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Abstract 

Introduction: Intravenous administration of fluoropyrimidine-based chemotherapy has been 
the cornerstone of treatment in metastatic colorectal cancer (mCRC) for decades. The 
availability of oral capecitabine has improved the tolerability in monotherapy schedules, and 
has simplified combination schedules. Since then, other oral drugs have proven efficacy in 
this setting. 
 
Areas covered: We review the available evidence and most recent data concerning oral 
drugs with proven efficacy in mCRC, including capecitabine, S-1, trifluridine-tipiracil (TAS-
102) and regorafenib. 
 
Expert opinion: The use of capecitabine is widely implemented in the care of mCRC. 
However, with recent data supporting its prolonged use, the relatively high incidence of 
hand-foot syndrome (HFS) may impair quality of life. In Asian populations, S-1 is associated 
with equivalent efficacy but lower incidence of HFS compared to capecitabine. Further 
studies evaluating the effects of S-1 in Western populations are needed. Both regorafenib 
and TAS-102 improve the overall survival of patients in whom all other treatment options 
have failed. Since only a subset of patients appears to benefit, future studies to identify 
predictive biomarkers are needed. 
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1. Introduction 

The treatment options for patients with metastatic colorectal cancer (mCRC) have expanded 
significantly over the last decades. For many years, intravenous 5-fluorouracil (5-FU) with or 
without leucovorin (5-FU/LV) was the only available treatment for these patients. 
Fluoropyrimidines are still considered as the backbone of systemic treatment in mCRC. Since 
then, several drugs have shown efficacy in this disease, albeit each with different magnitude 
and in different lines of treatment. These include the cytotoxic drugs oxaliplatin [1], 
irinotecan [2], and trifluridine/tipiracil (TAS-102) [3], and the targeted drugs bevacizumab 
(antibody against the vascular endothelial growth factor VEGF) [4], aflibercept (decoy 
receptor for VEGF-A/B and placental growth factor) [5], ramucirumab (antibody against 
VEGFR-2) [6], cetuximab [7] and panitumumab [88] (antibodies against the epithelial growth 
factor receptor EGFR, restricted to patients with RAS wildtype tumors [9]), and regorafenib 
(a multikinase inhibitor) [10]. Although the implementation of some of these drugs in 
standard practice is a matter of ongoing debate, there is no doubt that these have 
contributed to an improved prognosis for mCRC patients. Prolongation of survival while 
maintaining or improving quality of life is the main goal of their use. In a small, selected 
group of patients, some of these drugs may convert unresectable (usually liver) metastases 
to resectable lesions, with the possibility of cure [11]. Altogether, median overall survival 
(OS) times of approximately three years have been reported in recent phase 3 trials [12], 
which is in large contrast to the median 7-8 months which were shown in series of patients 
not receiving any treatment. With more patients surviving for prolonged periods of time, 
and maintenance treatment having shown superior results to observation, the toxicity and 
time spend in hospital associated with treatment becomes more relevant [13]. Oral drugs 
may provide a benefit in this respect. We here review the status of oral drugs in the 
treatment of mCRC.    

1.1 Treatment of choice 

The selection of first-line treatment requires an individual approach, depending on its goal. 
When the only goal is to prolong the life expectancy, upfront therapy with fluoropyrimidine 
monotherapy can be used as an alternative to combination schedules in patients with good 
performance status and few or absent symptoms of disease [14-16]. The addition of 
targeted agents, either bevacizumab or cetuximab/panitumumab (the latter being only an 
option when the tumor is RAS wildtype), is considered standard therapy. The results of 
triplet chemotherapy (5-FU/LV, oxaliplatin and irinotecan (FOLFOXIRI)) with bevacizumab are 
promising, and may be the preferred option in patients with poor prognostic features such 
as a BRAF mutated tumor [12]. Patients with unresectable but potentially resectable 
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(liver)metastases require an induction regimen with combination chemotherapy plus a 
targeted drug (either anti-VEGF or anti-EGFR) [17]. With regard to the cytotoxic drugs - the 
fluoropyrimidines, irinotecan and oxaliplatin - it has been demonstrated that it is more 
important to make these drugs available during the course of disease rather than 
administering them concomitantly [18]. Similar analyses that include targeted drugs have 
not yet been performed, but comparable results may be expected. Patients with RAS 
wildtype tumors should receive anti-EGFR treatment at least somewhere during the course 
of their disease. For many of these drugs, the optimal combination or sequence has not 
been established. Each regimen is associated with a specific toxicity profile as well as other 
burdens such as hospital visits and sometimes placement of vascular devices for continuous 
infusion regimens, and costs. Therefore, selection of therapy in mCRC requires an 
assessment of treatment goals and likely benefits which have to be balanced against the 
impact on quality of life due to side effects and other burdens.  

