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Abstract
Purpose The systemic inflammatory response is attracting increasing attention as a predictive biomarker for oncological outcome in
patients with colorectal cancer. This study is aimed at verifying if the lymphocyte–C-reactive protein (CRP) ratio (LCR) could be used
as a predictor of oncological outcome in patients with rectal cancer (RC) receiving preoperative chemoradiotherapy (CRT).
Methods We analyzed data for 86 patients with RC who received preoperative CRT followed by total mesorectal excision at our
institution. A ratio of 6000 was used as the cut-off value for LCR for further analysis.
Results The post-CRT LCR was significantly lower than the pre-CRT LCR in patients with RC. Although post-CRT LCR status
was not significantly correlated with overall survival (OS), low pre-CRT LCR was significantly associated with shorter
recurrence-free survival (RFS: p = 0.02) and OS (p = 0.017) in this population and was an independent prognostic factor for
both RFS and OS (hazard ratio (HR) 3.19, 95% confidence interval (CI) 1.33–7.66, p = 0.009; HR 2.83, 95%CI 1.14–7.01, p =
0.025, respectively). Furthermore, low pre-CRT LCRwas a stronger indicator of early recurrence (p = 0.001) and poor prognosis
(p = 0.025) in RC patients without pathological lymph node metastasis compared with patients with pathological lymph node
metastasis, and prognostic potential of pre-CRT LCR was clearly revealed especially RC patients receiving long-course CRT.
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Conclusions Assessment of pretreatment LCR status might aid decision-making regarding postoperative treatment strategies in
patients with RC receiving CRT followed by potentially curative resection.

Keywords Lymphocyte–C-reactive protein ratio . Rectal cancer . Chemoradiotherapy

Introduction

Colorectal cancer (CRC) is the second leading cause of
cancer-related deaths in Western countries.1 Rectal cancer
(RC) has a high frequency of local recurrence, and preoper-
ative chemoradiotherapy (CRT) followed by total
mesorectal excision (TME) is currently the recommended
standard treatment strategy in patients with advanced RC.2

Indeed, preoperative irradiation together with advanced sur-
gical techniques has led to around a 10% decrease in the
local recurrence rate of RC.3–6 However, recurrence of dis-
tant metastasis remains the major factor associated with a
poor prognosis in RC patients.3, 6–9 Precise biomarkers are
thus urgently needed to identify high-risk patients who
might benefit from close follow-up and more intensive ad-
juvant chemotherapy, in order to improve the prognosis of
RC patients receiving preoperative CRT.

We recently developed the lymphocyte–C-reactive protein
(CRP) ratio (LCR) as a new predictive biomarker for onco-
logical outcome in CRC patients.10 We comprehensively and
systematically assessed the prognostic value of various com-
binations of inflammatory factors in preoperative blood sam-
ples and revealed the predictive value of preoperative LCR for
recurrence and survival in CRC patients, using an optimal cut-
off value of 6000. However, the clinical feasibility of pretreat-
ment and preoperative LCR in RC patients receiving preoper-
ative CRT followed by curative surgery remains unknown. In
the current study, we directly compared pre- and post-CRT
LCR statuses in RC patients receiving preoperative CRT and
investigated the clinical predictive value of LCR using the
previously determined cut-off value of 6000.10

Materials and Methods

Patients

We enrolled 86 patients with RC who received preoperative
CRT followed by TME at our institution between 2001 and
2015. The criteria for preoperative CRT were as follows: (a)
patients with tumors in the lower two-thirds of the rectum; (b)
stage > T2 or T1 (tumor invading to submucosa) with clinical
N1 (to improve resectability and likelihood of successful
sphincter-saving procedure); (c) age 20–80 years; (d)
Eastern Cooperative Oncology Group performance status of
0 or 1; (e) no invasion of external sphincter muscle or anal

elevator muscle; and (f) no evidence of deep venous throm-
bosis, as described previously.11 Pretreatment clinical stage
was assessed by digital examination, transrectal ultrasonogra-
phy, computed tomography, and magnetic resonance imaging.
All patients were classified according to the International
Union Against Cancer TNM Classification (7th edition). Of
the 86 patients, 16 had stage II, and 70 had stage III disease
before undergoing CRT. Written informed consent was ob-
tained from each patient, and the study was approved by the
institutional review boards of our institution.

