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Abstract

Purpose We aimed to identify the risk factors for severe neutropenia in the early phase of trifluridine-tipiracil (FTD/TPI)
treatment, and their impact on overall survival (OS).

Methods This single-center retrospective study included patients with unresectable metastatic colorectal cancer who were
treated with FTD/TPI. The primary endpoint was OS, and the secondary endpoint was severe neutropenia during the first
and second cycles of FTD/TPI. We assessed the association between outcomes and potential confounders using multivari-
ate analysis.

Results Of the 77 total patients, 33 developed severe neutropenia during the first and second treatment cycles. In Cox hazard
analysis, the independent factors associated with OS were neutropenia > grade 1 during cycles 1 and 2 (adjusted hazard ratio
0.43; 95% confidence interval (CI) 0.21-0.87), combined treatment with bevacizumab (0.47; 95% CI 0.27-0.83), number
of metastatic organs >3 (2.15; 95% CI 1.22-3.82), and time since diagnosis of metastasis until commencement of FTD/
TPI< 18 months (1.94; 95% CI 1.13-3.33). Severe neutropenia during cycles 1 and 2 was not associated with OS (0.75;
0.44-1.27). The risk of severe neutropenia adjusted for initial dose reduction was defined as renal impairment with creatinine
clearance (Ccr) of < 60 ml/min (adjusted odds ratio, 4.67; 95% CI, 1.38-15.80) and absolute neutrophil count (per 1000/pl,
0.47;0.27-0.81).

Conclusion The neutropenia > grade 1 during cycles 1 and 2 of FTD/TPI is a predictor of favorable outcomes; however, the
effect of severe neutropenia on OS was not clear. Renal impairment was also associated with severe neutropenia.
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Introduction

Developments in targeted molecular and combination thera-
pies have improved the prognosis of unresectable metastatic
colorectal cancer. The more recent use of trifluridine-tip-
iracil (FTD/TPI) [1] and regorafenib [2] in later treatment
stages has contributed to even further improvements in
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outcomes for this patient group. The SUNLIGHT study
demonstrated that combination treatment with bevacizumab
and FTD/TPI in later stages further improved treatment out-
comes in these patients [3].

Several studies have reported that chemotherapy-induced
neutropenia (CIN) in the early treatment phases represents
a surrogate marker of higher plasma concentrations of FTD
that contribute to better treatment outcomes [4—9]. However,
the difficulty of this approach is that, in a situation where
the only basis for setting the initial dose of FTD/TPI is body
surface area (BSA), it is unclear how and on what basis to
set the initial dose in order to maintain a high blood con-
centration of FTD/TPI. Moreover, it is also unclear whether
inducing severe CIN actually contributes to better outcomes.

In this study, we aimed to identify the factors associated
with severe CIN and analyze whether severe CIN induced
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in the early phases of FTD/TPI treatment affected long-
term outcomes in patients with unresectable metastatic
colorectal cancer.

Patients and methods
Study design

This retrospective study aimed to reveal the predictive
factors of severe CIN > grade 3 during treatment cycles 1
and 2, and the general prognostic factors in patients with
unresectable metastatic colorectal cancer being treated
with FTD/TPL. It was approved by the institutional review
board of Tokuyama Central Hospital (protocol number:
K469-20,230,607) and was conducted in accordance with
the ethical standards of the 2013 Declaration of Helsinki.
The requirement for informed consent was waived due to
the retrospective nature of the study. This study adhered
to the STROBE statement [10].

