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Purpose. The prognosis of metastatic colorectal cancer (mCRC) is hard to
predict. Nowadays, there are several indexes for prognostic evaluation. In
this paper, we focus on pre-therapeutic neutrophil-to-lymphocyte ratio
(NLR) for prediction on mCRC patients treated with bevacizumab plus
FOLFIRI as first-line therapy.

Methods. We collected mCRC patients who received bevacizumab plus
FOLFIRI as first-line therapy from August 2014 to February 2020. Based
on receiver operating characteristic (ROC) of disease control rate (DCR),
we selected the cut-off value of pre-therapeutic NLR, then analyzed the
correlation between pre-therapeutic NLR and progress-free survival (PFS)
and overall survival (OS). The ORR and DCR were also determined with
clinicopathologic characteristics of those patients.

Results. Finally, 130 mCRC were enrolled from August 2014 to February
2020. The cut-off value of pre-therapeutic NLR was 2.3 based on ROC re-
sults of DCR. They revealed significant effects on ORR including primary
site of mCRC, pre-therapeutic NLR and type of mCRC (p value = 0.03,
0.009, and 0.031 respectively). On the other hand, only pre-therapeutic
NLR had significant effect on DCR (p value =0.003). The overall survival
rates of the patients with pre-therapeutic NLR < 2.3 were better (p value =
0.005), but no statistically significant differences on progress-free survival
rates (p value = 0.246) were found.

Conclusions. Pre-therapeutic NLR might be a predictor of ORR, DCR
and OS of mCRC patients treated with bevacizumab plus FOLFIRI, al-
though a prospective study is required to confirm this result.

[J Soc Colon Rectal Surgeon (Taiwan) 2023;34:57-66]

he incidence of colorectal cancer (CRC) is in-
creasing in Asian countries and is currently the
fourth most common cause of cancer-related deaths

after cancers of the lung, liver, and stomach.' More-
over, between 20% to 30% of patients present with
synchronous metastatic disease, and more than 50%
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of patients ultimately develop metastatic diseases,
with most being unresectable.” Despite recent ad-
vances in medicine, the management of patients with
metastatic colorectal cancer (mCRC) remains chal-
lenging due to considerable inter-individual differ-
ences in therapeutic responses. In recent years, phar-
macogenomics has been adopted for the personaliza-
tion of mCRC treatment.’ Typically, the majority of
patients with mCRC receiving first-line treatment
might require later lines of therapy, so first-line treat-
ment is the most critical phase of therapy, and its ef-
fects on patient outcomes might be more prominent
than those of any subsequent line. For example, abso-
lute improvements in median overall survival (OS)
even with intensive second-line regimens tend to be
relatively minimal.**

Despite the importance of molecular and biologi-
cal features in defining the prognosis of cancer pa-
tients, many studies have suggested the impact of the
host-driven inflammatory response to tumor behavior
and treatment outcomes.”® Several interactions be-
tween tumoral and stromal factors, including blood
vessels, inflammatory cells and the immunity system
result in tumor growth and metastatic spread.”!® The
role of inflammation markers in predicting prognosis
of colorectal cancer (CRC) patients has been clearly
evidenced in radically resected patients'' and more re-
cently suggested also in advanced settings.!?

Pre-therapeutic neutrophil-to-lymphocyte ratio
(NLR), defined as the absolute neutrophilic count di-
vided by the absolute lymphocytic count,' has been
reported as a poor prognostic factor in several cancers
such as breast cancer,'* gastric cancer,'’ pancreatic
cancer'® and hepatocellular carcinoma.'” Kishi et al.
demonstrated that high NLR seems to predict worse
outcome in colorectal liver metastases (CRLM) pa-
tients undergoing radical resection of metastasis fol-
lowing neoadjuvant therapy.'®

The aim of this analysis was to evaluate the prog-
nostic and predictive role of pre-therapeutic NLR in
mCRC patients treated with first-line FOLFIRI plus
bevacizumab, while further investigating the potential
of pretreatment inflammation-based scores for mCRC
patients to predict the efficacy of FOLFIRI plus beva-
cizumab.

Materials and Methods
Patient and study design

In this retrospective observational study, mCRC
patients with histologically proven synchronous or
metachronous adenocarcinoma were screened. Among
them, mCRC patients receiving bevacizumab plus
FOLFIRI as first line therapy were enrolled. The cli-
nicopathological characteristics included age, sex,
Eastern Cooperative Oncology Group (ECOG), pri-
mary tumor site, type of mCRC, numbers of meta-
stases and pre-treatment NLR. The treatment regimen
comprised bevacizumab (5 mg/kg) as a 120-min intra-
venous (I'V) infusion on day 1, followed by irinotecan
(180 mg/m?) plus normal saline 500 mL as 4-h IV in-
fusion and leucovorin (200 mg/m?) plus 5-FU (2800
mg/m?) plus 500 mL of IV normal saline for 42-48 h;
this regimen was repeated once every two weeks.

