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This thesis on systemic treatment options in soft tissue sarcoma (STS) focusses on 
two topics. In the first part single nucleotide polymorphisms (SNPs) are explored that 
potentially influence drug effects in the treatment of gastrointestinal stromal tumors 
(GIST). In the second part the introduction of trabectedin chemotherapy for the 
treatment of STS is examined with a cost-effectiveness analysis (CEA) and description of 
venous access related adverse events.

Part I: Pharmacogenetics of systemic GIST-treatment

Gastrointestinal stromal tumors

Gastrointestinal stromal tumor (GIST) is a tumor arising from mesenchymal cells of the 
gastro-intestinal tract and has a unique biology and clinical course. Most GISTs are the 
result of a gain-of-function mutation in the KIT gene, encoding for the KIT/CD117 trans-
membranous receptor.1,2 This receptor can be blocked by intracellular active tyrosine 
kinase inhibitors (TKIs), such as imatinib.3 Imatinib is an oral drug that was first used in 
the treatment of chronic myeloid leukemia due to its binding to the oncogenic BCR-ABL 
protein.4 This potent drug can be employed in the neo-adjuvant, adjuvant and palliative 
stages of GIST therapy.5 In case the GIST is resectable, surgery can cure patients. In case 
the tumor has metastasized, TKIs are used to suppress tumor activity for as long as 
possible.

Imatinib is firmly positioned as the first-line option for advanced GIST.6 Its position has 
been challenged by nilotinib, a drug that has even higher affinity for the wild-type BCR-
ABL kinase, while retaining its activity against KIT and PDGFR.7 A head-to-head phase 
III trial in advanced GIST patients showed, however, that imatinib treatment resulted in 
longer progression free survival and overall survival compared to nilotinib.8 A recent 
trial investigated the activity of dasatinib, another TKI, as first-line agent for GIST, but 
the progression free survival was far shorter than obtained in previous imatinib trials.9 
The fact that this study failed to meet the envisioned enrollment of 52 patients over a 
period of almost four years is a clear sign of imatinib’s paramount position. Masitinib 
might have been a useful alternative, as the results phase II trial with GIST patients 
during first line therapy who received this drug are comparable to imatinib, but the 
future of masitinib is uncertain.10 

Sunitinib is the second-line treatment option following imatinib resistance or 
intolerability.6 The majority of trials with sunitinib in GIST patients were performed in a 
setting following imatinib treatment. Long term safety and efficacy have been shown in 
large international patient cohorts.11,12 Thus far only one randomized clinical trial directly 
compared two TKIs in a setting of advanced GIST after imatinib failure, the TKIs being 
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sunitinib and masitinib.13 Masitinib yielded somewhat better progression free survival, 
but in patients receiving sunitinib survival was far shorter than what has been reported 
in previous studies with sunitinib. 

Regorafenib is the third-line option for GIST patients following imatinib and 
sunitinib resistance or intolerance.6 It was one of many agents tested in this setting and 
its activity has been demonstrated in clinical trials.14,15 As patients receive more lines of 
therapy, each line offers less survival gains than the previous line of therapy, as a result 
of ongoing development of TKI-resistance in the heterogeneous GIST metastases.16 

Currently, there is no established fourth-line treatment option. Many targeted agents 
have been explored in patients with advanced GIST. Several clinical trials are currently 
investigating the activity of new drugs compared to imatinib, sunitinib and regorafenib 
in first, second and third line setting. Among these are the new TKIs DCC-2618 and BLU-
285. DCC-2618 has anti-tumor potential against GISTs with KIT mutations exon 13, 14, 17 
or 18. In a dose escalation trial partial responses have been observed. Clinical trials with 
DCC-2618 in the second line versus sunitinib (NCT03673501) and in the fourth line versus 
placebo (NCT03353753) have subsequently been initiated. Due to the clinical success 
of the phase I study with DCC-2618 (NCT02571036), this study was expanded to include 
patients in the second and third line of therapy. Of the 46 patients treated with 150mg 
once daily in the second or third line 10 had a response and the median progression free 
survival was 36 weeks with 61% of patients censored.17 BLU-285, now called avapritinib, 
has activity against GISTs with specific mutation that other TKIs do not inhibit. It is being 
investigated in clinical trials as third line therapy versus regorafenib (NCT03465722) and 
in a fourth line phase II setting (NCT02508532).

Pharmacogenetics

Whereas treatment for illnesses such as malignancies are based on evidence derived 
from clinical trials involving large numbers of patients, the response of individual 
patients to a certain drug is dependent on patient specific characteristics.18 These 
characteristics include age, sex, body size, kidney function, co-medication, as well as 
a patient’s specific germline genetic traits.19 The most prevalent genetic variations are 
single nucleotide polymorphisms and the focus of the research in this part of the thesis. 