5-Fluorouracil-Based CRT Regimen

The 86 patients were treated randomly with short-course (n =
35, 20 Gy in 4 fractions) or long-course (n = 51, 45 Gy in 25
fractions) radiotherapy, using a four-field box technique.12 All
patients also received concurrent 5-fluorouracil (5-FU)–based
chemotherapy, including 5-FU/leucovorin and tegafur/uracil,
with S-1 as a sensitizer drug.13 The mean interval between the
completion of CRT and surgery was 2–3 weeks for patients
receiving the short course and 6–8 weeks for the long course.
Surgical approaches included laparotomy and laparoscopic
surgery, with standard curative resection based on TME. All
patients received 5-FU-based adjuvant chemotherapy for
6 months to 1 year after surgery. Patients were followed up
every 12–16 weeks for at least 1 year, using our standard
protocol including tumor marker studies, computed tomogra-
phy, endoscopic examinations, ultrasonography, and chest ra-
diography. Bone scans were performed if bone metastasis was
indicated. Data collected from inpatient and outpatient records
included age and sex and tumor-specific data including histol-
ogy, T classification, lymphatic and venous invasion, and
lymph node metastasis (LNM).

Laboratory Measurement of LCR

Blood samples were collected from the enrolled patients with-
in 1 week prior to CRT (pre-CRT) and within 1 week prior to
surgery after CRT (post-CRT). CRP levels and total lympho-
cytes were analyzed in routine blood tests, and LCR was cal-
culated according to the formula: total lymphocytes (number/
μl)/CRP (mg/dl) (as described previously).10 Based on the
previous study,10 we used 6000 as the cut-off value for LCR
to clarify the clinical impact of LCR in RC patients receiving
preoperative CRT.
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Tumor Regression After CRT and Pathological Staging
Using Surgical Specimens

All surgical specimens were analyzed histopathologically,
and pathologic TNM classification and staging were de-
termined according to the American Joint Committee on
Cancer. The histopathologic degree of tumor regression
was based on the Guidelines for the Clinical and
Pathologic Studies on Carcinoma of the Colorectum and
was classified into four categories: grade 0, no necrosis or
regressive changes; grade 1a, > two-thirds vital residual
tumor cells (VRTCs) and grade 1b, approximately one-
third VRTCs; grade 2, < one-third VRTCs; and grade 3,
no VRTCs.14 Non-responders were defined as patients
with histopathological tumor regression grades 0–1b,
and responders as those with grades 2–3, as described
previously.11, 15, 16

Statistical Methods

Statistical analysis was performed using MedCalc version
16.8.4 (Broekstreet 52, 9030; Mariakerke, Belgium).
Differences between groups were estimated by χ2 tests.
Differences between pre- and post-CRT LCR levels in the
same group of patients were compared using Wilcoxon’s
test for paired samples. Regarding time-to-event analyses,
survival estimates were calculated by Kaplan–Meier anal-
ysis and groups were compared with log-rank tests.
Overall survival (OS) was measured from the date of the
patient’s surgery until the date of death from any cause
(i.e., cancer-unrelated deaths were not censored) or the
date of last known follow-up for patients who were still
alive. Recurrence-free survival (RFS) was measured from
the date of curative surgery to the date of disease recur-
rence or until the last contact with the patient. Cox pro-
portional hazards models were used to estimate hazard
ratios (HR) for recurrence and death. Assumptions of pro-
portionality were confirmed for the Cox proportional haz-
ards analyses by generating Kaplan–Meier survival curves
(e.g., high vs. low LCR groups) and ensuring that the two
curves did not intersect each other. Variables with p < 0.05
in univariate analysis were selected for multivariate anal-
ysis using the Cox proportional hazards regression model.
In addition to target LCR status, the following confound-
ing factors that reportedly affected prognosis in RC were
also considered for univariate and multivariate analyses:
sex, age at diagnosis, pathological differentiation (well–
moderate or poor), T stage (T1/2 or T3/4), venous inva-
sion (present or absent), lymphatic vessel invasion (pres-
ent or absent), LNM (present or absent), pathological re-
gression grade for CRT, operative procedure (APR or
others), and surgical approach (laparoscopic surgery or

open surgery). All p values were two-sided and p < 0.05
was considered significant.

