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Abstract. Improving the pre-clinical characterization of ther-
apeutic approaches and developing new biological assays that 
will enable treatment personalization for individual patients 
are promising developments in oncology. Here we describe a 
new approach consisting of culturing human tumour explants. 
This approach involves the preparation of slices from freshly-
obtained, surgically-resected material that can be maintained 
ex vivo for several days. Recent studies have provided proof of 
principle that this approach can be easily implemented in order 
to explore the mode of action of various anticancer drugs and 
the responses of ‘real’ tumours at the individual patient level. 
We present the practical aspects and highlight the versatility 
of this approach, which allows for the analysis of the suscepti-
bility of any individual tumour to multiple anticancer drugs in 
parallel. We discuss its potential as a companion assay in the 
design of optimal clinical trials and as a guide for the prescrip-
tion of medical treatment. We discuss which future clinical 
and biological studies are needed to validate the information 
gathered from cultured tumour explants, and to integrate this 
information with that gathered from other assays in order to 
optimize the medical treatment of cancer.
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1. Introduction

The expanding knowledge on the molecular basis of onco-
genesis gathered in recent years has revealed the striking 
individual heterogeneity of solid tumours. Every single 
tumour bears a unique load of genetic, epigenetic and 
biochemical alterations, some of which play a driver role in 
carcinogenesis and offer potential therapeutic targets (1,2). 
Several drugs directed against the major oncogenic actors are 
already available and clinically-approved (2). For example, 
receptor tyrosine kinases, such as the epidermal growth factor 
receptor (EGFR) are the target of many chemical inhibitors 
and biotherapies with excellent in vitro inhibitory efficacy (3). 
In clinical practice, however, therapeutic targeting is limited 
by the fact that the current level of genomic analysis does not 
translate into clear information regarding tumour sensitivity to 
most drugs. New biological analyses that would help to fill the 
existing gap between the exploration of the genome of cancer 
cells and its pharmacological sensitivity are awaited. In this 
review, we discuss how short-term culture of human tumour 
explants could be of interest in this respect.

2. Technical aspects of the culture of tumour explants

Tumour explants maintained in short-term culture have been 
used in the past to analyse various types of solid tumours, 
including breast carcinoma (4-9), hepatocellular carcinoma 
(HCC) (10), head and neck carcinoma (11,12), melanoma (13), 
lung, prostate, colon (14), stomach, or pancreas carcinomas 
(15) and glioblastoma (16). This approach was not only applied 
to primary tumours, but also in some cases to their associ-
ated metastases (15). In these situations, tumour samples are 
relatively rapidly processed (ideally, within 30 min) after 
surgical resection, considering the potentially deleterious 
effects of cold ischemia on cancer cells (15) (Fig. 1). Following 
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Figure 1. A summary of the experimental steps carried out during the culture of tumour explants. Following surgical resection (1), the tumour sample is 
immersed in a saline solution and rapidly transferred to the pathology department, where it is prepared into slices of a calibrated thickness, using a microtome 
with a vibrating blade (2). Tumour explants are then transferred to a culture plate and can be exposed to various chemical compounds, monoclonal antibodies 
or therapeutic reagents (3). After a typical exposure time of 48 h, tumour samples can be analyzed by immunohistochemistry, immunoblot analysis, or any 
molecular technique (4).

Figure 2. Immunohistological analysis of tumour cell proliferation in explants prepared from a head and neck squamous cell carcinoma tumour maintained 
in culture for 48 h. The left panels are stained with hematoxylin phloxin saffron (HpS). Tumour cell proliferation was analyzed by performing Ki67 labelling 
(brown labelling, right panels) on tumour exaplants that had been maintained in culture for 48 h in the presence of erlotinib (1 µm, an inhibitor of the EGFR) 
or tivantinib [1 µm, an inhibitor of the hepatocyte growth factor receptor (HGFR)]. Note the preservation of tumour architecture and the presence of a strong 
contingent of Ki67-positive, proliferating tumour cells, in control conditions (magnification, x4 and x40 as indicated).
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macroscopic identification of viable regions from the resected 
material, tumour samples can be prepared by manual dissec-
tion (10). Although manual preparation of tumour samples 
is technically simple and easily implemented, it nevertheless 
presents the drawback of isolating fragments of different 
shapes and thicknesses, obtained from tumour regions of 
heterogeneous composition. preparing tumour slices using 
a microtome equipped with a vibrating blade represents a 
significant improvement, since it results in slices with a stan-
dardized and reproducible thickness. In most studies to date, 
slices were prepared at a thickness of <300 µm. This technical 
design limits the creation of artifactual hypoxic areas and 
facilitates uniform access of anticancer drugs to all cells in the 
tumour sample (11). Using this design, tumour samples can be 
maintained in conventional culture conditions for several days. 
In all studies published so far, tumour viability was preserved 
satisfactorily for ≥48 hours, allowing for adequate exposure 
of the tumour cells to chemotherapeutic agents and targeted 
therapies (4-16).

