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Abstract

Background Esophageal cancer has a poor prognosis because of its rapid progression and early and extensive lymph
node metastasis. Simple, objective indicators for predicting long-term outcomes are needed to select optimal peri-
operative treatment and appropriate follow-up for patients with esophageal cancer. The aim of this study is to
investigate the relationship between the lymphocyte-to-C-reactive protein ratio (LCR) and the survival of patients
with esophageal cancer, by performing time-dependent receiver operating characteristic (ROC) curve analysis. The
results were compared to those of traditional inflammation-based markers.

Methods This study enrolled 495 patients who underwent thoracic esophagectomy for esophageal cancer as the
primary treatment between 2000 and 2019 in our department. We investigated the predictability of the LCR for
oncological outcomes compared to that of other traditional inflammatory markers.

Results The 3-year overall survival (OS) and recurrence-free survival (RFS) were 72.6% and 57.5%, respectively.
Low LCR was significantly associated with higher cancer stage, included depth of invasion (p < 0.001), lymph node
metastasis (p < 0.001) and cStage (p < 0.001). The LCR had the highest AUC value (0.675) for predicting OS
compared to the other examined inflammatory markers. In multivariate analysis, the LCR (optimal cutoff thresh-
old = 19,000) was identified as a significant predictor of death (hazard ratio, 2.24; 95% confidence interval [CI],
1.61-3.12; p < 0.001) and recurrence (hazard ratio, 1.97; 95%ClI, 1.48-2.63; p < 0.001).

Conclusion The LCR is novel indicator for oncological outcomes for patients with esophageal cancer and may assist

to facilitate personalized multidisciplinary treatments.

Introduction

Radical esophagectomy is regarded as the most promising
treatment to prolong survival of patients with esophageal
cancer. However, despite improvements in surgical tech-
niques and the development of multimodal treatments,
including neoadjuvant therapy, esophageal cancer still has
poor long-term prognoses, because of its rapid progression
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and early and extensive lymph node metastasis [1, 2]. The
pathological TNM stage is the gold standard for predicting
oncological outcomes after surgery; however, neoadjuvant
treatment is performed as a standard treatment for
resectable esophageal cancer. Therefore, especially in these
patients, it is difficult to evaluate true disease progression
using a surgical specimen alone. As a result, simple,
objective markers for predicting survivals are needed to
choose optimal perioperative treatment and appropriate
follow-up for esophageal cancer patients.

Tumors can directly and indirectly interact with the
inflammatory immune response to upregulate cytokines,
inflammatory mediators, inhibit apoptosis, promote
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angiogenesis and induce DNA damage [3]. Several previous
studies, including our own, have demonstrated several
prognostic markers for long-term prognosis after
esophagectomy using the preoperative inflammation-based
score [4—6]. In particular, inflammation-based markers of the
systemic inflammatory response, such as the neutrophil-to-
lymphocyte ratio (NLR) [7, 8], lymphocyte-to-monocyte
ratio (LMR) [9, 10], platelet-to-lymphocyte ratio (PLR)
[11, 12] and the C-reactive protein (CRP)-to-albumin ratio
(CAR) [13, 14], have been known as prognostic factors, not
only in esophageal cancer but also in other type of cancers.
Our institution also showed that preoperative FA score,
which is a prognostic indicator based on preoperative plasma
fibrinogen and serum albumin levels, was significantly
associated with postoperative survival in patients with eso-
phageal cancer [4, 5].

Recently, Okugawa et al. suggested the feasibility of the
novel lymphocyte-to-CRP ratio (LCR) as a prognostic
biomarker for predicting oncological outcomes in patients
with colorectal cancer [15]. However, no study has shown
the usefulness of the LCR for large groups of patients with
esophageal cancer. Therefore, the aim of the current study
was to investigate the relationship between the LCR and
the survival of patients with esophageal cancer, compared
to traditional inflammation-based markers.