Results

Comparison Between Peri-treatment LCR Statuses
and Correlations with Clinical Variables in Patients
with RC

We initially assessed the differences between pre- and post-
CRT LCR levels in our cohort. Post-CRT LCR was signifi-
cantly reduced compared with pre-CRT LCR (p < 0.0001)
(Fig. 1a). Regarding the correlations between pre- and post-
LCR statuses and peri-CRT clinical variables, no clinical var-
iables were significantly correlated with post-CRT LCR sta-
tus. However, decreased pre-CRT LCR or post-CRT LCRwas
significantly correlated with male sex (p = 0.017, 0.03,
respectively, compared with female, Table 1). Other examined
factors, including advanced T category, presence of venous
and lymphatic vessel invasion, LNM, advanced TNM stage
classification, and treatment course of preoperative radiation,
were not correlated with pre-CRT LCR status in RC patients.

Low Pre-CRT LCR Status Was Significantly Correlated
with Shorter RFS and OS in Patients with RC

We performed time-to-event analyses to evaluate the prognos-
tic values of pre- and post-CRT LCR levels. According to
Kaplan–Meier survival curves subdivided by LCR scores
(cut-off value 6000), patients with low pre-CRT LCR had
significantly shorter RFS (p = 0.02, log-rank test; Fig. 1b)
and OS (p = 0.017; Fig. 1c) than patients with higher pre-
CRT LCR. Although decreased post-CRT LCR was signifi-
cantly correlated with poor RFS (p = 0.045; Fig. 1d), there
was no significant correlation with OS (p = 0.07; Fig. 1e).

We determined the potential of pre-CRT LCR status as a
predictive biomarker of recurrence and prognosis in RC pa-
tients receiving CRT using multivariate Cox regression anal-
ysis. This analysis showed that decreased LCR status, the
presence of pathological LNM (ypN(+)), and operative proce-
dure (APR) were independent prognostic factors for RFS in
RC patients with preoperative CRT (HR 3.19, 95% confi-
dence interval (CI) 1.33–7.66, p = 0.009; HR 6.26, 95%CI
1.91–20.6, p = 0.003; HR 6.5, 95%CI 2.45–17.3, p = 0.002,
respectively, Table 2). Furthermore, decreased LCR status, the
presence of pathological LNM (ypN(+)), and operative proce-
dure (APR) were also independent prognostic factors for OS
in RC patients (HR 2.83, 95%CI 1.14–7.01, p = 0.025; HR
6.01, 95%CI 2.03–17.8, p = 0.001; HR 5.32, 95%CI 1.46–
19.5, p = 0.011, respectively, Table 3).
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Pre-CRT LCR Status Could Identify a Population
at High Risk of Oncological Outcomes Among RC
Patients Without Pathological LNM Receiving CRT

Multivariate analysis identified the presence of pathological
LNM (ypN+) as an independent prognostic factor for both
DFS and OS in RC patients with CRT. We therefore assessed
the prognostic impact of pre-CRT LCR status with respect to
pathological LNM to identify patients requiring aggressive
chemotherapy after curative resection, especially among
low-risk ypN−RC patients. Among patients with pathological
TNM stages I–II (ypN−), low pre-CRT LCRwas significantly
associated with shorter RFS and OS compared with high pre-
CRT LCR (p = 0.001, 0.025, respectively, log-rank test;
Fig. 2a, b). However, although low post-CRT LCR status
was significantly associated with poorer OS (p = 0.018, log-
rank test), there was no significant correlation between post-
CRT LCR status and RFS in these patients (Fig. 2c, d).
Furthermore, multivariate analyses identified low pre-CRT
LCR as an independent risk factor for poor prognosis, espe-
cially in terms of RFS in RC patients without pathological
LNM (RFS, HR 9.19, 95%CI 1.78–47.6, p = 0.008; OS, HR
2.83, 95%CI 0.62–12.9, p = 0.18, Tables 4 and 5).

