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Abstract. Background/Aim: TAS-102 is recommended as
salvage-line therapy for metastatic colorectal cancer
(mCRC), but practical predictors for its efficacy are lacking.
Patients and Methods: In a single-institutional retrospective
study of 33 patients treated with TAS-102, we investigated
the predictive value of the pretreatment neutrophil—to—
lymphocyte (NLR), platelet-to-lymphocyte (PLR), and
lymphocyte-monocyte (LMR) ratios for progression-free
(PFS) and overall (OS) survival. Predictive ability using cut-
offs of the median value (3.14) and 5 for NLR were
compared. Results: In analysis, Eastern
Cooperative Oncology Group performance score, NLR, and
PLR were negatively significantly associated with PFS and
OS. The number of treatment lines was negatively associated
with PFS. The NLR cut-off of 5 was superior to the median
value. Multivariate analyses showed a significant prognostic
impact for NLR at cut-off 5 (hazard ratio(HR)=6.26, p=0.02
for PFS; HR=6.97, p=0.07 for OS). Conclusion: The
pretreatment NLR is a prognostic biomarker for patients with
mCRC who receive TAS-102 treatment.

univariate

TAS-102 is an oral combination of trifluridine (FTD, a
thymidine-based nucleoside analogue) and tipiracil
hydrochloride (a thymidine phosphorylase inhibitor) at a
molar ratio of 1:0.5. FTD is incorporated into DNA after
phosphorylation by thymidine kinase-1 (TK1), causing DNA
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dysfunction, whereas tipiracil is a pharmacokinetic
modulator that maintains the blood concentration of FTD by
inhibiting the enzyme responsible for its degradation,
thymidine phosphorylase (1, 2).

The clinical benefits of TAS-102, namely significant
improvements of overall (OS) and progression-free (PFS)
survival, in patients with chemotherapy-refractory metastatic
colorectal cancer (mCRC) were initially shown in a
randomized, placebo-controlled, phase II trial in Japan (JOO3
study), and reproduced in international phase III trials,
RECOURE study and TERRA study (3-5). TAS-102 is,
therefore, indicated as a standard treatment option for
patients with mCRC treated with fluoropyrimidine-,
oxaliplatin- or irinotecan-based chemotherapies and targeted
therapies as a third-line or subsequent therapy.

A global focus related to TAS-102 therapy is identifying
predictors of its efficacy. Although several preliminary
studies have investigated predictive biomarkers (6-9), no
objective biomarker has yet been identified. Relationships
between cancer treatment outcomes and inflammation-
based indicators, including the neutrophil-to—lymphocyte
ratio (NLR), platelet-to-lymphocyte ratio (PLR),
lymphocyte—to—monocyte ratio (LMR), C-reactive protein
(CRP), and modified Glasgow prognostic score (mGPS),
have been widely studied. Among these, the NLR is a
representative index. An elevated NLR reflects greater
systemic inflammation, which can induce cancer
progression via production of pro-inflammatory and
angiogenic cytokines, and is associated with reduced
tumour-specific immunity, including a reduced number of
tumour-infiltrating  lymphocytes in  the  tumour
microenvironment (10, 11). It is reportedly associated with
poor survival in patients with resectable CRC and mCRC
(12, 13). This study investigated the potential of pre-
treatment inflammation-based scores for patients with
mCRC to predict TAS-102 efficacy.
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Patients and Methods

This was a retrospective single-institutional study conducted at the
Department of Surgery of Nippon Medical School Chiba Hokusoh
Hospital from August 2014 to March 2018, and included 33 patients
with mCRC who were treated with TAS-102 after standard
therapies. All patients had presented with histologically confirmed
colorectal adenocarcinoma.

Patients’ baseline characteristics were collected from medical
records. TAS-102 was given orally at 35 mg/m?2 twice a day for 28
days (one course): Two-week cycles of 5 days of treatment and 2
days of rest, followed by 14 days of rest. This treatment cycle was
repeated until disease progression or the physician’s judgement to
cease this regimen.