Methods
Patients

This study enrolled 495 patients who underwent thoracic
esophagectomy for esophageal cancer as the primary treat-
ment at Keio University Hospital, Tokyo, Japan, between
2000 and 2019. Patients who underwent salvage
esophagectomy after definitive chemoradiotherapy or
macroscopic residual tumor (R2) resection were excluded.
We retrospectively evaluated the patients’ clinical infor-
mation, pathologic findings and prognosis obtained from
hospital records. The clinical stage of the cancer was deter-
mined according to the Union Against Cancer, 8th edition
[16]. This study was conducted with the approval of the
Ethics Committee of Keio University School of Medicine.

Treatment

Neoadjuvant treatment has been the standard treatments in
patients with clinical node-positive or T2-4 cancer without
distant metastases since 2007. Neoadjuvant therapy com-
prised 5-fluorouracil (5-FU) and cisplatin, 5-FU and cis-
platin combined with docetaxel, or 5-FU and cisplatin
combined with a radiation dose of 40-50 Gy. We per-
formed thoracotomy with right thoracic incision, and

video-assisted thoracic surgery (VATS) was performed in
the hybrid position combining the left decubitus and prone
positions [17]. Robot-assisted thoracic surgery (RATS)
was performed in the prone position since 2018. The Cla-
vien—Dindo classification was used to assess postoperative
complications [18].

Laboratory Measurements

Preoperative routine laboratory tests of the samples
obtained in the 7 days prior to the surgery were performed,
with or without neoadjuvant treatment. To confirm the
absence of infection and inflammation in patients at the
time of measurement, the patients’ physical statuses were
examined for general signs of infection on the same day.
Imaging modalities, including computed tomography, were
performed during the 1-2 weeks prior to surgery.

A total of five combinations were calculated as follows:

LCR: Lymphocyte count (number/puL)/CRP (mg/dL).

NLR: Neutrophil count (number/pL)/lymphocyte count
(number/pL).

PLR: Platelet count (number/pL)/lymphocyte count
(number/pL).

CAR: CRP (mg/dL)/ALB (g/dL).

LMR: Lymphocyte count (number/pL)/monocyte count
(number/pL).

Statistical Analysis

Time-dependent receiver operating characteristic (ROC)
curve analysis was used to validate the model performance
for the abovementioned five inflammatory markers[19]. The
optimal cutoff values of markers for the prediction of death
were determined with the Youden index. Moreover, two area
under the ROC curve values were compared using the
DeLong test. In terms of the univariate analysis of back-
ground characteristics and risk factors for short-term out-
comes, categorical variables were analyzed using the Chi-
square test and continuous variables were analyzed using the
Mann—-Whitney U test to test for differences between two
groups and one-way analysis of variance (one-way ANOVA)
to test for differences among three groups. Prognoses were
investigated using the Kaplan—-Meier method and log-rank
tests. Moreover, variables with p-values < 0.05 in the uni-
variate analysis were entered into a Cox hazard regression
model for multivariate analysis. Overall survival (OS) was
calculated from the surgery date until death, and recurrence-
free survival (RFS) was calculated from the surgery date
until recurrence or death from any cause. Statistical analyses
were performed using Stata/IC 16 for Mac (StataCorp, TX,
USA) and R, version 3.1.2, using the packages “timeROC”
and “survival” (R Foundation Statistical Computing,
Vienna, Austria).
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Results

Patient Characteristics, Relationship
between Preoperative LCR and TNM Stage

The patient population comprised 421 males (85%) and 74
females (15%), with a median age of 65 years (range
34-82). The median follow-up duration for the surviving
patients without recurrence was 51 months. Neoadjuvant
treatment was carried out in 256 patients (52%). The tho-
racoscopic approach included VATS and RATS and was
performed on 400 patients (81%), while 95 patients (19%)
underwent thoracotomy. Other clinicopathologic charac-
teristics of the study patients are shown in Table 1.

