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General introduction 

Colorectal cancer is the third most common cancer in men and the second most common 
cancer in women worldwide. Due to better treatment modalities, improved screening 
methods and more awareness of early signs and symptoms, the survival rates have improved 
dramatically over the past decades. In the Netherlands, the 5-year survival rate for colon 
cancer is currently exceeding 60% [1]. However, approximately 25% of patients present with 
metastatic disease at initial diagnosis and almost 50% of patients will eventually develop 
metastases [2]. Although the prognosis of metastatic colorectal cancer (mCRC) patients has 
significantly improved over the past two decades, mCRC is curable in only a small, selected 
group of patients [3]. For the majority of patients treatment options are palliative and 
consist of systemic treatment. The main goal of systemic treatment is prolongation of 
survival, while maintaining or improving the quality of life. 

Systemic treatment in mCRC 

For many years, intravenous 5-fluorouracil (5-FU) with or without leucovorin (LV) was the 
only effective treatment option for patients with mCRC. The fluoropyrimidine 5-FU is a 
cytotoxic drug that acts via inhibition of thymidylate synthase, thereby causing an impaired 
DNA synthesis. Various regimens of intravenous 5-FU have been studied, but the response 
rates remained limited and the survival benefits were small [4]. The addition of LV to 5-FU 
(5-FU/LV) resulted in a two-fold increase in tumor response rates and significantly improved 
the median overall survival rates to almost a year [5]. However, it is likely that LV limits the 
maximal tolerated dose of 5-FU, and therefore higher doses of 5-FU may result in similar 
efficacy compared to lower dose of 5-FU in combination with LV [6]. The treatment options 
for mCRC expanded with the introduction of irinotecan in the year 1998 and oxaliplatin in 
2000. Irinotecan showed survival benefit both as monotherapy versus best supportive care 
after failure of 5-FU/LV and as initial treatment in combination with 5-FU/LV (FOLFIRI) versus 
5-FU/LV [7,8]. The use of oxaliplatin showed beneficial results in combination with 5-FU/LV 
(FOLFOX) versus 5-FU/LV [9] and versus irinotecan plus 5-FU (bolus)/LV (IFL) [10]. With the 
availability of three active agents, the life expectancy of patients with mCRC was now 
increased from approximately 11-12 months up to 21 months [11].  

During the last decade, several new drugs have shown efficacy in mCRC, albeit in different 
magnitude and in different lines of treatment. These include the targeted drugs 
bevacizumab, regorafenib, aflibercept, ramucirumab, cetuximab and panitumumab, and the 
cytotoxic drug trifluridine/tipiracil (TAS-102). Bevacizumab, an antibody against the vascular 
endothelial growth factor (VEGF), prolongs the progression-free survival and the median 
overall survival when it is added to first- and second-line schedules [12,13]. The anti-
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angiogenic fusion protein aflibercept and the anti-VEGF receptor 2 antibody ramucirumab 
have both shown a survival benefit in combination with FOLFIRI in patients who previously 
progressed upon an oxaliplatin-containing regimen compared to FOLFIRI plus placebo 
[14,15]. Cetuximab and panitumumab, antibodies against the endothelial growth factor 
receptor (EGFR), have beneficial effects on survival in irinotecan and oxaliplatin-containing 
schedules [16,17], and as monotherapy [18,19]. These beneficial effects are however 
restricted to patients with RAS/BRAFV600E wildtype and left-sided (flexure lienalis, colon 
descendens, sigmoid, rectum) primary tumor [20,21,22]. The oral drugs regorafenib, a 
multikinase inhibitor, and trifluridine/tipiracil, cytotoxic via the incorporation of trifluridine 
into DNA, both prolong median overall survival when all other treatment options have failed 
[23,24]. In the Netherlands, aflibercept, ramucirumab, and regorafenib have not been 
accepted as standard treatment options by the Dutch Society of Medical Oncology (NVMO) 
due to their limited clinical benefit.   

