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Abstract 

Background PRECONNECT was an international, phase IIIb trial evaluating the safety and efficacy of trifluridine/tip‑
iracil (FTD/TPI) for metastatic colorectal cancer (mCRC).

Methods Patients with mCRC received FTD/TPI 35 mg/m2 twice‑daily on days 1–5 and 8–12 of each 28‑day cycle 
for third‑ or later‑line treatment. Primary endpoint: safety and time to deterioration of Eastern Cooperative Oncology 
Group performance status [ECOG PS] to ≥2). Secondary endpoints included progression‑free survival (PFS). Potential 
prognostic factors for PFS were explored.

Results Of 914 patients, 69% completed 0–3, 24% completed 4–7, and 7% completed ≥8 cycles of FTD/TPI. Drug‑
related grade ≥ 3 adverse events included neutropenia (38.1%), anaemia (7.2%) and asthenia (3.4%). Median [95% CI] 
time to ECOG PS deterioration was 8.7 [8.1‑not calculable] months and increased with duration of treatment (DoT). 
Median PFS was 2.8 [2.7–3.0] months and increased with duration of treatment DoT. Prognostic factors associated 
with longer PFS included time since diagnosis of first metastasis, number of metastatic sites, baseline ECOG PS, pres‑
ence/absence of liver metastasis or previous regorafenib treatment, and laboratory variables.

Conclusions No new safety concerns for FTD/TPI were identified and PFS increased with DoT. These data provide 
confidence for the use of FTD/TPI, including the use of multiple cycles, in routine practice.

Trial registration EudraCT Number: 2016‑002311‑18; registered 19/09/2016.

https:// clini caltr ials. gov/ ct2/ show/ NCT03 306394; registered 11/10/2017.
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Introduction
Globally, colorectal cancer (CRC) is ranked as the third 
most common cancer and the second leading cause of 
cancer-related death, accounting for approximately 10% 
of all new cases of cancer and 10% of all deaths from 
cancer in 2020 [1]. Survival of patients with CRC varies 
depending on the stage at diagnosis [2], and primary and 
secondary treatments for unresectable metastatic CRC 
(mCRC) are based on combinations of cytotoxic chem-
otherapy, biological therapy such as antibodies and tar-
geting cellular growth factors, and immunotherapy [3]. 
Owing to improvements in first- and second-line treat-
ments, a growing number of patients with mCRC are 
candidates to receive a treatment in third-line or beyond.

Trifluridine/tipiracil (FTD/TPI), an oral cytotoxic 
chemotherapy consisting of the thymidine analogue tri-
fluridine and the thymidine phosphorylase inhibitor 
tipiracil hydrochloride, is registered in many countries 
worldwide for the management of patients with mCRC 
who have progressed on standard therapies. FTD/TPI 
is indicated as monotherapy for the treatment of adults 
with mCRC who have been previously treated with, or 
are not considered candidates for, available therapies 
(including fluoropyrimidine-, oxaliplatin- and irinotecan-
based chemotherapies, anti-VEGF agents, and anti-EGFR 
agents) [4].

In the pivotal RECOURSE study, FTD/TPI signifi-
cantly improved overall survival (OS) and progression-
free survival (PFS) compared with placebo [5]. Benefits 
of FTD/TPI were observed irrespective of age, geogra-
phy or KRAS (v-Kiras2 Kirsten rat sarcoma 2 viral onco-
gene homologue) status [6]. Exploratory analysis of the 
RECOURSE study data suggested possible positive prog-
nostic factors for PFS included < 3 metastatic sites when 
FTD/TPI treatment was initiated and ≥ 18 months from 
diagnosis of metastatic disease to inclusion. Patients 
with these disease characteristics had a median PFS of 
3.3 months compared with 1.9 months in other patients 
in RECOURSE (p < 0.0001) [7].

Studies of the real-world use of FTD/TPI have sug-
gested that carcinoembryonic antigen (CEA) < 200, 
neutrophil-to-lymphocyte ratio (NLR) < 5 and the devel-
opment of grade 3 neutropenia may predict a favourable 
efficacy of FTD/TPI [8], while the number of previous 
lines of therapy was prognostic for OS and PFS in other 
studies [9]. However, a real-world study in Spain high-
lighted the difference between prognostic factors 
detected in different publications and suggested that the 
prognostic groups defined in RECOURSE did not apply 
to routine practice [10].

