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ABSTRACT
Background: The treatment options for patients with therapy refractory metastatic colorectal cancer
(mCRC) are sparse. TAS-102 (FTD/TPI) is a new oral anti-tumour agent composed of a nucleoside
analogue, trifluridine, and a thymidine phosphorylase inhibitor, tipiracil, indicated for patients with
mCRC who are refractory to standard therapies. This study summarizes published and unpublished
experience with FTD/TPI in clinical practice settings.
Patients and methods: The Medline/PubMed, Embase and Cochrane Library databases were searched
to identify observational studies on FTD/TPI monotherapy for mCRC. Papers describing use of FTD/TPI
monotherapy outside clinical trials in series of patients evaluable for effectiveness were eligible. The
outcomes of interest were median progression free survival (mPFS), median overall survival (mOS) as
well as mean PFS time restricted to six months (PFS6m) and mean OS time restricted to one year
(OS1y). Results of the pooled analyses of observational studies were compared to the results of the
Japanese phase II trial and the two phase III trials, RECOURSE and TERRA.
Results: Seven published and two unpublished studies with 1008 patients from 64 centres were
included for analysis. The pooled mPFS was 2.2 months (95% CI 2.1 to 2.3 months), and the pooled
mOS was 6.6 months (95% CI 6.1 to 7.1 months). PFS6m was 2.9 months (95% CI 2.6 to 3.1 months)
and OS1y was 6.8 (95% CI 6.0 to 7.5) months. While these results all reflect RECOURSE, the pooled
mOS is lower than in the phase II trial and the OS1y is inferior to both the phase II trial and TERRA.
Conclusion: This systematic review and a meta-analysis indicates that in real life settings, the survival
benefit of FTD/TPI monotherapy in patients with therapy refractory mCRC reflects the outcomes in
RECOURSE but is inferior to outcomes in the two Asian efficacy trials.

WHAT IS ALREADY KNOWN

TAS 102 (Lonsurf) is an oral fixed dose combination of trifluridine (FTD) and tipiracil (TPI) indicated as
salvage-line treatment in patients with therapy refractory metastatic colorectal cancer (mCRC).
A Japanese phase II trial and two phase III trials, RECOURSE and TERRA, demonstrated that FTD/TPI
prolonged overall survival.

WHAT THIS STUDY ADDS

This systematic review and meta-analysis of real life data from 64 sites indicates that the effectiveness
in daily clinical practice settings of FTD/TPI monotherapy in late stage mCRC reflects the outcomes in
RECOURCE but is inferior to the outcomes in the Japanese phase II trial and TERRA.
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Introduction

TAS-102 (FTD/TPI) is an oral combination of the antineoplas-
tic nucleoside analogue trifluridine (FTD) and the thymidine
phosphorylator inhibitor tipiracil (TPI). The primary cytotoxic
mechanism is DNA dysfunction through incorporation of tri-
phosphorylated FTD into DNA by thymidine kinase. This
mechanism of action is distinct from the inhibition of thymi-
dylate synthase caused by 5-FU and other fluoropyrimidines
[1]. Reducing degradation of FTD, TPI improves the bioavail-
ability and ensures sufficient blood concentrations of FTD.

FTD/TPI is indicated for patients with metastatic colorectal
cancer (mCRC) who have been treated with fluoropyrimidine-,
oxaliplatin-, or irinotecan-based chemotherapies and antibod-
ies targeting vascular endothelial growth factor (VEGF) and
epidermal growth factor receptor (EGFR).