LCR Value Predicts Oncological Outcomes
with Comparison of other Inflammatory Markers

In the study cohort, the 1-year, 2-year, 3-year and 5-year
OS were 89.3%, 79.4%, 72.6% and 65.3%, respectively,
and the 1-year, 2-year, 3-year and 5-year RFS were 73.0%,
62.1%, 57.5% and 55.8%, respectively. A total of 180
patients (36.4%) developed recurrence and 159 patients
(32.1%) died. To compare the accuracy of inflammatory
markers for predicting OS, we performed ROC curve
analysis of LCR, CAR, LMR, NLR and PLR. Our results
demonstrated that the LCR had the highest AUC value
(0.675) compared to the others (Fig. 1). For predicting
RFS, the AUC of the LCR was also superior to the other
parameters tested (0.670). The time-dependent ROC curve
of the LCR was continuously superior to that of the other
markers 30 months postoperatively. After 30 months, the
AUC value of the LCR was similar to that of the CAR
(Fig. 2). Using the DeLong test, the AUC value of the LCR
on OS was significantly higher than that of the NLR and
PLR at 3, 4 and 5 years after surgery and was also sig-
nificantly higher than that of the LMR at 4 years and
5 years after surgery (Supplemental Table 1).

Optimal LCR Cutoff Value for Predicting Survival

We set the optimal cutoff value of LCR for OS using the
Youden index. The best cutoff value was 19,000, and under
this cutoff value, the sensitivity and specificity were 67.3%
and 58.8%, respectively.

Low LCR was Associated with Poor Oncological
Outcomes

According to cutoff value of LCR, we divided all patients

into two groups: low LCR and high LCR group. The group of
272 patients with a LCR = 19,000 (high LCR group) had a
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significantly higher OS and RFS than the group of 223
patients with a LCR < 19,000 (low LCR group) (3-year OS,
former 80.4% vs. latter 62.4%; p < 0.001 and 3-year RFS,
former 67.4% vs. latter 45.0%; p < 0.001) (Fig. 3). Of all
180 patients with recurrence, the low LCR group had a
higher recurrence rate (46.2%) than the high LCR group
(28.3%, p < 0.001). In terms of pathological findings, the
high LCR group had a significantly higher OS than the low
LCR group in patients with pStage Il or higher (p = 0.002) as
well as in patients with pStage I or lower (p < 0.001).
Similar results were observed in patients with and without
neoadjuvant treatment. The high LCR group had a signifi-
cantly higher OS than the low LCR group without neoadju-
vant (p < 0.001) or with neoadjuvant (p = 0.002) treatment.

In the univariate analyses, elderly patients (age =
65 years), cStage III/IV (vs. cStage I/II), thoracotomy (vs.
thoracoscopy), amount of bleeding (= 180 ml), residual
cancer and low LCR (< 19,000) were identified as signif-
icant risk factors for death. In the multivariate analysis, low
LCR was identified as a significant independent predictor
of death (hazard ratio [HR], 2.24; 95%CI, 1.61-3.12;
p < 0.001) (Table 2). The LCR was also identified as a
significant predictor of recurrence (HR, 1.97; 95%ClI,
1.48-2.63; p < 0.001) (Table 3).

Preoperative LCR was not Associated
with Postoperative Complications

Postoperative complications were observed in 338 patients
(68.3%); of whom, 140 patients (28.3%) had complications
greater than Clavien—Dindo grade 2. Recurrent laryngeal
nerve palsy [107/495 patients (21.6%)] was the most
commonly observed complication after esophagectomy,
followed by pneumonia [83/495 patients (16.8%)], anas-
tomotic leakage [74/495 patients (15.0%)] and atrial fib-
rillation [36/495 patients (7.3%)]. Preoperative LCR was
not associated with postoperative complications and com-
plications greater than Clavien—Dindo grade 2 (Supple-
mental Table 2).