The availability of these drugs adds to the complexity of selecting the optimal treatment at 
the right time in the right patient.  The addition of a targeted drug – either anti-VEGF or anti-
EFGR-antibodies – to first-line treatment is considered standard therapy. Patients with RAS 
wildtype and left-sided primary tumors should be offered anti-EFGR treatment during the 
course of their disease. Combination chemotherapy is associated with higher response rates 
and may be preferred in patients with poor prognostic features, tumor-related symptoms or 
potentially resectable metastases [25]. When the only goal is to prolong the life expectancy, 
the sequential administration of cytotoxic drugs starting with fluoropyrimidine monotherapy 
is a valid alternative to combination therapy [26,27]. Monochemotherapy is obviously 
associated with less toxicity and it has been demonstrated that it is more important to make 
effective cytotoxic drugs available during the course of the disease rather than administering 
these concomitantly [28]. This probably also applies to the use of targeted drugs. However, 
for patients in whom upfront monotherapy is considered, it is difficult to accurately predict if 
they are likely to be exposed to all the available drugs during the course of their disease. 
With this in mind, the selection of therapy in mCRC necessitates an assessment of treatment 
goals and expected benefits, which has to be balanced against the impact on quality of life 
due to side effects. 

Capecitabine 

Despite all recent advances, fluoropyrimidines are still considered as the backbone of 
treatment in mCRC. In 2001, the oral fluoropyrimidine capecitabine made its entrance in the 
treatment of mCRC. Oral drugs permit dose flexibility and prolonged drug exposure, while 
avoiding invasive and inconvenient vascular devices or infusion pumps. Compared to 
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intravenous 5-FU, capecitabine had superior response rates and a more tolerable safety 
profile [29-31]. In addition, patients preferred capecitabine over intravenous 5-FU [32].  
Although the side effects of capecitabine are generally well manageable, a few may cause 
serious discomfort and require particular attention. Capecitabine’s major toxicity is hand-
foot syndrome, which occurs in a substantial group of patients. A less common, but serious 
toxicity is cardiotoxicity. Especially given the recent data favouring a maintenance treatment 
with capecitabine and bevacizumab instead of a stop-and-go use, patients are likely to be 
exposed to capecitabine and thus its side-effects for longer periods of time [33]. As a result, 
even lower grade side-effects may become problematic. S-1 is a relatively new 
fluoropyrimidine and may be a promising alternative for capecitabine and intravenous 5-FU 
in mCRC.  

S-1 

S-1 is an oral fluoropyrimidine that has been studied extensively in Asian populations. 
Several randomised trials have shown similar efficacy results in different combination 
regimens compared to capecitabine and intravenous 5-FU [34-37]. Interestingly, the 
occurrence of hand-foot syndrome was uncommon and no cardiotoxic events were 
observed in clinical trials. These data have made S-1 an important treatment option in the 
field of mCRC in Asian countries. Unfortunately, these results cannot readily be translated to 
Western patients. Fluoropyrimidines have known regional differences in tolerability and this 
also accounts for S-1 [38]. Diarrhoea, nausea and vomiting are more common in Western 
patients, whereas haematological toxicities are more prominent in East Asian populations 
[39]. A phase 1 study observed a lower maximum tolerated dose of S-1 in Western patients, 
which could theoretically undermine its efficacy [40]. Therefore, a randomised trial assessing 
the tolerability and efficacy in Western patients is warranted.  

Hand-foot syndrome and cardiotoxicity 

Hand-foot syndrome, or palmar-plantar erythrodysesthesia, is characterized by erythema, 
edema, dysesthesia and paraesthesia of the palms and the soles of the feet. In advanced 
stage, desquamation, ulceration and blistering may occur. Hand-foot syndrome has been 
described most often in patients treated with capecitabine, 5-FU, cytarabine, liposomal 
doxorubicine and docetaxel, although many other drugs have been implicated, including 
multikinase inhibitors (e.g. sorafenib, sunitinib, regorafenib) [41]. In the case of capecitabine, 
the occurrence is dose-related, and has been reported in up to 77% of patients in clinical 
trials [42]. Although hand-foot syndrome is not life threatening, it can cause significant 
discomfort and impairment of function, especially in elderly patients. Treatment is often 
symptomatic, with pain control, topical corticosteroids, wound care and frequent emollient 
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use. However, dose modifications, treatment interruptions and even treatment 
discontinuations are often necessary. 

