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The Pre-treatment Lymphocyte-to-Monocyte
Ratio Predicts Efficacy in Metastatic Colorectal
Cancer Treated With TAS-102 and Bevacizumab
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Abstract. Background/Aim: Our multicenter phase Il TAS-
CC3 study demonstrated favorable median progression-free
survival (PFS) and overall survival (OS) of 32 metastatic
colorectal cancer (mCRC) patients treated with TAS-102 +
bevacizumab as 3"%line treatment. Patients and Methods: We
investigated the predictive and prognostic values of pre-
treatment blood inflammation-based scores, including the
neutrophil-to-lymphocyte (NLR), platelet-to-lymphocyte (PLR)
and lymphocyte-to-monocyte ratio (LMR) on disease-control
(DC), PFS and OS by a post-hoc analysis. Results: Receiver
operating characteristic curve analyses of the 3 inflammation-
based scores versus DC showed the best predictive
performance for LMR, followed by NLR and PLR. The high-
LMR group had a significantly higher DC rate than the low
group (87.5 vs. 43.8%). The high-LMR group showed
significantly longer survival than the low group (4.9 vs.2.3 m
for median PFS) (21.0 vs. 6.1 m for median OS). Conclusion:
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The pre-treatment LMR is a valid predictive and prognostic
biomarker for mCRC patients undergoing TAS-102 and
bevacizumab treatment.

TAS-102 is an oral anticancer agent comprising trifluridine
(FTD) and tipiracil hydrochloride (1). For patients with
metastatic colorectal cancer (mCRC), significantly better
progression-free survival (PFS) and overall survival (OS)
were shown in those treated with TAS-102 than in those
treated with placebo in the global phase IIIl RECOURSE trial
(2). Additionally, the combination therapy of TAS-102 and
bevacizumab was reported to show favorable PFS in the
phase II C-TASK FORCE trial (3). We also previously
reported that our single-arm multicenter phase II trial (TAS-
CCO3 study) using the combination of TAS-102 and
bevacizumab showed comparable favorable PFS (4.5
months) and OS (9.3 months) as 3"_line treatment for
patients with mCRC (4). Several previous single-arm phase
IT studies, including our study, supported the benefit of
adding bevacizumab to TAS-102 (3-6). Additionally, a recent
randomized phase II trial demonstrated that the combination
of TAS-102 and bevacizumab significantly improved PFS
compared with TAS-102 alone in mCRC patients (7).
Although a large phase III study has not been performed yet,
the combination therapy of TAS102 and bevacizumab is a
new salvage chemotherapy option for mCRC. Thus, practical
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predictors for the efficacy and prognostic markers are
warranted.

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 used as prognostic factors for the
oncologic outcomes of cancer treatment. We previously
reported the relationship between NLR and survival after
TAS-102 treatment (8). In this study, we investigated the
association of these inflammation-based indicators with the
efficacy of TAS-102 and bevacizumab treatment using the
data of patients registered in the TAS-CC3 study to
determine whether these indicators predicted the treatment
efficacy and prognosis of the patients.

Patients and Methods

Study design and patient population. We performed a post hoc
analysis of a prospective investigator-initiated, open-label, single-arm,
multicentered phase II study (TAS-CC3) in Japan comprising 32
mCRC patients treated with the combination of TAS102 and
bevacizumab as 31-line therapy. Patients who were administered first-
and second-line chemotherapy and whose tumors were diagnosed as
progressive disease were treated with TAS-102 (orally administered
at a dose of 35 mg/m? twice daily on days 1-5 and 8-12 of every 28-
day cycle) plus bevacizumab (5.0 mg/kg by intravenous infusion on
days 1 and 15). Tumor response was evaluated by one investigator
using the Response Evaluation Criteria in Solid Tumors (RECIST),
version 1.1, in patients with measurable disease at baseline. Adverse
events were assessed using the Common Terminology Criteria for
Adverse Events ver. 4.0 (CTCAE ver. 4.0). Clinical evaluations and
computed tomography (CT) scans were performed 8 (+2) weeks after
starting chemotherapy and then every 8 (+2) weeks until progression.
This study was conducted in accordance with the Declaration of
Helsinki and was registered at the University Hospital Medical
Information Network as UMIN#000022438.

The white blood cell, neutrophil, lymphocyte, monocyte, and
platelet counts were routinely measured at a central laboratory, and
the pre-treatment NLR, PLR, and LMR were calculated for each
patient. These parameters were divided into two groups (high and
low) using as cut-offs the median values.