1.2 Oral agents  

The introduction of oral fluoropyrimidines promised considerable advances over intravenous 
5-FU. Oral administration of anticancer drugs permits dosage flexibility and prolonged drug 
exposure while avoiding the inconvenience of infusion pumps or vascular devices and 
associated complications. However, it does introduce the factor of treatment compliance. 
We will discuss capecitabine and S-1 as its possible substitute. After better tolerable agents, 
there is an ongoing demand for new agents in the treatment of mCRC. Regorafenib and TAS-
102 are new and promising oral agents [3,10].  

2. Capecitabine 

Capecitabine was initially developed to improve tolerability and to reduce non-tumor 
cytotoxicity. Other important factors for developing an oral alternative for intravenous 5-FU 
regimens were convenience and patient preference for oral agents [19]. The activation of 
capecitabine into 5-FU metabolites was shown to occur preferably within the tumor itself, 
resulting in maximum antitumor activity and low 5-FU systemic levels [20]. This is because 
capecitabine is not intrinsically cytotoxic, but a tumor-activated 5-FU prodrug. It is converted 
to 5-FU via a three-step enzymatic pathway. Once administered in its inactive prodrug form, 
capecitabine is absorbed through the intestine and converted to 5’-deoxy-5-fluorouridine 
(5’-DFUR) in the liver. Finally, the enzyme thymidine phosphorylase converts 5’-DFUR into 
the active form of 5-FU in both normal and tumor tissue. This enzyme is found in higher 
concentrations and is more active within tumor tissue compared to healthy tissue [20].  
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After the introduction of capecitabine it was shown that most patients preferred 
capecitabine over intravenous 5-FU/LV because of increased convenience, home-based 
administration, and tablet formulation [21].However, capecitabine is associated with 
toxicities, such as hand-foot syndrome (HFS). This is becoming especially relevant given 
recent data showing a benefit for the continuous rather than stop-and-go use of 
capecitabine [13]. While historically the main focus on toxicity data has been on CTC grade 3-
4 toxicities, the occurrence of, for instance, persisting grade 2 HFS during prolonged use may 
significantly impact quality of life, especially in elderly patients. HFS is characterized by 
erythema, tingling, dysesthesia, edema and eventually desquamation, ulceration, blistering 
and severe pain of the palms, fingers and soles of feet. Although not life-threatening, it can 
be painful and interfere with daily activities [22]. Therefore, there is a need for better 
tolerable oral agents. 

2.1 Capecitabine dose, schedule, and tolerability 

The initial randomised studies investigating capecitabine monotherapy used a dose of 1250 
mg/m2 twice daily in a 21-day cycle, each compromising 14 days of treatment followed by a 
7-day rest period [23,24]. Its main toxicities in these studies concerned HFS (53.5%), diarrhea 
(47.7%), nausea (37.9%), vomiting (23.3%), stomatitis (24.3%) and fatigue (21.1%) [25]. 
Dihydropyrimidine dehydrogenase deficiency (DPD) is associated with intolerance to 
fluoropyrimidines. Several deleterious polymorphisms in the gene encoding DPD have been 
recognized as relevant predictors of fluoropyrimidine-associated toxicities and upfront 
screening of these polymorphisms could improve the safety of patients in the future [26,27]. 
In combination with oxaliplatin and irinotecan, a dose of 1000 mg/m2 at a similar schedule 
was recommended. These regimens were based on phase 1 and 2 trials and were considered 
tolerable and effective [28-30]. Conflicting opinions have been voiced by clinicians in Europe 
and the United States regarding the tolerability of the approved dose of capecitabine. 
Although the large phase 3 trials comparing capecitabine versus intravenous 5-FU as first-
line treatment in mCRC considered the safety profile of capecitabine to be superior, the 
incidence of grade 3 and 4 treatment-related adverse events remains substantial, with 61% 
of patients experiencing at least one grade 3 or 4 adverse event [25]. Further data showed 
that there are regional differences for the tolerability of fluoropyrimidines. A retrospective 
analysis of safety data from randomised, single-agent fluoropyrimidine clinical trials showed 
that significantly more grade 3 or 4 treatment-related adverse events, dose reductions and 
discontinuations in the metastatic setting were reported in patients from the US, compared 
to non-US patients [23,24,31]. This was mainly due to differences in grade 3 or 4 
neutropenia events (5% vs. 2%, p=0.044) and grade 3 or 4 gastrointestinal toxicity (24% vs. 
12%, p<0.001). In the adjuvant setting with capecitabine plus oxaliplatin (CAPOX), the 
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incidence of grade 3 HFS was higher in US patients (11%) compared with non-US patients 
(5%) [31,32]. Potential reasons for the regional disparities in the safety profile may concern 
differences in reporting, clinical trial methodology, genetic polymorphism, age, sex, body 
weight, hepatorenal function, concomitant drug exposure, and dietary habits such as foliate 
intake. As a result, US clinicians tend to use a lower dose of 1000 mg/m2 twice daily [31,33]. 
Since both the subgroup analyses of the geographic regions in the analyzed trials as well as a 
Cox regression analysis of the impact of dose modifications on efficacy indicate that a lower 
dose does not compromise the efficacy, this policy seems justified. Possibly, these regional 
differences also played a role in the US study in which the combination of capecitabine and 
irinotecan was considered inferior to intravenous 5-FU plus irinotecan (see paragraph 2.4). 
In elderly (≥ 70 years of age) patients a monotherapy schedule of 1000 mg/m2 twice daily is 
preferred [34]. Continuous, low-dosed administration of chemotherapy, or metronomic 
chemotherapy, may have anti-angiogenic effects, which could be further enhanced by the 
addition of anti-VEGF treatment [35]. A continuous dosing of capecitabine has been tested, 
and was shown feasible at a dose of 625 mg/m2 twice daily [36,37]. In first-line treatment of 
mCRC, maintenance treatment with continuous use of capecitabine (625 mg/m2 twice daily) 
plus bevacizumab (7.5 mg/kg every 3 weeks) following 6 cycles of capecitabine, oxaliplatin 
and bevacizumab showed a significant improvement of progression-free survival (PFS) 
compared to observation while quality of life was maintained [13]. Studies on maintenance 
treatment and stop-and-go strategies with fluoropyrimidines have been recently reviewed 
elsewhere [38].  

