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The actual translation of preclinical results to clinical trials and eventual treatment protocols is 

among the most challenging tasks in biomedical research, and especially in neuro-oncology, for 

a number of reasons.

First of all, the model systems that we use to simulate tumors and develop therapeutic 

interventions are inherently flawed. Neither cancer cells in culture nor tumors grown in mice 

are exact replicas of the human disease, and the methods chosen to simulate the disease have 

a profound influence on the outcome of studies, as we also show in this thesis. At the same time, 

drugs in vitro are not subject to metabolism and other pharmacokinetic processes, and the animals 

we use to test drugs in vivo process and react to drugs in a different way than humans. A particular 

example of this from our own research is the HDAC inhibitor panobinostat, part of the combination 

therapy for DIPG that we propose in chapter seven. Whereas panobinostat has an elimination 

half-life of ~29 hours in humans, allowing stable plasma levels to be achieved, the half-life of this 

drug in mice is only a little over an hour, making it impossible to reach stable plasma levels.1,2 As 

a consequence, the efficacy of this drug in preclinical mouse models can only be demonstrated 

by administering high doses of the drug, which cause high peak plasma levels and associated toxic 

off-target effects. Therefore, the balance between toxicity and efficacy of this drug is unfavorable 

in mice, and clinical effects of the drug are likely to be underestimated, whereas the side effects 

are probably overestimated. This failure of our preclinical models to accurately mimic the human 

situation creates difficulties for researchers and clinicians to adequately design clinical trials and for 

medical ethical boards to judge them. Closing this gap between the laboratory and the clinic will 

require an increase in our understanding of human and animal biology, both in healthy situations 

and in diseases, as well as intensive communication between researchers and clinicians.

Secondly, early phase clinical trials are bound to strict toxicity assessments and are often 

discontinued or subject to dose reductions if patients suffer from side effects. Remarkably, 

the level of side effects that is deemed acceptable in innovative clinical trials is far lower than that 

seen in conventional chemotherapeutic treatment regimens. For example, treatment-induced 

thrombocytopenia grade 3 or 4 (meaning <50.000 platelets/µl) is often considered a dose-limiting 

toxicity in recent clinical trials, whereas prolonged periods of severe thrombocytopenia (<10.000 

platelets/µl) are considered normal in the treatment of hematological malignancies in both children 

and adults. Whereas enforcing these strict demands for limited toxicity of novel treatments may 

be justified in clinical trials for malignancies that can already be cured or controlled, these criteria 

severely restrict our abilities to develop treatments for the hardest-to-treat types of cancer, such as 

DIPG and AT/RT. We therefore propose that clinical trials for aggressive and incurable cancer types, 

even for children, allow for severe adverse events as long as adequate supportive care measures 

are readily available, the adverse events are expected to be reversible, and the expected antitumor 

effect is considerable. In the context of our research (Chapter seven), this should be the case for 

the proposed clinical trials using a combination therapy including panobinostat for the treatment 

of DIPG, as the dose-limiting toxicity of panobinostat is most often reversible thrombocytopenia.3,4 

Despite the fact that panobinostat crosses the BBB, higher doses will likely have to be administered to 

achieve adequate tumor exposure in brain tumors than in other malignancies. We therefore propose 

to allow for thrombocytopenia during panobinostat treatment, providing optimal supportive care, 



CHAPTER 10

216

to increase the probability of achieving a significant antitumor effect. As the combination of BGB324 

and panobinostat, presented in chapter seven, fulfills all requirements established at the start of our 

research, and described in the introduction to this thesis, we think it possesses a high probability of 

being effective in clinical trials for DIPG in spite of the possible toxicity. If such an effect is achieved, 

future efforts can be directed towards limiting the side effects, but at this stage of research into 

DIPG the priority should lie with achieving adequate antitumor efficacy in patients.

The third and final challenge in the translation of preclinical results to clinical trials is specific for 

brain tumors. Most cytostatic drugs are developed by pharmaceutical companies for the treatment 

of cancers with a high prevalence, in order to make profit. For these indications it is generally 

favorable if drugs do not cross the BBB, as it would otherwise increase the risk of neurological 

side effects, causing drugs to fail safety trials. Therefore, pharmaceutical companies develop 

anticancer drugs in such a way that they are unlikely to cross the BBB, making them unsuitable for 

the treatment of tumors of the CNS. As DIPG and AT/RT are very rare diseases, there is limited interest 

by the pharmaceutical industry to develop BBB-penetrable anticancer drugs specifically for these 

indications. This impediment to the development of therapies for DIPG and AT/RT can unfortunately 

not be overcome by the scientific community; it will require a joint effort of researchers, clinicians, 

patients and politicians to overcome this challenge and encourage, or even force, pharmaceutical 

companies to invest in the development of BBB-penetrable anticancer drugs.
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