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Abstract
Purpose The systemic treatment options for metastatic colorectal cancer (mCRC) are unsatisfactory, and the disease recurs 
despite the use of numerous medications and their combinations. Trifluridine/Tipiracil is a relatively new drug used in refrac-
tory mCRC. Little is known about its real-world effectiveness and prognostic and predictive factors. Therefore, this study 
aimed to develop a prognostic model for refractory mCRC treated with Trifluridine/Tipiracil.
Methods We retrospectively evaluated the data from 163 patients who had received Trifluridine/Tipiracil as a third or fourth 
line of treatment for refractory mCRC.
Results After starting Trifluridine/Tipiracil, 21.5% of patients survived one year, and the median overall survival after 
Trifluridine/Tipiracil initiation was 251 days (SD: 17.855; 95%CI: 216–286). Median progression-free survival after Trif-
luridine/Tipiracil initiation was 56 days (SD: 4.826; 95%CI 47–65). Moreover, the median overall survival from diagnosis 
was 1333 days (SD: 82.84; 95%CI: 1170–1495). In forward stepwise multivariate Cox regression analysis, initial radical 
treatment (HR = 0.552, 95% CI 0.372–0.819, p < 0.003), the number of cycles of first-line chemotherapy (HR = 0.978, 95% 
CI 0.961–0.995, p < 0.011), the number of cycles of second-line chemotherapy (HR = 0.955, 95% CI 0.931–0.98, p < 0.011), 
BRAF mutation (HR = 3.016, 95% CI = 1.207–7.537, p = 0.018), and hypertension (HR = 0.64, 95% CI = 0.44–0.931, p = 0.02) 
were all associated with survival after Trifluridine/Tipiracil initiation. Our model and model-based nomogram displayed an 
AUC of 0.623 for one-year survival estimation in the testing cohort. The C-index for the prediction nomogram was 0.632.
Conclusion We have developed a prognostic model for refractory mCRC treated with Trifluridine/Tipiracil based on five 
variables. Moreover, we reported a nomogram which could be used by oncologists in clinic visits on a daily basis.
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Introduction

Colorectal cancer (CRC) is currently one of the most com-
mon malignancies worldwide (Siegel, Miller, and Jemal, 
2020b). The death rate from colorectal cancer is decreasing 
and is now approximately 50% of its highest levels (Siegel 
et al. 2020a; b). This trend is attributed to the increased uti-
lization of screening tests (fecal occult blood test and colo-
noscopy) and the improvement of treatment options for these 
patients (Siegel et al. 2020a). The fundamental systemic 
treatment for colorectal cancer is fluoropyrimidines (Mey-
erhardt and Mayer 2005). The systemic therapy of colorec-
tal cancer is based on the combination of fluorouracil with 
oxaliplatin or irinotecan. When the tumor has the wild-type 
RAS gene, an epidermal growth factor inhibitor (e.g., cetuxi-
mab or panitumumab) might improve treatment for meta-
static colorectal cancer (Mayer et al. 2015). On the other 
hand, in RAS-mutant disease, bevacizumab-based chemo-
therapy is considered the best choice (Cervantes et al. 2023). 
Systemic therapeutic options for metastatic colorectal cancer 
are currently insufficient. Patients with metastatic colorectal 
cancer (mCRC) have a median overall survival (OS) of about 
30 months, which is unsatisfactory and demands the search 
for new active therapies (Heinemann et al. 2014; Loupakis 
et al. 2014; Yamada et al. 2013). For many of these indi-
viduals, the hunt for new and effective medications is still 
underway.

The results of the pivotal RECOURSE study showed 
that Trifluridine/Tipiracil, compared to placebo, prolongs 
survival and reduces the risk of death in patients with 
refractory mCRC. The drug, previously known as TAS-
102, was administered to adult patients with mCRC who 
had already received or were ineligible for various treat-
ments, including fluoropyrimidine, oxaliplatin, and iri-
notecan chemotherapy, and therapy with VEGF inhibitors 
and EGFR inhibitors (Fukushima et al. 2000). Oral Trif-
luridine/Tipiracil consists of the thymidine-based nucleic 
acid analog trifluridine and the thymidine phosphorylase 
inhibitor tipiracil hydrochloride. The drug's dual mode 
of action enhances its therapeutic efficacy (Mayer et al. 
2015). As a result of the publication of promising study 
results, a marketing authorization for Trifluridine/Tipiracil 
was granted in 2019 (Fukushima et al. 2000).

