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Abstract

Background: Conversion surgery (CS) following a response to chemotherapy occasionally leads to prolonged
survival in patients with stage IV gastric cancer (GC). This study aimed to evaluate the predictive value of the
neutrophil/lymphocyte ratio (NLR) for the success of CS in patients with stage IV GC.

Methods: We retrospectively analyzed data of 50 patients with stage IV GC who received systemic chemotherapy
between January 2009 and December 2017 at the Kanazawa Medical University Hospital. The successful CS group
included the patients who underwent R0 or R1 resection with CS, and the failed CS group included the patients
who did not undergo CS after chemotherapy or those who, despite undergoing CS, had to additionally undergo R2
resection. Clinicopathological characteristics were examined in both groups. Univariate and multivariate analyses
were performed to identify pretherapeutic parameters that were independently associated with the achievement of
successful CS.

Results: The number of patients in the successful and failed CS groups were 12 and 38, respectively. On univariate
analysis, gender (P = 0.01), NLR (P = 0.003), albumin levels (P = 0.004), and absence of peritoneal metastasis (P =
0.004) were found to be significantly correlated with a successful CS. On multivariate analysis, NLR < 4 and absence
of peritoneal metastasis were independently correlated with a successful CS (P = 0.02 and P = 0.002, respectively). In
patients without peritoneal metastasis, successful CS rates in patients with NLR < 4 were significantly higher than
those in patients with NLR ≥ 4 (61.1% vs. 10.0%, P = 0.005).

Conclusions: The NLR was a significant independent predictor of the achievement of successful CS in stage IV GC
patients, especially among the patients without peritoneal metastasis. Patients with a low NLR could have higher
possibility of achieving successful CS.
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Background
Gastric cancer (GC) is the fifth most common malig-
nancy and the second most common cause of cancer
mortality worldwide [1]. Although early GC is largely a
curable disease, advanced GC is still associated with
poor survival. The curative treatment for advanced GC
consists of gastrectomy with perioperative chemotherapy
[2, 3], and chemotherapy remains the main therapeutic
approach for stage IV GC [4]. Recently, a randomized,
controlled trial of reduction surgery plus chemotherapy
versus chemotherapy alone for stage IV GC (REGATTA
trial) failed to show any efficacy for surgery [5]. In con-
trast, curative resection following systemic chemother-
apy in initially unresectable GC is now called conversion
surgery (CS). With the development and improved re-
sponse of chemotherapy regimens, a number of CS has
been proven to be successful in stage IV GC [6–10].
However, the significance of this approach and when it
should be recommended for stage IV GC remains con-
troversial. Furthermore, the heterogeneous presentation
of stage IV GC could complicate the identification of the
best therapeutic strategy for these advanced cases due to
their different biological behaviors.
Recently, interest in the association between the neu-

trophil/lymphocyte ratio (NLR) and the clinical out-
comes of upper gastrointestinal cancers has been
growing worldwide. The NLR, that is easily measurable
in a routine GC patient examination, is calculated as the
neutrophil count divided by the lymphocyte count. A
retrospective analysis of data on GC patients who under-
went gastrectomy showed that a high NLR was associ-
ated with poor survival, tumor depth, and peritoneal
metastasis [11]. In contrast, the association of NLR with
clinical outcome of stage IV GC patients who underwent
CS remains unclear. CS should be considered for stage
IV GC patients who show good response to chemother-
apy and for whom resection by CS provides a possible
cure. However, it is sometimes difficult to predict suc-
cess of CS before starting the chemotherapy course be-
cause stage IV GC patients have different metastasis
patterns and a heterogeneous background. Thus, we
considered that studying the NLR before chemotherapy
could help predict a successful CS and construct the
therapeutic strategy for stage IV GC patients. This study
aimed to evaluate the clinicopathological characteristics
of stage IV GC patients who underwent successful CS
and the predictive value of the NLR in this context.

Methods
Patients
We retrospectively analyzed data on 50 patients with
stage IV GC who underwent systemic chemotherapy at
Kanazawa Medical University Hospital between January
2009 and December 2017. Based on the imaging studies

or staging laparoscopy before treatment, the patients
were clinically staged by the 15th edition of the Japanese
Classification of Gastric Carcinoma [12] according to
depth of tumor invasion (T), extent of lymph node me-
tastasis (N), and distant metastasis (M). We divided the
50 patients into two groups: the successful CS group in-
cluded the patients who underwent R0 or R1 resection
by CS, and the failed CS group included the patients
who could not undergo CS after chemotherapy or those
that, despite undergoing CS, had to additionally undergo
R2 resection. Informed consent was obtained from the
patients by description. The Medicine Ethics Committee
of Kanazawa Medical University approved this study.