SNPs may or may not affect gene function and patient phenotype. Some SNPs will 
not alter which amino acid is built into the protein, termed synonymous SNPs. Non-
synonymous SNPs, on the other hand, do have an effect. These SNPs will either change 
an amino acid at particular location, being a missense SNPs, or in case of a nonsense 
SNPs will result in the premature insertion of a stop codon and ending further amino 
acids being added to the protein. SNPs do also occur in non-coding regions and these 
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can affect the splicing, binding and alteration of the pre-mRNA molecule. SNPs studied 
in this thesis were all selected to have a functional effect, as found in the National 
Institute of Environmental Health Sciences SNP database.20

SNPs in genes related to the pharmacokinetics or pharmacodynamics of drugs may 
influence the response to these drugs. In case of GIST, imatinib or sunitinib efficacy may 
be enhanced or reduced in terms of longer or shorter survival. Equally, the adverse effects 
of these drugs may vary according to a patient’s genetic profile. One such example that 
has found its way into clinical practice is the determination of DPYD polymorphisms in 
patients receiving 5-fluorouracil.21

Pharmacogenetic research has shown associations of SNPs in genes related to 
TKI pharmacokinetics and pharmacodynamics with clinical outcome in TKI treated 
malignancies. Imatinib is primarily metabolized by CYP3A4 and CYP3A5, while other 
CYP-enzymes have a limited role.19 The drug is a substrate for the influx transporters 
hOCT1 (SLC22A1), OCTN1 (SLC22A4), OCTN2 (SLC22A5) and OATP1B3 (SLCO1B3).22-24 Active 
efflux transporters are the ATP-binding cassette (ABCB1) and the breast cancer resistance 
protein (ABCG2).19 Time to progression in advanced GIST patients who were treated with 
imatinib has been associated to SNPs in SLC22A4 (rs1050152) and SLC22A5 (rs2631367, 
rs2631372).25 Response to imatinib in the treatment of chronic myeloid leukemia has 
been associated to SNPs in ABCB1 (rs868755, rs1045642, rs28656907), ABCG2 (rs2231137), 
CYP3A5 (rs776746), SLC22A1 (rs683369) and in SLCO1B3 (rs4149117).26-28 Imatinib trough 
levels have been associated in multiple studies to SNPs in ABCB1, ABCG2 and CYP3A4.24,29,30

Even more pharmacogenetic studies have been performed with sunitinib, many of 
them in patients with metastatic renal cell carcinoma.31 Sunitinib is metabolized into the 
SU12662 metabolite by CYP3A4 and both are active compounds.19 CYP3A4 expression 
or activity is in turn influenced by NR1I2, NR1I3 and POR effects.32,33 CYP3A5 and CYP1A1 
may also metabolize sunitinib, as these CYPs are active in other TKIs.19 Sunitinib is a 
substrate for the drug efflux transporters ATP-binding cassette (ABCB1) and breast cancer 
resistance protein (ABCG2).19 Survival during sunitinib treatment in metastatic renal cell 
carcinoma has been associated with SNPs in ABCB1 (rs1045642, rs1128503, rs2032582) 
and CYP3A5 (rs776746) and these associations have been confirmed in a separate patient 
cohort.34,35 Individual sunitinib adverse events were associated with several SNPs in 
ABCB1, ABCG2 , CYP1A1, NR1I3, IL8 and IL13.36,37 Sunitinib clearance has been associated 
with a SNP in CYP3A4 (rs35599367).38 In sunitinib treated GIST, associations have been 
found with SNPs in VEGFR3 (rs6877011, rs7709359) and time to progression, and with 
a SNP in VEGFA (rs7709359) and toxicity.39 Until the work described in this thesis was 
started, pharmacogenetic studies with a large cohort of advanced GIST patients had 
not yet been performed.
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Part II: Use of trabectedin in STS

Soft tissue sarcoma

STS comprise 50 to 60 distinct types of histology and constitute one percent of all solid 
malignancies. Due to its rarity STS have long been grouped together in treatment and 
research.40 As knowledge on the tumor biology of histologic subtypes expands, it has 
become evident that specific subtypes should be treated as specific as possible. Due to 
its unique pathophysiology, treatment and clinical course, GIST already has its separate 
guideline.6 

Systemic agents tested in STS trials may have anti-tumor activity in only some STS 
subtypes. The first line therapy in advanced STS is doxorubicin for almost all subtypes.40 
For second line options, the specific STS histology is to be taken into account when 
selecting treatments. Most patients will be offered the oral TKI pazopanib, but patients 
with adipocytic tumors will not respond. Adipocytic tumors such as liposarcomas, as 
well as the otherwise unrelated leiomyosarcomas have shown favorable response to 
trabectedin.41 Trabectedin is a marine derived compound with a unique mechanism 
of action involving DNA binding, influencing transcription factors and modulating the 
tumor micro-environment.42 

In the past decade, the number of available systemic agents and combinations 
thereof in advanced STS has increased. First line doxorubicin can be augmented by 
adding ifosfamide to increase the chance of a response.43 Alternately, adding the PDGFR-
inhibitor olaratumab to doxorubicin might prolong survival. This was seen in a phase II 
trial, but not in the subsequent phase III trial.44 Apart from trabectedin and pazopanib, 
some patient may benefit from ifosfamide monotherapy, or from eribulin in case of a 
liposarcoma.45,46 In patients with undifferentiated pleomorphic sarcoma, gemcitabine-
docetaxel cycles may be considered. Angiosarcomas can respond to taxanes.47 In all, 
while the number of treatment options has grown and survival may be prolonged, 
advanced STS still is disease with very slim chances of survival and almost all affected 
patients will die due to it.

