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ABSTRACT

Colorectal cancer is the second cause of death from malignant cancer, following lung cancer. Approxi-
mately 35-45% of patients with colorectal cancer will develop distant metastases over time. Pallia-
tive systemic treatment remains the standard for non-operative distant metastases. TAS-102 is a novel
orally administered antineoplasmatic thymidine-based nucleoside analog which represents an ap-
proved option for the treatment of advanced metastatic colorectal cancer in patients who are refrac-
tory, or are not considered canditates for, currently available therapies.
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INTRODUCTION

Colorectal cancer (CRC) is the second most often diagnosed ma-
lignant cancer in Poland . At the same time, it is the second cause
of death from malignancies, following lung cancer. Just over
a quarter of patients at the time of diagnosis is recognized with
the metastatic form of CRC (mCRC). Additionally, another 35-45%
of patients will develop distant metastases over time [1, 2].

Palliative systemic treatment remains the standard for non-oper-
ative distant metastases. In the treatment of the first and second
lines, a combination of irinotecan or oxaliplatin with fluoropy-
rimidine is usually used. Moreover, molecularly targeted therapy
involving monoclonal antibodies against epidermal growth factor
receptor (EGFR) and against vascular endothelial growth factor
(VEGF) is used in the treatment of mCRC [3]. The introduction of
the above therapeutic options to clinical practice significantly ex-
tended the overall survival (OS) of the patients with mCRC with
median OS of up to 30 months [4, 5]. However, it should be noted
that some patients remain in good general condition after using
standard treatment and in case of further deteriorating, additional
or effective therapeutic options were not available for these pa-
tients. Recent large-scale clinical studies have shown the effective-
ness of two new drugs in mCRC patients after failure or intolerance
of mentioned above standard treatment. Both regorafenib and
TAS-102 affect the prolongation of OS. The following study dis-
cusses the mechanism of action and clinical efficacy of the latter.

THE ANTI-TUMOUR MECHANISM OF ACTION

OF TAS-102

The mechanism of action of TAS-102 is difficult to consider in
isolation from other chemotherapeutics that are analogues of
pyrimidines. Inhibition of nucleosides is one of the basic mech-
anisms used in classic cancer therapy for decades. Fluoropyrimi-
dines, such as 5-fluorouracil and its derivatives, are uracil-based
nucleic acid analogues that block the enzyme thymidylate
synthase (ST). This enzyme catalyses the reaction of methyl-
ene-tetrahydrofolate-dependent transformation of deoxyuri-
dine-5"-monophosphate (dUMP), leading to the formation of
thymidine-5"-monophosphate (dTMP), which is one of the main
substrates for biosynthesis of cellular deoxyribonucleic acid
(DNA). The ST-dependent reaction is the only source of dTMP
in the cell, therefore it is essential in DNA synthesis [6]. The im-
portance of the ST pathway is emphasized by the fact that ST
overexpression is observed in a number of cancers and is associ-
ated with worse prognosis [7]. 5-fluorouracil (5-FU) is converted
into fluorodeoxyuridine-5"-monophosphate (FAUMP) in the cell,
which is then recognized by ST as a false substrate and under-
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goes a partial reaction catalysed by this enzyme, blocking it by
forming a stable enzyme-FdUMP-complex methyl group donor
[8]. The accumulation of another 5-FU metabolite, fluorodeoxy-
uridine triphosphate (FAUTP) together with physiological dUTP
in the cell causes their incorrect incorporation into DNA and con-
sequently, during the repair attempt of the DNA, it causes the
strand to break resulting in cell death [9]. Fluorouridine triphos-
phate (FUTP) is the third active anti-cancer metabolite of 5-FU, its
incorporation int ribonucleic acid (RNA) leads to its damage [10].
The cytotoxicity of 5-FU associated with DNA damage is more
pronounced during long 5-FU infusions, whereas the 5-FU bo-
lus infusion causes the cytotoxicity by RNA damage [11]. Other
fluoropyrimidine derivatives, such as capecitabine, tegafur-uracil
and S-1 also act through the mechanisms of cell damage men-

tioned above. They are all converted to 5-FU in vivo [12, 13].