In contrast, among patients with pathological stage III
(ypN+), low post-CRT LCR status was significantly

correlated with poor RFS (p = 0.017; log-rank test).
However, other correlation showed that low LCR status was
not significantly correlated with either RFS or OS
(Supplementary Figure 1a-d). Interestingly, survival curve
analysis of pre-CRT LCR combined with ypN status clearly
revealed risk stratification for recurrence and survival in pa-
tients with RC (Fig. 2e, f). Notably, the survival curves for
patients with ypN+, high pre-CRT LCR crossed those for
patients with ypN−, low pre-CRT LCR for both RFS and OS.

Pre-CRT LCR Status Could Identify a Population
at High Risk of Oncological Outcome Especially in RC
Patients Receiving Long-Course CRT

We further evaluated dysregulation pattern and prognostic im-
pact of LCR levels subdivided by short- and long-course CRT
in RC patients. Consistent with the total cohort, post-CRT
LCR was significantly reduced compared with pre-CRT
LCR in both short- and long-course CRT groups (p = 0.009,
0.007, respectively, Supplementary Figure 2a, b). Next, we
evaluated the prognostic impact of pre- and post-LCR status
in RC patients subdivided by CRT regimens to investigate on
impact of treatment times and LCR levels in these patients.
Interestingly, survival curve analysis demonstrated no signif-
icant differences between high- and low LCR levels both pre-

Fig. 1 Differences between pre- and post-CRT LCR statuses and their
prognostic impacts of in patients with RC undergoing preoperative CRT.
a Post-CRT LCR levels were significantly reduced compared with pre-
CRT LCR levels (p < 0.0001, Wilcoxon’s test). b, c Kaplan–Meier sur-
vival curves for RFS (b) and OS (c) in RC patients based on pre-CRT
LCR levels. Patients with low pre-CRT LCR status according to a cut-off
value of 6000 had significantly poorer prognoses than those with a high

pre-CRT LCR status in terms of both RFS and OS (log-rank test, p = 0.02,
0.017, respectively). d, e Kaplan–Meier survival curves for RFS (d) and
OS (e) in RC patients. Although decreased post-CRT LCR was signifi-
cantly correlated with poor RFS (p = 0.045, log-rank test, d), there was no
significant correlation between post-CRT LCR levels based on a cut-off
value of 6000 and OS (p = 0.07, log-rank test, e). All statistical tests were
two-sided
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or post-CRT timing in RC patients receiving short-course
CRT (pre-CRT: RFS: p = 0.82, OS: p = 0.55; post-CRT:
RFS: p = 0.93, OS: p = 0.61, respectively, Supplementary
Figure 3). In contrast, in RC patients receiving long-course
CRT, patients with low pre-CRT or post-CRT LCR showed
poorer RFS and OS compared with those with high pre-CRT
or post-CRT LCR (pre-CRT: RFS: p = 0.0001, OS: p = 0.005;
post-CRT: RFS: p = 0.021, OS: p = 0.007, respectively,
Supplementary Figure 3). Furthermore, multivariate analysis
revealed that decreased pre-CRT LCR status was an indepen-
dent prognostic factor for both RFS and OS in RC patients
receiving long-course CRT (HR 7.37, 95%CI 1.68–32.4, p =
0.008; HR 13.4, 95%CI 1.28–140, p = 0.03, respectively,
Tables 6 and 7). Overall, these findings indicated that pre-
CRT LCR with a cut-off value of 6000 could identify patients
with RC receiving preoperative CRTwho were at high risk of
oncological outcomes.

Discussion

The systemic inflammatory responses caused by host–tumor
interaction and host nutritional status are currently gathering
attention as potential predictive biomarkers for recurrence and
prognosis in patients with various malignancies, including
CRC.17 Indeed, various systemic inflammation-based
markers, such as CRP, neutrophil–lymphocyte ratio, and
platelet–lymphocyte ratio, have recently demonstrated prog-
nostic values in RC patients receiving preoperative CRT.18–20

Although emerging studies have indicated various molecules,
including genetic and epigenetic molecules, as feasible “liquid
biopsy” markers in CRC,21 markers that can be identified
using simple blood tests with consistent cut-off values are
likely to have greater actual clinical benefits. We recently de-
veloped the LCR as a new inflammation–nutrition marker in
CRC and revealed that an optimal cut-off value of LCR

Table 1 Summarizing
demographics and
clinicopathological variables in
rectal cancer patients subdivided
by pre-/post-CRT LCR status