Adverse events (AEs) of grade 3 or more were evaluated using
the Common Terminology Criteria for Adverse Events, version 4.03
(14). Tumour response was evaluated by one investigator using the
Response Evaluation Criteria in Solid Tumours (RECIST), version
1.1 (15) in patients with measurable disease at baseline. White blood
cell, neutrophil, lymphocyte, monocyte, and platelet counts were
routinely measured at a central laboratory, and pre-TAS-102
treatment NLR, PLR, and LMR were calculated for each patient.

PFS was defined as the interval from the start of the TAS-102
treatment to either disease progression or death. OS was defined as
the interval from the start of the TAS-102 treatment to death.
Patients were censored at their last follow-up visit if they were free
of disease progression or alive, for PFS and OS analyses,
respectively. Median PFS and OS were calculated with the Kaplan—
Meier method. Differences between two patient groups were
evaluated using the log-rank test. This study was conducted in
accordance with the Declaration of Helsinki and the study protocol
was approved by the Ethics Committee of Nippon Medical School
Chiba Hokusoh Hospital (Chiba, Japan) (approval no. 748).

All statistical analyses were performed using R, version 3.1.0 (R
Foundation for Statistical Computing, Vienna, Austria). Continuous
variables are expressed as the median and range, and compared
using two-tailed Student’s r-tests and Mann—Whitney U-tests.
Discrete variables were compared using chi-squared and Fisher’s
exact tests. Variables for which p<0.1 in univariate analysis were
entered into multivariate Cox proportional hazard models. p-Values
less than 0.05 were considered significant.

Results

Patient characteristics and treatment. In this study, 33
patients [median age=69 years; range=48-90 years; 20 men
(60.6%)] with mCRC were treated with TAS-102, including
five (15.2%) with Eastern Cooperative Oncology Group
performance score (ECOG PS) =2, 16 (48.5%) with KRAS
wild-type tumours, and 16 (48.5%) who received TAS-102
as 4th-line or higher treatment. The median number of TAS-
102 treatment courses was 4 (range=1-18). Their
characteristics are summarized in Table I.

Of the 33 patients, 22 (66.7%) initially received full doses
of TAS-102, and the other 11 patients started with lower
doses at the physician’s discretion (e.g. due to poor PS).
Median values of NLR, PLR, and LMR were 3.14, 173.2,
and 3.17, respectively.
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Predictive factors. Exploratory analyses were carried out to
identify potential predictive factors for PFS and OS (Table
II). Variables classified with age, sex, primary site, KRAS
status, synchronous or metachronous metastasis, number of
organs with metastases, and time from diagnosis to TAS-102
treatment showed no significant differences in PFS nor OS
analyses. Patients with better ECOG PS (0 or 1) had
significantly longer PFS and OS compared with those with
PS of 2 or more (PFS=5.75 vs. 1.74 months: p=0.007;
0S=12.45 vs. 2.69 months: p<0.001). Interestingly, patients
treated with reduced initial TAS-102 doses had survival
benefits similar to those treated with the standard dose. TAS-
102 in 3rd-line or earlier treatment led to significantly longer
PFS than did 4th-line or later (5.98 vs. 2.97 months:
p=0.003), but not OS.

Among haematological variables, a high NLR was
associated with significantly shorter PFS and OS compared
with a lower NLR at cut-offs of both 3.14 (PFS: 3.29 vs.
5.98 months: p=0.031; OS: 6.17 vs. 12.68 months: p=0.005;
Figure 1) and 5 (PFS: 1.64 vs. 6.05 months: p<0.001; OS:
4.30 vs. 12.71 months: p<0.001; Figure 2). The same pattern
was observed for PLR (PFS: 3.23 vs. 6.28 months: p=0.018;
0OS: 7.98 vs. 16.33 months: p=0.003). However, analyses of
LMR and neutropenia within 1 month of TAS-102 treatment
had no significant predictive impact. As these results
indicated that the NLR cut-off of 5 had the best potential for
predicting survival in univariate analyses, this value was
used in further analyses.