2.2 Capecitabine versus intravenous 5-FU/LV 

An integrated analyses from two large, randomised phase 3 trials on oral capecitabine versus 
intravenous bolus 5-FU/LV in first-line treatment for mCRC showed a superior response rate 
in favor of capecitabine (26% vs. 17%, p<0.0002) and equivalent results in time to 
progression (4.6 vs. 4.7 months, respectively) and median OS (12.9 vs. 12.8 months, 
respectively) [23,24,39]. The safety profile of capecitabine was superior to that of 
intravenous 5-FU/LV, with a significantly lower incidence of diarrhea, stomatitis, nausea, 
alopecia, and grade 3 to 4 neutropenia leading to significant fewer neutropenic fever cases 
and fewer hospitalizations. However, HFS occurred more frequently with capecitabine 
(53.3% vs. 6.2%, p<0.001) [25]. 

2.3 CAPOX versus FOLFOX 

The doublet combination of CAPOX has been compared with intravenous 5-FU/LV plus 
oxaliplatin (FOLFOX) in both first and second-line treatment of mCRC. CAPOX has been 
shown to be non-inferior in terms of PFS compared to FOLFOX as second-line chemotherapy 



 

25 

 

[40], and had a similar efficacy in terms of median PFS and median OS as first-line 
chemotherapy in mCRC [41]. Although CAPOX might be slightly inferior to FOLFOX in terms 
of response rate and toxicity profile [42,43], CAPOX is often preferred over FOLFOX 
considering the equivalent efficacy in terms of PFS and median OS, the increased 
convenience with no need for vascular devices and pumps, and patient preference for oral 
agents. 

2.4 CAPIRI versus FOLFIRI 

Concerns have been raised on the toxicity of the combination of capecitabine and irinotecan 
(CAPIRI); however this observation was not consistent among all studies [44]. In the largest 
published phase 3 study of CAPIRI versus intravenous 5-FU/LV plus irinotecan (FOLFIRI), 
CAPIRI showed inferior results with a significantly lower PFS (7.6 months vs. 5.8 months, 
p=0.015) and higher rates of sever nausea, vomiting and diarrhea [45]. However, regional 
differences in tolerability of capecitabine may have played a role in this study, as explained 
above. The Dutch phase 3 CAIRO study showed acceptable toxicity for CAPIRI in first-line 
[14], however the incidence of grade ≥3 diarrhea (26%) was especially higher compared to 
data from other studies with FOLFIRI (usually <20%). Therefore, FOLFIRI is generally 
preferred over CAPIRI. A phase 3 non-inferiority trial comparing CAPIRI and FOLFIRI (with or 
without bevacizumab) is currently ongoing [46]. 

2.5 CAPOXIRI plus bevacizumab  

With the promising results of FOLFOXIRI [47] and FOLFOXIRI plus bevacizumab [48], the use 
of capecitabine instead of 5-FU/LV (CAPOXIRI) has been studied. A phase 1/2 study including 
54 patients evaluated the combination of CAPOXIRI plus bevacizumab [49]. Efficacy in terms 
of response rates (64.4%), median PFS (16 months) and median OS (28 months) were 
comparable to the efficacy observed in the trials evaluating FOLFOXIRI regimens [47,48]. 
However, toxicity levels were high, with higher incidences of grade 3 or 4 diarrhea (36%), 
neutropenia (32%) and nausea/vomiting (21%). 