Further information is needed on factors that may 
influence the efficacy of FTD/TPI in mCRC, and there-
fore, the PRECONNECT study was initiated as an 

international, multicentre, open-label, phase IIIb trial, 
in which eligible adults with mCRC were provided 
access to FTD/TPI in clinical practice with the aim 
to further assess safety, clinical use, and quality of life 
(QoL) as measured by patient reported outcomes. PRE-
CONNECT is the largest cohort of patients to date that 
have received FTD/TPI in clinical practice (N = 914), 
it included a multinational cohort (16 countries), and 
provides more detailed information on patients receiv-
ing multiple cycles of FTD/TPI than has been observed 
to date. Interim data from PRECONNECT were previ-
ously reported [11], and here we present final results 
from the PRECONNECT study according to the dura-
tion of  treatment (DoT) and with an assessment of 
prognostic factors.

Methods
Study design
This was an international, multicentre, open-label, single-
arm, phase IIIb trial (EudraCT Number: 2016-002311-
18; registered 19/09/2016; https:// clini caltr ials. gov/ ct2/ 
show/ NCT03 306394; registered 11/10/2017) in adults 
with pre-treated, histologically confirmed adenocarci-
noma of the colon or rectum and with metastatic lesions. 
The primary objective was to collect additional safety 
data on FTD/TPI (incidence of adverse events and time 
to first ECOG PS deterioration) and secondary objectives 
included assessment of PFS and QoL.

Patients
Patients were enrolled in 16 countries (Australia, Bel-
gium, Brazil, Bulgaria, Croatia, France, Ireland, Italy, 
Panama, Poland, Portugal, Romania, Slovakia, Slovenia, 
Turkey, and Ukraine) and treated between October 2016 
and November 2020. Eligible patients with mCRC were 
refractory to, or not candidates for, standard chemother-
apies and had received ≥2 previous regimens of standard 
chemotherapies for mCRC (including fluoropyrimidines, 
irinotecan, oxaliplatin, an anti-vascular endothelial 
growth factor monoclonal antibody and ≥ 1 epidermal 
growth factor receptor monoclonal antibodies for RAS 
wild-type tumours), an Eastern Cooperative Oncology 
Group Performance Status (ECOG PS) of 0 or 1 dur-
ing the screening period, and adequate renal (creatinine 
clearance ≥60 ml/min assessed with the Cockcroft-Gault 
formula), hepatic, cardiac and bone marrow function.

Exclusion criteria were: pregnancy, breast feeding or 
likely to become pregnant during the study; participa-
tion in another interventional study within 4 weeks of 
entering PRECONNECT; previously receiving or hyper-
sensitive to FTD/TPI or excipients; had other active 
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malignancies, brain metastasis, active infection, ascites, 
pulmonary fibrosis or uncontrolled diabetes; had major 
surgery within 4 weeks, and anticancer therapy within 
3 weeks or bevacizumab treatment within 4 weeks, radia-
tion therapy within 4 weeks; or any unresolved grade 2 or 
higher toxicity attributed to previous therapy.

Treatment
Patients received oral FTD/TPI 35 mg/m2 twice daily 
(after morning and evening meals) on days 1–5 and 8–12 
of each 28-day cycle. Delays, interruptions, or adjust-
ments (in 5 mg/m2 reductions to a minimum of 20 mg/
m2 twice daily) to the dose were based on individual 
safety and tolerability. Dose escalation was not permitted. 
Patients discontinued treatment if they met ≥1 of the fol-
lowing criteria: disease progression, unacceptable toxic-
ity, withdrawal of consent, physician decision, pregnancy 
or major protocol deviation (defined as ‘a deviation that 
interferes with the study evaluations and/or jeopardises 
patient’s safety’). In addition, in any country where FTD/
TPI became commercially available (i.e., market authori-
zation or reimbursement was granted by the relevant 
authority in the country) the patients receiving FTD/
TPI were withdrawn from the PRECONNECT trial and 
continued treatment outside the study; moreover, no 
further patient recruitment took place after commercial 
availability.

Assessments and endpoints
Patients were assessed at baseline (within 7 days of 
the first FTD/TPI dose), and on the first day of each 
28-day cycle of FTD/TPI treatment. Additional unsched-
uled assessments could be made according to the inves-
tigators’ assessment (e.g., for tumour and adverse event 
evaluation).

