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Abstract
Background: The neutrophil-to-lymphocyte ratio (NLR) correlates with relapse-free survival (RFS) and may
be a predictor of recurrence in patients after curative surgery for colorectal cancer. This study aimed to
analyze the long-term oncological outcomes of locally advanced lower rectal cancer treated with curative
surgery after neoadjuvant chemoradiotherapy (nCRT) to examine the prognostic value of the NLR and to
evaluate the �uctuation of pre- and post-CRT NLR as recurrence risk factors.

Methods: Fifty-two patients who underwent curative surgery were enrolled between 2009 and 2016. A cut-
off pre-CRT NLR of 3.20 was used based on receiver-operating characteristic curve analysis. The primary
outcome was RFS. Factors in�uencing recurrence after treatment according to �uctuations between the
pre- and post-CRT NLR were also analyzed.

Results: Univariate analysis was performed using 17 clinicopathological factors thought to affect RFS. A
signi�cant difference was found in the pre-CRT NLR (hazard ratio [HR]: 7.626, 95% con�dence interval
[CI]: 2.760-21.06, p<0.0001), operation time (HR: 2.949, 95% CI: 1.137-7.646, p=0.0261), and pathological
T stage (HR: 8.342, 95% CI: 2.458-28.306 p=0.0007). RFS according to the pre-CRT NLR using Kaplan–
Meier analysis showed that the group with pre-CRT ≥3.20 had a lower 5-year RFS (p=0.001). A lower pre-
CRT NLR resulted in a signi�cantly higher recurrence rate, regardless of the increase or decrease in the
pre- and post-CRT NLR.

Conclusions: The pre-CRT NLR may be a predictor of prognosis in patients with locally advanced lower
rectal cancer after nCRT.

Background
Colorectal cancer (CRC) is one of the most common cancers of the digestive organs worldwide. In recent
years, the mortality rate of patients with CRC has been steadily improving due to advancements in
surgical techniques and multidisciplinary treatment. Tumor node metastasis (TNM) and Dukes
classi�cation have long been used as prognostic factors and can be used to predict the therapeutic effect
when selecting the appropriate treatment for individual patients [1] [2] [3]. However, it is expected that new
biomarkers will be found [4] [5] The neutrophil-to-lymphocyte ratio (NLR), which is an index of
in�ammation and immune function, correlates with the host in�ammatory response and cancer growth
[6, 7] and has been used as a prognostic factor in various types of carcinoma [8]. The NLR may be a
de�ning factor, with a high NLR suggested to indicate a poor prognosis [9–11]. Neutrophils play an
important role in the acidity of ligands that induce tumor cell proliferation and the invasion and cytokines
that induce angiogenesis; therefore, it is considered that the increase in neutrophils in patients with CRC
promotes tumor growth and metastasis[12]. Lymphocytes control the immune function of the host, and a
decrease in lymphocytes impairs the host's antitumor immunity, thus affecting prognosis [13]. Therefore,
the balance between neutrophils and lymphocytes is reported to re�ect the tumor-promoting environment
and antitumor immunity [14] I The NLR may correlate with relapse-free survival (RFS) in patients with
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stage II and stage III CRC and may affect prognosis [15]. In Europe and the United States, neoadjuvant
chemoradiotherapy (nCRT) has already been reported as a standard treatment because local control is
bene�cial for locally advanced rectal cancer and contributes to the prognosis [16, 17]. T cells, which are
lymphocytes in tumors, are well known as prognostic factors in various solid tumors [18]. The NLR has
potential as a determinant of therapeutic effect and as a prognostic predictor [19] [20] [8] [21].

We previously compared nCRT using intermittent oral tegafur-uracil (UFT) plus leucovorin (LV) to surgery
alone, evaluating the e�cacy, toxicity, and 3-year outcomes in our retrospective study of Japanese
patients at a single center; the 3-year OS and DFS rates were 92% and 78%, respectively. nCRT with
intermittent oral UFT plus LV caused low toxicity, facilitated a high completion rate of CRT among
patients, and provided a better local control rate [22]. Here, we investigated the correlation between RFS
and the NLR and its in�uence on the recurrence rate of �uctuations between the pre- and post-CRT NLR in
these nCRT cases.