Variable n Pre-CRT LCR p
value

Post-CRT LCR p
value

High Low High Low
(n = 66) (n = 20) (n = 58) (n = 28)

Gender Male 64 45 19 0.017* 39 25 0.03*

Female 22 21 1 19 3

Age (years) < 64 (median) 40 32 8 0.51 25 15 0.36

≧ 64 46 34 12 33 13

Clinical variables in Pre-CRT

Clinical T
category

cT1/cT2 3 3 0 0.33 2 1 0.98

cT3/cT4 83 63 20 56 27

Clinical node
metastasis

+ 70 54 16 0.86 47 23 0.9

– 16 12 4 11 5

Clinical stage
classification

Stage II 16 12 4 0.86 11 5 0.9

Stage III 70 54 16 47 23

Clinicopathological factors in Post-CRT

Histological type Differentiated 73 57 16 0.49 48 25 0.43

Undifferentiated 13 9 4 10 3

Pathological T
category

ypT1/ypT2 33 26 7 0.72 23 10 0.73

ypT3/ypT4 53 40 13 35 18

Venous invasion + 34 26 8 0.96 26 8 0.15

– 52 40 12 32 20

Lymphatic
invasion

+ 44 33 11 0.7 30 14 0.88

– 42 33 9 28 14

Lymph node
metastasis

+ 31 25 6 0.52 22 9 0.6

– 55 41 14 36 19

Type of radiation
course

Short course 35 25 10 0.34 22 13 0.45

Long course 51 41 10 36 15

UICC stage
classification

Stage 0 2 2 0 0.93 2 0 0.99

Stage I 24 19 5 16 8

Stage II 29 20 9 18 11

Stage III 31 25 6 22 9

*p < 0.05
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allowed the identification of a subset of CRC patients at high
risk of poor oncological outcomes, including recurrence and
survival. However, the prognostic impact and clinical signifi-
cance of LCR in RC patients receiving CRT remain unclear.

In the current study, we systemically investigated the clin-
ical feasibility of preoperative LCR using clinical data derived
from a large cohort of RC patients receiving CRT. First, we
found that post-CRT LCR was significantly reduced com-
pared with pre-CRT LCR in patients with RC. Furthermore,
although post-CRT LCR was not significantly correlated with
OS, low pre-CRT LCR status, based on the previously deter-
mined cut-off value of 6000,10 was significantly correlated
with both poor RFS and OS. Second, decreased pre-CRT
LCR and the presence of pathological LNM emerged as inde-
pendent predictors of poor RFS and OS in RC patients receiv-
ing preoperative CRT. Third, low pre-CRT LCR was also a
convenient predictor of poor prognosis and early recurrence,
especially in RC patients without pathological LNM, and was
an independent risk factor for prognosis, especially RFS in
ypN− RC patients, who are less likely to require postoperative
chemotherapy than ypN+ RC patients. Finally, we further
evaluated the prognostic potential of pre- or post-LCR in RC
patients subdivided by CRTcourse and revealed that prognos-
tic potential of pre-CRT LCR was clearly revealed especially
in RC patients receiving conventional long-course CRT.

Serum CRP is a well-recognized systemic inflammatory
response marker, and previous studies have revealed the po-
tential of CRP as a prognostic biomarker in RC patients re-
ceiving preoperative CRT.19, 22 Toiyama and colleagues di-
rectly compared the prognostic potentials of several inflam-
matory markers, including neutrophil–lymphocyte ratio,
platelet–lymphocyte ratio, and CRP, in 84 RC patients, and

reported that elevated CRP level in pre-CRT serum was the
only independent predictive factor for both DFS and OS. Kim
and coworkers recently identified preoperative CRP as the
strongest predictive factor for cancer-specific survival in 125
patients with RC who received TME after CRT. Peripheral
lymphocytes also play a pivotal role in immunosurveillance
in antitumor reactions and have been established as a blood-
based marker reflecting nutritional status.23 Based on these
background studies, circulating pretreatment lymphocytes
and combined scoring systems including lymphocytes have
been demonstrated as feasible prognostic markers of oncolog-
ical outcomes in RC patients receiving CRT.24, 25 Kitayama
et al. investigated the clinical burden of subsets of white blood
counts before and after radiation treatment and demonstrated
that a low lymphocyte percentage was significantly correlated
with a poorer prognosis in terms of DFS and OS in RC
patients.25 Absolute lymphocyte count at baseline was also
recently shown to be an independent favorable prognostic
marker in RC patients treated with preoperative CRT.24

Consistent with these results, the current study confirmed that
pre-CRT LCR using a consistent cut-off value10 could identify
a subpopulation of RC patients receiving preoperative CRT
who were at high risk of recurrence and poor survival.