Cardiotoxicity is a rare but serious adverse event upon the use of fluoropyrimidines. The 
most common symptom is angina-like chest pain, but a wide variety of symptoms may occur, 
including cardiac arrhythmias, hypertension, hypotension, heart failure, myocardial 
infarction, cardiogenic shock or sudden death [43]. The reported incidence of symptomatic 
cardiotoxicity varies, from approximately 3% in retrospective trails and up to 35% of patients 
in prospective series [44,45]. The majority of events are observed within the first cycle of 
treatment and due to high rates of recurrent symptoms when 5-FU is reintroduced, 
permanent treatment discontinuation is indicated in order to avoid further cardiac damage 
[46,47]. The pathogenesis of hand-foot syndrome and cardiotoxicity are described in detail 
in chapter 3, 4, 5 and 6, where we will also provide explanations for the relative absence of 
these symptoms upon treatment with S-1. 

Trifluridine/tipiracil 

The features of trifluridine/tipiracil show similarities with fluoropyrimidines, but its 
mechanism of action is clearly distinct. The efficacy of trifluridine/tipiracil has been 
established in a phase 3 trial in a global population of refractory mCRC patients [24]. 
Compared to placebo, a median survival benefit of almost 2 months was observed, with 
neutropenia as only clinically meaningful grade ≥3 adverse event. On the basis of these 
findings, trifluridine/tipiracil was made available in the Netherlands for compassionate use in 
refractory mCRC patients in December 2015 prior to marketing authorization in January 
2017. A retrospective analysis of patients participating to the compassionate use program 
may be helpful to study the feasibility and effectiveness of trifluridine/tipiracil in a non-trial 
population.          
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Outline of this thesis 

This thesis focuses on oral drugs in the treatment of Western mCRC patients. Capecitabine 
has been implemented in different treatment schedules for more than a decade, the new 
oral drug trifluridine/tipiracil has been recently approved for refractory mCRC patients and 
further studies on S-1 in Western patients are required given the promising results of S-1 in 
Asian populations. In chapter 2 the literature on oral drugs in the treatment of mCRC is 
reviewed. The aim of this review is to give an overview of the status of the oral 
fluoropyrimidines capecitabine and S-1, and the new oral drugs regorafenib and 
trifluridine/tipiracil in the treatment of mCRC. In chapter 3, we evaluate the incidence of 
cardiotoxic events upon the use of capecitabine. Reported data on the incidence of 
capecitabine-induced cardiac events are inconsistent. We present the largest retrospective 
analysis on this topic to date. In chapter 4, we describe the results of a randomised phase 3 
trial comparing S-1 with capecitabine, with the addition of bevacizumab to each drug as an 
option, in the first-line treatment of mCRC. This randomised trial was conducted to compare 
the incidence of hand-foot syndrome in both treatment groups in a Western population. The 
tolerability of S-1 after hand-foot syndrome-related discontinuation of capecitabine is 
unknown. In chapter 5 we assess the tolerability of S-1 in patients who switched to S-1 due 
to capecitabine-induced hand-foot syndrome. We reviewed medical records of patients that 
switched to S-1 in this setting and we particularly assess the course of hand-foot syndrome-
related symptoms.  In chapter 6, we present case reports of patients treated with S-1 after 
capecitabine-induced cardiotoxicity. This strategy may allow patients with capecitabine-
induced cardiotoxicity to continue an effective fluoropyridimine-based treatment. In chapter 
7, we retrospectively analyse the tolerability and effectiveness of patients treated with 
trifluridine/tipiracil in daily clinical practice the Netherlands. Additionally, we tried to identify 
prognostic patient characteristics in refractory mCRC patients treated with this drug. In 
chapter 8 we describe prediction models that may estimate the survival time for upfront 
combination chemotherapy versus sequential chemotherapy and the probability of receiving 
second-line treatment after first-line treatment with monochemotherapy in individual 
patients with permanently unresectable mCRC. Although several studies have demonstrated 
that administering the available cytotoxic drugs sequentially instead of in combinations is 
justified in terms of overall survival for these patients, the individual treatment effect of 
both strategies may vary widely due to the heterogeneity of this group. Hence, a model that 
predicts the individual survival times would be very useful for clinicians. All major findings 
are summarized in chapter 9. Finally, we discuss remaining questions and implications for 
future research in chapter 10.  
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