Patients

Consecutive patients with unresectable metastatic colorec-
tal cancer who were treated with FTD/TPI at our institution
and started their treatments between May 2014 and April
2023 were included. Patients with locally advanced colo-
rectal cancer without distant metastases were excluded.
Patients who received FTD/TPI as first- or second-line

treatment, under conditions that did not meet the starting
criteria in Japan, such as myelosuppression (i.e., absolute
neutrophil count < 1500/pl, platelet count <75,000/pl, or
hemoglobin level < 8.0 g/dl) or hepatic dysfunction (aspar-
tate and alanine aminotransferase > 100 IU/1 or total bili-
rubin > 1.5 mg/dl), except for cases of renal impairment
(serum creatinine > 1.5 mg/dl) were also excluded, as were
any patients who started FTD/TPI therapy at other institu-
tions. FTD/TPI was administered as a third-line therapy in
35 patients, as a fourth-line therapy in 17 patients and as a
more late-line therapy in 25 patients. FTD/TPI was admin-
istered at a starting dose of 70 mg/m?/day with modifica-
tion by each physician, from day 1 to day 5 and day 8§ to
day 12 every 28 days. Bevacizumab was administered at a
dose of 5 mg/kg intravenously on days 1 and 15. Patients
visited the outpatient clinic once a week or every 2 weeks
for the first cycle and once every 2 weeks after the second
cycle to check for adverse events and laboratory abnor-
malities. The need for reducing the dose of FTD/TPI was
determined by each physician based on clinical decision
and the patient’s general condition.

Procedures

Clinicopathological data were collected from the electronic
medical records of each patient. These included age, sex,
body surface area, body mass index, sidedness of the pri-
mary lesion, metastatic lesions, number of metastatic organs,
complete blood cell counts, serum creatinine (calculated by
the enzymatic method), serum transaminase, serum albu-
min on commencement of FTD/TPI, prior chemotherapy,

Fig. 1 Flow diagram of this
study

Assessed for eligibility (n=125)

Excluded (n=48)

not meeting dosing criteria (n=27)

FTD / TPl was used as 1stline or 2nd line therapy (n=8)
dosing schedule deviation for patient’ convenience (n=7)
due to overdose (n=1)

locally advanced disease without metastasis (n=1)
Others (n=4)

Eligible (n=77)
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relative dose intensity (RDI) of FTD/TPI, time from diag-
nosis of metastasis to induction of FTD/TPI, adverse events
of FTD/TPI, RAS mutation status, previous gastrectomy
history, and whether therapy was or was not combined with
bevacizumab. All adverse events were graded according
to the Common Terminology Criteria for Adverse Events
version 5.0 [11], and neutropenia > grade 3 was defined as
severe. Creatinine clearance (Ccr) was calculated using the
Cockcroft-Gault method.

Outcomes

The primary endpoint was overall survival (OS), which
was defined as the time elapsed from the commencement
of FTD/TPI to death from any cause, or the last follow-up.
The secondary endpoint was severe CIN in cycles 1 and 2
of FTD/TPI treatment. Progression-free survival (PFS) was
defined as the time between the beginning of FTD/TPI and
the date of confirmed radiological or clinical progression, or
death from any cause in right-censoring event-free subjects
at the time of the final follow-up.

Statistical analysis

Data are presented as medians and interquartile ranges
(IQRs). Continuous variables were analyzed using the Wil-
coxon rank-sum test, and categorical variables were analyzed
using the chi-squared test or Fisher’s exact test, as appropri-
ate. The Kaplan—-Meier method was used to calculate PFS
and OS, and differences were evaluated using the log-rank
test.

We pre-specified the potential confounders for outcomes
using clinical knowledge and a comprehensive review of
the literature [12, 13]. The potential confounders chosen
for severe CIN were age, sex, previous gastrectomy history,
combined treatment with bevacizumab, number of treat-
ment regimens used before FTD/TPI > 3, absolute neutrophil
count, serum albumin <3.9 g/dl, Ccr < 60 ml/min [14], and
initial dose reduction for the recommended dose of FTD/
TPI. Those for OS included age, sex, relative dose intensity,
severe CIN or CIN > grade 1 during cycles 1 and 2 [4-7],
and during the whole treatment period [8], number of meta-
static organs >3 [12, 13], time from diagnosis of metasta-
sis to start of FTD/TPI < 18 months [12, 13], combination
treatment with bevacizumab [3], sidedness of the primary
lesion, and Ccr < 60 ml/min. Variables with a missingness
rate > 10% were not included in our analysis.