The current study also showed that low pre-CRT LCR was
an independent prognostic factor for RFS in RC patients with-
out pathological LNM. Neoadjuvant chemoradiotherapy
followed by curative surgery including TME is currently rec-
ognized as the standard treatment for locally advanced RC.26

Although accumulating evidence has revealed that ypN status
is one of the major prognostic factors in RC patients receiving
preoperative CRT,27 the clinical benefit of postoperative adju-
vant chemotherapy remains controversial, especially in RC

Table 2 Multivariate analysis for
predictors of recurrence-free
survival

Variables Univariate Multivariate

HR 95%CI p value HR 95%CI p value

Gender (male) 2.23 0.66–7.55 0.2 – – –

Age (> 64)# 0.92 0.4–2.13 0.85 – – –

Histological type (undifferentiated type) 1.32 0.45–3.9 0.62 – – –

Pathological T classification (ypT3/4) 3.13 1.06–9.26 0.04* 1.64 0.54–4.99 0.38

Venous invasion (present) 2.31 0.99–5.42 0.054 – – –

Lymphatic invasion (present) 1.86 0.76–4.56 0.18 – – –

Node involvement (present) 5.17 2.1–12.7 0.0004* 6.5 2.45–17.3 0.0002*

Pathological effect of CRT (ineffective) 2.17 0.8–5.89 0.13 – – –

Operative procedure (APR) 3.64 1.22–10.9 0.021* 6.26 1.91–20.6 0.003*

Open surgery (yes) 2.64 0.35–19.9 0.35

Pre-CRT LCR status (low) 2.64 1.13–6.2 0.026* 3.19 1.33–7.66 0.009*

Post-CRT LCR status (low) 2.3 0.99–5.31 0.051 – – –

HR hazard ratio
# The median age at surgery is 64 years in this cohort

*p < 0.05
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patients without pathological LNM.28–30 Considering these
results, a selection method for high-risk RC patients without

pathological LNM after neoadjuvant CRT followed by TME,
such as pre-CRT LCR, could identify those patients who need

Fig. 2 Prognostic impacts of pre- and post-CRT LCR statuses in patients
with RC without pathological LNM (ypN−). a, b Kaplan–Meier survival
curves for RFS (a) and OS (b) in RC patients without pathological LNM
(ypN−) based on pre-CRT LCR levels using a cut-off value of 6000.
Patients with low pre-CRT LCR showed poorer survival in terms of both
RFS and OS (p = 0.001, 0.025, respectively, log-rank test) compared with
patients with high pre-CRT LCR among patients with RC without path-
ological LNM (ypN−). c, d Kaplan–Meier survival curves for RFS (c)
and OS (d) in patients with RC without pathological LNM (ypN−) based

on post-CRT LCR levels using a cut-off value of 6000. Low post-CRT
LCR status was significantly associated with poor OS (p = 0.018) but did
not predict poor RFS in these patients (p = 0.18). e, f Kaplan–Meier
survival curves for RFS (e) and OS (f) in patients with RC based on
LNM and pre-CRT LCR statuses. Survival curve analysis for pre-CRT
LCR combined with ypN status clearly revealed risk stratification for
RFS (p < 0.0001) and OS (p < 0.0001, log-rank test) in patients with
RC. All statistical tests were two-sided

Table 3 Multivariate analysis for
predictors of overall survival Variables Univariate Multivariate