Statistical analysis. The primary endpoint of TAS-CC3 study was
PFS. Secondary endpoints were the time to treatment failure (TTF),
response rate, and OS. The median PFS and OS were calculated
using the Kaplan—-Meier method. Differences in survival between
the two patient groups were evaluated using the log-rank test.
Spearman’s correlation analysis was conducted to examine the
correlation between LMR and PFS, OS. Receiver operating
characteristic (ROC) curve analysis was conducted to determine the
predictive performance of the three inflammation-based scores in
tumor response. Continuous variables were expressed as medians
and ranges. Variables in univariate analysis for which p<0.1 were
entered into multivariate Cox proportional hazard models. p-Values
less than 0.05 were considered significant. All the statistical
analyses were performed using R, version 3.1.0 (R Foundation for
Statistical Computing, Vienna, Austria).
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Table 1. Characteristics of the included patients.

All cases (n=32)

66.5 (45-78)
20 (63%)/12 (38%)
18 (56%)/14 (44%)
11 (34%)/21 (66%)
23 (72%)/9 (28%)

14 (44%)/18 (56%)

29 (91%)/1 (3%)/2 (6%)
11 (37%)/21 (66%)

Age [yrs (range)]

Gender (male/female)

Tumor location (colon/rectum)
Sidedness (right/left)

ECOG PS (0/1)

RAS (wild/mutant)

Histology (tub/por/muc)

No of metastasized sites (1/=2)
Metastasized sites

Liver 22 (69%)
Lung 22 (69%)
Lymph node 7 (22%)
Local 2 (6%)
Peritoneum 1 3%)
No. of treatment courses (range) 4 (2-24)

129 (49-849)
32 (100%)/0 (0%)
15 (47%)/17 (53%)
2.67 (1.21-10.56)
135.2 (55.2-589.5)

3.18 (0.83-7.40)

Treatment duration (days: range)
Bevacizumab (prior/naive)
Subsequent chemotherapy (yes/no)
Pre-treatment NLR [median(range)]
Pre-treatment PLR [median(range)]
Pre-treatment LMR [median(range)]

NLR: Neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte
ratio; LMR: lymphocyte-to-monocyte ratio.

Results

Summary of the TAS CCO3 study. Thirty-two patients (median
age: 67 years, range=45-78 years) were enrolled in the TAS-
CCO03 study from June 2016 to August 2017. All the patients
were treated with 3rd-line chemotherapy and had a history of
receiving bevacizumab in previous lines. The characteristics of
patients are shown in Table I. The median number of treatment
cycles was four. A partial response was observed in 2 patients,
and the disease control (DC) rate was 65.6%. The median PFS
was 4.5 months [95% confidence interval (CI)=1.8-7.1], and the
median OS was 9.2 months (95%CI=5.5-12.8) as previously
reported (4). The pre-treatment median values of NLR, LMR,
and PLR were 2.67, 3.18, and 135.2, respectively.

ROC curve analysis. In this post hoc analysis, ROC curve
analyses of the three pre-treatment inflammation-based
scores, NLR, PLR, and LMR, versus DC according to the
RECIST criteria showed a best predictive performance in
LMR, followed by NLR and PLR (AUC: 0.88, 0.85, and
0.68, respectively) (Figure 1).

LMR, tumor response and adverse events. Table 11 shows the
efficacy and safety profiles according to LMR. The high-
LMR group had a significantly higher DC rate than the low
group (87.5 vs. 43.8%). Two patients with partial responses
were in the high-LMR group. No significant association was
observed between LMR and adverse events (=grade 3).
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Figure 1. Receiver operating characteristic curve analysis of inflammation-based indicators in disease control. Lymphocyte-to-monocyte ratio (LMR)
showed the best predictive performance, followed by neutrophil-to-lymphocyte (NLR) and platelet-to-lymphocyte (PLR) [Area under the curve

(AUC): 0.88, 0.85, and 0.68, respectively].

LMR and survival. The LMR values were significantly
correlated with PFS and OS (PFS: r=0.56, p<0.001, OS:

Table II. Efficacy and safety according to LMR.

