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RReelleevvaannccee  
Cancer cachexia is a severe wasting condition affecting 50-80% of all cancer patients. It is 
responsible for up to 20% of cancer-related deaths. Among all cancer types, patients with 
pancreatic cancer have the highest prevalence of cachexia and often develop the most 
severe degrees of this syndrome. Nevertheless, despite its high burden in cancer patients, 
cachexia still remains a relatively underestimated and underrecognized medical problem in 
the oncology field. No standard-of-care treatment is available for this syndrome and 
progress on the prevention and early diagnosis has only been marginal in the past decade. 
Given this, it is not surprising that the development of preventive and therapeutic strategies 
against cachexia is perceived as an urgent need by health professionals. Current research in 
the cachexia field is therefore predominantly committed to unraveling the underlying 
mechanisms that drive cancer-induced cachexia.  
 
To date, pre-clinical studies have tremendously contributed to our current understanding 
of the pathophysiology of cachexia. However, progress on the prevention, early diagnosis, 
and treatment of cancer cachexia is highly dependent on the successful translation of novel 
mechanistic findings into clinical benefits. The translation of these findings has 
predominantly been hampered by the lack of preclinical models that closely recapitulate 
the pathophysiological aspects of this syndrome. Therefore, there is an urgent need for 
novel experimental preclinical models that can be used in cancer cachexia research. 
 
OOrrggaannooiidd  tteecchhnnoollooggyy::  aa  nnoovveell  ppllaattffoorrmm  iinn  ttrraannssllaattiioonnaall  ccaanncceerr  ccaacchheexxiiaa  
rreesseeaarrcchh  
This thesis demonstrated that the organoid technology can provide a novel platform in 
translational cancer cachexia research. A major advantage of this technology is that 
organoids can be efficiently generated from tumor resection material and can be 
maintained in culture while retaining characteristic malignant and pathophysiological 
aspects of the original tumor. Since the discovery of the organoid technology in 2009, 
numerous protocols have been developed for the successful generation of organoids from 
various cancer types, including cancer types that are often associated with cachexia (e.g. 
colorectal, lung, head and neck, pancreas, and gastro-esophageal cancer). In the future, the 
currently established pancreatic tumor organoid biobank may be expanded with tumor 
organoids originating from multiple cancer types. In combination with a comprehensive 
pre-operative patient assessment of cachexia-related parameters (i.e. nutritional status, 
physical performance, body composition, and inflammation), this platform provides new 
opportunities to explore the cachexia-inducing properties of patient-derived cancer cells 
and to link novel mechanistic findings to specific aspects of the actual cachexia status of the 
patient. 
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A living tumor organoid biobank can be particularly useful to investigate which mechanisms 
are differentially activated in primary tumor cells from cachectic versus non-cachectic 
patients. Simultaneously, the tumor secretome of these organoid cultures can be used to 
identify the cachexia-inducing mediators that are released by these tumor cells. Gaining 
novel insights in these cachexia-inducing mechanisms and the identification of cachexia-
associated factors released by these tumor cells are essential to better understand the 
origin and pathophysiology of this wasting syndrome.  

Nevertheless, although the work described in this thesis provides evidence that 
these tumor organoids retain cachexia-inducing properties in vitro, this work also revealed 
difficulties that are commonly encountered in translational cancer research. For example, 
considerable heterogeneity has been observed among the cachexia-related parameters, 
which greatly complicates the identification of strong associations between experimental 
data and clinical aspects of the actual cachectic status of these patients. To date, this is still 
one of the major issues that impede the translation of novel findings into clinical advances 
in the cancer cachexia field. Given the heterogeneous presentation of the cancer cachexia 
syndrome, expansion of the living organoid biobank from cancer patient of whom the 
cachexia status is thoroughly assessed, will therefore be crucial to identify clinically relevant 
associations between novel in vitro findings and cachexia-related parameters.  