HR 95%CI p value HR 95%CI p value

Gender (male) 2.72 0.63–11.7 0.18 – – –

Age (> 64)# 1.18 0.51–2.72 0.71 – – –

Histological type (undifferentiated type) 2.09 0.77–5.68 0.15 – – –

Pathological T classification (ypT3/4) 3.84 1.14–13 0.03* 1.54 0.37–6.34 0.55

Venous invasion (present) 2.57 1.07–6.17 0.03* 1.17 0.41–3.32 0.77

Lymphatic invasion (present) 1.85 0.72–4.74 0.2 – – –

Node involvement (present) 4.41 1.83–10.6 0.001* 6.01 2.03–17.8 0.001*

Pathological effect of CRT (ineffective) 1.61 0.63–4.13 0.32 – – –

Operative procedure (APR) 3.71 1.25–11 0.018* 5.32 1.46–19.5 0.011*

Open surgery (yes) – – 0.96 – – –

Pre-CRT LCR status (low) 2.68 1.16–6.22 0.022* 2.83 1.14–7.01 0.025*

Post-CRT LCR status (low) 2.14 0.93–4.94 0.07 – – –

HR hazard ratio
# The median age at surgery is 64 years in this cohort

*p < 0.05
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adjuvant chemotherapy to inhibit recurrence and improve
their prognosis.

Currently, preoperative radiotherapy for rectal cancer is
recognized as two main standards, including short-course
radiation therapy (RT) and conventional long-course RT.
Although pathological response in surgical specimens for
preoperative RT was superior in long-course RT compared
with that in short-course RT, previous studies revealed no
difference between these two therapies in terms of survival
and local recurrence.31–33 Considering the differences of
treatment course and duration of interval from CRT to sur-
gery, we further evaluated the prognostic potential of pre- or
post-CRT LCR in RC patients subdivided by CRT course to

make a more impactful statement after standardization of
CRT course in our study. Interestingly, prognostic potential
of pre-CRT LCR was clearly revealed especially in RC pa-
tients receiving conventional long-course CRT. Recently,
we investigated a direct comparison between short- and
long-course CRT in clinicopathological responses and on-
cological outcome in RC patients.34 In this study, the pres-
ence of lymph node metastasis was a predictor of poor DFS
in short-course CRT, whereas poor pathological response
was a predictor of recurrence in long-course CRT due to
the radiation effect of long treatment course. Considering
this evidence with our findings, identification of patients
with high risk for poor oncological outcomes using pre-

Table 4 Multivariate analysis for
predictors of recurrence-free sur-
vival in rectal cancer patients
without pathological lymph node
metastasis

Variables Univariate Multivariate

HR 95%CI p value HR 95%CI p value

Gender (male) 1.89 0.23–15.7 0.56 – – –

Age (> 64)# 2.15 0.42–11.1 0.36 – – –

Histological type (undifferentiated type) 2.37 0.46–12.2 0.3 – – –

Pathological T classification (ypT3/4) 1.36 0.3–6.09 0.69 – – –

Venous invasion (present) 0.98 0.19–5.07 0.98 – – –

Lymphatic invasion (present) 1.5 0.34–6.72 0.59 – – –

Pathological effect of CRT (ineffective) 0.98 0.22–4.38 0.98 – – –

Operative procedure (APR) 4.85 0.94–25.1 0.06 – – –

Open surgery (yes) 0.93 0.11–8.14 0.95 – – –

Pre-CRT LCR status (low) 9.19 1.78–47.6 0.008* 9.19 1.78–47.6 0.008*

Post-CRT LCR status (low) 2.66 0.6–11.9 0.2 – – –

HR hazard ratio
# The median age at surgery is 64 years in this cohort

*p < 0.05

Table 5 Multivariate analysis for
predictors of overall survival in
rectal cancer patients without
pathological lymph node
metastasis

Variables Univariate Multivariate

HR 95%CI p value HR 95%CI p value

Gender (male) – – 0.96 – – –

Age (> 64)# 2.64 0.53–13.1 0.23 – – –

Histological type (undifferentiated type) 2.36 0.47–11.8 0.3 – – –

Pathological T classification (ypT3/4) 2.65 0.53–13.1 0.23 – – –

Venous invasion (present) 2 0.49–8.17 0.33 – – –

Lymphatic invasion (present) 2.56 0.51–12.8 0.25 – – –

Pathological effect of CRT (ineffective) 0.72 0.18–2.88 0.64 – – –

Operative procedure (APR) 4.44 0.89–22.2 0.07 – – –

Open surgery (yes) – – 0.97 – – –

Pre-CRT LCR status (low) 4.47 1.07–18.7 0.04* 2.83 0.62–12.9 0.18

Post-CRT LCR status (low) 5.6 1.12–27.9 0.036* 3.96 0.73–21.6 0.11

HR hazard ratio
# The median age at surgery is 64 years in this cohort

*p < 0.05
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CRT LCR might be necessary to discriminate candidates
from RC patients receiving preoperative CRT who might
benefit from more intensive adjuvant therapy after curative
surgery.