Methods

Study participants
Fifty-two out of 63 patients underwent nCRT for lower rectal cancer from 2009 to 2016 (excluding cStage
IV and double cancer but including metastatic lateral lymph node metastasis cases from cStage IV).
These patients with rectal cancer at clinical tumor stages (cT) 3–4 or clinical node stages (cN) 1–2
underwent curative surgery at the Department of Gastroenterology and General Surgery, Tokyo Women’s
Medical University. Since 2008, we have been performing nCRT at this institution in patients with rectal
cancer at cT stages 3–4 or cN stages 1–2 to prevent postoperative local recurrence. All patients were
administered nCRT with intermittent oral UFT plus LV. We collected full blood count data from blood
samples obtained prior to the initiation of nCRT and just before surgery. The NLR was calculated by
dividing the absolute neutrophil count by the absolute lymphocyte count.

We evaluated the patient characteristics, clinicopathological �ndings, prognoses, and pre-CRT NLR. Every
patient was classi�ed according to the Union for International Cancer Control (UICC) 7th edition TNM
staging system. Although CRC with metastasis to lateral lymph nodes is de�ned as stage IV in the UICC
TNM staging system, total mesolectal excision (TME) plus lateral lymph node resection has become the
standard surgical treatment for stage II and stage III primary lower rectal cancer according to the
Japanese Society for Cancer of the Colon and Rectum guidelines [23]. Therefore, we included surgical
resection cases with lateral lymph node dissection in this study.

All participants provided written informed consent before the study commenced.

The study protocol was approved by the Institutional Review Board of Tokyo Women’s Medical University,
Tokyo, Japan.
Research was conducted in accordance with the principles of the 1964 Declaration of Helsinki and its
later amendments. Imaging analysis
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Computed tomography (CT) or magnetic resonance imaging was used to evaluate tumor in�ltration and
the presence of lymph nodes (e.g., para-rectal lymph nodes, lateral pelvic lymph nodes [LLNs]) > 1 cm in
diameter in the shortest dimension as lymph node metastasis-positive or lymph nodes with clinical
characteristics suggestive of metastasis.

Chemoradiotherapy
An overview of the nCRT protocol performed at our institution is illustrated in Fig. 1, as previously
reported [22]. The oral UFT plus LV regimen consisted of two cycles, every 3 weeks. The dose of UFT was
300 mg/m2/day, and the dose of LV was 75 mg/day on days 1–14. Chemotherapy was intermittently
repeated every 28 days, followed by a 2-week break. Radiotherapy (RT) consisted of 45 Gy delivered in
fractions of 1.8 Gy/day on weekdays for 5 consecutive weeks concomitantly with chemotherapy. RT was
administered with a linear particle accelerator (Clinac 21EX; Varian Medical Systems, Inc., Palo Alto,
California, USA), and radiation treatment planning was completed using the Eclipse TM system (version
7.3.10; Varian Medical Systems, Inc.). A radiotherapist determined the treatment plan based on the CT
results. Preoperative RT (total dose of 45 Gy) was delivered as photons with a 10-MV linear accelerator in
25 fractions (1.8 Gy/day; 5 fractions per week). RT was delivered to the pelvis through individually
shaped portals, using a 3-�eld or 4-�eld box technique (anterior �eld, posterior �eld, and left and right
lateral �elds). Patients were monitored through an interview, physical examination, and blood tests every
2 weeks.

Surgical Procedures
Surgery was performed ≥ 8 weeks after the completion of nCRT. Patients underwent curative operations
for lower rectal cancer. Cases of non-curative resection were excluded from our study. The surgical
procedure involved a pelvic lateral lymph node dissection (LLND) using a standard TME technique. At our
institution, LLND is performed only for curative treatment; therefore, cLLN(+) was performed on the basis
of preoperative size, irrespective of whether the size of LLN decreased after nCRT.

Statistical Analyses
The optimal NLR cutoff values for RFS were determined using receiver-operating characteristic (ROC)
analysis. Cox proportional hazard regression analysis was performed for chi-square, univariate, and
multivariate comparisons. The rates of RFS were determined using the Kaplan–Meier method.
Comparisons between survival curves were performed using the log-rank test. The pre-CRT NLR was
divided into two groups, a “High NLR” group and “Low NLR” group, with a cutoff value of 3.20 set as the
boundary. Furthermore, the NLRs of pre-and post-CRT were compared, and those with an increase in post-
CRT NLR were described as "up" and those with a decrease in post-CRT NLR were described as "down.”
These combinations were de�ned as four groups (“Low NLR-down,” “Low NLR-up,” “High NLR-down,”
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“High NLR-up”). Statistical analyses were conducted using JMP Pro 15 (SAS Institute Inc., Cary, NC, USA);
p-values < 0.05 were considered statistically signi�cant.