Due to insufficient events (i.e., severe neutropenia and
death), we examined the correlations between the study
variables and the primary and secondary endpoints using
multivariate data analysis adjusted for predetermined

confounders. In the Cox regression model for OS, we par-
tially adjusted the hazard ratio (HR): age was adjusted for
sex, combination with bevacizumab, time since diagno-
sis of metastasis until commencement of FTD/TPI <18
months, and number of metastatic organs >3. Sex was
adjusted for age, combination with bevacizumab, time
since diagnosis of metastasis until commencement of
FTD/TPI <18 months, and number of metastatic organs
>3. Combination with bevacizumab was adjusted for age,
sex, time since diagnosis of metastasis until commence-
ment of FTD/TPI <18 months, and number of metastatic
organs >3. Time since diagnosis of metastasis until com-
mencement of FTD/TPI <18 months was adjusted for
age, sex, combination with bevacizumab, and number of

Table 1 Patient characteristics

Characteristic N=T7*

Age, year 69 (61, 73)

Sex, male 47 (61%)

BSA, m? 1.63 (1.49, 1.74)
ANC, /pl 3494 (2771, 4576)

Albumin, g/dl

Creatinine, mg/dl

3.80 (3.30, 4.10)
0.77 (0.65, 0.88)

Creatinine clearance, ml/min 73 (56, 91)
Creatinine clearance < 60 ml/min 21 (27%)
Sidedness of primary lesion, right 16 (21%)
RAS status

Wild 36 (47%)

Mutant 30 (39%)

Missing 11 (14%)
Liver metastasis 50 (65%)
Number of metastatic organ sites

1 26 (34%)

2 29 (38%)

3 15 (19%)

4 7(9.1%)
Time since diagnosis metastasis until com- 20 (14, 31)

mencement of FTD/TPI, months
Prior regimens >3 42 (55%)
Number of regimens after FTD/TPI

0 31 (40%)

1 21 (27%)

2 18 (23%)

3 3(3.9%)

4 3(3.9%)

5 1(1.3%)
Initial dose reduction 46 (60%)
RDI percentage in cycle 1 80 (57,91)
With bevacizumab in cycle 1 29 (38%)
With bevacizumab during the treatment period 35 (45%)
Previous gastrectomy 4 (52%)

*Median (IQR); n (%)
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metastatic organs >3. Number of metastatic organs >3 was
adjusted for age, sex, combination with bevacizumab, and
time since diagnosis of metastasis until commencement
of FTD/TPI <18 months. Furthermore, all other variables
were adjusted for age, sex, combination with bevacizumab,
time since diagnosis of metastasis until commencement of
FTD/TPI <18 months, and number of metastatic organs
>3. In the logistic regression model for severe CIN occur-
rence, the odds ratios (ORs) of all potential confounders
were adjusted for the binary variable, whether initial dose
reduction was performed or not.

Variance inflation factors were calculated for every
potential prognostic variable in each adjusted model. All
statistical analyses were performed using R version 4.2.3
(R Foundation for Statistical Computing, Vienna, Austria)
and its package rms 6.7-1.

Results
Patients

Among 125 eligible patients with unresectable meta-
static tumors treated using FTD/TPI, 48 were excluded,
leaving 77 (Fig. 1). Patient characteristics are shown
in Table 1. In this study, deviation of serum creatinine

level from the FTD/TPI starting criteria (i.e., > 1.5 mg/
dl) was not an exclusion criterion, but only one patient
fell into this range, with a level of 1.85 mg/dl. Patients
with Ccr < 60 ml/min and Cer > 60 ml/min were initiated
at a full dose (70 mg/m*/day); this applied to 6 and 25
patients. A one-step lower dose (5570 mg/m?/day) was
administered in 13 and 29 patients, and at lower dosages
(=55 mg/m?*day) in 2 and 2 patients, respectively. In addi-
tion, dose reduction in cycle 2 was needed in 10 (47.6%)
of 21 patients with Ccr < 60 ml/min and 13 (23.2%) of 56
patients with Ccr > 60 ml/min.