FTD/TPI was approved for refractory mCRC in Japan
(March 2014) [2] and subsequently, the RECOURSE trial led to
approval in the United States (September 2015) and Europe
(April 2016) [3]. The efficacy and safety of FTD/TPI monother-
apy in adults with refractory mCRC was first demonstrated in
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a Japanese phase II trial by Yoshino et al. [4] and later in the
pivotal phase III RECOURSE trial [5]. The latter study showed
that compared with placebo, FTD/TPI increased median over-
all survival (mOS) from 5.3 to 7.1 months (p< .001) and
median progression free survival (mPFS) from 1.7 to 2.0
months (p< .001). Recently, a second phase III trial in an
entirely Asian population, TERRA, confirmed these results [6].
Patients enrolled in these efficacy studies were adults with
mCRC who had had two or more regimens of standard
chemotherapy, and in whom fluoropyrimidine, irinotecan,
and oxaliplatin did not work or were unsuitable. In
RECOURSE, but not in Yoshino et al. or TERRA, patients must
also have had bevacizumab before enrolling in the study
while patients with KRAS wild-type tumours must have had
an anti-EGFR antibody.

The primary goal of the efficacy trials was to establish effi-
cacy and safety of FTD/TPI in carefully selected groups of
patients. In clinical use, however, new drugs are typically
used in a less standardized manner to a more heterogeneous
patient population [7]. This means that even though the evi-
dence from the clinical trials favours FTD/TPI, it may not
inform routine clinical practice if the efficacy demonstrated
in clinical trials differs from the effectiveness that can be
achieved in real life settings [8]. To determine if the efficacy
of FTD/TPI can be replicated in real life circumstances, we
need effectiveness studies that provide results that are more
applicable to clinical practice [7]. Since approval of FTD/TPI,
several observational studies have been published that
describe the experience with FTD/TPI outside the context of
a clinical trial and recently, Yoshino et al. reviewed real life
safety of FTD/TPI [2]. The aim of the present study was to
conduct a systematic review of observational studies on the
effectiveness of FTD/TPI in clinical practice settings. Second,
we conducted a meta-analysis of these trials and compared
the effectiveness of FTD/TPI to the efficacy reported in
Yoshino et al. [4] and the two phase III trials, RECOURSE [5]
and TERRA [6].

Material and methods

Using the terms trifluridine and tipiracil, TAS-102, and Lonsurf,
we searched Medline/PubMed, Embase and Cochrane Library
databases up to 19 June 2018 to identify published articles
on FTD/TPI for mCRC. Observational studies in English,
German, or Danish describing clinical experience with FTD/
TPI monotherapy in series of patients evaluable for effective-
ness were included. We excluded papers reporting phases I,
II, or III trials, case reports and series with less than 10
patients, and publications in other languages or available
only in abstract form. To locate additional relevant publica-
tions, we searched the references of the retrieved articles
manually. Furthermore, we contacted members of the five
Danish regional drug and therapeutic committees (D&TC)
and authors of published conference abstracts by email to
identify unpublished data series.

The risk of bias within each of the included studies was
assessed using the JBI critical appraisal checklist for cohort

studies [9]. Publication bias was assessed from visual inspec-
tion of funnel plots for mPFS and mOS.

From each of the included studies two authors (SEA and
IBA) extracted following demographic data: age, gender,
Eastern Cooperative Oncology Group performance status
(ECOG PS), location of the primary tumor, KRAS mutational
status, time from diagnosis of metastatic disease to FTD/TPI
treatment, and number and type of previous lines of therapy
for mCRC. The extracted effectiveness outcomes comprised
mPFS and mOS. Supplementary Information on the actual
response evaluation frequency and the ethnicity of the study
patients was requested from the corresponding authors of
all the included studies. One author extracted data and a
second author reviewed the extracted data to ensure accur-
acy. Discrepancies were discussed and resolved coopera-
tively. For the study characteristics, we computed descriptive
statistics and used odds ratios with 95% confidence intervals
(CI) to compare with the FTD/TPI arms of the three efficacy
trials. Since some of the included studies did not provide
complete population data, we present the number of studies
and total number of patients from which each outcome of
interest was derived.

All identified observational studies were included in the
primary analyses and the Asian series were included in a sec-
ondary meta-analysis. We used Cochran’s Q and I2-test to
evaluate heterogeneity amongst studies and when low, we
used a fixed effect model to calculate the pooled summary
statistics. Otherwise, we used a random effects model. If not
explicitly provided, standard errors were calculated from the
confidence intervals. One study [10] failed to provide stand-
ard errors or confidence intervals and the standard errors
were imputed from variance observed in the other included
studies. All calculations were performed in Excel (Microsoft
Corporation, Redmond, WA, USA) and based on a method
described by Neyeloff et al. [11].