Discussion

The present study demonstrated that the LCR is novel indi-
cator of oncological outcomes compared to other inflam-
matory markers in patients who underwent esophagectomy
for esophageal cancer. We also determined the optimal
cutoff value for the prediction of survival, which will make
the clinical use of the LCR clinical easier and also facilitate
improved decision making.

Although several institutions have reported the useful-
ness of inflammation-based markers of the systemic
inflammatory response as predictors of survival for solid
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Table 1 Patient characteristics
Total LCR Low LCR High LCR P
(n = 495) (n = 223) (n =272)
Sex 0.554
Male 421 (85.1%) 192 (86.1%) 229 (84.2%)
Female 74 (15.0%) 31 (13.9%) 43 (15.8%)
Age (years), median (min—max) 65 (34-82) 64 (35-81) 65 (34-82) 0.807
Location 0.875
Upper 73 (14.8%) 32 (14.4%) 41 (15.1%)
Middle 246 (49.7%) 109 (48.9%) 137 (50.4%)
Lower 176 (35.6%) 82 (36.8%) 94 (34.6%)
Histology 0.84
Squamous cell carcinoma 448 (90.5%) 203 (91.0%) 245 (90.1%)
Adenocarcinoma 30 (6.1%) 12 (5.4%) 18 (6.6%)
Other 17 (3.4%) 8 (3.6%) 9 (3.3%)
Depth of invasion < 0.001
cT1 222 (44.9%) 74 (33.2%) 148 (54.6%)
cT2 97 (19.6%) 44 (19.7%) 53 (19.6%)
cT3 163 (33.0%) 96 (43.1%) 67 (24.7%)
cT4 12 (2.4%) 9 (4.0%) 3 (1.1%)
LN metastasis < 0.001
cNO 270 (54.7%) 96 (43.1%) 174 (64.2%)
cN1 151 (30.6%) 82 (36.8%) 69 (25.5%)
cN2 69 (14.0%) 42 (18.8%) 27 (10.0%)
cN3 4 (0.8%) 3 (1.4%) 1 (0.4%)
Distant metastasis 0.624
cMO 470 (95.1%) 211 (94.6%) 259 (95.6%)
cM1 (supraclavicular LN) 24 (4.9%) 12 (5.4%) 12 (4.4%)
cStage < 0.001
Stage 1 205 (41.5%) 67 (30.4%) 138 (50.9%)
Stage 11 122 (24.7%) 54 (24.2%) 68 (25.1%)
Stage 111 129 (26.1%) 80 (35.9%) 49 (18.1%)
Stage IV 38 (7.7%) 22 (9.9%) 16 (5.9%)
pStage < 0.001
Stage 0 21 (4.2%) 5 (2.2%) 16 (5.9%)
Stage 1 155 (31.3%) 54 (24.2%) 101 (37.1%)
Stage 11 124 (25.1%) 56 (25.1%) 68 (25.0%)
Stage 111 139 (28.1%) 73 (32.7%) 66 (24.3%)
Stage IV 56 (11.3%) 35 (15.7%) 21 (7.7%)
Neoadjuvant treatment 0.022
Absent 239 (48.3%) 95 (42.6%) 144 (52.9%)
Present 256 (51.7%) 128 (57.4%) 128 (47.1%)
Adjuvant treatment 0.307
Absent 426 (86.1%) 188 (84.3%) 238 (87.5%)
Present 69 (13.9%) 35 (15.7%) 34 (12.5%)
Thoracic approach 0.035
Thoracoscopy 400 (80.8%) 171 (76.7%) 229 (84.2%)
Thoracotomy 95 (19.2%) 52 (23.3%) 43 (15.8%)
FLND 0.973
2FLND 118 (23.8%) 53 (23.8%) 65 (23.9%)
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Table 1 continued

Total LCR

Low LCR High LCR P

3FLND
Operating time (min), median (range)

377 (76.2%)
498 (230-926)
Amount of bleeding (ml), median (range) 180 (0-4770)