There are prognostic markers for metastatic colorectal 
cancer in the literature, such as fewer metastases and no 
extrahepatic metastases (EORTC 40983). However, there 
are limited data on the OS of Trifluridine/Tipiracil-treated 
patients and the factors that contribute to their longer sur-
vival are still unknown. Therefore, we retrospectively 
evaluated the efficacy and safety of Trifluridine/Tipiracil 
in patients with refractory mCRC. The purpose of this 

study was to identify prognostic markers for Trifluridine/
Tipiracil-treated individuals.

Materials and methods

Patients

We retrospectively evaluated the data from 163 patients 
who had received Trifluridine/Tipiracil as a third or fourth 
line of treatment for mCRC at the Oncology Center in 
Bydgoszcz, Poland from November 2019 to May 2022.

Inclusion criteria were (1) histologically confirmed 
unresectable colorectal adenocarcinoma; (2) refractory 
disease or intolerant to fluoropyrimidines, oxaliplatin, iri-
notecan, anti-VEGF antibodies, and anti-EGFR antibodies 
(if KRAS exon 2 wild-type tumor); (3) no previous treat-
ment with Trifluridine/Tipiracil; (4) Eastern Cooperative 
Oncology Group Performance Status (ECOG-PS) 0 or 1; 
and (5) adequate bone marrow, hepatic, and renal func-
tion; (6) as a third or fourth line of chemotherapy; and 
(7) patients older than 18 years. The study protocol was 
approved by the Ethics Committee at Collegium Medicum 
in Bydgoszcz, Nicolaus Copernicus University in Torun 
(approval number: KB 16/2023).

Treatment

The starting dose of Trifluridine/Tipiracil (35 mg/m2) was 
administered twice daily on Days 1–5 and Days 8–12 of each 
28-day cycle as long as benefit is observed or until unaccep-
table toxicity occurs (Doi et al. 2012). Both regimens were 
repeated every 4 weeks. The treatments were continued until 
disease progression, death, unacceptable toxicity, or patient 
refusal. We included patients whose initial dose had been 
reduced by physician decision in the present study. Radical 
intention in our cohort means that patients were suitable to 
receive operation with or without preoperative chemoradio-
therapy, and tumors were potentially respectable initially. 
Progression-free survival (PFS) was assessed after each two 
cycles using medical history, imaging and laboratory tests.

Data collection

Clinical pathological characteristics and treatment data were 
collected from eligible patients’ medical records, including 
survival status, sex, age, comorbidities, and ECOG-PS. 
Disease characteristics included RAS and BRAF mutational 
status, primary tumor location, histological grade, presence 
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of liver or lung metastasis, the interval from disease diag-
nosis to Trifluridine/Tipiracil initiation as well as treatment 
history, including primary tumor resection, and previous 
treatments received, including type of first, second and/or 
third line of chemotherapy, number of cycles of each line 
of chemotherapy. Lastly, adverse events due to Trifluridine/
Tipiracil administration were also collected from patient 
records for analysis.

Statistical analysis

Statistical analyses were performed using R and Google 
Sheets. Means and standard deviation (SD) were used to 
describe normally, and non-normally distributed data. Over-
all survival after Trifluridine/Tipiracil was calculated from 
the date of initiation of Trifluridine/Tipiracil to the date of 
death. The OS curves were plotted using the Kaplan–Meier 
technique. The findings were measured using 95% confi-
dence intervals (95% CI), and a p value of 0.05 was consid-
ered statistically significant. A model was created to deter-
mine advantageous prognostic factors for longer survival 
of refractory mCRC patients using stepwise forward multi-
variate Cox regression. Factors that were found to be asso-
ciated with prolonged survival were determined from the 
data, based on the criteria of being both clinically relevant 
and easily obtainable at the start of Trifluridine/Tipiracil 
treatment.