TAS-102 is a combination of analogue of thymidine-based nucle-
oside trifluridine (FTD) and thymidine phosphorylase (FT) inhib-
itor — typiracil hydrochloride (TC) in a molar ratio of 2:1. The half-
life of FTD after intravenous administration is short due to the
rapid degradation to its metabolites, i.e. trifluoromethyl deoxy-
uridine 5-monophosphate (FATMP) [14]. This metabolite bounds
with the active area of the ST becoming its strong inhibitor.
Importantly, the inhibition is reversible because, unlike FAUMP,
FATMP does not form a ternary complex with the enzyme, hence
the inhibition stops after washing away FTD and metabolites
[15-17]. Further phosphorylation of FATMP results in the for-
mation of metabolite, such as trifluoromethyl deoxyuridine
5-triphosphate (F3dTTP), which can be substituted for DNA
[11, 13, 18]. The substitution of F3dTTP to DNA is catalysed by
the a subtype DNA polymerase and occurs mainly in the sites op-
posite to adenine [19]. In the laboratory models, FTD derivatives
are incorporated into DNA much more intensively than 5-FU and
therefore reach a concentration several times higher than the
former [20]. It may be related to the fact, that unlike FAUTP, the
F3dTTP is not a substrate for dUTPase - an enzyme that hydrolyz-
es deoxyuridine triphosphate to deoxyuridine monophosphate,
blocking the same incorporation of uracil and its analogues into
DNA [13, 19]. Interestingly, the intensity of FTD incorporation
into DNA is much higher in cancer cells when compared to the
physiological cells, which is probably associated with increased
activity of the pyrimidine metabolic pathway in cancer tissues
[13, 19]. The abilities of DNA to be repaired through the base
pair excision, differ significantly in the case of FTD-induced DNA
damage in comparison to 5-FU-induced damage. Glycosylases
responsible for recognizing and excluding damaged bases that
are involved in the removal of uracil and 5-FU, primarily UNG,
SMUGT, TDG and MBD4, are inactive in the case when FTD is
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paired with adenine. In the situation of combining FTD with gua-
nine, TDG and MBD4 glycosylases remain active, however, such

pairing occurs much less frequently [21].

Also, the second component of TAS-102, TC, has some anti-tu-
mour activity: by inhibiting FT, it reduces angiogenesis. Thy-
midine phosphorylase exhibits the activity of platelet-derived
endothelial cell growth factor and promotes tumour growth
through mechanisms associated with endothelial cell migration
[22,23]. 1t has been shown in animal models that TC inhibits FT-in-
duced angiogenesis and blocks the development of metastases
[24, 25]. However, it should be noted that using the same doses
as during TAS-102 therapy, the described effect of TC on tumour
development is probably marginal. The effect of TC on the phar-
macokinetics of FTD is much more important. The half-life of FTD
after intravenous administration in humans is short and is only
18 minutes [26]. In turn, after oral administration, plasma FTD
concentration is very low, which is caused by its degradation by
FT, an enzyme that catalyses phosphorolysis, including FTD, in
the intestines and liver [27, 28]. The addition of an FT inhibitor,
such as TC, to FTD significantly improves its bioavailability and
thus clinical effectiveness of TAS-102.

CLINICAL EFFECTIVENESS AND SAFETY OF TAS-102
THERAPY

The positive effect of TAS-102 on extending the OS of patients
with mCRC was demonstrated in randomized clinical trials: one