Written informed consent was obtained from each
participant. The study was conducted in accordance
with the Good Clinical Practice guidelines and the
Declaration of Helsinki. The protocol was approved
by the Institutional Review Board of Kaohsiung Med-
ical University Hospital [KMUHIRB-E(I1)-20200036].

Blood sample analysis

Pre-therapeutic NLR was calculated by percent-
age of neutrophil to lymphocyte on blood test. All
blood tests were drawn before the first treatment of
FOLFIRI plus bevacizumab.

Efficacy and safety outcome measures

Response Evaluation Criteria in Solid Tumors
(RECIST) Version 1.1 was used for assessment of tu-
mor responses after six cycles of treatment. In each
cycle, AEs were recorded according to the National
Cancer Institute—Common Terminology Criteria for
Adverse Events (NCT-CTCAE) Version 4.3.

The first recorded time of progression was defined
as progression-free survival (PFS). Overall survival
(OS) was the time from the date of diagnosis till death
or the last date of follow-up. Object response rate
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(ORR) included complete responses and partial re-
sponses; whereas disease control rate (DCR) included
complete responses, partial responses and stable dis-
ease, with both of the above being documented as best
response during follow-up time. We also analyzed the
resection rates of primary lesion between the two
groups.

Statistical analysis

Pre-therapeutic NLR cut-off value was calculated
by receiver operating characteristic (ROC) curve ba-
sed on DCR. The Youden index was used to determine
the cut-off value of pre-therapeutic NLR. We divided
them into two groups according to the cut-off value of
pre-therapeutic NLR. Pearson’s chi-square test was
used for the significance of the correlation between
pre-therapeutic NLR and clinicopathological charac-
teristics, while the logistic analysis was used as multi-
variate analysis to predict the independent factors re-
lated to ORR and DCR. The cumulative progress-free
survival (PFS) and overall survival (OS) were calcu-
lated by the Kaplan-Meier method, and differences in
the survival rates between the two groups were ana-
lyzed using the log-rank test. All statistical analyses
were performed using the Statistical Package for So-
cial Sciences, version 21.0 (SPSS, Inc., Chicago, IL,
USA). A p value of <0.05 was considered statistically
significant.

Results

Patients’ characteristics

From August 2014 to February 2020, 130 mCRC
patients undergoing bevacizumab plus FOLFIRI as
first-line regimen were enrolled. Eleven mCRC pa-
tients including 7 patients who had less than 6 cycles
of treatment, 3 patients lost to follow-up over 6 months
and 1 patient with double cancers were all excluded;
finally, 119 mCRC patients were analyzed.

Among them, 74 (62.2%) were male and 45 (37.8)
were female with mean age of all patients being 57
years. Thirty-one (26.1%) were allocated in the right-

sided mCRC and eighty-eight (73.9%) were left-sided
mCRC; seventy-nine (66.4%) were synchronous
mCRC, and forty (33.6%) were metachronous; while
ninety-two mCRC patients (77.3%) had only one me-
tastatic lesion but 27 (22.7%) had more than two sites.
Among them, the wild type of RAS gene accounted for
75 mCRC patients (63.0%) and the mutant type for 44
(37.0%) (Table 1). Median follow-up time was 23
months, with interquartile range (IQR) being 20.0
months (range, 14.0-34.0 months).

Table 1. The clinicopathologic characteristics of 119 patients
with metastatic colorectal cancer (mCRC) under
bevacizumab plus FOLFIRI as first-line treatment

Variables Number (%)
Gender

Male 74 (62.2)

Female 45 (37.8)
Age (y/o)

> 65 34 (28.6)

<65 85 (71.4)
Primary site of mCRC

R’t-sided” 31 (26.1)

L’t-sided® 88 (73.9)
ECOG®

>2 1(0.8)

<2 118 (99.2)
Type of mCRC

Synchronous 79 (66.4)

Metachronous 40 (33.6)
Numbers of metastasis sites

Only 1 92 (77.3)

>2 27 (22.7)
RAS type

Wild type 75 (63.0)

Mutant type 44 (37.0)
NLR‘

<23 65 (54.6)

>23 54 (45.4)
Response

Complete response (CR) 1(0.8)

Partial response (PR) 66 (55.5)

Stable disease (SD) 37 (31.1)

Progressive disease (PD) 15 (12.6)
Severe adverse events (SAEs)®

No 95 (79.8)

Yes 24 (20.2)

* Right-sided mCRC: cecum + ascending colon + transverse
colon. ° Left-sided mCRC: descending colon + sigmoid colon +
rectum.