Results

Participants in the study included 163 patients who were 
diagnosed with refractory mCRC and received treatment 
with Trifluridine/Tipiracil at the Franciszek Łukaszczyk 
Oncology Centre in Bydgoszcz, Poland, between the years 
2019 and 2022. Of the 163 diagnosed mCRC patients, 
ninety-eight (60.1%) were men and sixty-five (39.9%) were 
women. The median age at the onset of the disease was 64 
(SD: 10) years. The most common locations for mCRC 
were: colon (51.5%), recto-sigmoid flexure (10.4%), and rec-
tum (38%). The majority of tumors were left-sided (79.8%). 
Most patients had metastases in the liver, and approximately 
half of the patients had metastases in the lungs. The KRAS 
mutation occurred in 60.5% of patients. However, only 6.2% 
and 3.1% of patients had mutations in NRAS and BRAF, 
respectively. Diabetes mellitus type 2 (DMT2) and hyperten-
sion occurred in 12.4% and 41.7% of patients, respectively. 
Ten patients are still being treated at the time of data collec-
tion. Two patients got more than 20 cycles of Trifluridine/
Tipiracil (Table 1).

Over a third of patients were initially treated with radical 
intent. Moreover, 12.3% of patients had neoadjuvant treat-
ment, and 29.4% had adjuvant therapy. As a first line of 

treatment, about 70% of patients received FOLFIRI-based 
chemotherapy, and almost half received only FOLFIRI. As 
a second line of treatment, 63.8% of patients received FOL-
FOX-based chemotherapy. Lastly, 16.6% of patients also 
received a third line of chemotherapy prior to Trifluridine/
Tipiracil, most of which was panitumumab (Table 2).

Almost all patients who received FOLFIRI in the first line 
of treatment received FOLFOX-based chemotherapy in the 
second line. On the other hand, most patients who received 
FOLFOX or XELOX in the first line of chemotherapy 
received FOLFIRI-based chemotherapy in the second line. 
The course of treatment is presented in Fig. 1.

There is a pattern that patients who received FOLFIRI-
based chemotherapy in the first line of chemotherapy were 
treated longer with the first line compared to FOLFOX-based 
chemotherapy (Fig. 2A). In second-line treatment, there is 
no tendency for any one type of chemotherapy to be associ-
ated with a more extended number of cycles. (Fig. 2B).

About half of the patients received more than two doses 
of Trifluridine/Tipiracil. The main reason for discontinu-
ing treatment with Trifluridine/Tipiracil was a progression, 
which occurred in 75.5% of patients. During therapy with 
Trifluridine/Tipiracil, anemia occurred in 75% of cases. 
Moreover, leukopenia and neutropenia occurred in approxi-
mately 50% of patients (Table 3).

After starting Trifluridine/Tipiracil, 21.5% of patients 
survived one year and median overall survival after Triflu-
ridine/Tipiracil initiation was 251 days (SD: 17.855; 95%CI: 
216–286) (Fig. 3A). The median PFS after Trifluridine/
Tipiracil initiation was 56 days (SD: 4.826; 95%CI 47–65) 
(Fig. 3B). Moreover, the median OS from diagnosis was 
1333 days (SD: 82.84; 95%CI: 1170–1495).

In forward stepwise multivariate Cox regression analysis, 
initial radical treatment (HR = 0.552, 95% CI 0.372–0.819, 
p < 0.003), the number of cycles of first-line chemotherapy 
(HR = 0.978, 95% CI 0.961–0.995, p < 0.011), the number 
of cycles of second-line chemotherapy (HR = 0.955, 95% CI 
0.931–0.98, p < 0.011), BRAF mutation (HR = 3.016, 95% 
CI = 1.207–7.537, p = 0.018), and hypertension (HR = 0.64, 
95% CI = 0.44–0.931, p = 0.02) were all associated with sur-
vival after Trifluridine/Tipiracil initiation (Table 4).

BRAF mutation, radical treatment initially, the number of 
cycles of first- and second-line treatment and hypertension 
were incorporated into the survival prediction model. The 
model predictors with coefficients are presented in Table 4. 
On the basis of the model, a nomogram was constructed.

Nomograms are valuable because they transfer predicted 
probabilities onto a scale from 0 to 100 using an intuitive 
graphical interface. The total number of points accumulated 
by the various factors corresponds to a patient's predicted like-
lihood (Diblasio and Kattan 2003). The point system works 
by ranking the effect estimates, regardless of statistical sig-
nificance, and the presence of other covariates influences it.
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Figure 4 shows our nomogram consisting of five care-
fully chosen variables. In our model, the number of cycles 
of first-line chemotherapy has the highest effect and, thus, is 
correlated with the highest number of points. In the case of 
radical treatment initially, number of cycles of second-line 
chemotherapy, hypertension and BRAF mutation, a patient 
with 40 cycles of first-line chemotherapy, without radical 
treatment initially, with 35 cycles of second-line chemother-
apy, no mutation in BRAF gene, and without hypertension 
is assigned 50, 35, 0, 25 and 0 points, respectively, which 
gives 110 points in total which corresponds to 0.68 and 0.4 
of one- and two-year survival probability after Trifluridine/
Tipiracil initiation. Regardless of statistical significance, the 
variable with the highest effect will be assigned 100 points 
on the scale. The remaining variables are assigned fewer 
points proportional to their effect size.