phase Il and two phase Il

112 patients were enrolled in the Phase Il study in Japan, the
stratification to both arms of the study (TAS-102 vs. placebo)
was 2:1. Eligible patients were in a fairly good general condi-
tion after not responding to or not tolerating at least two system-
ic lines of treatment, with the majority of patients being treated
with at least three lines of systemic therapy (irinotecan-based
chemotherapy, oxaliplatin fluoropyrimidines in all patients, most
of them also received anti-EGFR and anti-angiogenic treatment).
The inclusion criteria for the study were: the ability of complet-
ing the oral therapy, adequate efficiency of bone marrow, liver
and kidneys as well as the occurrence of measurable changes.
All patients received appropriate symptomatic treatment. The
primary endpoint of the study was OS, whose median was 9
months (95% Cl 7.3-11.3) in the TAS-102 group and 6.6 months
(95% Cl 4.9-8.0) in the placebo group. In the patients treated with
TAS-102 haematological complications of at least Ill grade were
observed, half of the group had neutropenia, leukopenia occurred
in 28%, and anaemia in 17% of patients receiving the drug. None
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of the patients in the control group had grade Ill or IV neutropenia
or leukopenia, while 5% of the patients had anaemia. In addition,
small, but statistically significant differences in the number of ad-
verse events between the arms of the study concerned the occur-
rence of diarrhoea, nausea and anorexia [29].

Similar results were obtained in the phase Ill study - RECOURSE
(TAS-102 + best supportive care, BSC vs. placebo + BSC). The study
included 800 patients with mCRC previously treated with at least
two chemotherapy regimens containing fluoropyrimidine, oxalip-
latin, irinotecan and bevacizumab (the above drugs were previ-
ously received by all patients included in the study) and anti-EGFR
therapy in patients with wild-type KRAS. Nearly 20% of respond-
ents also received regorafenib as part of previous therapy. Only
people in good general condition were qualified for the study,
the majority were Caucasian (57%), slightly more than a half had
a KRAS gene mutation. The primary analysis of the results achieved
a statistically significant difference at the primary endpoint of
OS of 1.8 months (7.1 vs. 5.3 months) in favour of TAS-102 [30].
A recently updated survival analysis increased this difference to
2 months (mOS: 7.2 vs. 5.2 months) [31]. Significant changes were
observed regardless of race and mutation status of RAS genes.
Also in terms of time to disease progression (PFS) a small but sta-
tistically significant difference (2.0 vs. 1.7 months) was achieved,
which was also observed in the abovementioned subgroups. In
addition, TAS-102 therapy extended the time to deterioration in
Eastern Cooperative Oncology Group (ECOG) score compared to
BSC, defined as a change from baseline of 0 or 1 to a value of 2 or
higher. The difference was 1.7 months (5.7 vs. 4.0 months). Disease
control (DCR, complete/partial response or stabilization of the dis-
ease assessed at least 6 weeks after randomization) was achieved
in 44% of patients in the TAS-102 group and 16% of patients in
the placebo group (p < 0.001). Adverse events (AE) of grade Il
or higher were more common in the TAS-102 group than in the
placebo group (69% vs. 52% of patients). The differences in the
frequency of AE mainly related to haematological complications:
neutropenia (38% vs. 0%), anaemia (18% vs. 3%) and thrombo-
cytopenia (5% vs. < 1%). In addition, nausea, vomiting and diar-
rhoea were slightly more common in patients receiving TAS-102.
In turn, no differences were observed in the occurrence of liver or
kidney dysfunction, anorexia, stomatitis and cardiac events.

The TERRA study, the second clinical study of phase lll, evaluating
TAS-102 activity in mCRC patients, was limited to the Asian pop-
ulation only. Similarly to RECOURSE, the study included adults
with mCRC in good general condition (ECOG Score: 0 or 1), who
had previously been treated with at least two lines of treatment,
regardless of the state of the KRAS gene. Patients were assigned in
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a 2:1 ratio to both arms of the study (TAS-102 + BSC vs. placebo +
BSC), the majority of the patients were male, the median age was
58 years (24-81 years), most patients did not have the KRAS gene
mutation (63%) and nearly half of the respondents were treated
with biological therapies: anti-VEGF, anti-EGFR or both. The re-
sults confirmed the effectiveness of the study drug. The median
of OS was significantly longer in the TAS-102 group compared to
the placebo group (7.8 vs. 7.1 months, respectively). The analysis
of the subgroup showed the benefit of chemotherapy for all pa-
rameters, except age. The differences in progression free surviv-
al (PFS) (2.0 vs. 1.8 months) and time to treatment failure (TTF)
(1.9 vs. 1.8 months) also proved statistical significance. The dis-
ease control rate (DCR) was clearly higher in the examined arm
(44.1% vs. 14.6%). The AE of grade lll or higher were more com-
mon in subjects receiving study medication (45.8%) compared
to the placebo group (10.4%). The largest differences concerned
the incidence of neutropenia (33.2% vs. 0%) and anaemia
(17.7 vs.5.9%) [32].