In addition, cancer cachexia is described to evolve through a spectrum that can 
generally be subdivided into three clinically relevant stages. Expansion of the number of 
organoid cultures can result in a better representation of the different stages of the 
cachexia syndrome within this living organoid biobank. In future studies, this knowledge 
may be used to identify diagnostic and prognostic biomarkers. These biomarkers can 
potentially be used to recognize this syndrome in the early stages of weight loss when 
multimodal interventions (i.e. nutritional and psychosocial support, physical exercise, 
cancer treatment, and management of toxicities of cancer treatment) are more effective, 
and to monitor disease progression, respectively.  

The generation and initial characterization of pancreatic tumor organoids as a 
novel model to study cancer-induced cachexia has been described in a manuscript that is 
published in the Journal of Cachexia, Sarcopenia and Muscle (JCSM). This journal is an 
international journal dedicated to publish research that is related to cachexia and 
sarcopenia, as well as its physiological and pathophysiological changes in response to 
different illnesses, including cancer. This journal presents both basic and clinical research 
topics that benefit physicians, biochemists, biologists, dieticians, pharmacologists, and 
students. To further facilitate advances in translational cancer cachexia research, the 
organoid biobank will be made available for academic research.  
 
TTuummoorr--mmuussccllee  ccrroossssttaallkk  iinn  ccaanncceerr  ccaacchheexxiiaa  
The current research predominantly focuses on the functional impact of organoid-derived 
factors on various cell types implicated in the pathogenesis of cachexia. Given that skeletal 
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muscle mass depletion is a key feature of cancer cachexia and contributes to progressive 
weight loss and a decline in functional abilities, the direct effect of tumor organoid-derived 
factors on skeletal muscle cells has been investigated in this thesis. Contrary to the general 
hypothesis that factors released from tumor cells promote muscle wasting by directly 
targeting skeletal muscle tissue, the human pancreatic tumor organoid secretome did not 
induce skeletal muscle atrophy signaling in cultured skeletal muscle fibers. Instead, 
pancreatic tumor organoid-derived factors transiently increased the proliferation of 
cultured myoblasts and accelerated their alignment and fusion into skeletal muscle fibers. 
This process was accompanied by altered expression of factors governing muscle cell 
differentiation and muscle fiber types.  

These data imply that pancreatic tumor organoid-derived factors do not directly 
activate signaling mechanisms that induce muscle breakdown but rather affect other 
processes that are involved in the maintenance of muscle mass. Given that organoids 
promise greater representation of the tissue of origin when compared to the widely used 
traditional cell culture systems, this organoid model can potentially reveal novel insights 
into cancer-induced muscle alterations in humans. However, it is key to expand the number 
of organoid cultures to identify whether these alterations are associated with clinically 
relevant aspects of the actual cachexia status of these patients and to validate these results 
in skeletal muscle biopsies from cachectic and non-cachectic patients. In addition, these 
studies will also help to distinguish direct and indirect effects of tumor-derived factors on 
skeletal muscle (patho)physiology in relation to the cachexia status of the donor patient, 
thereby contributing to a better understanding of cachexia-inducing mechanisms.  
 
Furthermore, this thesis also provides evidence that cachexia-associated muscle wasting 
not only affects skeletal muscle tissue but also smooth muscle. Impairment of the 
contractile function of the intestinal smooth musculature may contribute to the frequently 
observed gastrointestinal motility problems in these patients. The established human 
visceral smooth muscle cell (SMC) culture system can greatly facilitate future studies to 
further explore the direct effects of tumor organoid-derived factors from cachectic and non-
cachectic patients on the SMC phenotype. However, data regarding GI-related symptoms 
and functionality of the GI-tract in cachectic patients are lacking and should be a topic of 
future research. It is important to recognize that diminished contractile function of the 
intestinal smooth musculature may contribute to the underlying nutritional-related 
complications in cancer cachexia. Unrecognized GI-motility problems can have serious 
nutritional and metabolic consequences (i.e. dehydration, malnutrition, and weight loss). It 
is therefore key to recognize these GI-related symptoms at early stages when nutritional 
and pharmacological interventions can prevent progression towards the more advanced 
cachectic stages. 