The primary endpoint was safety, assessed by the inci-
dence of treatment-emergent adverse events (TEAEs), 
graded according to the National Institute of Health 
Common Terminology Criteria for Adverse Events ver-
sion 4.03, from baseline through to the end-of-treatment 
visit, and by time to first ECOG PS deterioration [12]. 
Time to ECOG PS deterioration was defined as the time 
from the first dose of FTD/TPI until the first deteriora-
tion of ECOG PS from 0 or 1 at baseline to ≥2 post-base-
line (or death without previous deterioration of ECOG 
PS to ≥2). If baseline ECOG PS was missing, an ECOG 
PS of 0 or 1 was assumed for statistical analyses.

Secondary endpoints included PFS, response rate 
(objective response rate [ORR] and disease control rate 
[DCR]), and QoL. PFS was defined as the time from the 
first intake of FTD/TPI until the date of investigator-
assessed disease progression or death from any cause. 

ORR was defined as the proportion of patients achieving 
a complete response (CR) or partial response (PR), and 
DCR was defined as the proportion of patients achiev-
ing a CR, PR, or stable disease (SD). The assessment of 
response rates was by RECIST V1.1. The withdrawal 
criteria mentioned above were not compatible with an 
assessment of OS.

QoL was assessed using the European Organization 
for Research and Treatment of Cancer Quality of Life 
(EORTC QLQ-C30) health questionnaire (completed 
by the patients) [13]. Changes in QoL were considered 
clinically relevant if there was a ≥ 10-point change from 
baseline for the EORTC QLQ-C30 Global Health Status 
(GHS) score [14].

The number of 15 or 20 mg tablets of FTD/TPI dis-
pensed per cycle, and the number of tablets returned 
and/or estimated to have been taken, was recorded. This 
information was used to estimate the administered dose 
and dose intensity.

In this analysis of PRECONNECT, data are presented 
for all patients that received ≥1 dose of FTD/TPI and in 
three subgroups according to duration of FTD/TPI treat-
ment (i.e., 0–3, 4–7, or ≥ 8 cycles). Exploratory analyses 
were undertaken to examine potential prognostic factors 
for PFS, risk factors for neutropenia, and the association 
between neutropenia and PFS.

Statistical methods
Descriptive statistics were used to summarise baseline 
patient and clinical characteristics, TEAEs, ECOG PS, 
and QoL. Median and 95% confidence intervals (CIs) 
were reported for survival analyses and were estimated 
using the Kaplan-Meier method. For the PFS analysis, 
patients without disease progression or death before or 
at the last visit (including patients withdrawn for com-
mercial availability), were censored at the date of the last 
evaluable tumour assessment. For the time to ECOG PS 
deterioration analysis, patients not reaching an ECOG PS 
of ≥2 and not dead, were censored at the last recorded 
ECOG PS assessment.

A Cox proportional hazards model with time-depend-
ent variable was used to explore the association between 
neutropenia and PFS. A Cox proportional hazards model 
including a stepwise selection process (including/retain-
ing factors significant at the 10% level; Wald chi-square 
test) was used to explore potential prognostic factors for 
PFS. Factors considered for inclusion in the model were: 
time since diagnosis of the 1st metastasis (< 18 versus 
≥18 months); number of metastatic sites (1–2 versus 
≥3); ECOG PS (0 versus 1); presence of liver metastases 
(yes versus no); presence of lung metastases (yes versus 
no); presence of lymph node metastases (yes versus no); 
BMI group (< 18.5 versus ≥18.5; < 25 versus ≥25; < 30 
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Table 1 Baseline characteristics of the whole population in PRECONNECT and by duration of FTD/TPI treatment

Characteristica All 0–3 cycles 4–7 cycles ≥8 cycles
N=914 n=632 n=219 n=63

Age, years, median (min, max) 62 (24, 89) 62 (24, 89) 63 (30, 82) 65 (34, 83)

Age group

 <70 years 706 (77) 489 (77) 168 (77) 49 (78)

 ≥70 years 208 (23) 143 (23) 51 (23) 14 (22)

Gender

 Female 373 (41) 265 (42) 84 (38) 24 (38)

 Male 541 (59) 367 (58) 135 (62) 39 (62)