Incidence of severe adverse events during cycles 1
and 2

In this study, 41 patients (53.2%) developed severe adverse
events, during cycles 1 and 2 (10 patients developed severe
adverse events during both cycles 1 and 2). The details of
severe adverse events during cycles 1 and 2 were 33 patients
(42.9%) with CIN, 11 patients (14.3%) with anemia and
thrombocytopenia, 5 patients (6.5%) with non-hematolog-
ical toxicities: 2 with fatigue, 2 with anorexia, and 1 with
nausea. In patients with Ccr < 60 ml/min and Ccr > 60 ml/
min, 12 (57.1%) and 21 (37.5%) patients developed severe
CIN, and 2 (9.5%) and 3 (5.4%) patients developed severe
non-hematological toxicities, respectively.

Fig.2 Overall survival of all Strata =~ Al
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Table 2 Multivariable

. . Variable Adjusted hazard ratio p-value
regression models for potential
prpgnostic variab'les associated Age, per 10 years 0.92 (0.71-1.21) 0.5726
with overall survival Sex 0.9327
Female 1 (ref)
Male 0.97 (0.53-1.80)
Primary lesion sidedness 0.6229
Left 1 (ref)
Right 1.17 (0.63-2.17)
Bevacizumab 0.0092
Without 1 (ref)
With 0.47 (0.27-0.83)
Number of metastatic organs >3 2.15(1.22-3.82) 0.0086
Time since diagnosis of metastasis until commencement of  1.94 (1.13-3.33) 0.0171
FTD/TPI < 18 months
CIN > grade 1 during cycles 1 and 2 0.0191
None 1 (ref)
Occurred 0.43 (0.21-0.87)
Severe CIN during cycles 1 and 2 0.2767
None 1 (ref)
Occurred 0.75 (0.44-1.27)
Severe CIN during the entire treatment period 0.0815
None 1 (ref)
Occurred 0.60 (0.34-1.07)
RDI in all cycle, per 10% 1.16 (0.98-1.38) 0.0929
Creatinine clearance 0.4192

> 60 ml/min
<60 ml/min

1 (ref)
0.75 (0.38-1.50)

Data are hazard ratio with 95% CI in parentheses

Age, sex, combination with bevacizumab, time since diagnosis of metastasis until commencement of FTD-
TPI<18 months, and number of metastatic organs >3 were adjusted each other; and all other variables
were adjusted for age, sex, combination with bevacizumab, time since diagnosis of metastasis until com-
mencement of FTD-TPI < 18 months, and number of metastatic organs >3

FTD/TPI, trifluridine tipiracil; CIN, chemotherapy-induced neutropenia; RDI, relative dose intensity

Survival analysis

On the data cutoff date of October 30, 2023, 75 progression
events had been recorded, with a median PFS of 4.6 months
(95% CI, 3.7-6.0). A total of 61 death events had also been
recorded, putting the median OS at 14.1 months (95% CI,
11.8-16.0; Fig. 2).

The associations between the prognostic variables and
OS are shown in Table 2. Combination therapy with bevaci-
zumab (adjusted HR, 0.47; 95% CI, 0.27-0.83) was associ-
ated with better outcomes, whereas the number of metastatic
organs >3 (adjusted HR, 2.15; 95% CI, 1.22-3.82) and the
time since diagnosis of metastasis until the commence-
ment of FTD/TPI < 18 months (adjusted HR, 1.94; 95% ClI,
1.13-3.33) were associated with poorer outcomes. While
CIN of any grade during cycles 1 and 2 (adjusted HR, 0.43;
95% CI, 0.21-0.87) was associated with favorable outcomes,
severe CIN during this period (adjusted HR, 0.75; 95% CI,