A great advantage of culturing tumour slices over tech-
niques that rely on the isolation of cancer cells is that the 
conditions are kept as similar to the clinical situation as 
possible. Compared to the use of cancer cell lines or even 
explanted cancer cells maintained in primary culture, the 
use of tumour slices permits the implementation of in vitro 
studies that take into account: i) the heterogeneous cellular 
composition of tumours. Non-tumour accessory cells, such 
as cancer-associated fibroblasts are present, as well as the 
multiple cellular lineages that constitute the tumour itself. 
ii) The complex 3d organization of solid tumours. Cancer 
cells are known to establish complex interactions with each 
other and also with the extracellular matrix, a parameter that 
can dramatically modulate their response to chemotherapeutic 
agents (17-19). This aspect of their physiology is preserved 
when tumour slices are prepared and used in short-term 
culture. The best evidence that ex vivo culture does not radi-
cally alter the physiology of the tumour explants comes from 
the observation that short-term culture of 48 h has little effect 
on the proliferation index of most solid tumours, as was for 
example shown in breast cancer (5) (Fig. 2).

After the culture step, all types of histological, biochemical 
and molecular analyses can be performed to measure tumour 
cell proliferation (4,5,8,11), detect the occurrence of genomic 
lesions or cell death by apoptosis (11) or examine the activation 
levels of oncogenic signal transduction cascades (7,10,14; and 
unpublished data). Short-term culture of tumour explants is 
therefore a versatile approach that can be easily implemented 
in order to study the effects of most medical treatments on 
cancer cells in individual tumours.

3. Studying the responses of human tumours to drugs and 
tumour-targeting procedures

Cancer cell lines, grown as monolayers or xenografts in 
immunosuppressed animals, are widely used and have proved 
instrumental in validating the pre-clinical rationale for most 
targeted therapies and chemotherapeutic drugs available today 
in clinics (20). They are however known to produce artifacts 
(21), which could partially explain the failure of a high 
percentage of new candidate drugs entering the initial clinical 

evaluation after a promising pre-clinical characterization 
(22). This major bottleneck in anticancer drug discovery 
reflects the need for better and more clinically-relevant 
experimental systems to study tumour drug-sensitivity (22). 
New developments and experimental approaches, such as the 
use of multicellular tumour spheroids (20,23) or the deriva-
tion of tumour organoids from surgical samples (24) might 
improve the accuracy of cellular models. patient-derived 
xenografts (pdX), i.e., models based on the implantation 
of cancerous tissue from a patient's primary tumour into 
immunodeficient mice, are currently considered as the gold 
standard for the study of individual tumour sensitivity (25,26). 
Tumours maintained as pdX bear most of the pathological 
characteristics of the tumour from which they originate (25). 
The use and the maintenance of pdX constitutes, however, a 
relatively heavy and costly procedure, restricted in practice 
to a limited number of laboratories. They are also not devoid 
of potential pitfalls and limitations (27). Firstly, not every 
tumour can be maintained as a pdX. Secondly, successive 
tumour passages as xenografts result in the emergence of 
cancer clones with adapted physiology (27,28). It is therefore 
increasingly clear that using any single model, even pdX, is 
not sufficient for determining tumour sensitivity to different 
drugs.

The culture of tumour explants offers a useful alterna-
tive because it makes it possible to evaluate the response of 
a relatively large number of ‘real’ tumours at a much lower 
cost than with pdX. In addition, short-term culture allows 
for the study of tumour responses under defined conditions 
and in response to a broad array of drugs, irrespective of 
the pharmacological and toxicological considerations that 
are encountered in animal models. There are however 
theoretical limitations to the use of tumour explants, the 
most evident ones being the impossibility to study the long-
term effects of medical treatments, and those that depend 
on the recruitment of immune cells from blood. Short-
term culture of tumour explants is therefore not suited to 
study the long-term consequences of vascular involution 
induced by anti-angiogenic treatments or immune check-
point modulators. Rather, it is adapted for the analysis of 
medical compounds that act directly at the level of tumour 
cells, either to resume cell proliferation or induce cancer 
cell death. Importantly, the culture of tumour explants does 
not take into account the pharmacokinetic determinants of 
tumour sensitivity (29).

With these limitations of the culture of tumour explants 
in mind, we used this strategy to analyse the response of 
hepatocellular carcinoma (HCC) to sorafenib, the treatment of 
reference for advanced stages of this tumour (10). The results 
revealed the striking heterogeneity of the individual responses 
of HCC to sorafenib. Sorafenib efficiently reduced the activa-
tion levels of the oncogenic cascade RAF-mEK-ERK in two 
out of six HCC tumours (10). In some cases, sorafenib did not 
only fail to control this cascade, but eventually even para-
doxically activated it (10). Recently, Gerlach et al also used 
this approach to analyse at the individual level the cytotoxic 
response induced by cisplatin and docetaxel, i.e., two chemo-
therapeutic agents, in head and neck squamous cell carcinoma 
(11). These studies and others indicate that culturing tumour 
explants can provide interesting information on fundamental 
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aspects of the mode of action of anticancer drugs on tumours 
at the individual patient level.