Body mass index, kg/m2 N=893 N=615 N=215 N=63

 <18.5 48 (5) 41 (7) 7 (3) 0 (0)

 ≥18.5 845 (95) 574 (93) 208 (97) 63 (100)

 <25 451 (51) 342 (56) 85 (40) 24 (38)

 ≥25 442 (50) 273 (44) 130 (60) 39 (62)

 <30 738 (83) 527 (86) 168 (78) 43 (68)

 ≥30 155 (17) 88 (14) 47 (22) 20 (32)

ECOG PS status

 All  patientsb 887 608 216 63

 0 435 (49) 271 (45) 129 (60) 35 (56)

 1 450 (51) 335 (55) 87 (40) 28 (44)

 ≥2 2 (0) 2 (0)

Haematology

 Haemoglobin N=872 N=598 N=212 N=62

  <110 g/l 162 (19) 137 (23) 21 (10) 4 (6)

  ≥110 g/l 710 (81) 461 (77) 191 (90) 58 (94)

 WBC N=872 N=598 N=212 N=62

  <10 x  109/l 675 (77) 436 (73) 187 (88) 52 (84)

  ≥10 x  109/l 197 (23) 162 (27) 25 (12) 10 (16)

 Platelet count N=871 N=598 N=212 N=61

  <400 x  109/l 779 (89) 524 (88) 200 (94) 55 (90)

  ≥400 x  109/l) 92 (11) 74 (12) 12 (6) 6 (10)

 NLR N=871 N=597 N=212 N=62

  <3 325 (37) 198 (33) 95 (45) 32 (52)

  ≥3 546 (63) 399 (67) 117 (55) 30 (48)

  <5 617 (71) 383 (64) 177 (83) 57 (92)

  ≥5 254 (29) 214 (36) 35 (17) 5 (8)

Albumin N=847 N=582 N=205 N=60

 <35 g/l 210 (25) 177 (30) 26 (13) 7 (12)

 ≥35 g/l 637 (75) 405 (70) 179 (87) 53 (88)

Total Bilirubin N=869 N=597 N=210 N=62

 Grade 0 791 (91) 534 (89) 197 (94) 60 (97)

 Grade ≥1 78 (9) 63 (11) 13 (6) 2 (3)

AST N=868 N=596 N=212 N=60

 Grade 0 564 (65) 344 (58) 165 (78) 55 (92)

 Grade ≥1 304 (35) 252 (42) 47 (22) 5 (8)

ALT N=871 N=596 N=213 N=62

 Grade 0 715 (82) 471 (79) 187 (88) 57 (92)

 Grade ≥1 156 (18) 125 (21) 26 (12) 5 (8)

ALP N=854 N=587 N=205 N=62

 Grade 0 353 (41) 201 (34) 109 (53) 43 (69)
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versus ≥30); RAS status (wild versus mutant); side of pri-
mary tumour site (right versus left); gender (male versus 
female); age group (< 70 years versus ≥70 years); previous 
treatment with an anti-VEGF (yes versus no); previous 
treatment with regorafenib (yes versus no); and baseline 
haemoglobin (< 110 versus ≥110 g/l), white blood cell 
count (< 10 versus ≥10 ×  109/l), platelet count (< 400 ver-
sus ≥400 ×  109/l), neutrophil:lymphocyte ratio (NLR) (<3 
versus ≥3; < 5 versus ≥5), albumin (< 35 versus ≥35 g/l), 
high total bilirubin (grade 0 versus grade ≥ 1), high aspar-
tate aminotransferase (AST) (grade 0 versus grade = 
1), high alanine aminotransferase  (ALT) (grade 0 versus 
grade = 1) or high alkaline phosphatase (grade 0 versus 
grade ≥ 1). The final model was re-run to estimate hazard 
ratios and their 95% CI based on all patients with com-
plete data on prognosis factors, including patients with-
drawn for commercial availability.

A logistic regression model including a stepwise selec-
tion process was used to explore risk factors for neutro-
penia, with the same factors as for PFS described above 
with the addition of number of previous lines of treat-
ment (≤2 versus > 2).

All statistical analyses were performed using SAS 
(V.9.2) software under the responsibility of Global Biosta-
tistics of the sponsor (I.R.I.S).