0.44-1.27) and over the entire treatment period (adjusted
HR, 0.60; 95% CI, 0.34—1.07) were not associated with
OS in this cohort. Renal impairment with Ccr <60 ml/
min (adjusted HR, 0.75; 95% CI, 0.38-1.50) was also not
associated with survival. None of the variance inflation fac-
tors was > 2. The Kaplan—Meier curves for OS stratified by
the presence or absence of CIN of any grade during cycles
1 and 2, adjusted for age, sex, combination with bevaci-
zumab, time since diagnosis of metastasis until commence-
ment of FTD/TPI < 18 months, and number of metastatic
organs > 3, are shown in Fig. 3 (median OS, 14.8 months
[95% CI, 13.5-19.5) vs 6.4 months [95% CI, 4.6-not avail-
able]). Moreover, those stratified by the presence or absence
of severe CIN during cycles 1 and 2, adjusted for the same
factors, are shown in Supplementary Fig. 1 (median OS,
14.1 months [95% CI, 11.5-23.9) vs 14.3 months [95% ClI,
11.9-21.2]). The Kaplan—Meier curves for OS in patients
treated with and without bevacizumab stratified by the
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Fig.3 Overall survival for Strata == NoCIN =~ Grade 21 CIN
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presence or absence of severe CIN during cycles 1 and 2
are shown in Supplementary Fig. 2 (survival of patients
treated with bevacizumab: median OS, 14.9 months [95%
CI, 9.7-not available) vs 17.9 months [95% CI, 15.7-not
available], p=0.57) and Supplementary Fig. 3 (survival
of patients treated without bevacizumab: median OS,
13.2 months [95% CI, 9.6-not available) vs 9.5 months [95%
CI, 6.4-14.8], p=0.076).

Risk factors for severe neutropenia during cycles 1
and 2

Multivariate analysis adjusted for initial dose reduction
revealed renal impairment with Ccr < 60 ml/min (adjusted
OR, 4.67; 95% CI, 1.38-15.80) and absolute neutrophil
count (per 1000/pul; adjusted OR, 0.47; 95% CI, 0.27-0.81)
for the risk of severe CIN (Table 3).

Discussion

There were three important findings from this retrospective
study. First, renal impairment was a significant risk factor
for severe CIN in patients treated with FTD/TPI. Second,
development of CIN of any grade [9], concomitant bevaci-
zumab administration [3], a number of metastatic organs > 3,
and time since diagnosis of metastasis until commencement

@ Springer

of FTD/TPI < 18 months had prognostic impact on these
patients, as has been previously reported [13]. Finally, severe
CIN during cycles land 2 had no impact on OS.

The SUNLIGHT trial revealed the favorable impact of
combination treatment with bevacizumab on survival [3].
Severe CIN was more frequent in the combination group
than in the FTD/TPI alone group in the SUNLIGHT study;
however, the difference was not significant in our cohort.
Whether the myelosuppressive effects of FTD/TPI are fur-
ther accelerated by bevacizumab, especially in patients with
impaired renal function, is unknown. Further the number
of metastatic sites of <3 and time since initial diagnosis
of metastasis to the commencement of FTD/TPI treatment
of > 18 months were good prognostic factors revealed by
Tabernero et al. in the RECOURSE trial cohort [13]. Cox
proportional hazard analysis using these three established
prognostic factors, together with age and sex as covariates,
revealed that severe CIN during cycles 1 and 2 was not a
prognostic factor. By contrast, the development of CIN of
any grade was identified as a favorable prognostic factor.
For regiments containing oral anticancer agents, treatment
intensity is dependent on patients’ adherence and the occur-
rence of mild CIN may reflect true relative dose intensity.