Residual cancer

RO 463 (93.5%)

R1 32 (6.5%)
LMR median (min—max) 4.4 (1.0-27.0)
NLR median (min—max) 2.1 (0.4-12.7)

PLR median (min—-max)
CAR median (min-max)

143.0 (26.1-533.3)
0.017 (0.002-1.197)

170 (76.2%) 207 (76.1%)

498 (230-926) 495 (252-859) 0.278

208 (0-4770) 150 (0-4500) < 0.001
0.83

208 (93.3%) 255 (93.8%)

15 (6.7%) 17 (6.3%)

3.8 (1.1-21.5) 4.7 (1.0-27) < 0.001

2.3 (0.5-12.7) 2.0 (0.4-6.7) < 0.001

150.9 (52.4-533.3) 140.0 (26.0-467.3) 0.002

0.053 (0.013-1.197) 0.008 (0.002-0.04) < 0.001

LCR: Lymphocyte-to-C-reactive protein ratio, c: Clinical, LN: Lymph node, p: pathological, FLND: field lymph node dissection, LMR:
Lymphocyte-to-monocyte ratio, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, CAR: C-reactive protein-to-albumin
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Fig. 1 Comparison of the AUC between the LCR and other systemic inflammatory markers for overall survival (OS). LCR: lymphocyte-to-C-
reactive protein ratio, c: clinical, LMR: lymphocyte-to-monocyte ratio, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte
ratio, CAR: C-reactive protein-to-albumin ratio

cancers, including esophageal cancer, few studies have
shown the feasibility of this new prognostic marker. In
particular, with regard to colorectal cancer, Okugawa et al.
showed the reliability of the LCR as a prognostic bio-
marker for predicting long-term survival [15]. Suzuki et al.
indicated that the LCR is a useful predictive factor for
oncological outcomes in patients with Stage II or III colon
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cancer [20], while the LCR was also reported as novel
prognostic marker in gastric cancer [21, 22]. Furthermore,
Yamamoto et al. recently reported the usefulness of LCR in
patients with esophageal cancer [23]; however, the study
was analyzed with relatively small number of cases, i.e.,
153 patients with esophageal cancer. Our present study
included approximately 500 patients with esophageal
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Fig. 2 Time-dependent ROC of the LCR and other systemic
inflammatory markers for OS. The vertical axis indicates the
estimated area under the ROC curve for survival and the horizontal
axis indicates the month after surgery

cancer and analyzed the relationship among multiple
inflammation-based markers, such as LMR, PLR and CAR,
which were not included in the study reported by Yama-
moto et al.

As reported in our previous studies, proinflammatory
cytokines, such as interleukin (IL)- 6 or IL-8, might corre-
late with cancer progression [24, 25]. CRP is widely known
to be induced by IL-6 during the synthesis of acute-phase
proteins. Lymphocytes are responsible for the host immune
response, and a decrease in lymphocytes in host tumors is
associated with a poor prognosis[26-28]. Therefore, the
LCR may represent malignant status by reflecting both the
anti-tumor immune status and the tumor-promoting envi-
ronment. Moreover, like other conventional markers, such as
the Glasgow Prognostic Score reported by McMillan, LCR
may be related to cachexia, which is defined as a

multifactorial syndrome involving loss of bodyweight or
skeletal muscle mass [29-31]. This may also be one of the
reasons for decreased survival. Early multimodal interven-
tion including nutritional support should be especially con-
sidered for patients with low LCR.

Standard treatment for Stage II/III esophageal cancer is
neoadjuvant followed by surgery, while upfront surgery is
standard for Stage I esophageal cancer [32]. However, in
some cases, the disease may be highly malignant and may
recur early postoperatively [33]. Based on the LCR value,
performing intensive adjuvant after surgery for patients with
pathological Stage II or higher or performing neoadjuvant
for Stage I may be an option. LCR can help to facilitate
personalized multidisciplinary treatments for the patients
with esophageal cancer.