Results
Overall, 916 adult patients with mCRC were recruited 
in 16 countries. Of these, 914 patients received ≥1 dose 
of FTD/TPI; 632 (69%) completed 0–3 cycles, 219 (24%) 
completed 4–7 cycles, and 63 (7%) completed ≥8 cycles 
of FTD/TPI. Mean treatment duration was 3.6 months 
(SD 2.7; range 0.2–31.1 months). Most patients received 
a FTD/TPI relative dose intensity of 80–100%, and rela-
tive dose intensity decreased with increasing DoT (Sup-
plementary Table  1). Progressive disease (80%) and 
commercial availability of FTD/TPI (10%) were the most 
frequent reasons for withdrawal.

At baseline, patients had a median age of 62 years, 59% 
were male, 52% had a mutant RAS tumour status, and 
49% had an ECOG PS of 0 (Table  1). Although the sig-
nificance or relevance are not clear, a numerically greater 
proportion of patients completing 4–7 or ≥ 8 cycles of 
FTD/TPI had a baseline ECOG PS of 0, and a numeri-
cally smaller proportion had a RAS mutation, and had a 
longer time from first metastasis to first FTD/TPI intake 
than patients completing 0–3 cycles (Table 1).

Safety
TEAEs of any grade were experienced by 96.6% of the over-
all patient population (Table  2). The frequency of severe 
(grade ≥ 3) TEAEs increased with DoT (Table  2). The 
most frequent severe TEAEs were neutropenia, anaemia, 

Table 1 (continued)

Characteristica All 0–3 cycles 4–7 cycles ≥8 cycles
N=914 n=632 n=219 n=63

 Grade ≥1 501 (59) 386 (66) 96 (47) 19 (31)

Primary tumour site

 Right colon 244 (27) 176 (28) 51 (23) 17 (27)

 Left colon 593 (65) 405 (64) 149 (68) 39 (62)

 Not specified 76 (8) 50 (8) 19 (9) 7 (11)

Time from first metastasis to first FTD/TPI  intakec

 <18 months 161 (18) 129 (20) 28 (13) 4 (6)

 ≥18 months 752 (82) 503 (80) 190 (87) 59 (94)

No. metastatic  sitesd

 1‑2 734 (81) 496 (79) 184 (84) 54 (86)

 ≥3 177 (19) 134 (21) 34 (16) 9 (14)

Liver metastasis 670 (73) 486 (77) 147 (67) 37 (59)

Lung metastasis 426 (47) 280 (44) 115 (53) 31 (49)

Lymph node metastasis 208 (23) 143 (23) 49 (22) 16 (25)

RAS mutation‑positivee 438 (53) 326 (56) 88 (46) 24 (42)

Previous treatment containing anti‑VEGF 784 (86) 547 (87) 185 (84) 52 (83)

Previous treatment containing regorafenib 283 (31) 207 (33) 62 (28) 14 (22)
a n (%) unless otherwise stated. b27 patients did not have ECOG PS data available. cOne patient did not have time from first metastasis to first FTD/TPI intake 
measurable. dThree patients with missing data. e186 patients did not have a RAS status evaluable. ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, 
aspartate aminotransferase; DoT, duration of treatment. ECOG PS, Eastern Cooperative Oncology Group performance status. FTD/TPI, trifluridine/tipiracil. Min, 
minimum. Max, maximum, NLR, neutrophil:lymphocyte ratio; WBC, white blood cells
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asthenia, and diarrhoea (Table 2). Severe febrile neutrope-
nia (1.2%) and severe cardiac disorders (0.7%) were infre-
quent, and this frequency was not related to DoT.

The most frequent drug-related severe TEAEs were 
neutropenia (38.1%), anaemia (7.2%), and asthenia (3.4%) 
(Table 2). Drug withdrawal due to TEAEs decreased with 
longer DoT while both study drug dose reduction and 
delay or temporary interruption of study drug due to 
TEAEs increased with DoT (Table  2). A serious TEAE 
was reported by 335 (36.7%) patients of which 97 patients 
(10.6%) had at least one serious TEAE related to study 
drug. Serious TEAEs occurred in 263 (41.6%), 52 (23.7%) 
and 20 (31.7%) patients receiving 0–3 cycles, 4–7 cycles 
and ≥ 8 cycles of FTD/TPI, respectively.