2.6 Capecitabine plus anti-EGFR antibodies 

Studies on capecitabine monotherapy plus anti-EGFR antibody therapy have not been 
published. The AIO KRK-0104 randomized phase II trial investigated the efficacy and safety of 
cetuximab combined with CAPIRI or CAPOX in the first-line treatment of mCRC [50]. 
Outcomes on response rates and PFS were comparable, and the incidence of grade ≥3 
diarrhea was 15.7% and 19.3%, respectively. The phase 3 COIN study investigated the 
addition of cetuximab to CAPOX or FOLFOX (investigator’s choice) [51]. Subset analysis 
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comparing CAPOX plus cetuximab and FOLFOX plus cetuximab showed a longer PFS for 
FOLFOX plus cetuximab, and worse tolerance of CAPOX plus cetuximab with significantly 
more diarrhea and HFS [52]. For these reasons, anti-EGFR antibodies should preferably not 
be used in combination with capecitabine-based chemotherapy. 

3. S-1 

S-1 was initially designed to optimize the oral 5-FU prodrug tegafur by reducing 5-FU 
induced gastro-intestinal toxicity and by maintaining constant 5-FU blood concentrations. S-
1 is a fourth-generation oral fluoropyrimidine that combines the 5-FU prodrug tegafur with 
two modulators, gimeracil (CDHP) and oteracil potassium (Oxo). Approximately 85% of the 
5-FU is degraded by didhydropyrimidine dehydrogenase (DPD). CDHP inhibits this 
degradation by DPD inhibition and is added to obtain high concentrations of 5-FU in serum 
and tumor tissue over prolonged periods of time. These high concentrations of 5-FU are 
however associated with gastrointestinal toxicities. Oxo is added to inhibit 5-FU 
phosphorylation in the digestive tract, which results in lower gastrointestinal toxicity [53].  

3.1 S-1 dose, schedule and tolerability 

All phase 3 studies with S-1 in mCRC have been conducted in Asian populations (Table 1). In 
all trials a dose of 40 mg/m2 twice daily was used, but the schedules were slightly different, 
based on different phase 1/2 trials. A 28-day schedule followed by a 14-day rest was shown 
to be effective and safe when S-1 was used as monotherapy [54,55]. For S-1 in combination 
with oxaliplatin, a 14-day schedule with a 7-day rest was recommended [56]. S-1 combined 
with irinotecan was considered effective and well tolerated when S-1 is administered on 
days 1-14 in a 28-day cycle or on days 1-14 in a 21-day cycle [57-59]. The dose limiting 
toxicities in these trials were hematological toxicities. However, although S-1 was initially 
designed to reduce 5-FU induced gastrointestinal toxicities, the incidence of diarrhea 
observed in phase 3 trials was not lower in patients treated with S-1 compared to those in 
the control group (Table 1). A phase 1 trial in a North-American population with refractory 
upper gastrointestinal malignancies established a maximum tolerated dose of 30 mg/m2 
twice daily, using a 14-day schedule followed by a 7-day rest [60], with diarrhea as the dose 
limiting toxicity. Other toxicities observed in Western patients are nausea, vomiting and 
hyperbilirubinemia, whereas hematological toxicities are more prominent in East Asian 
patients [61]. Therefore, the maximum tolerated dose and the toxicity profile of S-1 differs 
between Western and Asian populations. This interethnic variability is not yet fully 
understood. A higher frequency of CYP2A6 allelic variants has been demonstrated in Asian 
populations, which is associated with a reduced activation of tegafur into 5-FU. However, 
CDHP exposure in Asian patients is higher, resulting in more potent DPD inhibition and 
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therefore slower catabolism of 5-FU. These differences result in comparable 5-FU exposure 
in the blood plasma over time in both ethnic groups [62,63]. Further studies evaluating the 
efficacy and especially the toxicity of S-1 in Western populations are needed. The first data 
on a randomised phase 3 trial in mCRC (SALTO study of the Dutch Colorectal Cancer Group) 
comparing S-1 with capecitabine (with the addition of bevacizumab to each drug as an 
option) will become available in 2016 [64]. 

3.2 S-1 plus bevacizumab 

Published data on intravenous 5-FU/LV plus bevacizumab and capecitabine plus 
bevacizumab indicate that either combination is well tolerated, even in elderly patients 
[34,73]. Of note, in both phase 3 trials that compared capecitabine plus bevacizumab to 
capecitabine alone, the combination was associated with a higher incidence of HFS [34,74]. 
The mechanism behind this observation is not understood, but this finding underscores the 
need for an oral fluoropyrimidine that is better tolerated, especially given recent data that 
support the prolonged use of capecitabine plus bevacizumab [13]. Recently, a phase 2 trial 
was conducted in Japan to assess the efficacy and safety profile of S-1 with bevacizumab in 
elderly patients. In total, 56 patients with a median age of 75 years were enrolled. Median 
PFS, the primary endpoint of the study, was 9.9 months. Median OS was 25.0 months and 
the response rate was 57% [72]. These results are comparable to those reported from 
combination therapy with intravenous 5-FU or capecitabine in combination with 
bevacizumab [34,73]. The most commonly observed toxicities were neutropenia, 
hypertension and diarrhea, but with the exception of hypertension, the incidence of grade 3 
or 4 toxicities was less than 10%. No occurrence of HFS was reported. These data support 
the use of S-1 plus bevacizumab in elderly patients [72].   