Firstly, the differences in endpoint values of both studies Ill could
be explained by an additional stratifying factor in the RECOURSE
study, which was the time from diagnosis of metastatic disease.
Being an independent factor in OS prolongation, the uneven dis-
tribution of this parameter in favour of the placebo group in the
TERRA study could have overstated the expected survival. Second-
ly, the differences could have been due to the disproportionsin the
availability of prior biological therapy in the populations includ-
ed in both studies. Unscheduled subgroup analysis in the TERRA
study showed an increase in the median OS difference between
study arms among patients previously receiving biological thera-
py. Such patients constituted a significantly smaller percentage of
patients compared to patients included in the RECOURSE study.

There is evidence confirming both the safety and the effective-
ness of therapy and was provided by retrospective analyses of
patients who received TAS-102 in the national expanded access
programs. The former was carried out in the Netherlands and
a total of 136 patients were analysed. The population of Dutch
patients treated with TAS-102 differed from the population stud-
ied in the RECOURSE study. Twelve patients (9%) did not meet
the RECOURSE qualification criteria because of ECOG perfor-
mance grade lI, eight patients (6%) had not previously received
at least two systemic treatment lines. In addition, 35 patients
had not previously received all standard treatments, primarily
regarding the use of bevacizumab (37 patients, 27%). A total of
43 patients (32%) were considered as not eligible for treatment
according to the RECOURSE study criteria. After a median fol-
low-up of 4.2 months, disease progressed in 120 patients (88%)
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and 93 patients died (68%). The median PFS was 2.1 months
(95% ClI 1.8-2.3), while the median OS was 5.4 months (95% Cl
4.0-6.9). The analyses of subgroup indicated that the subgroup
of patients who received TAS-102 therapy at the early stage of
treatment (and for this reason not meeting the RECOURSE crite-
ria, n = 35) had a higher median OS (8.5 months; 95% Cl, 5.2-11.8)
compared to the patients who had previously been treated with
all available therapies (mOS 4.7 months; 95% Cl 3.6-5.8). The me-
dian OS in patients with ECOG PS 0-1 was 5.9 months (95% Cl,
4.4-7.3), compared to 3.2 months (1.4-5.0) in patients with grade
Il according to ECOG. The safety analysis reported fewer AE of at
least 3 stage compared to data obtained in the RECOURSE study
(44% vs. 69%), the most common was neutropenia (44%). This
discrepancy could have been influenced by i.e. higher percent-
age of patients who received the reduced dosage compared to
the registration study (23% vs. 14%) [33].

Similar results were provided by the Italian analysis of 341 pa-
tients treated in the expanded access program in this country.
Patients included in the analysis constituted a similar popula-
tion as in the RECOURSE study, 2% of patients did not meet the
criteria for ECOG performance status and 6% did not have the
required amount of prior systemic treatment. The median OS
achieved was 6.2 months (95% Cl 5.4-7.2), while the median PFS
was 2.4 months (95% Cl 2.2-2.6). The estimated 1-year OS and
the estimated 6-month PFS were 26% and 19%, respectively.
The safety profile coincided with the registration study. Inter-
estingly, the development of at least grade 3" neutropenia at any
time during treatment was associated with both PFS (HR = 0.44;
95% (1 0.35-0.55; p < 0.001) and OS (HR = 0,35; 95% Cl 0.28-0.45;
p < 0.001). After the transformation reducing the impact of the
number of cycles on the result, the above relationship was still
observed in the case of OS, with a tendency to significance in
the PFS range (p = 0.095). It is worth noting that more than half
of the patients included in the analysis were treated with both
TAS-102 and regorafenib. 121 patients received regorafenib
before TAS-102, while 61 patients underwent the reverse se-
quence. There were no differences in the first PFS (HR = 0.96;
95% Cl 0.71-1.31; p = 0.808), the second PFS (HR = 1.06;
95% C1 0.75-1.50; p = 0.737) and OS (HR = 0.85; 95% Cl 0.85-1.56;
p = 0.388) between two subgroups [34].