Efficacy and safety according to NLR status (cut-off: 5). All
patients had measurable disease at baseline, but one patient
was not evaluated by computed tomography because of
severe disease progression. Considering all cases, the overall
response rate (ORR) was 3.0% and the disease-control rate
(DCR) was 54.5%. The ORR did not differ statistically
according to NLR (<5 vs. 25: 0% vs. 9.1%). The DCR for
those with NLR =5 was worse than that with NLR <5, but
not significantly so (27.3% vs. 68.2%, p=0.061) (Table III).

In the safety profile (for AEs of grade 3 or more), no
grade 4 nonhematological AEs occurred. Febrile neutropenia
developed in four patients (12.1%), three (13.6%) with NLR
<5 and one (9.1%) with NLR =5, but the difference did not
reach statistical significance (p>0.99). Neutropenia was less
frequent in the group with NLR =5 than that with NLR <5,
but the difference did not reach statistical significance
(18.2% vs. 54.5%, p=0.067) (Table III).

Multivariate analyses for survival at the NLR cut-off of 5. In
multivariate analysis (Cox proportional hazard model), two
or more organs with metastases, fourth or more treatment
line, NLR =5 were associated with poorer PFS. ECOG PS
and NLR were identified as independent prognostic factors
in OS analysis (Table 1V).
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Table 1. Characteristics of the included patients (n=33).

Characteristic Value
Age, years

Median (range) 69 (48-90)
Gender

Male 20 (66.7)

Female 13 (39.4)
ECOG PS, n (%)

0 21 (63.6)

1 7(21.2)

2 309.1)

3 2 (6.1)
Primary site, n (%)

Right-sided 8(24.2)

Left-sided 25 (75.8)
Metastasis, n (%)

Synchronous/metachronous 20 (60.1)

Metachronous 13 (39.4)
Number of organs with metastasis, n (%)

1 13 (39.4)

2 14 (42.4)

3 4 (12.1)

4 2 (6.1)
KRAS status, n (%)

Wild-type 17 (51.5)

Mutant 13 (39.4)

Unknown 309.D)
Treatment line of TAS-102, n (%)

2 4 (12.1)

3 13 (394)

4 7(21.2)

5 4 (12.1)

6 3(09.1)

7 2 (6.1)

Time from diagnosis to TAS-102, months
Median (range)
Combination with bevacizumab, n (%)

23.9 (7.3-100.5)

Yes 7(21.2)

No 26 (78.8)
Reduced dose of initial TAS-102, n (%)

Yes 11 (33.3)

No 22 (66.7)
Number of TAS-102 treatment courses

Median (range) 4 (1-18)
Regorafenib treatment, n (%)

Yes 6 (18.1)

No 27 (81.8)
Further treatment after TAS-102, n (%)

Yes 7(21.2)

No 26 (78.8)

Pre TAS-102 treatment NLR
Median (range)

Pre TAS-102 treatment PLR
Median (range)

Pre TAS-102 treatment LMR
Median (range)

3.14 (1.08-41.50)
173.2 (61.8-2437.4)

3.17 (0.17-14.0)

ECOG PS: Eastern Corporative Oncology Group performance status;
NLR: neutrophil-to-lymphocyte ratio; PLR: platelet—to—lymphocyte
ratio; LMR: lymphocyte-to-monocyte ratio.

Discussion

This retrospective study indicated that among patients with
refractory mCRC treated with TAS-102, pretreatment NLR
and PLR were predictive of both PFS and OS in univariate
analyses, and NLR was predictive of PFS and OS in
multivariate analyses. This suggests that pretreatment blood
inflammation-based  scores  (especially NLR) are
prognostic/predictive biomarkers.