When the included papers reported Kaplan–Meier curves,
we used the Automeris software (apps.automeris.io/wpd) to
scan and reconstruct the PFS and OS survival curves. From
unpublished series, we extracted individual patient data and
used software R version 3.5.0 (The R Foundation for
Statistical computing) to generate survival curves using
Kaplan–Meier estimates (Supplementary Appendix 1).

Subsequently, we integrated the Kaplan–Meier curves
using the trapezoidal method. From these areas we calcu-
lated the restricted mean survival times (RMST) that is the
area under the survival curve from t¼ 0 limited to some
time horizon [12]. The length of follow-up in the included
studies varied. Thus, to be able to include data from all stud-
ies with Kaplan–Meier curves, we chose a six month time
horizon for the mean PFS time (PFS6m) and a 12 month time
horizon for the mean OS time (OS1y). Subsequently, we cal-
culated the weighted averages of PFS6m and OS1y with 95%
CI [13] in Excel using the square root of the size of the study
as weight. Secondly, we calculated PFS6m and OS1y of the
Asian series only (five published and one unpublished).
PFS6m and OS1y express the average number of months
future patients are expected to live without progression and
the average number of months they are expected to survive
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out of the first six and twelve months of follow-up,
respectively.

Results

Initially, 752 publications were retrieved and assessed for eli-
gibility by title and abstract, 716 of which were not observa-
tional studies and, therefore, not included (Figure 1).
Additionally, 20 publications were excluded because either
they described phases I, II, or III trials, were conference
abstracts, or they were not written in English, German, or
Danish. Moreover, eight studies were excluded that were
duplicates or described data that had been published twice.
Finally, one study was excluded due to methodological flaws.

In total, seven published and two unpublished studies
with 1008 patients from 64 Japanese and European centres
were included (Table 1). The studies were published between
2016 and 2018 (Table 1). The unpublished series were
Japanese and Danish (Supplementary Appendix 1). The for-
mer was identified from a conference abstract [14] and com-
prised individual data on 17 patients from Izumi City General
Hospital who had received FTD/TPI monotherapy for chemo-
refractory mCRC from July 2014 to June 2018. The latter

series had been collected by the Danish D&TCs and com-
prised data on all non-trial patients (n¼ 21 from four sites)
who had received FTD/TPI for chemo-refractory mCRC from
January 2017 to June 2018 outside clinical trials. The D&TCs
had collected these anonymised, retrospective data from the
attending oncologists to monitor the treatment quality and
effectiveness in real life settings because the Danish Council
for Coordinated Use of Hospital Drugs in June 2016 rejected
FTD/TPI as standard therapy but allowed limited use based
on individual clinical assessment.

Visual inspection of the funnel plots for mPFS and mOS
(Figure 2) revealed no asymmetry suggesting that publica-
tion bias was not an influential factor. The methodological
study quality was generally good (Supplementary Appendix
2). Four studies, however, reported no details on actual dose
intensity [15–18], two studies reported no data on the
assessment of tumor progression [16,17], and two studies
did not address confounding factors [19,20].

Depending on the patient characteristics, 5–9 of the stud-
ies provided adequate information (Table 2). Most of the
patients (93%) included in the observational studies had
good performance status (ECOG PS 0 or 1), the majority
were men, and in 60% colon was the primary site of tumor.
About one third of the patients had received one or two

Figure 1. Consort diagram.