Nomograms rank the importance of an impact in predicting 
the outcome only in the context of the other covariates currently 
in the model. The number of points does not reflect the associa-
tion with the outcome in a broader sense, nor does it represent 
statistical significance in p values (Iasonos et al. 2008).

Model performance

Our model and model-based nomogram model displayed an 
AUC of 0.623 for one-year survival estimation in the testing 
cohort. The C-index for the prediction nomogram was 0.632. 
The calibration plot showed that the predicted risks of death 
of the nomogram were in good accordance with the actual 
risks for death (Fig. 5).

Discussion

The use of Trifluridine/Tipiracil as a treatment option for 
metastatic colorectal cancer is becoming more common. 
However, there is limited information available on the 
survival outcomes of patients after starting Trifluridine/
Tipiracil treatment, and on the factors that impact patient 
survival. In this study, we provide the results of an analysis 
of a large group of refractory mCRC patients, one of the 
largest groups described to date.

We found that 21.5% of patients survived one year 
after beginning treatment with Trifluridine/Tipiracil, 
with a median overall survival of 8.5 months and PFS of 
1.9 months. The median OS in our cohort was comparable to 
that from the RECOURSE trial (8.5 months vs 7.1 months) 
or TERRA trail (7.8 months), or other reported studies 
(6.5–9.0 months) (Carriles et al. 2019; Masuishi et al. 2017; 
Mayer et al. 2015; Xu et al. 2018; Yoshino et al. 2012).

In our study, we found that the variables that had the 
strongest association with survival were initial radical 

Table 1  Patients characteristics N %

Treatment status

 Completed 152 93.3

 Underway 11 6.7

Living patients: number of cycles

 4 2 18.2

 5 3 27.3

 6 1 9.1

 7 1 9.1

 8 1 9.1

 10 1 9.1

 21 1 9.1

 28 1 9.1

Gender

 Woman 65 39.9

 Man 98 60.1

ICD10

 C.18 84 51.5

 C.19 17 10.4

 C.20 62 38.0

DMT2

 No 141 87.6

 Yes 20 12.4

Hypertension

 No 95 58.3

 Yes 68 41.7

BMI (mean; SD)

27 4,6

Liver metastasis

 No 27 16.6

 Yes 136 83.4

Lung metastasis

 No 90 55.2

 Yes 73 44.8

Other metastasis

 No 124 76.1

 Yes 39 23.9

ECOG-PS

 1 163 100.0

KRAS mutation

 No 64 39.5

 Yes 98 60.5

NRAS mutation

 No 152 93.8

 Yes 10 6.2

BRAF mutation

 No 158 96.9

 Yes 5 3.1

Grade

 G1 7 4.3

 G2 152 93.3

 G3 4.0 2.5

Side

 Left 130 79.8

 Right 33 20.2

Age (mean; SD)

64.0 10.0

Eastern Cooperative Oncology 
Group Performance Status (ECOG-
PS) Diabetes mellitus type 2 (DMT2)
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treatment, the number of cycles of first- and second-line 
chemotherapy, BRAF mutation status, and the presence 
of hypertension. Some of these factors were also found to 
be associated with survival in other models of refractory 
mCRC. For example, Tabernero et al. found that factors 
including neutrophil–lymphocyte ratio (NLR), CEA, ECOG-
PS, number of metastatic sites, time since diagnosis of 
metastasis until starting Trifluridine/Tipiracil, and alkaline 
phosphatase were associated with survival in their model 
(Tabernero et al. 2020). The Colon Life nomogram used four 
factors in its model, including ECOG-PS, primary tumor 
resection, LDH value, and peritoneal involvement (Pietran-
tonio et al. 2017). Additionally, the TAS-RECOSMO model 
included six variables, such as ECOG-PS, KRAS/NRAS/
BRAF mutation status, the time between diagnosis of metas-
tasis and the start of Trifluridine/Tipiracil treatment, NLR, 
CEA, and alkaline phosphatase (Fernández Montes et al. 
2021).