The NLR has been suggested as a prognostic factor in
various solid tumours, including CRC (16-20). The NLR is a
factor related to systemic inflammation, which is recognized
as a ‘hallmark of cancer’. The systemic inflammatory response
plays important roles during all stages of tumorigenesis. It may
lead to tumour initiation through genetic mutations, genomic
instability, and epigenetic modifications. Inflammation
activates tissue-repair responses that induce proliferation of
premalignant cells and enhance their survival. It also
contributes to angiogenesis, immunosuppression, inhibition of
apoptosis, and DNA damage, ultimately promoting metastatic
spread (11, 21). A high NLR represents a relatively elevated
neutrophil count and depleted lymphocyte count. Neutrophils
produce serum vascular endothelial growth factor (VEGF) and
various matrix proteases (22). This tumour-promoting
microenvironment facilitates tumour invasion and metastasis.
Lymphocyte depletion attenuates tumour-specific immunity,
including reducing the number of tumour-infiltrating
lymphocytes (10, 11). Although distinct tumour-suppressive
mechanisms are predominantly mediated by CD4* or CD8*
T-lymphocytes, regulatory T-cells, a specific CD4* cell
population, have major functions in tumour-induced
immunotolerance through suppression of CD4* T-lymphocytes.
In contrast, CD8* T-lymphocyte counts, which are associated
with humoral immunity and prevention of tumour rejection, are
either normal or high during cancer progression (23, 24).

The pretreatment PLR also had some predictive potential
for efficacy of TAS-102 treatment. Platelets are a critical
source of cytokines, especially transforming growth factor-§
and VEGF, which can promote tumour growth by enhancing
angiogenesis (21, 22, 25).

Several studies have suggested that the NLR can predict
response to systemic chemotherapy in patients with mCRC.
However, most studies were designed in early-line treatment
settings (12, 26-28). Chemotherapy drugs consistently
utilized in each study were heterogeneous, including
bevacizumab- (12, 26, 29), oxaliplatin- (30), and cetuximab-
based (28, 31) regimens. Previously, only one study by
Yoshida et al. evaluated the predictive value of NLR in 44
TAS-102-treated patients with mCRC; it showed
pretreatment NLR to be negatively significantly associated
with PFS in multivariate analysis (32). Considering these
consistent results, the NLR may serve as a versatile
prognostic marker in patients with mCRC treated with
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Figure 1. Kaplan—Meier curves showing progression-free (PFS) (A) and
overall (OS) (B) survival according to neutrophil-to—lymphocyte ratio
(NLR) using the median value of 3.14 as cut-off.

chemotherapy regardless of targeted drugs. Additionally, the
NLR is a convenient and cost-effective biomarker in clinical
settings.

Although the NLR is increasingly considered to be a
robust predictive biomarker based on abundant previous
positive studies, the heterogenous cut-off values in each
study have slowed the application of those ratios in clinical
settings. A recent meta-analysis by Malietzis et al. evaluating
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Figure 2. Kaplan—Meier curves showing progression-free (PFS) (A) and
overall (OS) (B) survival according to neutrophil-to-lymphocyte ratio
(NLR) using a value of 5 as cut-off.

the predictive value of the NLR for oncological outcomes in
patients with CRC also noted the heterogeneity as a critical
limitation and suggested that the cut-off value should be >3
(33). Kubo et al. showed the predictive efficacy of the
median value as a cut-off in patients who underwent curative
surgery for CRC (34). Studies by Chua et al. (35) and Kishi
et al. (27) showed the efficacy of 5 as the NLR cut-off in
patients with mCRC treated with systemic chemotherapy. In
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Table II. Progression-free and overall survival according to predictive factors.

Variable Median PFS (95% CI), p-Value Median OS (95% CI), p-Value
months months

Age <75 Years (n=25) 545 (1.9-8.2) 0.362 12.45 (6.4-17.6) 0.282
>75 Years (n=8) 5.37 (0.46-NA) 12.2 (4.3-NA)

Gender Male (n=20) 5.86 (1.6-8.2) 0.377 12.45 (8.8-17.6) 0417
Female (n=13) 397 (1.8-6.3) 122 (4.2-12.7)

ECOG PS 0, 1 (n=28) 5.75(2.5-8.2) 0.007 12.45 (8.8-16.3) <0.001
> 2 (n=5) 1.74 (1.3-NA) 2.69 (1.3-NA)

Primary site Right-sided (n=8) 421 (1.3-9.7) 0.839 12.45 (1.3-12.7) 0.708
Left-sided (n=25) 5.45 (2.0-6.6) 12.22 (6.2-17.2)

KRAS status Wild (n=17) 5.45 (1.3-6.0) 0.626 7.98 (4.3-NA) 0.906
Mutant (n=13) 397 (2.5-9.7) 12.45 (4.6-17.2)