ACTA ONCOLOGICA 1151

https://doi.org/10.1080/0284186X.2019.1605192
https://doi.org/10.1080/0284186X.2019.1605192


previous lines of therapy, one third had received three previ-
ous lines, and a third had received four or more previous
lines. More than 90% of the patients for whom data were
available had been treated with 5-flouropyrimidines, irinote-
can, and oxaliplatin. The majority had also received bevacizu-
mab or ramucirumab while 40% had received cetuximab or
panitumumab. Furthermore, nearly one third of the patients
had received regorafenib. Compared to the RECOURSE popu-
lation, the patients in the observational studies had poorer
performance status, more had KRAS mutations, and more
had had metastatic disease for less than 18 months when
receiving FTD/TPI. However, the included patients had
received fewer previous lines of therapy, fewer patients had
been exposed to anti-EGFR monoclonal antibodies, and more
had received regorafenib. Compared to the Japanese phase
II population, the patients in the observational studies had
poorer performance status, more had KRAS mutations, and
fewer had received anti-EGFR antibodies. Compared to the
TERRA population, the patients in the observational studies
had higher performance status, more had KRAS mutations,
and fewer had had metastatic disease for less than 18
months. They had also received fewer previous lines of ther-
apy but more had received anti-EGFR monoclonal antibodies.

All nine included studies reported mPFS. Between study
heterogeneity was very low (I2 ¼ .00, Cochranes Q¼ 7.83,

p¼ .45) and, therefore, a fixed effect model was applied. The
pooled mPFS was 2.2 months (95% CI 2.1 to 2.3 months).
Data on mOS was also available from all included studies.
Heterogeneity was low to moderate (I2 ¼ 28.6, Cochranes
Q¼ 11.2, p¼ .19) and a fixed effect model was applied. The
pooled mOS was 6.6 months (95% CI 6.1 to 7.1 months). A
random effects model produced a similar estimate of mOS
(6.5 months (95% CI 5.8 to 7.2 months)). While the pooled
mPFS is in line with the outcomes in the FTD/TPI-arms of the
three efficacy trials, the pooled mOS is inferior to the mOS in
Yoshino et al. (Table 3). Figure 3 shows the forest plots.

Including only the six Asian series with 510 patients, the
pooled mPFS was 2.1 months (95% CI 1.9 to 2.2 months)
and the pooled mOS was 7.0 (95% CI 6.4 to 7.7 months).
Both outcomes reflect the outcomes in all of the three effi-
cacy studies (Table 3).

Six published [10,15–17,19,20] and two unpublished stud-
ies (Supplementary Appendix 1) with a total of 667 patients
provided Kaplan–Meier curves and informed the calculation
of average restricted mean survival times (Figure 4). The
PFS6m was 2.9 months (95% CI 2.6 to 3.1 months) and the
OS1y was 6.8 months (95% CI 6.0 to 7.5 months). Both PFS6m
and OS1y reflect the FTD/TPI-arm of REOURSE but OS1y is
inferior to the outcomes from both of the Asian efficacy stud-
ies (Table 3). Including only the six Asian series, the PFS6m

Figure 2. Funnel plots. Funnel plots with pseudo 95% confidence limits for median progression free survival (left) and median overall survival (right). The dotted
lines illustrate the pooled estimates.

Table 1. The included studies.

Study (Reference) Country
Compassionate
use programme

Number
of centres

Initial dose
of FTD/TPI

Median
duration of
FTD/TPI

Frequency of
computer

tomography
evaluation

Median follow
up (months)

Study
size Ethnicity

Sueda et al. [19] Japan No 1 Standarda 3 cycles Every 2 monthb 6.1 14 100% Asianb

Ota 2018 Japan No 1 Standarda

in 65%
1 cycle Doctor’s choiceb 5.2 17 100% Asianb

Arita et al. [10] Japan No 6 Standarda

in 86%
3 cycles NA NA 43 NA

Masuishi et al. [15] Japan No 2 Standarda

in 94%
NA Every 2 to 3

months
5.9 54 NA

Kotani et al. [20] Japan No 1 Standarda

in 96.4%
NA NA NA 55 NA

Moriwaki et al. [16] Japan No 24 NA NA Doctor’s choiceb 17.6 327 100% Asianb

Andersen Denmark No 4 Standarda 2 cycles Doctor’s choice 4.5 21 100%
Caucasian

Kwakman et al. [17] The Nether-lands Yes 17 Standarda NA NA 4.2 136 NA
Cremolini et al. [18] Italy Yes 8 Standarda 2 cycles Every 10 weeksb 13.3 341 99%