Median (95% CI) time to ECOG PS deterioration to 
≥2 was 8.7 (8.1–NC) months in the overall population. 
Time to ECOG PS deterioration to ≥2 increased with 
DoT from a median of 3.6 (3.3–3.9) months in the group 

completing 0–3 cycles to 16.4 (14.3–NC) months in the 
group completing ≥8 cycles (Fig. 1).

Efficacy
FTD/TPI treatment was associated with a median (95% 
CI) PFS of 2.8 (2.7–3.0) months in the overall population. 
Median PFS increased with increasing durations of FTD/
TPI treatment, from 2.2 (2.0–2.3) months in the group 
completing 0–3 cycles to 9.4 (8.7–10.5) months in the 
group completing ≥8 cycles (Fig. 2).

ORR was 2.1% (95% CI 1.3–3.2) in the PRECONNECT 
population, while DCR was 33.3% (95% CI 30.2–36.4). 
ORR increased with longer durations of FTD/TPI treat-
ment: 0.6% (95% CI 0.2–1.6), 4.6% (95% CI 2.2–8.2) and 
7.9% (95% CI 2.6–17.6) with 0–3, 4–7 and ≥ 8 cycles, 
respectively. DCR increased with longer durations of 
FTD/TPI treatment: 12.3% (95% CI 9.9–15.2), 75.3% 

Table 2 Summary of safety in the whole population in PRECONNECT and by duration of FTD/TPI treatment

a Analysed per group term. TEAE, treatment-emergent adverse event

Frequency in each population, n (%)

TEAE, n (%) All 0–3 cycles 4–7 cycles ≥8 cycles

N = 914 n = 632 n = 219 n = 63

Any TEAE 883 (96.6) 611 (96.7) 209 (95.4) 63 (100.0)

Severe TEAE (grade ≥ 3) 683 (74.7) 466 (73.7) 160 (73.1) 57 (90.5)

 Most frequent severe TEAE (grade ≥ 3)

   Neutropeniaa 355 (38.8) 180 (28.5) 127 (58.0) 48 (76.2)

   Anaemiaa 103 (11.3) 65 (10.3) 30 (13.7) 8 (12.7)

   Astheniaa 49 (5.4) 36 (5.7) 10 (4.6) 3 (4.8)

  Diarrhoea 39 (4.3) 27 (4.3) 8 (3.7) 4 (6.3)

 Severe TEAE (grade ≥ 3) of interest

  Febrile  neutropeniaa 11 (1.2) 8 (1.3) 2 (0.9) 1 (1.6)

  Cardiac  disordersa 6 (0.7) 5 (0.8) 1 (0.5) –

TEAE related to study drug 721 (78.9) 461 (72.9) 199 (90.9) 61 (96.8)

Severe TEAE (grade ≥ 3) related to study drug 459 (50.2) 262 (41.5) 144 (65.8) 53 (84.1)

 Most frequent severe TEAE (grade ≥ 3) related to study drug

   Neutropeniaa 348 (38.1) 175 (27.7) 126 (57.5) 47 (74.6)

   Anaemiaa 66 (7.2) 37 (5.9) 23 (10.5) 6 (9.5)

   Astheniaa 31 (3.4) 21 (3.3) 8 (3.7) 2 (3.2)

  Diarrhoea 28 (3.1) 21 (3.3) 5 (2.3) 2 (3.2)

 Severe TEAE (grade ≥ 3) of interest related to study drug

  Febrile  neutropeniaa 11 (1.2) 8 (1.3) 2 (0.9) 1 (1.6)

  Cardiac  disordersa 1 (0.1) 1 (0.2) – –

TEAE leading to study drug withdrawal 195 (21.3) 169 (26.7) 20 (9.1) 6 (9.5)

TEAE leading to study drug dose reduction 106 (11.6) 57 (9.0) 36 (16.4) 13 (20.6)

 Study drug‑related 93 (10.2) 48 (7.6) 32 (14.6) 13 (20.6)

TEAE leading to study drug delay or temporary interruption 481 (52.5) 285 (44.9) 145 (66.2) 51 (81.0)

 Study drug‑related 384 (42.0) 206 (32.6) 131 (59.8) 47 (74.6)
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(95% CI 69.1–80.9), and 96.8% (95% CI 89.0–99.6), with 
0–3, 4–7 and ≥ 8 cycles, respectively.