In this study, we analyzed the risk factors for severe CIN
in cycle 1 and found that moderate-to-severe renal impair-
ment could affect the occurrence of severe CIN. This is
consistent with previous research [14]. Since TPI, which is
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Table 3 Multivariable regression models for potential variables asso-
ciated with severe CIN during cycles 1 and 2

Variable Adjusted odds ratio p-value
Initial dose reduction 0.30 (0.11-0.82) 0.0186
Age, per 10 years 1.22 (0.76-1.95) 0.4090
Sex 0.3410
Female 1 (ref)
Male 0.61 (0.22-1.70)
Previous gastrectomy 0.1370
Without 1 (ref)
With 5.00 (0.60-41.70)
Bevacizumab 0.9900
Without 1 (ref)
With 1.01 (0.35-2.93)
Time since diagnosis of metastasis 1.01 (0.99-1.04) 0.2200
until commencement of FTD/TPI,
per month
Number of regimen before FTD/TPI 0.1020
<3 1 (ref)
>3 2.45 (0.84-7.17)
ANC, per 1000/ul 0.47(0.27-0.81) 0.0066
Serum albumin 0.2210
>3.9 g/dl 1 (ref)
<3.9g/dl 2.01 (0.66-6.16)
Creatinine clearance 0.0130
>60 ml/min 1 (ref)
<60 ml/min 4.67 (1.38-15.80)

Data are odds ratio with 95% CI in parentheses
All variables ware adjusted for initial dose reduction

CIN, chemotherapy-induced neutropenia; FTD/TPI, trifluridine tip-
iracil; ANC, absolute neutrophil counts

formulated to inhibit the metabolism of FTD in the body, is
excreted through the kidneys, renal impairment is believed
to delay TPI elimination and enhance the effect of FTD. Saif
et al. reported that the FTD area under the curve (AUC) did
not differ between patients with impaired vs normal renal
function; however, in their pharmacokinetic study, the TPI
AUC increased with the severity of renal impairment [15]. In
addition, severe CIN was observed in 90.9% of patients with
mild renal impairment (i.e., Ccr < 60 ml/min) in their study
[15]. Initially, we hypothesized that a previous gastrectomy,
which is involved in drug absorption, or serum albumin lev-
els, which may be related to free FTD/TPI concentrations
in the blood, might be associated with the development of
severe CIN. However, their involvement in severe CIN was
not seen. By contrast, a lower absolute neutrophil count was
associated with the development of severe CIN. We consid-
ered the possibility of bone marrow exhaustion due to the
longer treatment period preceding FTD/TPI; however, the
length of the preceding treatment period (i.e., time since
diagnosis of metastasis until commencement of FTD/TPI)

was not associated with the incidence of severe neutropenia.
Therefore, it is not clear whether a lower absolute neutrophil
count prior to the treatment is due to each patient’s natural
bone marrow function or continued treatment over time.
The initial dose of FTD/TPI determined using BSA alone
may not be sufficient, and dose reduction may be needed for
patients with more than moderately impaired renal function
(i.e., Ccr < 60 ml/min) and low absolute neutrophil counts.

Because the incidence of severe CIN depends on the
dose of FTD/TPI and patient renal function, as has been
previously reported [14, 15] and described here, dose design
using severe CIN as a surrogate marker is particularly chal-
lenging for general clinicians. Moreover, it may even put
patients at risk if not done correctly by a highly experienced
oncologist. It is important to set a safe dosage that does not
induce severe CIN (> grade 3), with objective reference to
the result that patients with > grade 1 CIN have better out-
comes than those without, as was shown here and in a study
by Yoshino et al. [9].

This study had some key limitations worth noting. First,
this was a single-center, retrospective study of a small num-
ber of patients. We were therefore unable to adjust for all
potential confounders in the multivariate model because of
the small number of events. Although initial dose reduction
was performed in many patients and the RDI was not suf-
ficient, the median OS for the entire cohort was 14.1 months,
which is comparable to what has been previously reported
[3, 8, 14].

Renal impairment with Ccr < 60 ml/min was associated
with the occurrence of severe CIN during cycles 1 and 2 in
patients with unresectable metastatic colorectal cancer who
were treated using FTD/TPI. The onset of CIN, even if mild,
in the early phase of FTD/TPI treatment was a predictor of
favorable outcome; however, severe CIN could not contrib-
ute to better outcome.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00384-024-04798-2.
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