Caucasianb

aStarting dose 35mg/m2 twice daily, on days 1–5 and 8–12 of every 28-day cycle repeated until progression, unacceptable toxicity, death, or patient refusal.
bPersonal communication with the corresponding author.
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was 3.0 months (95% CI 2.7 to 3.2 months) and the OS1y was
7.2 months (95% CI 6.6 to 7.8 months). Although, the OS1y in
the Asian studies better reflects both phase III trials, it is still
inferior to the outcome in Yoshino et al. (Table 3.)

Discussion

Worldwide, colorectal cancer is among the most common
cancers [21] and most common causes of cancer death [22].
Almost 55% of the cases occur in the more developed coun-
tries [22]. The treatment options include fluoropyrimidines,
oxaliplatin, and irinotecan, as well as monoclonal antibodies

targeting the angiogenesis (bevacizumab and ramucirumab)
or in RAS wild-type tumours the EGF-receptor (cetuximab
and panitumumab). In patients not responding to these
therapies, only two treatment options are currently available:
regorafenib and FTD/TPI. Recently, the effectiveness and
safety of regorafenib was reviewed [23]. In the present study,
we analyse real life experience with FTP/TPI from more than
1000 patients treated in 64 centres and report that FTD/TPI
is associated with a mPFS of 2.2 months (95% CI 2.1 to 2.3
months) and a mOS of 6.6 months (95% CI 6.1 to 7.1
months). Since the included studies are uncontrolled, our
data do not allow quantification of the actual survival benefit

Table 2. Characteristics in patients from FTD/TPI-groups of the three randomized controlled trials (the RECOURSE phase III trial [5], the Japanese phase II trial
[4], and the TERRA phase III trial [6]), and in the current pooled analysis of observational studies.

Pooled real
life studies

Total patients
with data (series

with data)
n¼ 1008 (9)

RECOURSE
(n¼ 534)

Odds ratio
(95% CI)

Yoshino
et al.

(n¼ 112)
Odds ratio
(95% CI)

TERRA
(n¼ 271)

Odds
ratio(95% CI)

Median age, years 63.5a 954 (8) 63 63 58
Age (range), years 29–88 27–82 28–80 26–81
Gender, n (%)
Male 611 (61%) 1008 (9) 326 (61%) 0.98 (0.79–1.22) 64 (57%) 1.15 (0.78–1.71) 170 (63%) 0.91 (0.69–1.21)
Female 397 (39%) 208 (39%) 48 (43%) 101 (37%)

ECOG PS, n (%)
0 421 (44%) 954 (8) 301 (56%) 0.61 (0.49–0.76) 72 (64%) 0.44 (0.29–0.66) 64 (24%) 2.55 (1.88–3.48)
1 463 (49%) 954 (8) 233 (44%) 1.22 (0.98–1.51) 37 (33%) 1.91 (1.26–2.89) 207 (76%) 0.29 (0.21–0.40)
�2 78 (7%) 1008 (9) 0 (0%) – 3 (3%) 2.92 (0.91–9.42) 0 (0%) –

Primary site of
tumour, n (%)
Colon 90 (60%) 150 (5) 338 (63%) 0.87 (0.60–1.26) 63 (56%) 1.17 (0.71–1.92) 154 (57%) 1.14 (0.76–1.71)
Rectum 60 (40%) 196 (37%) 1.15 (0.79–1.67) 49 (44%) 0.86 (0.52–1.41) 117 (43%) 0.88 (0.58–1.32)

KRAS mutation, n (%)
No 376 (37%) 1008 (9) 262 (49%) 0.62 (0.50–0.76) 54 (55%) 0.64 (0.43–0.95) 172 (63%) 0.34 (0.26–0.45)
Yes 622 (62%) 272 (51%) 1.55 (1.26–1.92) 45 (45%) 2.40 (1.61–3.57) 99 (37%) 2.80 (2.12–3.70)
Unknown 8 (1%) 0 (0%) – 0 (0%) – 0 (0%) –