3.3 SOX versus CAPOX 

The occurrence of sensory neuropathy upon the use of oxaliplatin may become an extra 
burden in patients experiencing HFS from capecitabine. Therefore, a potential advantage of 
the use of S-1 in oxaliplatin schedules (SOX) over CAPOX is a reduced frequency of HFS. Hong 
et al. [65] conducted a non-inferiority phase 3 trial comparing SOX and CAPOX as first-line 
treatment of mCRC in Asian patients. Non-inferiority was confirmed in terms of median PFS 
(8.5 months vs. 6.7 months, respectively, hazard ratio (HR) 0.79, pnon-inferiority<0.0001). Grade 
3 or 4 neutropenia (29% vs. 15%), thrombocytopenia (22% vs. 7%) and diarrhea (10% vs. 4%) 
occurred more commonly in the SOX group, whereas the incidence of any grade HFS was 
greater in the CAPOX group (31% vs. 14%). This study did not include the use of targeted 
agents. The authors concluded that SOX may be considered as an alternative regimen for 
CAPOX.
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Study n Schedule S-1 dose and cycle** 
 

Median PFS (months) Median OS (months) All grade HFS (%) Grade ≥3 neutropenia (%) Grade ≥3 diarrhea (%) 

Phase 3 trial, first-line treatment in mCRC 
Hong, 
2012 [65] 

340 SOX 
CAPOX 

day 1-14 every 3 wks 8.5† 
6.7 HR 0.79 

pnon-inferiority<0.0001 

19.0 
18.4 HR 0.86 

p=0.19* 

14 
31 

p<0.0001 

29 
15 

p=0.001 

10 
4 

p=0.045 
Yamada, 
2013 [66] 

512 SOX-B 
FOLFOX-B 

day 1-14 every 3 wks 11.7† 
11.5 HR 1.04 

pnon-inferiority=0.014 

29.6 
29.7 HR 1.02 

pnon-inferiority=0.013* 

16 
18 

p=0.53 

9 
34 

p<0.0001 

9 
3 

p=0.004 
Phase 3 trial, second-line treatment in mCRC 
Muro, 
2010 [67] 

426 IRIS 
FOLFIRI 

day 1-14 every 4 wks 5.8† 
5.1 HR 1.08 

pnon-inferiority=0.039 

17.8 
17.4 HR 0.90 

pnon-inferiority=0.003* 

NR 36 
52 

p=0.0012 

21 
5 

p<0.0001 

Phase 2 trials, first-line treatment in mCRC 
Ohtsu, 
2000 [54] 

63 S-1 day 1-28 every 6 wks NR 12.0 NR 13 2 

Shirao, 
2004 [55] 

38 S-1 day 1-28 every 6 wks 5.3 11.8 2 5 3 

Goto, 
2006 [68] 

41 IRIS day 1-14 every 3 wks 8.0 23.7* 15 15 8 

Yamada, 
2008 [56] 

32 SOX day 1-14 every 3 wks 6.4 Not reached 0 14 3 

Zang, 
2009 [69] 

48 SOX day 1-14 every 3 wks 8.5 27.2 NR 10 0 

Shiozawa
2010 [58] 

38 IRIS day 1-14 every 4 wks 10.0 29.1 16 16 11 

Komatsu 
2011 [70] 

40 IRIS day 1-14 every 4 wks 8.6 23.4 NR 45 15 

Komatsu 
2012 [71] 

52 IRIS-B Day 1-14 every 4 wks 16.7 Not reached 15 27 17 

Yamada, 
2012 [59] 

51 SIRB day 1-14 every 3 wks 12.4 Not reached NR 26 8 

Phase 2 trial, first-line treatment in elderly patients with mCRC 
Yoshida, 
2015 [72] 

56 S-1-B day 1-28 every 6 wks 9.9† 25.0 NR 7 9 

Table 1: Results of S-1 trials in metastatic colorectal cancer.  
mCRC metastatic colorectal cancer, PFS progression-free survival, OS overall survival, HR hazard ratio, NR not reported, SOX S-1 and oxaliplatin, CAPOX capecitabine and oxaliplatin, SOX-B S-1, oxaliplatin and 
bevacizumab, FOLFOX-B intravenous 5-fluorouracil, leucovorin, oxaliplatin and bevacizumab, IRIS S-1 and irinotecan, FOLFIRI intravenous 5-fluorouracil, leucovorin and irinotecan, IRIS-B S-1, irinotecan and 
bevacizumab, SIRB S-1, irinotecan and bevacizumab, S-1-B S-1 and bevacizumab.  *updated results **dose 40 mg/m2 twice-daily †primary endpoint 
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3.4 SOX plus bevacizumab versus FOLFOX plus bevacizumab 