Cost-effectiveness analysis

Cost-effectiveness analysis requires data on the efficacy and toxicity of a certain drug 
in a certain clinical setting and a comparator that can be seen as a valid option for that 
disease. Together with data on health care usage and costs, an analysis can be performed. 
In the analysis an incremental cost effectiveness ratio is calculated, denoting the costs 
per QALY of the new treatment compared to the other treatment. In the Netherlands, 
health care authorities have published a report entitled ‘Sensible and sustainable care’ 
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in which an ICER of a maximum of €80,000 is considered acceptable.48 This number is 
now frequently used as the acceptable cost per QALY in the Netherlands. 

As the number of systemic anti-cancer drugs grows, choices have to be made 
concerning treatment allocation on a single patient basis, as well as on a group level. 
Apart from data on efficacy and toxicity, the societal costs of drug will need to be taken 
in consideration.48 Treatment with new drugs, with their patent still active, will usually 
have substantial costs and health care regulators are keen to learn whether a new drug 
is worth its price tag. When trabectedin was introduced into the Dutch market, Dutch 
health care regulators also wished to see its cost-effectiveness investigated in STS.

Outline of this thesis

The subject of Part I of this thesis is further introduced in an updated review article 
(chapter 2) on the systemic treatment in GIST. The development of imatinib, sunitinib and 
regorafenib are described, the results of the most relevant trials, as well as mechanisms 
of drug resistance. Additionally, other drugs tested in phase II or phase III trials are 
summarized. In the subsequent chapters, SNPs involved in the pharmacokinetics and 
pharmacodynamics of imatinib are investigated for an association with treatment effect 
in GIST. The efficacy of imatinib is studied in advanced GIST patients (chapter 3), seeking 
SNPs that are predictive for survival duration during first-line imatinib treatment. A 
similar study was performed with sunitinib (chapter 4), exploring associations with 
sunitinib efficacy during second-line of therapy. These two studies aim to identify SNPs 
that may serve to predict the duration of survival and the associated risk of progressive 
disease. SNPs are selected using a pharmacologically informed pathway approach. In 
case SNPs are associated with reduced survival, patients with these SNPs may benefit 
from intensified follow-up. In case SNPs are associated with prolonged survival, these 
SNPs could potentially influence future treatment decisions in favor of the specific drug 
if more active agents become available. In regard to GIST, the specific mutation causing 
the disease also is an important factor influencing therapy. Therefore, in these two 
chapters with pharmacogenetic studies with imatinib and sunitinib, the associations of 
SNPs with survival is corrected for the mutation found in the primary tumor.

The relation of imatinib adverse events was studied next (chapter 5), aiming to find 
SNPs that will predict the clinical impact of severe toxicity requiring therapy restriction. 
Although imatinib has a relatively mild toxicity profile, clinical trials have shown a need 
for dose reduction in around 15% of patients.49-51 If patients in need of a dose reduction 
can be identified through their genetic polymorphisms before therapy is initiated, 
adverse events necessitating the dose reduction may be prevented. Averting toxicity 
in this way, pharmacogenetics may contribute to improving patients’ safety and quality 
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of life. The last study in this section (chapter 6) aims to associate SNPs in CYP2C8 with 
imatinib steady-state trough levels after prolonged period of use. CYP3A4 and CYP3A5 
are the primary metabolizers of imatinib, but chronic use of imatinib leads to auto-
inhibition of these CYP enzymes and then CYP2C8 becomes an important metabolizer.52 
CYP2C8 activity in regard to imatinib has been shown in vitro to vary according to 
polymorphism is present, but an in vivo study has not yet been performed.53 

The subject of Part II of this thesis is further introduced in a review article (chapter 
7) on the development of trabectedin and the first clinical studies with this drug in 
STS. The cost-effectiveness of trabectedin was tested in patients with advanced STS 
after treatment with first line doxorubicin. This study (chapter 8) originally was meant 
to compare trabectedin with best supportive care in this regard, but as is explained 
in further detail later, the study eventually went to compare the cost-effectiveness of 
trabectedin versus ifosfamide chemotherapy in a second line setting. Data from EORTC 
trials with ifosfamide in STS patients was used. This study was started on the request 
of Dutch health care authorities as part of the registration process of trabectedin. The 
adverse events relating to the venous access devices for trabectedin (chapter 9) are 
reported as last study in this thesis. In some patients sterile inflammation along the 
catheter trajectory of the Port-a-Cath developed and this had not yet been reported as 
a possible adverse event when administering trabectedin. Placing the catheter deeper 
in the skin resolved this issue.

This thesis is concluded with a general discussion (chapter 10) on the studies 
performed. It highlights the key results and delivers comments on how to interpret 
these results and the studies in general.
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