r=0.62, p<0.001; Figure 2A and B). The high-LMR group A(lrll_c??;;es i ﬁlz/f; 18) Lo“I/J(\il;lS) p-Value
showed significantly longer survival than the low group in - g(n=I6.) (n=16.)
both PFS (median: 4.9 vs. 2.3 m; Figure 3A) and OS
(median: 21.0 vs. 6.1 m; Figure 3B). CR 0 (0%) 0 (0%) 0 (0%)
PR 2 (6.3%) 2 (12.5%) 0 (0%)
Cox proportional hazards model. Exploratory analyses were ISDE i? 823:;0; 21 2( 1(272(;0)) ; E:Zg?;
S0 D70 D70
performed to identify potential predictive factors for PFS and  opgp 6.3% 12.5% 0% 0.484
OS (Table III). In this univariate analysis, both LMR and  pcr 65.6% 87.5% 43.8% 0.023
NLR were significantly associated with PFS (LMR:
p=0.011; NLR: p<0.001) and OS (LMR: p<0.001; NLR:  Adverse event (=Grade 3)
p<0.001). PLR was .51gn1flcantly associated Wth I?FS Leukopenia 2(63%)  1(63%) 1 (63%)
(p<0.011) but not with OS (p=0.097). In multivariate Neutropenia 15 (46.9%) 10 (625%) 5 (313%)
analysis (Table IV), LMR remained significantly correlated  Anemia 3 (9.4%) 1 (6.3%) 2 (12.5%)
with OS (95%CI1=0.26-0.79; p=0.005). Thrombocytopenia 4 (12.5%) 2 (12.5%) 2 (12.5%)
Anorexia 2 (6.3%) 1 (6.3%) 1(6.3%)
. . Nausea/vomiting 2 (6.3%) 1(6.3%) 1 (6.3%)
Discussion Diarrhea 0 (0%) 0 (0%) 0 (0%)
Liver dysfunction
In this study, LMR was the most informative marker for (T bil, AST, ALT) 3 (9.4%) 1 (6.3%) 2 (12.5%)
predicting treatment efficacy and prognosis in patients treated ~ Overall 19 (594%) 12 (750%) 9 (563%) 0458

with TAS-102 + bevacizumab. NLR also showed a relatively
good association with the tumor response, while PLR did not
show a good association with OS. In multivariate analysis, only
LMR, but not NLR, remained significantly correlated with OS.

CR: Complete response; PR: partial response; LMR: lymphocyte-to-
monocyte ratio; PD: progressive disease; SD: stable disease; ORR:
overall response rate; DCR: disease control rate; AST: aspartate
transaminase; ALT: alanine aminotransferase.
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Figure 2. Correlation between lymphocyte-to-monocyte ratio (LMR) and survival. LMR was significantly correlated with progression-free survival
(PFS) (p<0.001) (A) and overall survival (OS) (p<0.001) (B).

Table III. PFS and OS according to prognostic factors.

Median PFS (months) p-Value Median OS (months) p-Value
(95%CI) (95%CT)
Age <75 yrs (26) 4.6 (2.3-4.9) 0.933 9.1 (4.6-20.5) 0.943
=75 yrs (6) 4.3 (2.0-NA) 9.8 (4.8-NA)
Gender Male (20) 4.7 (2.3-7.6) 0.466 9.6 (5.1-15.6) 0.669
Female (12) 2.5(1.8-4.9) 9.1 (3.4-NA)
Sidedness Left (21) 4.6 (2.3-5.5) 0.791 11.0 (6.5-21.5) 0.428
Right (11) 2.7 (2.0-7.0) 7.2 (3.1-15.3)
ECOG PS 0(23) 4.7 (2.5-5.7) 0.333 11.0 (8.0-20.5 0.136
1(9) 24 (1.8-19.1 32 (2.2-NA)
RAS Wild (14) 5.3 (2.3-8.0) 0.205 12.0 (6.5-NA) 0.266
Mutant (18) 2.5(2.0-4.6) 9.1 3.4-11.6)
Histology tub (29) 4.6 (2.3-5.5) 0.629 9.3 (5.1-15.6) 0.789
Por/muc (3) 4.4 (1.8-NA) 8.7 (3.2-NA)
No. of meta sites 1 (11) 4.6 (2.0-19.1) 0.457 9.3 (3.2-NA) 0.534
=2 (21) 44(23-5.7) 9.0 (5.1-15.3)
NLR High (16) 2.3 (1.8-2.7) <0.001 5.8 (3.1-9.3) <0.001
Low (16) 5.6 (44-8.0) 21.0 (7.2-NA)
PLR High (16) 2.3 (1.8-4.6) 0.011 9.1 (4.6-15.3) 0.097
Low (16) 5.3 (2.4-8.0) 8.9 (4.2-NA)
LMR High (16) 4.9 (4.0-8.0) 0.014 21.0 (7.1-NA) <0.001
Low (16) 2.3 (1.8-4.6) 6.1 (3.1-9.3)

PFS: Progression-free survival; OS: overall survival; ECOG: Eastern Cooperative Oncology Group; PS: Performance status; NLR: neutrophil-to-
lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; LMR: lymphocyte-to-monocyte ratio.

NLR, LMR, and PLR are inflammatory-based markers
that have been reported to be associated with patients’
in various
predominant leukocyte subset in human peripheral blood,

prognosis
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cancers.