In presented study, initial radical treatment was 
a favorable prognostic factor (HR = 0.552, 95% CI 
0.372–0.819, p < 0.003). Radical intention in our cohort 
means that patients were suitable to receive operation with 
or without preoperative chemoradiotherapy and tumors 
were potentially respectable initially. Our findings align 
with those of the RAXO study, a nationwide prospective 
study, which found that patients with resectable cancer had 
median survival rates that were two to three times higher 
than those who were treated with systemic therapy alone 
(Osterlund et al. 2021).

Our study found that patients who received a greater 
number of cycles of first-line chemotherapy had a better 
prognosis (HR = 0.978, 95% CI 0.961–0.995, p < 0.011). 
Similarly, patients who received a greater number of 
cycles of second-line chemotherapy had a longer survival 
time (HR = 0.955, 95% CI 0.931–0.98, p < 0.011). This 
corresponds to a longer time from diagnosis to starting 
TAS-102 treatment, which has been found to be a posi-
tive predictor of survival (Fernández Montes et al. 2021; 
Moriwaki et al. 2020). The variable of time from diagnosis 

Table 2  Treatment prior to Trifluridine/Tipiracil

N %

Radical treatment
 No 103 63.2
 Yes 60 36.8

Neoadjuvant treatment
 No 143 87.7
 Yes 20 12.3

Type of neoadjuvant treatment
 None 143 87.7
 RT + CHT 14 8.6
 RTH 5 3.1
 CHT 1 0.6

Adjuvant treatment
 No 115 70.6
 Yes 48 29,40

Type of adjuvant treatment
 None 115 70.6
 LF4 25 15.3
 FOLFOX-4 17 10.4
 XELOX 4 2.5
 CAPECITABINE 2 1.2

First-line treatment of metastatic disease
 FOLFIRI 81 49.7
 FOLFOX-4 32 19.6
 FOLFIRI + CETUXIMAB 28 17.2
 XELOX 8 4.9
 FOLFOX-4 + PANITUMUMAB 7 4.3
 FOLFIRI + BEVACIZUMAB 6 3.7
 FOLFOX-4 + BEVACIZUMAB 1 0.6

Termination cause of first-line treatment
 Complications 5 3.1
 Progression 158 96.9

Number of cycles of first-line chemotherapy (Mean; 
SD)

15.4 12.6

Type of second-line treatment
 FOLFOX-4 61 37.4
 FOLFOX-4 + BEVACIZUMAB 43 26.4
 FOLFIRI 39 23.9
 FOLFIRI + AFLIBERCEPT 9 5.5
 XELOX 6 3.7
 LF4 4 2.4
 IRINOTEKAN 1 0.6

Termination cause of second-line treatment
 Complications 3 1.8
 Progression 160 98.2

Number of cycles of second-line chemotherapy (Mean; 
SD)

11.6 7.2

Type of third-line treatment
 None 136 83.4
 PANITUMUMAB 10 6.1
 XELOX 10 6.1

CHT chemotherapy, RTH Radiotherapy

Table 2  (continued)

N %

 FOLFIRI 4 2.5
 FOLFOX-4 2 1.2
 CETUXIMAB 1 0.6

Termination cause of third-line treatment
 None 136 83.4
 Progression 27 16.6

Number of cycles of third line chemotherapy (Mean; 
SD)

11.6 7.2
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Fig. 1  Sankey chart of patients’ treatment

Fig. 2  Histogram of the first-line (A) and second-line (B) chemotherapy cycles concerning the type of chemotherapy
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to initiation of Trifluridine/Tipiracil therapy appears to 
have a slight non-linear relationship, with initial protec-
tion that is quickly negated by increased risk for therapies 
administered at later stages and in more advanced forms 
of cancer (Fernández Montes et al. 2021).