Results

Patients and tumor characteristics
Table 1 summarizes the characteristics of the 52 patients. The median age of the study population was
64 (42–84) years, and male sex was predominant. About 96% of patients had clinical T3 or T4 stage and
about 77% of patients had clinical lymph node metastasis positive (cN+) status. The median value of the
pre-CRT NLR was 2.55 (1.11–8.63). In this population, the TME procedure rate was 52% and the
abdominoperineal resection rate was 48%. All patients underwent curative surgery. The pathological
complete response (CR) rate was 8%. Distant recurrence after surgical treatment occurred in 35% of
patients, whereas local recurrence occurred in 6% of patients.

Optimal Pre-crt Nlr Cut Off Value For Rfs
The optimal NLR cutoff value for RFS was determined using ROC analysis. A pre-CRT NLR of 3.20 was
determined as the optimal cutoff. The area under the curve was 0.648 (Fig. 2).

Univariate And Multivariate Analysis Factors With Rfs
Univariate analysis was performed using 17 clinicopathological factors that are thought to affect RFS.
The pre-CRT NLR, operation time, and pathological T stage (ypT) showed signi�cant differences (p < 
0.05). When a multivariate analysis was performed using these three factors, a signi�cant difference was
found in the pre-CRT NLR (HR: 7.626 (95% CI: 2.760–21.06); p < 0.0001), operation time (HR: 2.949 (95%
CI: 1.137–7.646); p = 0.0261), and ypT (HR: 8.342 (95% CI: 2.458–28.306); p = 0.0007) (Table 2).

Correlation Between The Pre-crt Nlr And Rfs
RFS according to the pre-CRT NLR was assessed using Kaplan–Meier analysis. The “High NLR” group
(with pre-CRT ≥ 3.20) showed a lower 5-year RFS (p = 0.001) (Fig. 3). Comparisons of the increase and
decrease in the NLR between pre-CRT and post-CRT among these four groups are shown in Fig. 4. The
distant recurrence rate tended to be particularly high in the “Low NLR-up” group (17.3%) and the “High
NLR-up” group (15.4%). In addition, the local recurrence rate tended to be particularly high in the “High
NLR-down” group (17.3%) (Table 3). RFS according to these four groups was assessed using Kaplan–
Meier analysis. In particular, both the “High NLR-up” and “High NLR-down” group showed a lower 5-year
RFS (p = 0.04) (Fig. 5).
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Discussion
Our �ndings suggest that the pre-CRT NLR may be a predictor of prognosis in patients with locally
advanced lower rectal cancer after nCRT. The NLR re�ects the balance of host immunity between pro- and
anti-tumor activities. A high circulating neutrophil count is considered to have pro-tumor properties
because in�ammatory cytokines released from neutrophils induce angiogenesis and promote tumor
growth [26].

Various cutoff values have been used to de�ne elevated NLR in previous studies. Although some studies
used cutoff values calculated by statistical methods, the reported NLR cutoff values on patients with
rectal cancer who underwent nCRT are inconsistent [27–30]. In this study, a cut-off value of 3.20 for the
pre-CRT NLR was signi�cantly related to RFS. Although the pre-CRT NLR score, operation time, and ypT
were signi�cantly associated with RFS in the univariate analyses, multivariate Cox proportional hazard
regression analysis showed that the pre-CRT NLR was independently associated with RFS. This
demonstrates that a pre-CRT NLR greater than 3.20 is a predictor of poor prognosis. “High NLR” suggests
a pro-tumor status and a higher possibility of poor radiation response, while “Low NLR” suggests an anti-
tumor status and a higher possibility of a positive tumor response and survival [20] [21, 31] [32]. Chiang
et al. showed that preoperative NLR > 3 was associated with a larger tumor size, elevated CEA, and an
increased risk of cancer progression and decreased survival in a retrospective analysis including 3,857
patients with stage I to III CRC; interestingly, no signi�cant associations were found in the rectal cancer
subgroup [33]. In this study, although all patients with advanced lower rectal cancer underwent nCRT, the
group with pre-CRT NLR ≥ 3.20 showed a lower 5-year RFS than the group with pre-CRT NLR < 3.20. This
association might be the reason why, as we previously reported, a signi�cant difference was observed in
the estimated 3-year local recurrence rate between the group who underwent nCRT and the surgery only
group [22].