Time from diagnosis
of metastases, n (%)
<18 months 163 (26%) 624 (6) 111 (21%) 1.35 (1.02–1.77) NA – 134 (49%) 0.36 (0.27–0.49)
�18 months 456 (73%) 423 (79%) 0.71 (0.54–0.94) NA – 137 (51%) 2.65 (1.97–3.57)
Unknown 5 (1%) 0 (%) – NA – 0 (%) –

Number of prior
regimens, n (%)
1–2 194 (34%) 570 (5) 95 (18%) 2.38 (1.80–3.16) NA – 62 (23%) 1.74 (1.25–2.42)
3 201 (35%) 119 (22%) 1.90 (1.46–2.48) NA – 74 (27%) 1.45 (1.06–1.99)
�4 175 (31%) 320 (60%) 0.30 (0.23–0.38) NA – 135 (%0%) 0.45 (0.33–0.60)

Prior systemic anticancer
agents, n (%)
Fluoropyrimidine 657 (99%) 667 (7) 534 (100%) – 112 (100%) – NA –
Irinotecan 619 (93%) 667 (7) 534 (100%) – 112 (100%) – NA –
Oxaliplatin 629 (94%) 667 (7) 534 (100%) – 112 (100%) – NA –
Bevacizumab/
ramucirumab

513 (84%) 613 (6) 534 (100%) – 87 (78%) 1.47 (0.90–2.42) 71 (26%) 14.5 (10.2–20.4)

Anti-EGFR monoclonal
antibody

272 (40%) 681 (8) 278 (52%) 0.61 (0.49–0.77) 71 (63%) 0.38 (0.25–0.58) 77 (28%) 1.68 (1.23–2.27)

Regorafenib 173 (36%) 477 (5) 91 (17%) 2.77 (2.07–3.71) NA – NA –

An odds ratio larger than 1 indicates a higher frequency in the pooled observational studies compared to the randomized controlled trial.
aMedian of medians.

Table 3. Median progression free survival (mPFS), median overall survival (mOS), and restricted mean survival times in the phases II and III trial and the current
analysis of observational studies.

Study (reference)
Median progression
free survival (months)

Median overall
survival (months)

Mean progression free survival
truncated at 6 months

Mean overall survival
truncated at 12 months

Yoshino et al. [4] 2.0 (1.9–2.8) 9.0 (7.3–11.3) 2.9 8.4
TERRA [6] 2.0 (1.9–2.8) 7.8 (7.1–8.8) 3.1 7.8
RECOURSE [5] 2.0 (1.9–2.1) 7.1 (6.5–7.8) 2.8 7.4
Observational studies
All studies (n¼ 9) 2.2 (2.1–2.3) 6.6 (6.1–7.1) 2.9 (2.6–3.1) 6.8 (6.0–7.5)
Asian studies (n¼ 6) 2.1 (1.9–2.2) 7.0 (6.4–7.7) 3.0 (2.7–3.2) 7.2 (6.6–7.8)

Data are given with 95% confidence intervals.
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of FTD/TPI in real life settings. Still, the survival of the non-
trial patients in our study resembles the mOS of 7.1 and 7.8
months reported in the FTD/TPI-arm of both RECOURSE and
TERRA (Table 3).

In the two Asian efficacy studies [4,6], the survival benefit
of FTD/TPI tended to be higher than in RECOURSE where

only 33% of the patients were Asian [5]. Since we did not
have access to individual patient data, we could not explore
the impact of ethnicity. In four of the included studies (Table
1), information about ethnicity was unavailable. Therefore, to
explore geographic variation, we conducted a secondary
meta-analysis of the six Asian studies that revealed a higher

Figure 3. Forest plots. Pooled analyses of median progression free survival (top) and median overall survival (bottom). A black box that also gives a representation
of the size of the study represents point estimates of the individual studies with 95% confidence intervals. The white summary diamond shows the pooled estimate
from a fixed effect model. The grey dots at the bottom represents point estimates from the trifluridine/tipiracil-arms of the three efficacy studies with 95% confi-
dence intervals.