The combination of bevacizumab with SOX was studied versus FOLFOX with bevacizumab in 
a Japanese phase 3 trial by Yamada et al. [66]. The authors showed that median PFS for SOX 
plus bevacizumab was non-inferior to FOLFOX plus bevacizumab (11.7 months vs. 11.5 
months, respectively, HR 1.04, pnon-inferiority=0.014). In safety analyses, significantly more 
patients receiving FOLFOX plus bevacizumab had grade 3 or higher neutropenia (34% vs. 9%) 
and leucopenia (8% vs. 2%), whereas the proportion of patients with anorexia (5% vs. 1%) 
and diarrhea (9% vs. 3%) was significantly higher in the SOX plus bevacizumab group. 
However, side effects were generally manageable. The incidence of HFS was 16% in the SOX 
group and 18% in the FOLFOX group (p=0.53). These findings resulted in an adaption of the 
Asian guidelines for the first-line treatment of mCRC, with SOX plus bevacizumab becoming 
the first choice [75]. 

3.5 IRIS versus FOLFIRI 

The combination of S-1 and irinotecan (IRIS) was shown to be non-inferior compared to 
FOLFIRI as second-line treatment in mCRC in an Asian population [67]. The median PFS of 
patients treated with IRIS was 5.8 months compared to 5.1 months in the FOLFIRI group (HR 
1.077, pnon-inferiority= 0.039). Significantly more patients in the FOLFIRI group experienced 
grade 3 or 4 neutropenia (52.1% vs. 36.2%). Grade 3 or 4 diarrhea (20.5% vs. 4.7%), fatigue 
(8.6% vs. 3.3%), anorexia (11.0% vs. 5.2%), and febrile neutropenia (4.8% vs. 0.9%) occurred 
more often in the IRIS group. No occurrence of HFS was reported. In an updated report of 
this study, there was a significant difference in OS favoring IRIS for patients previously 
treated with chemotherapy containing oxaliplatin, without any imbalance in the use of third-
line systematic therapy [76]. These data show that IRIS may be an alternative option to 
FOLFIRI in Asian patients. 

3.6 IRIS plus bevacizumab 

Currently, CAPOX, FOLFOX and FOLFIRI, each in combination with bevacizumab, are 
established regimens as first-line treatment for mCRC. Because of its convenient 
administration, CAPOX plus bevacizumab is a frequently used regimen. The three-arm 
randomised phase 3 TRICOLORE trial compares IRIS plus bevacizumab given in a 3- or 4-
weekly regimen with CAPOX or FOLFOX plus bevacizumab as first-line treatment [77]. The 
study is designed to validate the non-inferiority of IRIS plus bevacizumab in terms of PFS, the 
primary endpoint. Accrual has been completed, but results have not yet been presented. 
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3.7 Predictive factors for fluoropyrimidines 

Not all patients respond to fluoropyrimidines, and although many potential biomarkers have 
been studied, none of these have been implemented in the standard of care for mCRC 
patients. An important reason for the absence of clinically useful biomarkers is the fact that 
the results of studies on biomarkers are often divergent and inconsistent and come from 
retrospective analyses derived from underpowered trials [78].  

4. Regorafenib 

Regorafenib is a novel oral multikinase inhibitor, that blocks the activity of several protein 
kinases, including kinases involved in the regulation of angiogenesis (VEGFR1, VEGFR2, 
VEGFR3, TIE2), the tumor microenvironment (PDGFR and FGFR) and the mutant oncogenic 
kinases KIT, RET, B-RAF and the oncogenic mutant of B-RAF. This combined inhibition of 
several proangiogenic pathways may theoretically prevent resistance and thereby prolong 
PFS [79].  