¢ ECOG: eastern cooperative oncology group. ¢ NLR:
neutrophil-to-lymphocyte ratio.

¢ Severe adverse events: adverse events > grade 3.
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Cut-off value of neutrophil-to-lymphocyte
ratio (NLR)

The value of AUC was 0.753 and the optimal cut-
off point of pre-therapeutic NLR was observed at 2.3,
with a sensitivity of 86.7% and specificity of 60.7%
by DCR (Fig. 1). The 119 mCRC patients were di-
vided into two groups according to the pre-treatment
value of NLR at 2.3 (< 2.3 vs. > 2.3). The clinico-
pathological characteristics of the two groups are sum-
marized in Table 2; significantly, NLR ratio showed
only factors related to the numbers of metastatic sites
among clinicopathological characteristics. The resec-
tion rates of the primary lesion were 64.6% and 51.9%
respectively (NLR < 2.3 vs. NLR > 2.3) without sig-
nificant difference (p = 0.16).

Efficacy

For ORR, the gender, age, Eastern Cooperative
Oncology Group (ECOG), number of metastatic sites
and RAS gene were not significant by using univariate
and multivariate analysis (all p > 0.05). The sidedness
of mCRC and the NLR (cut-off value at 2.3) were in-
dependent factors in ORR (p = 0.031 and 0.009 re-

spectively in Table 3). For DCR, it was the only inde-
pendent factor where NLR (cut-off value at 2.3) was
significant via univariate and multivariate analysis (p
=0.001 and 0.004 respectively in Table 4).
Comparison of the median PFS and median OS
for the two groups (NLR < 2.3 vs. NLR > 2.3). The

1.07

0.87

0.67

0.4

Sensitivity

AUC: 75.3%

T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

1- Specificity

Fig 1. ROC curve of the disease-control rates (DCR) and
pre-therapeutic neutrophil-to-lymphocyte ratio
(NLR). The area under the curve (AUC) was 0.753
with a sensitivity of 86.7 % and specificity of 60.7%.

Table 2. Univariate analysis correlations of neutrophil-to-lymphocyte ratio (NLR) among 119 metastatic colorectal cancer (mCRC)

patients

Variables NLR <2.3 (n=65) (%) NLR 2> 2.3 (n=54) (%) p-value
Gender

Male/Female 41 (63.1)/24 (36.9) 33 (61.1)/21 (38.9) 0.826
Age (y/0)

> 65/< 65 20 (30.8)/45 (69.2) 40 (74.1)/14 (25.9) 0.560
Primary site of mCRC

R’t-sided”/L’t-sided" 17 (26.2)/48 (73.8) 14 (25.9)/40 (74.1) 0.978
ECOG*

>2/<2 1 (1.5)/64 (98.5) 0 (0)/54 (100) 0.360
Type of mCRC

Synchronous/Metachronous 43 (66.2)/22 (33.8) 36 (66.7)/18 (33.3) 0.953
Numbers of metastasis sites

Only 1/>2 55 (84.6)/10 (15.4) 37 (68.5)/17 (31.5) 0.037*
RAS type

Wild/Mutant 40 (61.5)/25 (38.5) 35 (64.8)/19 (35.2) 0.712
Resection of primary lesion

Yes/No 42 (64.6)/23 (35.4) 28 (51.9)/26 (48.1) 0.16

% Right-sided mCRC: cecum + ascending colon + transverse colon. ° Left-sided mCRC: descending colon + sigmoid colon + rectum.