There are several potential limitations to this study. First,
although we could demonstrate several novel findings about
preoperative LCR in RC patients, this was a relatively small
and retrospective nature of study. Furthermore, all of the pa-
tients enrolled in this study were from a single institution in
Japan. Second, the lack of clear selection criteria for selection

of short- or long-course CRT caused different patient charac-
teristics between two groups. The difference in patient char-
acteristics between the two groups was based on the custom-
ary use of long-course CRT for the purpose of tumor shrink-
age to allow curative resection. To overcome these limitations,
a larger multi-institutional prospective study, including stan-
dardization of selection criteria for treatment course and lon-
ger follow-up, is needed to validate our feasible results in this
study and to strengthen as a predictive biomarker of pre-CRT
LCR in RC patients.

Table 6 Multivariate analysis for
predictors of recurrence-free sur-
vival in RC patients receiving
long-course CRT

Variables Univariate Multivariate

HR 95%CI p value HR 95%CI p value

Gender (male) 3.71 0.47–29.3 0.21 – – –

Age (> 64)# 1.14 0.33–3.94 0.84 – – –

Histological type (undifferentiated type) 2.54 0.65–9.83 0.18 – – –

Pathological T classification (ypT3/4) 4 0.85–18.9 0.08 – – –

Venous invasion (present) 0.91 0.19–4.29 0.91 – – –

Lymphatic invasion (present) 1.16 0.33–4.12 0.82 – – –

Node involvement (present) 2.24 0.62–8.02 0.22 – – –

Pathological effect of CRT (ineffective) 3.82 0.81–18.1 0.09 – – –

Operative procedure (APR) 5.21 1.46–18.5 0.011* 4.46 1.15–17.3 0.03*

Open surgery (yes) 1.94 0.24–15.7 0.53

Pre-CRT LCR status (low) 9.02 2.51–32.4 0.0008* 7.37 1.68–32.4 0.008*

Post-CRT LCR status (low) 3.98 1.12–14.1 0.03* 1.46 0.33–6.61 0.62

HR hazard ratio
# The median age at surgery is 64 years in this cohort

*p < 0.05

Table 7 Multivariate analysis for
predictors of overall survival in
RC patients receiving long-course
CRT

Variables Univariate Multivariate

HR 95%CI p value HR 95%CI p value

Gender (male) – – 0.96 – – –

Age (> 64)# 0.8 0.19–3.35 0.76 – – –

Histological type (undifferentiated type) 4.31 1.02–18.2 0.047* 16.5 1.28–213 0.03*

Pathological T classification (ypT3/4) 5.91 0.73–48.1 0.1 – – –

Venous invasion (present) 0.96 0.19–4.84 0.96 – – –

Lymphatic invasion (present) 0.97 0.26–3.67 0.96 – – –

Node involvement (present) 3.26 0.81–13.1 0.1 – – –

Pathological effect of CRT (ineffective) 3.22 0.67–15.6 0.14 – – –

Operative procedure (APR) 5.36 1.35–21.2 0.017* 1.14 0.22–5.84 0.87

Open surgery (yes) – – 0.96 – – –

Pre-CRT LCR status (low) 6.13 1.45–25.8 0.014* 13.4 1.28–140 0.03*

Post-CRT LCR status (low) 6.83 1.4–33.4 0.018* 3.32 0.59–18.7 0.17

HR hazard ratio
# The median age at surgery is 64 years in this cohort

*p < 0.05
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Conclusion

This study highlighted the clinical feasibility of LCR as a
predictive biomarker for oncological outcome in patients with
RC receiving preoperative CRT. Quantification of pretreat-
ment LCR status using an optimal cut-off value could help
physicians to make decisions regarding postoperative treat-
ment strategies in RC patients undergoing CRT followed by
potentially curative resection.
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