4.1 Dose, efficacy and tolerability  

A large placebo-controlled phase 3 trial (CORRECT) was performed with regorafenib versus 
placebo in patients who had progressed during or within 3 months after the last 
administration of the last standard therapy, or who had stopped standard therapy due to 
toxic effects [10]. North American, European, Australian and Asian patients were included in 
the study. Regorafenib was administered at a dose of 160 mg once daily for 3 weeks, 
followed by one week of rest. The results showed a moderate, but statistically significant 
survival benefit favoring regorafenib (6.4 months vs. 5.0 months, HR 0.77, p=0.0052). 
Although the survival benefit was observed in all subgroups, the benefit was most prominent 
(HR ≤ 0.70) in patients with KRAS wildtype tumors, ECOG Performance Score 0, or primary 
location in the colon. Regional differences were not observed. The phase 3 CONCUR trial 
also compared regorafenib with placebo in patients who had received at least 2 previous 
lines of treatment or who were unable to tolerate standard treatment, at the same dose and 
schedule as CORRECT but in an Asian population and with a smaller sample size [80]. The 
results showed a larger survival benefit for regorafenib compared to CORRECT (HR 0.55 
versus 0.77). However, the survival benefit in CONCUR was largely driven by the subgroup 
(40%) of patients who had not received previous targeted therapy. On the basis of the 
CORRECT study, regorafenib monotherapy has been approved in many countries for mCRC 
patients failing all available standard therapies. A total of 54% of patients receiving 
regorafenib in the CORRECT trial experienced grade ≥3 treatment-related adverse events, 
compared to 14% in the placebo group. Regorafenib dose reductions were performed in 38% 
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of patients. Hand-foot skin reaction (17%), fatigue (10%), diarrhea (7%), hypertension (7%), 
and rash or desquamation (6%) were the most frequently observed grade ≥3 toxicities. This 
has prompted discussions whether 120 mg once daily would be a more appropriate starting 
dose. 

4.2 Regorafenib combination treatment 

A phase 2 trial including 53 patients evaluated the efficacy and safety of regorafenib in 
combination with FOLFOX as first-line treatment for mCRC [81]. The study did not meet its 
primary endpoint of an increased response rate (43.9%) compared to historical data from 
patients treated with FOLFOX alone (35-55%). The secondary endpoint PFS (8.5 months) was 
comparable to results from other studies using FOLFOX and FOLFIRI alone (8.0 and 8.5 
months, respectively) [82]. Regorafenib-related adverse events, such as hand-foot skin 
reaction (36%) and diarrhea (70%) were commonly observed. Although the authors 
concluded that regorafenib plus FOLFOX did not appear to be associated with a markedly 
worse tolerability profile compared to FOLFOX, these data do not support the use of 
regorafenib in combination with chemotherapy as first-line treatment of mCRC. Other phase 
1/2 trials investigating regorafenib in combination with other agents are ongoing.  

4.3 Predictive factors  

The diverging Kaplan-Meier curves for PFS in the CORRECT trial at the time of first disease 
evaluation (2 months) suggest that a subgroup of patients with better outcome exists. 
However, to date, no predictive biomarkers have been identified. Although a retrospective 
analysis of protein biomarkers and circulating DNA in the serum showed a clinical benefit in 
a range of patient subgroups, the trial was not powered to assess the clinical activity in 
biomarker-defined subgroups [83]. Currently, several prospective explorative studies for the 
identification of predictive biomarkers for regorafenib are ongoing.  

5. Triflirudine/tipiracil (TAS-102) 

TAS-102 is an oral agent that has recently been approved and registered for mCRC patients, 
having failed all available standard treatments. TAS-102 is a combination of trifluridine, a 
thymidine-based nuclei acid analogue, and tipiracil hydrochloride, a thymidine 
phosphorylase inhibitor. Trifluridine is incorporated into DNA, causing its antitumor activity. 
Tipiracil hydrochloride prevents the rapid degradation of trifluridine [84,85]. The features of 
TAS-102 show similarities with fluoropyrimidines, but its mechanism of action is distinct. 
Both fluoropyrimidines and trifluridine can inhibit thymidylate synthase and be incorporated 
into DNA. However, the activity of fluoropyrimidines is related to its inhibition of 
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thymidylate synthase, whereas the antitumor activity of TAS-102 is due to its incorporation 
into DNA [86]. Importantly, TAS-102 shows only moderate cross-resistance to 5-FU in vitro 
[87]. Moreover, preclinical data indicates an increased cytotoxic potential for TAS-102 
compared to 5-FU in colon cancer cells [88].  

5.1 Efficacy, tolerability and predictive factors  

The promising potential of TAS-102 was further evaluated in clinical trials including both 
Asian and Western patients, resulting in an effective and safe dose regimen (35 mg/m2 twice 
daily on days 1-5 during week 1 and 2, followed by 2 weeks of rest) [89-91]. The first 
randomised, placebo-controlled phase 2 trial was conducted in Japan and the results 
showed a significant difference in the median OS (9.0 months vs. 6.6 months, p<0.001) 
favoring TAS-102 in patients with heavily pretreated mCRC [92]. These results were 
confirmed in a placebo-controlled phase 3 trial in a global population [3]. A significant and 
clinically relevant increase in median OS of 7.1 vs. 5.3 months (HR 0.68, p<0.001) was 
observed, with neutropenia as the only clinically meaningful grade ≥3 adverse event (38%). 
Other grade ≥3 toxicities, such as nausea (2%), vomiting (2%), diarrhea (3%), and febrile 
neutropenia (4%), were rare. TAS-102 dose reductions were performed in 14% of patients. 
The benefit of TAS-102 was observed in both Asian and Western patients and is particularly 
meaningful considering the fact that 90% of the included patients had been refractory to 
treatment with fluoropyrimidines. No predictive factors were identified, but the PFS curve of 
TAS-102, similar to that of regorafenib, suggests that predictive factors might be present. 