¢ ECOG: eastern cooperative oncology group.
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Table 3. Univariate analysis and multivariate logistic regression analysis correlations of objective response rates (ORR)* among 119
metastatic colorectal cancer (mCRC) patients

Univariate analysis®

CR +PR SD + PD Logistic analysis
Variables
(n=67) (%) (n=152) (%) p-value OR® (95% CI% p-value

Gender

Male/Female 40 (59.7)/27 (40.3) 34 (65.4)/18 (34.6) 0.526 1.058 (0.630-3.660)  0.351
Age (y/o)

> 65 /<65 19 (28.4)/48 (71.6) 15 (28.8)/37 (71.2) 0.953 1.058 (0.430-2.602)  0.902
Primary site of mCRC

R’t-sided®/L’t-sided" 12 (17.9)/55 (82.1) 19 (36.5)/33 (63.5) 0.022* 2.862 (1.110-7.378)  0.030*
ECOG#

>2/<2 1 (1.5)/66 (98.5) 0 (0)/52 (100) 0.376 * 1.000
Type of mCRC

Synchronous/Metachronous 49 (73.1)/18 (26.9) 30 (57.7)/22 (42.3) 0.077 0.367 (0.148-0.911)  0.031*
Numbers of metastasis sites

Only 1/>2 56 (83.6)/11 (16.4) 36 (69.2)/16 (30.8) 0.064 2.122 (0.772-5.829)  0.145
RAS type

Wild/Mutant 47 (70.1)/20 (29.9) 28 (53.8)/24 (46.2) 0.068 0.457 (0.194-1.078)  0.074
NLR"

<2.3/223 44 (65.6)/23 (34.3) 21 (40.4)/31 (59.6) 0.006* 3.050 (1.315-7.077)  0.009*

* ORR: objective response rates including complete response (CR) + partial response (PR).
® Univariate analysis: Chi-square test (two-sided).
© OR: odds ratio. ¢ CI: confidence interval.

® Right-sided mCRC: cecum + ascending colon + transverse colon.  Left-sided mCRC: descending colon + sigmoid colon + rectum.
¢ ECOG: Eastern Cooperative Oncology Group. " NLR: neutrophil-to-lymphocyte ratio.

Table 4. Univariate analysis and multivariate logistic regression analysis correlations of disease-control rates (DCR)* among 119

metastatic colorectal cancer (mCRC) patients

Univariate analysis®

CR + PR + SD PD Logistic analysis
Variables
(n=104) (%) (n=15) (%) p-value OR® (95% CIY)  p-value
Gender
Male/Female 66 (63.5)/38 (36.5)  8(53.3)/7 (46.7) 0.450 0.671 (0.198-2.279)  0.523
Age (y/o)
> 65/< 65 28 (26.9)/76 (73.1) 6 (40.0)/9 (60.0) 0.295 2.554(0.708-9.214)  0.152
Primary site of mCRC
R’t-sided®/L’t-sided" 28 (26.9)/76 (73.1) 3 (20.0)/12 (80.0) 0.568 0.572 (0.130-2.526)  0.461
ECOG#
>2/<2 1(1.0)/103 (99.0) 0 (0)/15 (100.0) 0.703 * 1
Type of mCRC
Synchronous/Metachronous 70 (67.3)/34 (32.7) 9 (60.0)/6 (40.0) 0.575 0.654 (0.183-2.337)  0.513
Numbers of metastasis sites
Only 1/>2 82 (78.8)/22 (21.2) 10 (66.7)/5 (33.3) 0.292 1.495 (0.383-5.836)  0.563
RAS type
Wild/Mutant 65 (62.5)/39 (37.5) 10 (66.7)/5 (33.3) 0.755 1.168 (0.332-4.112)  0.809
NLR"
<2.3/>23 63 (60.6)/41 (39.4)  2(13.3)/13 (86.7) 0.001* 11.799 (2.273-61.256) 0.003*

* DCR: disease-control rates including complete response (CR) + partial response (PR) + stable disease (SD).
® Univariate analysis: Chi-square test (two-sided).
¢ OR: odds ratio. ¢ CI: confidence interval.

® Right-sided mCRC: cecum + ascending colon + transverse colon. | Left-sided mCRC: descending colon + sigmoid colon + rectum.
¢ ECOG: Eastern Cooperative Oncology Group. " NLR: neutrophil-to-lymphocyte ratio.
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median PFS of NLR <2.3 group was 15.5 months and
12.2 months in NLR > 2.3 group [hazard ratio (HR),
0.8; 95% confidence interval (CI), 0.542-1.182; p =
0.246, Fig. 2]. However, the median OS of NLR < 2.3

Probability of progress-free survival

group was 40.7 months and 20.8 months in NLR > 2.3
group (HR, 0.518; 95% CI, 0.323-0.830; p = 0.005,
Fig. 3). There was a significant difference of median
OS between the two groups.