4. Anticipating the individual sensitivity of solid tumours 
to medical treatments

In the clinical setting, the prescription of medical treatment 
often relies on a process of trial and error (29). Over the 
past decade, the introduction of tumour genotyping-based 
biomarkers into clinical practice has permitted substantial 
progress for a number of solid tumours (1,2). The introduction 
of trastuzumab for the treatment of advanced breast cancer 
was the first clinical situation to illustrate this new concept 
of therapeutic prescription guided by the analysis of a tumour 
biomarker (in this case the immunohistochemical analysis of 
HER2 overexpression) (30). While such patient stratification 
based on genome analysis is certainly an optimal situation, it 
does not apply to most patients with solid tumours. In most 
cases, the current level of genomic analysis does not predict 
the individual tumour sensitivity (31,32). This situation is 
not only a missed opportunity for most patients with solid 
tumours, but it also represents a major hindrance for the intro-
duction of new anticancer drugs into clinical practice. Indeed, 
patient stratification based on biomarkers of drug response is 
essential for the design of successful clinical trials in oncology 
(29). A major aim of oncology research is now to validate new 
approaches to provide reliable information about individual 
tumour sensitivity, and thereby enable the design of clinical 
trials with a higher rate of success.

Strategies based on pdX and genetically-engineered 
mouse models are among the most promising for improving 
pre-clinical evaluation of therapeutic treatments and designing 
better clinical trials (33,34). A discussion about the set-up of 
the so-called co-clinical trials, performed in patients and on 
tumour ‘avatars’ maintained in mice, is beyond the scope 
of the present review (35). Nevertheless, such studies pose  
several practical difficulties and require specialized struc-
tures (‘mouse hospitals’) providing an adapted framework 
for the implementation and the clinical integration of the 
results obtained in mice (35). Another major drawback of this 
approach is the long time that is required to establish tumour 
xenografts. This limitation of pdX will prevent most patients 
from benefiting from the information gained from their own 
tumour avatars (35).

Having in mind these limitations, we propose that a poten-
tial utility of tumour explants maintained in culture could lie 
in its clinical application as a companion assay for the predic-
tion of individual tumour sensitivity to drugs. Tumour explants 
may be used during patient recruitment for clinical trials, as 
a means of enriching a target population, and also in order to 
estimate the number of patients that need to be recruited. In 
theory, slices could also be used whenever tumour material 
is accessible in order to expose tumour slices to a panel of 
drugs ex vivo and screen the most active molecules available. 
A further advantage of short-term culture of tumour explants 
over pdX is that this approach can deliver information more 
rapidly (in less than two weeks), i.e., in a time-frame that is 
compatible with the process of clinical decision making.

Unfortunately, no study to date has yet attempted to relate 
the information gathered from the culture of tumour explants 

with the clinical response of patients to anticancer drugs. 
This is certainly due to the fact that this approach requires 
surgical resection of the tumour material, and all studies to 
date have explored the use of slices after curative surgery 
(4-16). In order to establish the clinical relevance of culturing 
tumour slices, we propose that future studies could be centred 
on oligometastatic disease, i.e., the state of limited systemic 
dissemination that can be observed in several types of solid 
tumours (36). In this context, surgical access to a local 
metastasis or to the primary tumour itself might provide an 
opportunity to prepare tumour slices and explore a limited 
array of parameters (markers of apoptosis, proliferation, 
genomic alterations) in tumour explants exposed to a panel of 
anticancer drugs.

5. Conclusion and Perspective

Short-term culture of human tumour explants was recently 
applied to study the responses of different solid tumours to 
various therapeutic compounds. Because this approach holds 
the potential of improving the most fundamental aspects of 
our understanding of the mechanisms of action of drugs and 
also the design of future clinical trials, it could be instru-
mental in reducing the current gap between the biology 
laboratory and the clinic. Its use as a reliable readout of 
individual tumour sensitivity is also a promising perspective, 
but has not yet been established. provided that such valida-
tion can be obtained in future clinical studies, the culture 
of tumour explants, together with other functional assays 
exploring specific aspects of tumour biology (37) could 
assist oncologists in the design of better and more successful 
clinical trials, and ultimately, in the personalization of patient 
treatment.

6. Note added in proofs

Following the submission of our manuscript, we became 
aware of a paper by majumder et al (38), which for the first 
time reports the use of patient-derived tumour explants for 
predicting the clinical response of head and neck squamous 
cell carcinoma or metastatic colorectal cancer to anticancer 
drugs. This study constitutes an important validation of the 
utility of tumour explants for the personalization of medical 
treatment of tumours.
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