Exploratory analyses of prognostic factors
Baseline characteristics associated with neutropenia and 
PFS were explored in the analysis of potential prognostic 
factors. In total, 836 patients with complete data on prog-
nostic factors were retained in the final model of prog-
nostic factors for neutropenia or severe neutropenia, and 
808 patients were retained in the final model to investi-
gate potential prognostic factors for PFS.

Identified prognostic factors favouring the occurrence 
of neutropenia during treatment with FTD/TPI were 
time since diagnosis of the first metastasis of ≥18 months, 
baseline haemoglobin ≥110 g/l, NLR < 3, baseline AST 
grade 0, baseline albumin ≥35 g/l, previous lines of treat-
ment > 2, and baseline white blood cell count < 10 ×  109/l 
(Supplementary Table  2). Identified prognostic factors 
favouring the occurrence of severe neutropenia during 
treatment with FTD/TPI were time since diagnosis of the 
first metastasis of ≥18 months, absence of liver metastasis, 
age ≥ 70 years, presence of previous anti-VEGF treatment, 
previous lines of treatment > 2, baseline NLR < 5, baseline 
AST grade 0, baseline albumin ≥35 g/l, and baseline white 
blood cell count < 10 ×  109/l (Supplementary Table 2).

Identified prognostic factors associated with longer 
PFS were time since diagnosis of the first metastasis of 
≥18 months, < 3 metastatic sites, ECOG-PS 0 at baseline, 
absence of liver metastasis, no previous treatment with 
regorafenib, baseline NLR < 5, baseline alkaline phosphatase 
grade 0, baseline AST grade 0, baseline albumin ≥35 g/l, and 
baseline white blood cell count < 10 ×  109/l (Fig. 3).

Median PFS was longer in patients experiencing neu-
tropenia during FTD/TPI treatment compared with 
those having no neutropenia (Supplementary Fig.  1A), 
and in patients with severe neutropenia during treatment 
compared with patients with no severe neutropenia (Sup-
plementary Fig.  1B). Cox regression analyses indicated 
that there was a significant association between PFS and 
neutropenia occurrence over time (hazard ratio [HR]: 
0.36 [95% CI: 0.31, 0.42]) or severe neutropenia over time 
(HR: 0.44 [95% CI: 0.38, 0.51]).

Quality of life
QoL was maintained during treatment with FTD/TPI in 
the overall population and in the DoT subgroups: there 
were no clinically relevant changes (> 10-point mean 
change from baseline) in QLQ-C30-GHS scores during 
the study (Supplementary Fig. 2A and B). Non-censored 
data for time to global health deterioration (n  = 422) 

Fig. 1 Median time to ECOG PS deterioration by duration of FTD/TPI treatment. CI, confidence interval. ECOG PS, Eastern Cooperative Oncology 
Group performance status. FTD/TPI, trifluridine/tipiracil. NC, not calculable
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demonstrated that 387 patients had a ≥ 10 point defini-
tive deterioration and 35 patients died. Median time to 
deterioration of global health status was 3.7 months (95% 
CI: 3.3, 3.8).

Discussion

The final results from the PRECONNECT study in 
patients with mCRC in daily clinical practice confirm the 
interim data published in 2020 [11], that showed con-
sistency with the safety profile and PFS that was previ-
ously reported in the phase III RECOURSE study [5]. 
The safety profile of FTD/TPI and maintenance of QoL 
(discussed in more detail in the publication of interim 
results) [11] were consistent regardless of DoT. Disease 
progression was the most frequent reason for withdrawal 
from PRECONNECT, and toxicity and ECOG PS dete-
rioration rarely led to withdrawal. The DoT data suggest 
that FTD/TPI can be used in multiple cycles with confi-
dence in routine practice.

There is a lack of information on potential prognostic 
factors in later lines of treatment in patients with mCRC. 
In patients naïve to chemotherapy treatment, CEA, num-
ber of metastatic sites, age, NLR, lactate dehydrogenase 
levels, and primary tumour location, have been shown 