PREDICTIVE FACTORS FOR RESPONSE TO TAS-102
TREATMENT

The above data show that half of the patients treated with
TAS-102 do not benefit from this procedure. At the same time,
the predictions of response to treatment with this drug are not
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known. A model developed for refractory mCRC patients can help
with appropriate selection for therapy. It assesses the probability
of death of the patient within the next 12 weeks. It was devel-
oped for patients receiving TAS-102 or regorafenib, an oral tyros-
ine kinase inhibitor also used in this indication. Life expectancy
> 12 weeks was the inclusion criterion for including both drugs
in the registration tests and and can also be used in daily clini-
cal practice. The resulting “ColonLife” nomogram includes four
variables: ECOG performance status, primary tumour resection,
lactate dehydrogenase level and peritoneal involvement (fig. 1)
[35]. The value of the nomogram was confirmed in another anal-
ysis, including patients treated with the TAS-102 treatment in the
extended access program in lItaly. In addition, the clinical and
molecular characteristics of patients without disease progression
after 6 months were compared, the significant variables occurred:
ECOG performance status, serum LDH, previous tumour resection,
and the time since diagnosis of metastatic disease (< 18 months
vs. > 18 months). As seen, they mostly coincided with the “Colon-
Life” model. Interestingly, tumour-related features, such as the
number and location of metastases, were widely considered to be

a negative prognostic factor in oncology [36].

FIGURE 1.
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CONCLUSIONS

The registration of TAS-102 in the treatment of patients with
mCRC extends the new therapeutic possibilities after failure or
intolerance of standard treatment. TAS-102 therapy should be
however limited to patients in good and very good ECOG perfor-
mance status as demonstrated by both registration studies and
subsequent clinical analyses. Therapy with TAS-102 was associat-
ed with a significantly longer OS and PFS. From the perspective
of quality of life, it is also important to observe the increase in
time until the deterioration of general performance. Complica-
tions of TAS-102 treatment occur in the majority of patients and
their profile mainly concerns haematological complications.
Studies directly comparing TAS-102 with regorafenib are not
available, however, available data confirm the efficacy of the
sequential use of both drugs, and the order of such configu-
ration remains irrelevant. The optimal selection of patients for
TAS-102 therapy can be supported by the “ColonLife” nomo-
gram, assessing the possibility of 12-week survival of refractory
patients with mCRC. There are ongoing studies assessing the ef-
fectiveness of pairing TAS-102 with targeted treatment or other

cytostatics, including bevacizumab, panitumumab, binimetin-

A12-week deathnomogram. The nomogram provides amethod to calculate 12-week probability of death after investigator’s assessed
date of refractory mCRC. Touse, locate primary tumor resection (yes, no), draw a line straight up to the ‘Points’ axis to determine the
score associated to primary tumor resection. Repeat for the other three variables: ECOGPerformance Status (0,1 or 2), LDH value and
pres-ence of peritoneal metastases (no, yes). Sum the scores and locate the total score on the ‘Total Points’ axis. Draw a line straight

downwards to the ‘Probability’ axis to obtain the probability.

0 10 20 30 40 50 60 70 80 90 100
Points 1 1 1 1 1 1 1 1 1 1
Primary tumor No
resection
Yes
1
PS ECOG :
0 2
LDH (U/1) : : : : : : : : .
0 250 500 1000 1500 2000 2500 3000 3500 4000
Peritoneal Yes
Metastasis
o
Total points : : : : : ; ; .
0 10 20 30 40 50 60 70 80 90 100 110 120
Probability . . . . . . . — : : .
0.08 0.1 0.15 02 0.3 0.4 0.5 0.6 0.7 0.8 0.85 09092 094 0.96 0.98
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ib, also in early lines of treatment. The results obtained so far  to the effectiveness and acceptable toxicity described above,

seem promising and provide solid foundations to continue the ~ remains an interesting therapeutic option for carefully selected

research in the future. Currently, TAS-102 monotherapy, thanks ~ patients with advanced CRC.
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