapsulated in nanoparticles;

Tumour Spheroids were treated after 24h post transfer, to let the spheroids adapt to
the new culture conditions. In order to evaluate the effect of each treatment, an image of
each spheroid was captured each spheroid was imaged at five different time-steps: 0, 24,
48, 72, and 96 hours. Overall, the dataset comprises 205 images, each with a resolution
of 1608x1608 pixels with a pixel intensity range of 0-255 (uint8 format). Segmentation
was performed on each image with a fixed threshold by a researcher using the
microscope itself, and these masks were used as a reference.

2.2 Methods

In this work, we propose a two-steps approach for spheroids images segmentation,
developed on MATALB (version R2023b). This approach allows to distinguish between
two main components of these cellular models (i.e., core and branches) that provide
different information. Specifically, the two phases are developed using a level-set (LS)
algorithm followed by a region-growing (RG) algorithm. Lastly, post-processing
operations are performed.

The first step of our segmentation pipeline encompasses a LV algorithm based on
the Chan-Vese model [6], an active contour-based method able to detect objects through
a curve evolution. To address the high computational costs of the LV model, caused by
the high images size, they are initially resized by a shrink factor of 10.
With respect to the initialisation of the contour, first the maximum point of the image
gradients is calculated, and this point is identified as seed; second, a circumference
centred on the seed is defined. The contour movement is driven by energy, modelled
using intensity and regularisation terms, which practically depends on the value of a
parameter (i.e., the alpha parameter). To identify the optimal value, we have segmented
the images using different values of alpha and, at the end, we set alpha equal to 6.

The second step of our approach employs a RG algorithm for spheroid branches
segmentation, using the pixels segmented in the former stage as the initial seeds. In this
context, we optimise the parameters related to neighbourhood size and shape and
introduce contrast enhancement. Precisely, we have evaluated five possible
neighbourhoods: squares of sizes 3, 9, and 27, and discs with radii of 9 and 27. This
analysis ensures that the branches are accurately captured, reflecting their true extensions
and connections to the core. As a result of this assessment, the algorithm was carried out
with the 27-pixel radius disc and 80% of contrast enhancement.

To refine the segmentation masks, post-processing operations are performed.
Among these are filling holes and removing small objects. In addition, the possibility of
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keeping only the largest segmented object is considered, although this assumption is not
always verified.

2.3 Preliminary Results

Figure 1 shows the segmentation results of the NPs 10 nM MIX spheroid across the five
time-steps. Each sub-figure is divided into two rows: the first one displays the
segmentation on the original images, while the latter refers to the contrast-enhanced
images. The contours depicted include those from the LV algorithm, RG with square
neighbourhoods of sizes 3, 9, and 27, RG with circular neighbourhoods of radii 9 and 27,
and the reference obtained using the microscope. It can be noticed that larger
neighbourhoods enable the segmentation of further areas of the spheroid branches.
Additionally, for a given neighbourhood size, contrast enhancement allows for the
detection of more peripheral regions of the spheroid.

Reforence —— WV AG squarc 3 —— RGsquarc 9 RG disk 8 —— RGsquare27 —— RG disk 27
h 24 h 48 h 7z h 96 h

Figure 1. Segmentation results on NPs 10 nM spheroid over time.

Enhanced

Figure 2 presents the boxplots of Dice, Jaccard, Precision, and Recall for the time
intervals under analysis. These metrics were computed between the reference masks and
the RG masks obtained with 27-pixel radius disc as neighbourhood and 80% of image
contrast enhancement. The results at time-step Oh are the highest and exhibit minimal
variability, in part due to the circular shape of the spheroid with few branches. From 24h
onwards, the results are lower than at the initial time-step. Nevertheless, the Dice scores
show mean values around 80%, while the Jaccard average values are around 70%. In
sub-figures C and D, it can be observed that Precision values are approximately 1 in all
time-steps, whereas the Recall value are lower. These results suggest that our algorithm
tends to under-segment the spheroids in comparison to the reference. This can be justified
as the reference masks obtained using the microscope are notably over-estimated.

3.Conclusions
The paper presents the results of the segmentation of 205 images that document the

growing of 41 spheroids. The segmentation accuracy is reasonable. The performances of
the proposed approach will be further assessed on a larger dataset.
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Figure 2. Dice, Jaccard, Precision and Recall metrics computed.
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