to be important prognostic indicators [15–18]. However, 
as later lines of treatment for mCRC have only emerged 
in the last 10 years, prognostic factors in patients already 
heavily pre-treated, have not been extensively studied. 
In addition, prognostic factors derived from patients 
enrolled in clinical trials may not reflect those observed 
in daily clinical practice. The PRECONNECT study 
included the largest series of patients receiving FTD/
TPI in real-world practice following ≥2 previous lines 
of treatment, and therefore provides an opportunity to 
investigate relevant prognostic factors linked to disease 
progression or the main treatment related toxicity (i.e., 
neutropenia). The findings of PRECONNECT show that 
time since diagnosis of the first metastasis and number 
of metastatic sites were significant prognostic values for 
PFS in patients treated with FTD/TPI; an observation 
that is largely consistent with the ad hoc analysis per-
formed with data from RECOURSE [7]. Additional prog-
nostic factors for PFS included ECOG-PS, absence of 
liver metastases, and baseline laboratory values for NLR, 
alkaline phosphatase, AST, albumin and white blood cell 
count.

In addition, median PFS was longer in patients experi-
encing neutropenia or severe neutropenia during FTD/
TPI treatment (and importantly, most neutropenia 

Fig. 2 Median progression‑free survival by duration of FTD/TPI treatment. CI, confidence interval. FTD/TPI, trifluridine/tipiracil. PFS, progression‑free 
survival
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occurred during the first three cycles of FTD/TPI treat-
ment and this frequency during the first three cycles 
was higher in patients who went on to have a longer 
DoT [data not shown]). These results were expected as 
higher exposure of patients with mCRC increases the 
risk of neutropenia, and hence, patients developing neu-
tropenia have improved OS and PFS [19]. Interestingly, 
neutropenia occurrence also appears to be a predictor 
of prolonged OS and PFS when FTD/TPI is combined 
with bevacizumab [20, 21]. The PRECONNECT study 
not only confirms neutropenia as a predictor of response 
in a large population and in routine practice, but also 
provides information on prognostic factors for neutro-
penia and severe neutropenia that may help guide indi-
vidualised treatment in future (i.e. including the use of 
granulocyte-colony stimulating factor [G-CSF]). Meta-
analyses of data from randomised controlled trials sug-
gest that G-CSF may be used when neutropenia occurs 
to maintain the dose-intensity of cytotoxic treatment 
and improve OS [22, 23]. A phase II trial in patients with 
grade 3–4 neutropenia is currently underway to investi-
gate the efficacy of secondary prophylaxis with G-CSF in 
the maintenance of FTD/TPI dose intensity and its effect 
on FTD/TPI treatment efficacy (https:// clini caltr ials. gov/ 
ct2/ show/ NCT04 166604).

Limitations of PRECONNECT include the lack of a 
comparator arm and the lack of follow-up data which 
meant that OS was not assessed. One of the reasons OS 
could not be assessed was the withdrawal criterion of 

FTD/TPI commercial availability, which accounted for 
10% of all withdrawals. However, this is unlikely to have 
an impact on the other conclusions from the study due 
to the relatively large study population recruited from 
16 countries, which helps to define the safety of FTD/
TPI more broadly than is possible with controlled clini-
cal trials. As PRECONNECT was a ‘real-world’ study, fol-
low-up assessments were based on the standard of care 
at each centre; this meant that, for example, the date of 
assessment of response may have varied in the recruited 
population (e.g., it could be 2 months at one centre and 
3 months at another), which would have an impact on the 
PFS outcomes.

In summary, findings from the PRECONNECT study 
(which, with 914 patients, constitutes the largest real-
world cohort of patients receiving FTD/TPI to date) 
lend additional support and confidence for the rou-
tine use of FTD/TPI, including the use of multiple 
cycles, for the treatment of patients with mCRC in daily 
clinical practice. The results demonstrate that neutro-
penia is a potential predictor of response in the real-
world setting. Median time to ECOG PS deterioration 
was 8.7 months, median PFS was 2.8 months and both 
increased with duration of treatment. Our understand-
ing of the efficacy and safety of FTD/TPI stem largely 
from the pivotal RECOURSE clinical trial – PRECON-
NECT enhances our understanding of the safety and 
efficacy in the real-world and when FTD/TPI is used 
over longer durations.

Fig. 3 Prognostic factors for PFS (n = 808). AST, aspartate aminotransferase. CI, confidence interval. ECOG PS, Eastern Cooperative Oncology Group 
performance status. NLR, neutrophil‑lymphocyte ratio. PFS, progression‑free survival. WBC, white blood cell count

https://clinicaltrials.gov/ct2/show/NCT04166604
https://clinicaltrials.gov/ct2/show/NCT04166604
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