5.2 Combination treatment  

TAS-102 is a potential candidate for combination therapy. Preclinical studies have recognized 
several effective combinations in vitro and in vivo, including combinations with oxaliplatin, 
irinotecan, cetuximab, and bevacizumab [93-95]. The first phase 1 study assessing the 
recommended dose and safety of TAS-102 in combination with irinotecan has been 
completed, but due to a limited sample size, no conclusions could be drawn [96]. A Japanese 
phase 1/2 study investigating TAS-102 in combination with bevacizumab showed a PFS rate 
of 42.9% at 16 weeks and an acceptable toxicity profile, with a recommended TAS-102 dose 
of 35 mg/m2 twice daily on days 1-5 during week 1 and 2, followed by 2 weeks of rest with 
bevacizumab 5 mg/kg every 2 weeks [97]. Multiple phase 1 and 2 studies in mCRC patients 
are currently ongoing, investigating TAS-102 with irinotecan and bevacizumab and TAS-102 
with panitumumab. 
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6. Conclusion 

Capecitabine has shown non-inferiority or better in terms of efficacy and tolerability 
compared to intravenous 5-FU in various treatment regimens in mCRC. Its use is often 
preferred over intravenously administered fluoropyrimidines due to considerable 
advantages in patient convenience. In Asian populations, S-1 has shown comparable efficacy 
results compared to capecitabine and is associated with a lower incidence of HFS. The oral 
drugs regorafenib and TAS-102 have shown a statistically significant OS benefit compared to 
placebo in patients with mCRC who have failed all standard treatment options. The efficacy 
results of these drugs indicate that only a subgroup of patients responds to treatment. 
However, no predictive biomarkers have been identified to date.  

7. Expert opinion 

Oral anticancer drugs have shown advantages over intravenously administered drugs, 
especially in patient convenience. Potential disadvantages are their use in patients with 
gastrointestinal obstruction and/or malabsorption, and the possible lack of control on 
patient compliance. The introduction of the oral agent capecitabine in the treatment of 
mCRC has been a major improvement for patient convenience, and capecitabine is 
frequently being used as an alternative for infusional 5-FU/LV schedules. Although its side 
effects are generally manageable, HFS occurs in many patients, which is usually of low-grade 
(≤ grade 2 CTC). However, during prolonged exposure, as in maintenance schedules, the 
presence of low-grade HFS may also become problematic, especially in elderly patients. 
Therefore, alternative oral drugs with improved tolerability are warranted. In this respect, S-
1 has shown promising results in Asian mCRC patients, demonstrating a lower incidence of 
HFS compared to capecitabine. S-1 has shown non-inferiority in terms of efficacy in different 
regimens compared to current standard treatments. Therefore, S-1 can potentially become 
the backbone of systemic treatment in mCRC. Given the different metabolism of S-1 in Asian 
compared to Western patients, further studies to determine the efficacy and toxicity of S-1 
in Western populations are required. The Dutch SALTO study will provide more insights in 
this respect (ClinicalTrials.gov identifier: NCT01918852; EudraCT number: 2013-002147-28). 

The oral drugs regorafenib and TAS-102 have recently been added to the treatment options 
in mCRC, with a statistically significant OS benefit compared to placebo in mCRC patients 
who have failed all standard treatment options. Although these drugs have not been directly 
compared in a prospective study, the results of studies with regorafenib and TAS-102 
suggest a more favorable toxicity profile for TAS-102, which holds more promise for this drug 
as part of combination schedules in earlier lines of treatment. The feasibility and efficacy of 
combination regimens with TAS-102 or regorafenib with other cytotoxic and/or targeted 
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drugs should be carefully evaluated. Attention should be paid to any possible regional 
differences in pharmacokinetics/dynamics, which may have important implications for 
safety. Several phase 1 and 2 trials investigating regorafenib and TAS-102 in different 
combination schedules are currently ongoing. A randomised phase 2 study on TAS-102 
versus capecitabine, both with bevacizumab, is currently ongoing in the first-line treatment 
of mCRC (EudraCT number: 2015-004544-18). Regorafenib is currently being tested in the 
adjuvant setting in mCRC patients having undergone a radical resection of liver metastases 
(ClinicalTrials.gov identifier: NCT01939223; EudraCT Number: 2012-004369-42). 
Furthermore, it is obvious that only a subgroup of patients responds to treatment with TAS-
102 or regorafenib. Therefore, the identification of predictive biomarkers for both drugs is 
warranted, in order to reduce the number of patients who will be unnecessarily exposed to 
the toxicity and costs of these treatments.
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