Figure 4. Mean restricted survival time. Mean progression free survival time restricted at 6 months (left) and overall survival time restricted at 12 months (right). A
black box that also gives a representation of the size of the study represents point estimates of the individual studies. The white summary diamond shows the
weighted mean with 95% confidence interval. The grey dots at the bottom represents point estimates from the trifluridine/tipiracil-arms of the three effi-
cacy studies.
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mOS than in the primary meta-analysis. Despite partly over-
lapping confidence intervals, the mOS of 7.0 (95% CI 6.4 to
7.7) months in the subgroup of Asian studies does not fully
compare to the mOS of 9.0 (95% CI 7.3 to 11.3) months
reported by Yoshino et al. (Table 3). The aetiology of these
disparities is multifactorial. Beyond ethnicity, it includes fac-
tors such as tumour characteristics, co-morbidity, lifestyle,
and socioeconomic status [24] none of which could be
included in the present meta-analysis.

Although, the correlation between PFS and OS is poor
[25], PFS is a commonly used endpoint for third line trials in
mCRC. Assessment of disease progression is typically based
on radiologic testing. As the true progression time lies some-
where in the time interval between two assessments, the
PFS is overestimated if the detection date is used as the
date of progression [26]. Thus, because the surveillance inter-
vals may drive the PFS, comparison of median PFS across
studies may be less meaningful if the scanning intervals are
heterogeneous as could be the case in the present study
where the exact scanning frequency was unknown in three
of the included studies. This means that the reported PFS is
probably biased and the pooled PFS should be interpreted
cautiously. OS is more robust and here you can see more
heterogeneity (Figures 3 and 4).

Median survival time is one of the most commonly
reported endpoints for randomized controlled trials (RCT) in
cancer. Nevertheless, median survival times are point esti-
mates that summarize the survival curve by only one point
corresponding to the survival of 50% of the patients. This
measure does capture the entire temporal profile of the sur-
vival function and use of median survival times may result in
underestimation or overestimation of the true treatment
effect [27]. Therefore, we determined the restricted mean
survival time (RMST). RMST is an alternative summary meas-
ure that is useful in a meta-analysis of RCTs with time-to-
event outcomes because it does not rely on the proportional
hazards assumption [28]. In oncology RCTs, HR and RMST-
based measures agree regarding the direction of statistical
effects but HR provides significantly larger treatment effect
estimates than the ratio of RMST does [29]. Since RMST com-
plements the hazard ratio, it has been suggested that hazard
rate (HR) and RMST should both be reported in trials with
time-to-event outcomes [29,30]. This approach was used by
Lacas et al. in a meta-analysis of radiotherapy in head and
neck cancers [31] and by Bullement et al. in a cost-effective-
ness analysis of FTD/TPI [32].

In uncontrolled studies with time-to-event outcomes, like
those included in the present study, RMST is an easily inter-
pretable absolute measure that express how long, on aver-
age, study patients lived before they experienced an
outcome but RMST depends on the selection of truncation
time. As we did not apply survival fitting to model outcomes
beyond the observed data, we chose six months for PFS and
one year for OS to be able to include data from all identified
studies. Both seem clinical relevant in patients with mCRC.
Our analyses showed that if treated with FTD/TPI in clinical
settings, future patients with refractory-stage mCRC could
expect to live 2.6 to 3.1 months before their disease

progresses while their total life expectancy would be 6.0 to
7.5 months. Although, these results reflect the FTD/TPI-arm
of RECOURSE, the OS1y is inferior to both Yoshino et al. and
TERRA (Table 3).