A mutation in the BRAF gene was associated with 
a worse prognosis in our population (HR = 3.016, 95% 
CI = 1.207–7.537, p = 0.018). The presence of a BRAF 
mutation has previously been identified as a negative prog-
nostic indicator and a predictor of poor response to treat-
ment with EGFR blockade drugs such as panitumumab or 
cetuximab, as well as to BRAF inhibitors like vemurafenib 
(Cervantes et al. 2023; Di Nicolantonio et al. 2008; Prahal-
lad et al. 2012; Tol et al. 2009). In CRC, there is a high 
synergy between EGFR blockage and BRAF(V600E) inhibi-
tion. Hence, blocking EGFR inhibits BRAF(V600E), result-
ing in cell proliferation. BRAF(V600E) inhibition, on the 
other hand, induces a rapid feedback activation of EGFR, 
which enables sustained proliferation in the presence of 
BRAF(V600E) inhibition (Prahallad et al. 2012). To effec-
tively treat BRAF-mutated mCRC, a combination of EGFR 
blocking and BRAF inhibition (such as encorafenib–cetuxi-
mab) is required. However, none of our cohort's patients 
received encorafenib–cetuximab.

In our model, hypertension was a favorable prognostic 
factor (HR = 0.64, 95% CI = 0.44–0.931, p = 0.02). Hyper-
tension is a typical adverse effect of anti-VEGF antibody 
therapy (such as bevacizumab) and a hallmark of VEGF 
signaling pathway suppression (Ranpura et  al. 2010). 
Österlund et  al. reported that hypertension was linked 
with increased progression-free survival (PFS) (10.5 vs. 
5.3  months; p = 0.008) and OS (25.8 vs. 11.7  months; 
p = 0.001) in mCRC patients treated with bevacizumab-con-
taining chemotherapy (Österlund et al. 2011). Scartozzi et al. 
also observed that hypertension was related to considerably 
prolonged OS and PFS in patients with mCRC treated with 
bevacizumab (Scartozzi et al. 2009). Nonetheless, we are the 

Table 3  Trifluridine/Tipiracil treatment

N %

Trifluridine/Tipiracil—number of cycles
 2 64 39.3
 4 29 17.8
 1 19 11.7
 3 10 6.1

Still in treatment 10 6.1
 6 8 4.9
 5 6 3.7
 7 5 3.1
 8 4 2.5
 9 2 1.2
 11 2 1.2
 12 2 1.2
 15 1 0.6
 18 1 0.6

Termination cause of Trifluridine/Tipiracil treatment
 Progression 123 75.5
 Still receiving 10
 Death 2
 NA 19 17.8
 Complications 9 6.7

The first dose reduction occurred in the cycle:
 Without reduction 136 83.4
 2 12 7.4
 3 8 4.9
 4 2 1.2
 5 2 1.2
 6 2 1.2
 10 1 0.6

The second dose reduction occurred in the cycle:
 Without reduction 157 96.3
 4 2 1.2
 5 2 1.2
 3 1 0.6
 6 1 0.6

Leucopenia
 None 73 46.5
 G1 30 19.1
 G2 41 26.1
 G3 13 8.3

Neutropenia
 None 76 48.4
 G1 10 6.4
 G2 31 19.7
 G3 34 21.7
 G4 6 3.8

Anemia
 None 38 24.1
 G1 68 43.0
 G2 41 25.9

NA not available

Table 3  (continued)

N %

 G3 11 7.0
Thrombocytopenia
 None 136 86.1
 G1 17 10.8
 G2 5 3.2

Fatigue
 No 126 77.3
 Yes 37 22.7

Other complications
32 19.5
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first to report that hypertension is also a favorable prognostic 
factor for Trifluridine/Tipiracil therapy.

In the testing cohort, our model and model-based nomo-
gram model had an AUC of 0.623 and a c-index of 0.632 
for estimating one-year survival. In addition, the calibra-
tion plot demonstrated that the predicted death risks of the 
nomogram were in good agreement with the actual mortality 
rate. Our result is equivalent to those previously published 
in the scientific literature. The bootstrapped bias-corrected 
c-index for the TAS-RECOSMO model was 0.682. The 
c-index values for the Colon Life model, FAS-CORRECT, 
and RECOURSE were 0.69, 0.63, and 0.507, respectively 
(Fernández Montes et al. 2021).