Neutrophils are

with a well-established role in the first line of defense
against microbial pathogens (9). Neutrophils produce serum
vascular endothelial growth factor (VEGF) and various
matrix proteases. This tumor-promoting microenvironment
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Figure 3. Kaplan—Meier curves of progression-free survival (PFS) and overall survival (OS) according to lymphocyte-to-monocyte ratio (LMR).
The high-LMR group showed significantly longer survival than the low group in both PFS (median: 4.9 vs. 2.3 m) (Figure 3A) and OS (median:

21.0vs. 6.1 m) (Figure 3B).

facilitates tumor invasion and metastasis (10). Thus,
neutrophils are associated with cancer-related inflammation
and a worse prognosis. Lymphocytes play a primary role in
antitumor immunology, prohibiting tumor progression and
metastasis (11). The infiltration of CD4+ T cells activates
CD8+ T cells, which induce cancer cell apoptosis and exhibit
cytotoxic activity toward cancer cells (12, 13). Lymphocyte
depletion attenuates tumor-specific immunity, including
reducing the number of tumor-infiltrating lymphocytes (14,
15). Lower pre-treatment peripheral lymphocyte counts are
associated with a poor prognosis in CRC (16). Monocytes,
particularly those differentiated into tumor-associated
macrophages (TAMs), are involved in tumorigenesis (17).
TAMs sustain tumor growth by producing growth factors
(e.g., EGF, VEGF, and bFGF), promote the remodeling of
the extracellular matrix by releasing proteases (e.g.,
cathepsins, MMP-2, and MMP-9) and soluble mediators
(e.g., TGF-beta and LL37), favorable angiogenesis and
lymphangiogenesis by releasing MMP-9 or other soluble
factors (e.g., VEGFs, PDGF, thymidine phosphorylase, and
CXCLS8) and suppress the anti-tumoral immune response by
releasing soluble mediators, such as IL-10, IDO and TGF-
beta, as well as through a cell-cell contact mechanism (9).
In CRC patients, the peripheral monocyte count was
associated with a poor outcome (18, 19).

Although NLR is a well-reported index for predicting the
prognosis of cancer patients, many previous studies reported

Table IV. Multivariate analysis.

PFS (6N
Variables HR 95%CI  p-Value HR 95%CI  p-Value
NLR 1.06 0.82-1.36 0.666 0.89 0.69-1.13  0.334
PLR 1.00 0.99-1.00 0.884
LMR 0.67 044-101 0.056 045 0.26-0.79  0.005

PFS: Progression-free survival; OS: overall survival; NLR: neutrophil-to-
lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; LMR: Lymphocyte-
to-monocyte ratio; HR: hazard ratio; CI: confidence interval.

the usefulness of LMR as a prognostic marker in several cancer
types, such as gastric cancer (20), esophageal squamous cell
cancer (21), Hodgkin’s lymphoma (22), pancreatic cancer (17),
and gastrointestinal stromal tumors (23). Regarding CRC, the
usefulness of LMR was also reported in both curatively
resected CRC patients (24-26) and mCRC patients (27, 28).
Stotz et al. reported that the elevated preoperative LMR was
significantly associated with increased time to recurrence and
overall survival in stage III CRC patients (25). Chan et al.
reported that elevated LMR was associated with better OS in
retrospectively collected data from 1,623 CRC patients with
curative resection (26). Shibutani et al. demonstrated that low
pre-treatment LMR was associated with a significantly worse
overall survival in mCRC patients receiving palliative
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chemotherapy (27). Several CRC-related meta-analyses also
showed consistent results (29-32).

Although the association of NLR and efficacy of
chemotherapy was also demonstrated in this study, the
association of NLR with OS was weaker than that of LMR.
Only 3"_line mCRC patients were included in this study,
therefore, the pre-treatment blood data were affected by
previous chemotherapy. Shibutani e al. determined the pre-
treatment and post-treatment absolute neutrophil/lymphocyte/
monocyte counts in 104 patients with unresectable mCRC who
had undergone palliative chemotherapy (27). According to these
data, the neutrophil counts were highly decreased and the
monocyte counts were slightly elevated, however, the
lymphocyte counts were not strongly affected after
chemotherapy. Thus, in this late-line setting, NLR was affected
by previous chemotherapy and was decreased, inaccurately
indicating a better prognosis. Although LMR was elevated, the
difference in the monocyte counts pre- and post-chemotherapy
was smaller than the change in the neutrophil count. Therefore,
NLR in this late-line setting cannot predict a precise prognosis,
likely because of the influence of previous chemotherapy.

There are some limitations in this study. First, the number
of included patients was relatively small. Second, the median
values of each marker were used as cut-off values to divide
the high and low groups, while the appropriate cut-off value
to show the best segregation was not determined. Third, we
did not specify 4™ Jine chemotherapy; thus, we cannot
discount the possibility that OS was influenced by the type
of 4M-line chemotherapy.

In conclusion, our study indicated that pre-treatment LMR
is a valid predictive and prognostic biomarker for mCRC
patients treated with TAS-102 and bevacizumab and may be
clinically useful for selecting responder patients.
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