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GENERAL INTRODUCTION

Colorectal cancer (CRC) is the third most commonly diagnosed cancer in both males and
females in the Netherlands. In 2021, nearly 13,000 patients were newly diagnosed with CRC
and the mortality was 4,500 [1]. Approximately 20% of the patients have metastatic disease
at the primary diagnosis of CRC [1]. Another approximately 20% develop metastatic disease
later on [2]. The most common metastatic sites are the liver, the peritoneum and the lungs.
Chances for curation in the metastatic setting of CRC are still low with a 5-years survival of
only 12% [1]. Especially in patients with colorectal peritoneal metastasis, survival is found
to be worse compared to patients with metastatic disease at other distant sites [3].

In the Netherlands, most patients without distant metastasis undergo surgery (95%). Besides
surgery, chemotherapy is one of the CRC treatment modalities, especially in the treatment
of advanced and metastatic disease. In total, 61% of the stage Ill colon cancer patients
undergo treatment with adjuvant chemotherapy. In addition, 50% of the patients with distant
metastatic disease (stage IV) undergo palliative chemotherapy treatment. [1] However, it
is well known that treatment with chemotherapy comes with challenges, such as (severe)
adverse events leading to loss of quality of life, treatment discontinuation and sometimes even
death. Moreover, chances for curation in the metastatic setting are low. Therefore, there is a
large window of opportunity to improve both safety as well as efficacy of chemotherapeutic
treatment for the individual patient.

GENETIC BIOMARKERS

A possible approach to improve chemotherapeutic treatment for CRC patients could be the
discovery, validation and implementation of new genetic biomarkers. The use of genetic bio-
markers allows to identify patients that are at higher risk for severe adverse drug events and
to select patients which will benefit the most from chemotherapy. For example, a genotype
test that was recommended in 2020 by the European Medicines Agency in order to prevent
severe adverse events and even fatal toxicity during fluoropyrimidines treatment was pre-
therapeutic genotyping of DPYD in patients treated with fluoropyrimidines [4]. This has led
to wider implementation of this upfront genotype test, and has brought us a step closer to
personalised medicine and safer dosing of chemotherapy [5].
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IMPLEMENTATION OF GENETIC BIOMARKERS

Another genetic biomarker that seems very promising in preventing severe adverse drug
events in patients treated with irinotecan is UGT1A1*28. Irinotecan is frequently prescribed
in patients with metastatic colorectal cancer or pancreatic cancer. Irinotecan is a prodrug
that is activated via carboxylesterases in the liver and blood to SN38, which in turn is glu-
curonidated by UDP-glucuronosyltransferase 1A1 (UGT1A1) in the liver and intestines into
SN38-glucuronide (SN38-G). UGT1A1 is the main enzyme responsible for the inactivation
of SN38. Genetic variance in the UGT1A7 gene leads to a decreased activity of the UGT1A1
enzyme [6]. More specific, the UGT1A1*28 variant leads to a 18—-33% reduced expression
of UGT1A1, which in turn leads to higher SN-38 levels and a hence a higher risk of severe
adverse drug events in patient carrying this variant allele [7].

While there is ample evidence in the literature on the association between UGT1A7*28 and
severe toxicity of irinotecan [8, 9] — yet — UGT1A7 genotyping is not being routinely applied.
Therefore, in the first part of this thesis we aim to implement UGT71A7 genotype-guided
dosing of irinotecan in clinical practice.

DISCOVERY AND VALIDATION OF GENETIC BIOMARKERS

Prior to implementation, discovery and validation of new genetic biomarkers is essential.
This is especially true for the colorectal peritoneal metastasis population, since survival in
patients with colorectal peritoneal metastasis is less favourable compared to patients with
other metastatic CRC. The current treatment of colorectal peritoneal metastasis is cytore-
ductive surgery plus hyperthermic intraperitoneal chemotherapy (CRS + HIPEC), which has
already brought a major gain in survival compared to palliative chemotherapy only [10, 11].
HIPEC was added to CRS in order to minimise invisible residual cancer in the peritoneum.
However, CRS + HIPEC treatment is not without complications; around 20-40% of the
patients experience severe complications and the treatment-related mortality is 3% [12—14].
Moreover, many patients still experience recurrent (peritoneal) disease. A possible solution
for this problem would be the use of genetic biomarkers to predict which patients benefit
the most from hyperthermic intraperitoneal mitomycin C or oxaliplatin. Therefore, in part Il of
this thesis we aim to discover genetic biomarkers that are predictive for treatment outcome
of colorectal peritoneal metastasis patients treated with CRS + HIPEC.
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In short, in this thesis we aim to improve the safety and efficacy of chemotherapeutic drugs
in patients with colorectal cancer by individualising drug dosing and choice of drug based
on germline genetic biomarkers. The studies presented in this thesis address the following
research questions:

Part I: Implementation of UGT1A1 genotype-guided dosing of irinotecan

e What is the potential value of UGT1A7 genotype-guided dosing of irinotecan? What is
the level of evidence?

e What is the optimal starting dose of irinotecan per UGT1A7 genotype?

¢ |s UGT1AT7 genotype-guided dosing of irinotecan less toxic and just as effective as standard
dosing of irinotecan in clinical practice?

e |s UGT1A1 genotype-guided dosing of irinotecan feasible and cost-effective in clinical
practice?

Part Il: Discovery and validation of genetic biomarkers for hyperthermic intraperitoneal

chemotherapy (HIPEC)

¢ Are genetic biomarkers in the DNA repair pathway associated with treatment outcome
of patients treated with CRS + HIPEC with oxaliplatin or mitomycin C?

e (Can we identify new genetic biomarkers that are predictive for CRS + HIPEC treatment
outcome?

¢ Are the genetic biomarkers NQO7*2, NQO1*3, and POR*28 associated with the efficacy
of CRS + HIPEC treatment with mitomycin C?

Part | describes the added value and clinical utility of UGT1A7 genotype-guided dosing of
irinotecan. In Chapter 2 an overview of the available evidence on UGT7A7 genotype-guided
dosing of irinotecan is provided. Chapter 3 provides a guideline on UGT1A1 genotype-guided
dosing of irinotecan. With this guideline we aim to aid physicians and pharmacists in the
implementation of UGT1A7 genotype-guided dosing of irinotecan. Chapter 4 describes
a prospective trial on UGT7TA1 genotype-guided dosing of irinotecan in which the safety,
feasibility and costs of this strategy is investigated. This pivotal study should provide the
evidence whether or not UGT1A7 genotype-guided dosing of irinotecan should be the new
golden standard.

In Part Il an exploration on genetic biomarkers for the treatment outcome of CRS + HIPEC
is described. Ghapter 5 gives an overview of the available literature on the association of
genetic biomarkers in the DNA repair pathway and treatment outcome of patients treated with

1
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oxaliplatin or mitomycin C. Chapter 6 describes a retrospective genome-wide association
study on a CRS + HIPEC patient cohort, in order to identify new genetic biomarkers that are
associated with treatment outcome. Chapter 7 describes a retrospective, hypothesis-driven
study, in which possible genetic biomarkers for hyperthermic intraperitoneal mitomycin C,
based on previous preclinical findings, are clinically validated.

This thesis concludes with a general discussion and future perspectives in Chapter 8.
Summaries of this thesis in both English and Dutch are presented in Ghapters 9 and 10.
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