Metastasis Synchronous (n=20) 3.63 (1.3-6.0) 0.539 10.02 (4.3-17.2) 0.14
Metachronous (n=13) 6.05 (2.5-9.7) 12.65 (8.0-NA)

Number of metastatic organs, n (%) 1 (n=13) 8.25 (2.5-11.3) 0.070 12.85 (8.0-NA) 0.098
> 2 (n=20) 3.63 (1.3-6.0) 8.83 (4.2-12.5)

Treatment line of TAS-102 <3 (n=17) 598 (2.5-12.2) 0.003 12.98 (8.0-21.2) 0.188
>4 (n=16) 2.97 (0.9-6.0) 10.94 (4.3-16.3)

Time from diagnosis to TAS-102 (months)* <23.9 (n=17) 5.68 (1.6-8.2) 0.322 12.65 (8.0-21.2) 0.207
>23.9 (n=16) 5.43 (1.8-6.6) 10.94 (4.6-16.3)

Reduced dose of initial TAS-102 Yes (n=11) 5.75 (1.64-NA) 0.701 12.22 (6.2-16.3) 0.787
No (n=22) 4.70 (1.8-8.2) 1045 (4.2-NA)

Regorafenib treatment Yes (n=6) 6.11 (0.62-NA) 0.841 10.84 (8.0-17.2) 0.833
No (n=27) 545 (2.5-6.3) 10.45 (0.7-NA)

Combination with bevacizumab Yes (n=6) 4.17 (0.59-NA) 0.759 NA (2.2-NA) 0.641
No (n=27) 5.68 (2.5-6.6) 12.5 (8.0-16.3)

Neutropenia (=G2) in 1 month Yes (n=6) 5.26 (1.6-NA) 0.748 13.0 (8.0-NA) 0.813
No (n=27) 5.68 (2.0-8.2) 12.2 (6.2-12.8)

NLR (cut-off: 3.14)* High (n=17) 3.29 (0.9-6.0) 0.0313 6.17 (2.7-NA) 0.005
Low (n=16) 5.98 (2.5-12.2) 12.68 (10.0-21.2)

NLR (cut-off: 5) High (n=11) 1.64 (0.6-5.1) <0.001 4.30 (1.3-NA) <0.001
Low (n=22) 6.05 (4.0-9.7) 12.71 (10.0-17.2)

PLR (cut-off: 173.2)* High (n=17) 323 (1.3-5.7) 0.0183 798 (4.3-12.5) 0.003
Low (n=16) 6.28 (2.5-12.2) 16.33 (8.8-21.2)

LMR (cut-off: 3.17)* High (n=17) 6.27 (2.5-9.8) 0.0805 12.71 (8.8-17.2) 0.242
Low (n=16) 2.89 (1.3-5.7) 6.37 (2.7-NA)

CI: Confidence interval; NA: not available; ECOG PS: Eastern Corporative Oncology Group performance status; NLR: neutrophil-to—lymphocyte
ratio; PLR: platelet—to—lymphocyte ratio; LMR: lymphocyte—to—monocyte ratio; *Median value.

our study, we used both the median value of 3.14, and 5 as
cut-off values for NLR and compared them. The cut-off of 5
was superior and had considerable predictive potential for
both PFS and OS in our cohort.

Another promising application of inflammatory-based
scores as predictive biomarkers is longitudinal change before
and after treatment. Formica et al. assessed changes in NLR
before and after Ist-line FOLFIRI plus bevacizumab
treatment and surprisingly showed that the degree of NLR
change did not correlate with oncological outcomes and NLR
increase led to significantly longer OS compared with NLR
decrease, in patients with stable disease (29). These results
were unexpected and suggested a confounding effect by
chemotherapy-induced tumour shrinkage and latent factors
that potentially influence the NLR. Several disease

conditions are known to affect the NLR, including essential
hypertension, acute coronary syndromes, renal and liver
diseases, and some medications, such as antibiotics,
antidiabetic and antihypertensive drugs (36-38).

