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Summary

In this thesis we provide evidence that tumor-educated platelet (TEP) RNA profiles 
may provide a potential biosource and biomolecule for blood-based liquid biopsies. 
Aside their involvement in hemostasis, recent research has shown that platelet are 
involved in the progression of cancer5. The work in this thesis builds further on the 
discovery that TEPs sequester tumor-derived RNA, as shown in blood platelets of 
patients with glioblastoma6. From there, we characterized in a proof-of-concept 
study using high-throughput RNA-sequencing the poly-A-tailed RNA content of 
platelets of patients with six different tumor types and healthy controls and combine 
this with a machine learning algorithm, hypothesizing that TEPs may have altered 
RNA profiles in patients with cancer. In Chapter 2 we present the first support vector 
machine TEP-based pan-cancer detection test, enabling for the highly accurate 
detection of these six tumor types in both early- and late-stage cancer. In addition, 
we built a support vector machine classification algorithm that enabled - for the first 
time - for multiclass cancer diagnostics in blood across six different tumor types and 
healthy controls with an overall accuracy of 71%. Finally, we show, though in small 
sample series, that TEP RNA profiles may reflect tumor tissue molecular status, 
including KRAS, EGFR and HER2-status.  

Though these results have been regarded as promising data3,111, it has been 
criticized by us and others211,319. First, the patient series were not matched for age, a 
potential confounding factor as it is known that the platelet RNA content may alter 
by aging66. Second, the potential influence of non-cancerous or inflammatory 
conditions on the platelet RNA content remained unknown, and may potentially 
confound the TEP RNA signatures. Third, the platelet isolation protocol and storage 
conditions, especially the duration between blood drawal and platelet isolation, may 
influence the platelet RNA profiles and should therefore be standardized. Fourth, 
the sample series size should be increased towards hundreds of individuals in the 
validation series to increase statistical robustness. Fifth, biological mechanisms 
responsible for the TEP RNA alterations remained unknown. And finally, the 
algorithm development protocol including biomarker panel selection should be 
optimized and simplified. We took these comments into account, selected a single 
tumor type of which screening in an early tumor phase is of importance, and 
developed a particle swarm optimization-enhanced support vector machine 
classification algorithm for the detection of non-small-cell lung cancer (NSCLC), of 
which the results are discussed in Chapter 3. We indeed statistically conformed 
potential confounding effects of patient age, blood storage time, and non-
cancerous inflammatory conditions on the performance of the diagnostics classifiers, 
and decided to employ for further algorithm development patient age- and blood 
drawal time-matched patient series, including a set of non-cancerous conditions. We 
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Chapter 8

conformed independent of these confounding effects differential RNA splicing in the 
TEP RNA profiles of patients with late-stage NSCLC. In addition, we identified 
multiple splice variants contributing to the NSCLC biomarker RNA panel, and 
observed a major overlay of this biomarker panel with a panel associated with p-
selectin, a marker linked to younger reticulated platelets. Also, by correlation 
analysis of the RNAs 5’- and 3’-UTRs and the differential pattern of spliced platelet 
RNAs we observed that RNA-binding protein-binding sites may regulate the 
enhanced splicing of RNAs in the biomarker RNA panel. Finally, we optimized the 
classification algorithm procedure by including an extended confounding factor 
RUV-correction methodology combined with a particle swarm optimization 
biomarker selection tool. This enabled for the detection of late-stage NSCLC in a 
518-samples validation series with nearly 90%, and locally-advanced NSCLC with 
over 80%.  

To enable others to reproduce our work and to develop TEP RNA classifiers, 
or to employ particle swarm optimization for other transcriptome analyses, we 
published the end-to-end protocol of thromboSeq. Chapter 4 can be read as a 
thromboSeq cookbook, including open-source access to the bioinformatics scripts. 
Also, potential opportunities and pitfalls are mentioned, and troubleshooting is 
available. We in addition show the value of TEP RNA analysis for the detection of 
lower-grade gliomas with a potential detection accuracy in blood of approximately 
90% in a 24-samples validation series.  

To further investigate potential of thromboSeq to detect cancer in an early 
stage in multiple clinical settings, that is in screening or confirmatory scenarios, we 
moved our focus towards breast cancer. In Chapter 5 we discuss data of a study in 
which we performed RNA-sequencing of platelets collected from patients with early- 
or late-stage breast cancer, asymptomatic females, females with non-cancerous 
conditions, as well as women with other tumor types. We first confirmed in age- and 
blood-storage time-matched sample series that patients with early- and late-stage 
breast cancer have differential TEP RNA profiles. Further, we observed that a 
diagnostics classification algorithm trained using asymptomatic females versus 
breast cancer patients shows weak discriminatory power for the correct negative 
detection of women with non-cancerous conditions, indicating that inclusion of such 
women in the training process is crucial. Hence, we trained an early breast cancer 
detection algorithm including non-cancerous women and geared the algorithm 
read-out towards a rule-in ‘screening’ setting and rule-out ‘confirmatory’ setting. 
These classifications were independent of potential confounding factors such as 
BRCA1/2-status and breast tissue density. Also, we noted that a significant subset of 
women with tumors other than breast cancer do classify as false positives in the early 
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breast cancer algorithm, urging for follow-up clinical (imaging) tests once a 
confirmatory breast imaging study following a positive blood test does not confirm 
the presence of breast cancer.  

Finally, we investigated the potential treatment effect on TEP RNA profiles 
and the putative ‘normalization’ of the signatures. Here, we employed in Chapter 6 
our original research interest; glioblastoma. First, we show that patients with 
glioblastoma have an altered TEP RNA profile as compared to patients with brain 
metastasis or multiple sclerosis. Also, the platelet RNA profiles of asymptomatic 
individuals can be distinguished with high accuracy from those from patients with 
glioblastoma. In addition, we show that during follow-up analysis of TEP RNA 
profiles during post-operative chemoradiotherapy, the TEP RNA signature show 
(partial) regression during successful anti-tumor treatment, whereas tumor 
recurrence is accompanied by an increase of the TEP RNA signature, collectively 
summarized as the TEP glioblastoma score. This also enables for the potential 
discrimination of patients with true tumor progression from those with tumor 
pseudo-progression with high accuracy, employing a novel digitalSWARM 
classification algorithm. Hence, TEP RNA profiles seem to be dynamic with tumor 
treatment and may be correlated to tumor size and activity.  
 In all, TEPs are a promising biosource for blood-based liquid biopsies. 
Though, further clarification of biological processes is required, as well as additional 
large-scale validation in clinically relevant patient series. Furthermore, integrated 
analysis of multiple biosource may leverage each individual biomolecule, ultimately 
improving the detection of cancer in an early stage. 
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