To our knowledge, one critical component of the tumor microenvironment is the immune system, and it
has become increasingly evident that the immune system plays an integral role in preventing and
promoting the development of cancer [34]. Lymphocytes, especially CD4 + or CD8 + T cells and B cells, are
thought to play a key role in antitumor host immunity by inducing tumor cell apoptosis [24]. A number of
immune cells, in addition to lymphocytes, can directly and indirectly kill cancer cells. In fact, immune cells
patrol the body, monitoring all altered cells that become cancerous in a process known as
“immunosurveillance.” Through immunosurveillance, the body can effectively recognize and eliminate
cancerous cells prior to them causing harm. It is already widely known that lymphocytes play an
important role in anticancer activity. Patients with a low NLR have more lymphocytes relative to
neutrophils in their blood than patients with a high NLR. This may alter the effectiveness of anti-cancer
effects, which ultimately resulted in better RFS in the “High NLR” group of this study (Fig. 3).

In this study, we calculated post-CRT NLR in addition to pre-CRT NLR and examined whether it could be a
recurrence risk factor by comparing the pre- and post-before and post-CRT NLR (Table 3). According to
the results, distant recurrence tended to occur more frequently in the “High NLR-up” group. In addition,
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distant recurrence tended to occur more often in the “Low NLR-up" group, which means that the post-CRT
NLR was higher than pre-CRT NLR. This may suggest that lower proportions of lymphocytes that make
up NLR may be a risk of distant recurrence because of reduced “immunosurveillance.”

The setting of the cutoff value by the ROC curve in medical treatment is used to determine how much
sensitivity should be pursued for the bene�t of the patient; however, there is no rule as to what point
should be pursued. It is important to constantly re-evaluate the interpretation of the numerical values,
taking into consideration the purpose of utilization, the characteristics of the target population, the degree
of progression of the stage, and the effects of the development of therapeutic means. Information that
can be easily obtained from blood tests is important for advanced rectal cancer, where multidisciplinary
treatment is becoming mainstream. The NLR can be measured at any facility at a low cost and can be
measured frequently in daily medical care. It has a utility value not found in markers and is considered to
have great clinical applicability.

In this study, we used the NLR to evaluate the prognosis of local advanced rectal cancer after nCRT;
however, in recent years, several other reports have evaluated it using the plate-to-lymphocyte ratio (PLR)
[25] [35] and the monocyte-to-lymphocyte ratio (MLR)[36] [37] [38]. There is no consensus on which ratio
is best to use, including the NLR, and it is hoped that more clinically applicable and simple biomarkers
will be discovered.

A limitation of this study is that the sample size was small and provided insu�cient data to draw
con�rmative results, due to the retrospective study design. A future well-controlled, large-scale prospective
study is needed to further validate the study �ndings.

Conclusions
Our study suggests that an elevated NLR is a negative predictive marker and may be an independent
prognostic marker for RFS in patients with local advanced rectal cancer after nCRT.
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Neutrophil-to-lymphocyte ratio
RFS
Relapse-free survival
nCRT
Neoadjuvant chemoradiotherapy
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Figures

Figure 1

Protocol of preoperative CRT The oral UFT plus LV regimen consisted of 2 cycles, every 3 weeks. The
dose of UFT was 300 mg/m2/day, and the dose of LV was 75 mg/ day on days 1–14. Chemotherapy
was intermittently repeated every 28 days, followed by a 2-week break. RT consisted of 45 Gy delivered in
fractions of 1.8 Gy/day on weekdays for 5 consecutive weeks concomitantly with chemotherapy.
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Figure 2

ROC curve for pre- and post-CRT NLR ROC curve to determine cut-off values for pre-CRT NLR. On the
basis of ROC curves, cut-off values with the best discriminatory power for NLR was 3.20). AUC:0.648
Same as for post-CRT NLR. On the basis of ROC curves, cut-off values with the best discriminatory power
for NLR was 4.38). AUC:0.579

Figure 3

RFS according to NLR Recurrence-free survival according to pre-CRT NLR using Kaplan-Meier analysis.
Group with pre-CRT ≥ 3.20 showed lower 5-year RFS (31.3vs. 73.4 %, p = 0.01). *Low NLR: Pre-CRT
NLR<3.20 **High NLR: Pre-CRT NLR≥3.20.
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Figure 4

Comparing the increase and decrease in NLR value between pre- and post-CRT. Comparing the increase
and decrease in NLR value between pre-CRT and post-CRT among these four groups, the four groups of
“Low NLR-down”, “Low NLR-up”, “High NLR-down”, “High NLR-up”.
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Figure 5

RFS according to �uctuation of pre- and post- NLR. RFS according to these four groups was assessed
using Kaplan–Meier analysis. In particular, both the “High NLR-up” and “High NLR-down” group showed a
lower 5-year RFS (p=0.04).
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