Several studies of potential biomarkers have clarified their
predictive power for TAS-102-treated mCRC. Yoshino et al.
showed that high expression of TK1, which catalyses
incorporation of FTD into DNA by phosphorylation, was
associated with longer OS (9). Suenaga et al. reported that
polymorphisms in genes involved in FTD and thymidine
phosphorylase inhibitor pharmacokinetics may serve as
predictive and prognostic markers in refractory mCRC
treated with TAS-102 (8). However, clinicians cannot easily
apply these biomarkers as a routine measurement. Kasi et al.
demonstrated that neutropenia at 1 month after starting TAS-
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Table II1. Efficacy and safety of TAS-102 treatment according to neutrophil-to-lymphocyte ratio (NLR) status (cut-off: 5).

NLR, n (%)
Evaluation All cases (n=33), n (%) <5 (n=22) =5 (n=11) p-Value
Efficacy, n (%)
Complete response 0 (0) 0 (0) 0 (0)
Partial response 13.0) 0 (0) 109.1)
Stable disease 17 (51.5) 15 (68.2) 2 (18.2)
Progressive disease 14 (4.2) 7(31.8) 7 (63.6)
Not evaluated 13.0) 0 (0) 109.1)
ORR 13.0) 0 (0) 19.1) 0.333
DCR 18 (54.5) 15 (68.2) 3(27.3) 0.061
Adverse event, n (%)
Neutropenia 14 (42.4) 12 (54.5) 2(18.2) 0.067
Leukopenia 9 (27.2) 6 (27.3) 3(27.3) 1.00
Febrile neutropenia 4(12.1) 3 (13.6) 109.1) 1.00
Anemia 7(21.2) 522.7) 2(18.2) 1.00
Thrombocytopenia 2 (6.1) 209.D) 0 (0) 0.542
Anorexia 1(3.0) 0 (0) 19.1) 0.333
Nausea 2(6.1) 0 (0) 2(18.2) 0.104
Fatigue 1(3.0) 0 (0) 1(9.1) 0.333

ORR: Overall response rate; DCR: disease control rate (ORR+stable disease). Adverse events grade 3 or more according to Common Terminology

Criteria for Adverse Events, version 4.03 (14).

Table IV. Multivariate analysis using Cox proportional hazards model.

Variable PFS [N

Group HR 95% CI p-Value HR 95% CI p-Value
ECOG PS =2 1.46 0.38-5.64 0.5797 7.78 1.54-39.22 0.0129
Number of organs with metastasis =2 2.22 1.00-4.95 0.0499 2.06 0.83-5.14 0.1203
Treatment line of TAS-102 =4 337 1.29-8.73 0.0125 - - -
NLR (cut-off: 5) High 6.26 1.99-19.74 0.0017 6.97 1.71-28 .46 0.0069
PLR (cut-off: 173.2) High 1.27 0.55-2.95 0.5732 3.13 0.96-10.16 0.0579

CI: Confidence interval; ECOG PS: Eastern Corporative Oncology Group performance status; HR: hazard ratio; NLR: neutrophil-to—lymphocyte
ratio; PLR: platelet-to—lymphocyte ratio; LMR: lymphocyte—to-monocyte ratio.

102 was associated with better prognosis (7), which may
suggest that the dosage of TAS-102 should be increased to
achieve better outcomes in patients who do not experience
any neutropenia. However, our result was not consistent with
this report. This may have been due to the differences in
patient cohorts, characteristics, and tumour status. But
patients with NLR <5 had a higher prevalence of neutropenia
than those with NLR =5 in the safety profile. This result
indicates that the inflammation-induced increased neutrophil
count of the NLR =5 group had protected them from severe
neutropenia. Taken together with the fact that the group with
a low NLR had longer survival, neutropenia might be a
surrogative prognostic marker.
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The major limitations of our study are its retrospective
nature, small sample size, and single-centre Japanese-based
cohort. The predictive value of NLR was not compared with
other reported biomarkers, such as TKI1 and specific
polymorphisms. In conclusion, we describe the predictive and
prognostic value of pretreatment NLR in refractory mCRC
patients with TAS-102 treatment. However, further high-quality
studies with larger cohorts are required to confirm this finding.
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