NLR

-t 123
el "2n=2.3

P=0.246

T G
42 48 54 60 66 72 78

0 6 12 18 24 30 36

No. at risk Months after treatment
<23 65 61 45 20 11 7 5 4 4 4 3 2 2 1
=23 54 43 28 17 9 6 2 1 1

Fig. 2. The cumulative progress-free survival (PFS) rates of the 119 mCRC patients. The differences in PFS were analyzed
by the log-rank test. The median PFS between the two groups (NLR < 2.3 vs. NLR > 2.3) was not significant [15.5
months vs. 12.6 months; hazard ratio (HR), 0.800; 95% confidence interval (CI), 0.542-1.182; p = 0.246].

Probability of overall survival

NLR

—T1<23
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0.0 T T T T T
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<23 65 64 57 47 39 25 20 16 10 7 4
223 54 53 44 29 18 16 5 4 2 2 2

Fig. 3. The cumulative overall survival (OS) rates of the 119 mCRC patients. The differences in OS were analyzed by the
log-rank test. The median OS between the two groups (NLR < 2.3 vs. NLR > 2.3) was significant (40.7 months vs.
20.8 months; HR, 0.518; 95% ClI, 0.323-0.830; p = 0.005).
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Discussion

NLR has been suggested for prediction in progno-
sis of different kinds of cancer.!*?! The proportion of
neutrophil and lymphocyte in the blood stream dem-
onstrates the severity of systemic inflammation, play-
ing an important role in different stages of tumori-
genesis. Genetic mutation, instability and modifica-
tion are keys to tumor initiation. The tissue-repair ac-
tivation by inflammation response induces premali-
gnant cells, and during the process, this leads to apop-
tosis and DNA damage, ultimately promoting meta-
static spread.'® The value of high NLR represents
raised neutrophilic and depleted lymphocytic levels.

In our current study, we selected the cut-off value
of NLR as 2.3 based on ROC of DCR and ORR, with
the results demonstrating that the mCRC patients with
the pre-therapeutic NLR value < 2.3 were significantly
superior to those patients with the pre-therapeutic NLR
value > 2.3 in overall survival (OS) rates.

Expert clinicians are currently seeking a simple
index that can be obtained by a convenient method
pre-therapeutically to assess the efficacy of mCRC
patients after treatment, with the inflammatory re-
sponse catching great attention on tumor development
with paradoxical issues. The marker, NLR, has be-
come one of the powerful indices that has been re-
ported.?? Several studies have shown the efficacy of
NLR to predict prognosis in mCRC;?** however, dif-
ferent stages, different regimens of chemotherapy,
and target therapies are all reported as reflecting dif-
fering cut-off values of NLR. A meta-analysis re-
ported by Malietzis et al. showed that cut-off value of
NLR at 3.0 could be used to predict the efficacy of
mCRC.% In previous studies, the NLR was used to
predict the response of systematic chemotherapy when
the cut-off value was set at 5.0;'%?72® however, Kubo
et al. demonstrated that it had higher specificity and
accuracy but lower sensitivity when the cut-off value
of NLR was > 5 while also suggesting that a higher
cut-off point might be used to predict a prognosis in
early stage cancer.”’ In our study, we found that the
cut-off value of NLR at 2.3 was correlated to the num-
bers of metastases, ORR and DCR. On the other hand,
the OS was also significantly different between the

two groups (NLR < 2.3 versus NLR > 2.3). Argiles et
al. reported NLR was shown to be an independent
prognostic factor in mCRC populations;* similarly,
we had the same result of OS in our current study. On
the other hand, NLR seemed that no significant in
PFS?*! and DFS.* In this present study, it reported sim-
ilar outcome.

The limitations of the current study were as fol-
lows: (1) it was a retrospective, observational study;
(2) some patients were excluded due to noncomple-
tion of six cycles (7 patients), loss to follow-up over 6
months (3 patients), and one patient with double can-
cers; (3) it was based on single-institutional research;
and (4) there are several diseases conditions known to
affect NLR values including acute coronary syndromes,
essential hypertension, renal and liver disease, and
medication use with antibiotics, antidiabetics and anti-
hypertension drugs.**** These are biases due to diver-
sities of clinicopathological character not recorded in
detail in our study. A further prospective, large case-
number study is warranted to validate our observa-
tional results in the future.

In summary, the current results of this present
study suggest that pre-therapeutic NLR is a simple
and useful tool for predicting the efficacy of mCRC
patients with bevacizumab plus FOLFIRI as first-line
treatment. This index might help to determine the
strategy for mCRC treatment additional to TNM stag-
ing in cancer patients.

Conclusions

In summary, we conclude that pre-therapeutic
NLR could be an available predictive value on OS,
ORR and DCR for mCRC patients with FOLFIRI plus
bevacizumab as first-line treatment.
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