This study has limitations. First, it was a retrospective,
single-center study limited to a Japanese population, which
could have introduced an element of selection bias. More-
over, since the time span (20 years) was long, there were
changes in the management of postoperative complications
and different surgical approaches during this time period.
However, we recruited a large group, including approxi-
mately 500 patients, to overcome this bias. Second, we
calculated the LCR in the 7 days before surgery, even in
patients with neoadjuvant treatment. Wu et al. indicated
change the amount of NLR and PLR predicted chemother-
apy response in colorectal cancer [34]. Therefore, if the LCR
indicates tumor characteristics, the amount of change in the
LCR from pre- to post-neoadjuvant may reflect the response
to chemotherapy. Further study of the ability of the LCR to
predict response to chemotherapy is necessary.
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Table 2 Risk factors for death in the univariable and multivariate analysis

Univariable analysis

Multivariable analysis

HR (95%CI) P HR (95%CTI) P
Sex (male) 1.02 (0.66-1.60) 0913
Age, = 65 (median) 1.86 (1.36-2.56) < 0.001 1.86 (1.34-2.57) < 0.001
Location (upper) 1.10 (0.71-1.70) 0.659
Histology (SCC) 0.87 (0.54-1.40) 0.554
cStage (Stage III/IV) 2.33 (1.70-3.19) < 0.001 1.66 (1.18-2.33) 0.004
Thoracic approach (thoracotomy) 1.89 (1.33-2.63) < 0.001 1.27 (0.89-1.82) 0.201
Operating time, = 498 min (median) 0.94 (0.68-1.28) 0.682
Amount of bleeding, = 180 ml (median) 1.39 (1.01-1.93) 0.045 1.15 (0.82-1.60) 0.419
Residual cancer (present) 2.72 (1.62-4.59) < 0.001 2.07 (1.20-3.56) 0.009
Low LCR (< 19,000) 2.46 (1.79-3.39) < 0.001 2.24 (1.61-3.12) < 0.001
SCC: squamous cell carcinoma, LCR: lymphocyte-to-C-reactive protein ratio, HR: hazard ratio, CI: confidence interval
Bold indicates statistical significance
Table 3 Risk factors for recurrence in the univariable and multivariate analysis

Univariable analysis Multivariable analysis

HR (95%CI) P HR (95%CTI) P
Sex (male) 1.05 (0.72-1.54) 0.794
Age, =65 years (median) 1.47 (1.12-1.94) 0.006 1.44 (1.09-1.91) 0.010
Location (upper) 1.07 (0.73-1.55) 0.743
Histology (SCC) 0.85 (0.56-1.31) 0.470
cStage (stage ITI/IV) 2.32 (1.77-3.06) < 0.001 1.72 (1.29-2.31) < 0.001
Thoracic approach (thoracotomy) 1.96 (1.47-2.63) < 0.001 1.47 (1.06-2.00) 0.019
Operating time, =498 min (median) 0.96 (0.73-1.26) 0.775
Amount of bleeding, =180 ml (median) 1.41 (1.07-1.86) 0.014 1.17 (0.88-1.56) 0.284
Residual cancer (present) 3.11 (2.00-4.82) < 0.001 2.57 (1.62-4.05) < 0.001
Low LCR (< 19,000) 2.17 (1.65-2.85) < 0.001 1.97 (1.48-2.63) < 0.001

SCC: squamous cell carcinoma, LCR: lymphocyte-to-C-reactive protein ratio, HR: hazard ratio, CI: confidence interval

Bold indicates statistical significance

In conclusion, the present study demonstrated that the
LCR is a novel indicator for oncological outcomes for
patients who undergo esophagectomy for esophageal can-
cer. LCR can help to facilitate personalized multidisci-
plinary treatments such as neoadjuvant for early
esophageal cancer, or intensive adjuvant after surgery for
advanced esophageal cancer.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s00268-
021-06269-z.
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