Optimally designed for assessing the efficacy of a new
drug, RCTs like RECOURSE and TERRA are conducted in artifi-
cial homogenous populations and the risk of bias is mini-
mized. Moreover, RCTs are typically conducted in specialized
settings in accordance with a detailed protocol [33]. In the
present study we included real-life, observational studies
designed to evaluate effectiveness in less homogenous pop-
ulations and these studies all suffer from the well-known
shortcomings of retrospective and uncontrolled studies. The
internal validity is lower than in a well-conducted RCT.
On the other hand, methodologic issues like standardized
treatment protocols, strict inclusion criteria such as age and
performance status, free provision of medications, and com-
pliance control also hamper the generalisability (external
validity) of the results from RCTs [34] which has often frus-
trated clinicians [35]. This emphasises the need for studies
that examine the effectiveness of new drugs like FTD/TPI in
broader defined patient populations treated outside of clin-
ical trials where prescribers meet fewer restrictions to modify
doses, regimens, or co-therapy. The potential higher external
validity of effectiveness studies, however, is obtained at the
expense of the internal validity. Still, both efficacy- and
effectiveness-studies are required: Efficacy studies show
whether an intervention can work under ideal circumstances
and effectiveness studies show if it also works in
daily practice.

The term ‘real-life data’ covers a range of research meth-
odologies [8]. In the present study, we primarily included
uncontrolled retrospective cohort studies and assessed as
such, the study quality was fair. No funnel plot asymmetry
as an indication of publication bias was detected. Compared
to the efficacy trial participants, the population in the pre-
sent study was less homogenous and differed in terms
of performance status, frequency of KRAS mutations, time
since diagnose of the first metastases, and previous treat-
ment. Since only the two unpublished data series provided
individual data, we could not explore the impact of these
differences on the effectiveness of FTP/TPI. The frequency of
KRAS mutations would have been interesting to explore
because mOS and mPFS was independent of KRAS-status in
RECOURSE and TERRA but highly dependent on KRAS-muta-
tions in the Japanese phase II trial [4].

FTD/TPI and regorafenib have not been compared directly
in a clinical trial but in observational series, however, both
the efficacy [36] and the effectiveness seem comparable in
third line therapy in patients with mCRC [15,16]. However,
regorafenib has an entirely different mechanism of action
and is associated with more toxicity than FTD/TPI [1]. In the
present study, approximately one in three patients had
received both FTD/TPI and regorafenib compared to 17% in
RECOURSE. This has likely no impact on our overall estimates
of effectiveness since Cremolini et al. [18] compared patients
who had received both agents and reported that all out-
comes were independent of the sequence.
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Some additional limitations to our study need attention.
We aimed at including real life patients. Nevertheless, our
results may not fully reflect true real life conditions. Some of
the included series are rather small with 14, 17, and 21
patients and were collected over a longer period. These
patients may have been carefully selected and not true real-
life patients. The bigger series are probably more representa-
tive for real life patients, but sometimes the compassionate
use programs are very restricted, even more than the inclu-
sion criteria to a phase III study.

All included studies are biased by the lack of controlled
design and do not follow the intention-to-treat principle.
Completeness of reporting was heterogeneous and not all
included studies provided comprehensive baseline character-
istics such as previous lines of therapy. Hence, we cannot
exclude potential inconsistencies between the included stud-
ies. Finally, since six of the included studies were Japanese
(n¼ 510 from 35 centres) and three were European (n¼ 498
from 29 centres), the relevance of our results for other popu-
lations is unknown. Still, data from the European and
Japanese centres appeared comparable.

Given the modest survival effect, recognizing the patients
who benefit from FTD/TPI is extremely important [37]. The
absence of valid predictive biomarkers leaves clinicians to
select patients to FTD/TPI based primarily on prognostic con-
siderations. This systematic review and a meta-analysis of
real life studies allows us to conclude that when clinicians
decide to prescribe FTD/TPI monotherapy as salvage-line
treatment in patients with therapy refractory mCRC, they
may reproduce the efficacy know from RECOURSE but not
the survival benefit that was reported in the two Asian effi-
cacy studies. Combination regimens may further improve the
therapeutic yield of FTD/TPI and several clinical trials are
underway [38].
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