In our study group, 25.5% of patients had neutropenia of 
grade 3 or above, whereas 8.3% had leukopenia of the same 
severity. In addition, 7% of the population had anemia of 
grade 3 or above. In the RECOURSE study, 38% of patients 

experienced neutropenia of grade 3 or above. The reported 
side events were less severe than in the RECOURSE trial. 
Twenty-one percent of patients had leukopenia of grade 3 
or higher. The incidence of anemia of grade 3 or higher 
was 18% (Mayer et al. 2015). Interestingly, chemotherapy-
induced neutropenia (CIN) may be a helpful predictor of 
treatment outcomes for Trifluridine/Tipiracil-treated individ-
uals. In RECOURSE, trifluridine exposure was associated 
with an elevated CIN risk. Patients treated with Trifluridine/
Tipiracil who had CIN had improved OS and PFS compared 
to those in the placebo group and those who did not develop 
CIN. The J003 cohort reported comparable results, support-
ing the RECOURSE findings (Yoshino et al. 2020). In addi-
tion, a publication from a single institution demonstrated a 
tendency toward improved OS for patients who experienced 
chemotherapy-induced neutropenia at 1 month (CIN-1-
month) (Kasi et al. 2016). However, we did not include CIN 

Fig. 3  A Kaplan–Meier curve of overall survival (OS) after Trifluridine/Tipiracil initiation. B Kaplan–Meier curve of progression-free survival 
(PFS) after Trifluridine/Tipiracil initiation

Table 4  Forward stepwise 
multivariable Cox regression 
predicting survival after 
Trifluridine/Tipiracil initiation

B SE Wald df Sig Exp(B) 95% CI for 
Exp(B)

Lower Upper

BRAF mutation 1.104 0.467 5.583 1 0.018 3.016 1.207 7.537
Radical treatment
initially

 − 0.594 0.202 8.695 1 0.003 0.552 0.372 0.819

Number of cycles of 
first-line chemo-
therapy

 − 0.022 0.009 6.475 1 0.011 0.978 0.961 0.995

Number of cycles of 
second-line chemo-
therapy

 − 0.046 0.013 12.395 1 0 0.955 0.931 0.98

Hypertension  − 0.447 0.191 5.454 1 0.02 0.64 0.44 0.931
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Fig. 4  Nomogram for 1- and 2-year survival among patients with 
colorectal cancer treated with Trifluridine/Tipiracil. Instructions: 
locate the number of cycles of first-line treatment on the initial age 
axis. Draw a line straight upward to the point’s axis to determine how 

many points the patient receives. Repeat the process for each variable. 
Sum the points achieved for each of the predictors. Locate the final 
sum on the total points axis. Draw a straight line to find the patient’s 
probability of 1- and 2-year survival

Fig. 5  Performance of the model predicting survival after Triflu-
ridine/Tipiracil initiation. A Receiver operating characteristic (ROC) 
curves for the model B Calibration plot of the model. Calibration 
curves depict the calibration of the model in terms of the agreement 
between the predicted risks of death and the observed deaths. The 
y-axis represents the actual one-year survival rate. The x-axis repre-

sents the predicted one-year survival probability. The dashed line (the 
45-degree diagonal line) represents a perfect prediction by an ideal 
model. The solid black line represents the performance of the nomo-
gram, in which a closer fit to the diagonal dotted line represents a bet-
ter prediction
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in our predictive model because this metric is unavailable at 
the beginning of Trifluridine/Tipiracil therapy.

Limitations of the study

The present study had several limitations. First, it was a 
retrospective nonrandomized analysis. In addition, we only 
included patients with an ECOG 0 or 1 because this was 
required to receive government reimbursement for Triflu-
ridine/Tipiracil treatment. Furthermore, we were unable to 
include data on mismatch repair and microsatellite instabil-
ity status in our analysis. In addition, we have no data on 
the evaluation of dihydropyrimidine dehydrogenase activity. 
Despite these limitations, the study provides valuable infor-
mation on the use of Trifluridine/Tipiracil in the treatment 
of metastatic colorectal cancer and the prognostic factors 
associated with patient survival.

Conclusions

In conclusion, we have established a prognostic model for 
refractory mCRC treated with Trifluridine/Tipiracil based 
on five variables: initial radical treatment, the number of 
cycles of first- and second-line chemotherapy, BRAF gene 
mutation status, and presence of hypertension. These fac-
tors are accessible before the beginning of Trifluridine/Tip-
iracil. In addition, we reported a model-based nomogram 
that oncologists might employ during daily clinic visits. 
This real-world trial demonstrates the efficacy and safety of 
Trifluridine/Tipiracil in patients with refractory mCRC in 
routine clinical practice, with survival and tolerability out-
comes broadly consistent with prior clinical and real-world 
studies in this setting.
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