Treatments
The first-line chemotherapy treatments delivered were S-
1/cisplatin, S-1/oxaliplatin, S-1/docetaxel, and capecitabine
plus cisplatin with or without trastuzumab. Responses to
chemotherapy were classified according to the Response
Evaluation Criteria in Solid Tumors (RECIST) guidelines
[13]. When patients who were initially regarded as unre-
sectable responded well to chemotherapy, gastrectomy
and/or metastasectomy were considered if R0 resection
was possible. Gastrectomy with lymph node dissection was
performed only in patients with distant metastasis who
achieved complete response to chemotherapy. Postopera-
tive adjuvant chemotherapy consisted on S-1 monotherapy
or S-1 combined with another drug until recurrence, de-
pending on the effectiveness of the surgery.

Evaluations
Pre-treatment clinical data, such as gender, age, and
body mass index, were collected from our hospital’s rec-
ord. We extracted the results of the blood examination
before the treatment, including white blood cell (WBC)
count, the fraction of neutrophils and lymphocytes in
the WBC differential, NLR, hemoglobin level, serum
platelet count. We additionally analyzed levels of C-
reactive protein (CRP), total protein (TP), albumin, cho-
linesterase, carcinoembryonic antigen (CEA), carbohy-
drate antigen 19–9 (CA 19–9), and carbohydrate antigen
125 (CA 125). Overall survival (OS) was considered from
the date the chemotherapy treatment began until death
caused by GC or other causes. In the case of patients
who survived during our analysis, the date of the last
follow-up was December 31, 2018.

Statistical analysis
Data were expressed as n (%) or mean (± standard devi-
ation). Continuous variables and categorical variables
were compared using the Student’s t-test and the χ2 test,
respectively. All P-values were two-sided, and differences
with a P-value < 0.05 were considered as statistical sig-
nificance. OS analysis was performed using the Kaplan-

Nakamura et al. BMC Cancer          (2020) 20:363 Page 2 of 6



Meier method and results were examined using the log-
rank test. A logistic regression model was used to iden-
tify clinical factors that were independently associated
with a successful CS result. Variables that were associ-
ated with a successful CS result with P ≤ 0.05 in the uni-
variate analysis were included in the multivariate
analysis. We performed the multivariate receiver operat-
ing characteristic (ROC) curve analysis for the diagnostic
performance of the NLR with regard to the successful
CS. The JMP software version 8.0 (SAS Institute, Cary,
NC, USA) was used for all statistical analyses.

Results
Patient characteristics
The number of patients in the successful and failed CS
groups were 12 and 38, respectively. The patient charac-
teristics before the treatment in both groups are shown in
Table 1. In the successful CS group, the proportion of
males was significantly higher than in the failed CS group.
The successful CS group showed significantly lower NLR
and a higher albumin level than the failed CS group. Al-
though there was no significant difference, the proportion
of patients who had abnormal levels of tumor markers
tended to be higher in the failed CS group than in the suc-
cessful CS group. With regard to the distant metastatic
factors considered for stage IV diagnosis, peritoneal me-
tastasis was significantly higher in the failed CS group
compared with the successful CS group. In contrast,
lymph node metastasis was higher in the successful CS
group than in the failed CS group (Table 2). The

proportion of patients in the successful and failed CS
groups who underwent chemotherapy regimen combining
more than two agents before surgery was 100 and 76.3%,
respectively (P = 0.06).

Overall survival analysis in the successful and failed
conversion surgery groups
The median survival rates were 28.5 and 11.9 months in
the successful and failed CS groups, respectively (Fig. 1).
The successful CS group had a significantly better prog-
nosis after the treatment (P = 0.0007 [log-rank]).

Correlation between pretherapeutic parameters and
successful conversion surgery
The area under the ROC curve of the NLR between the
successful CS and failed CS groups was 0.77. The best
cutoff point of the NLR for distinguishing a successful
result was 4.4. At this cutoff point, the sensitivity and
specificity were 1.0 and 0.50, respectively. Therefore, we
regarded the NLR cutoff point as 4.0 in the univariate
and multivariate analyses. On univariate analysis, gender
(male) (P = 0.01), NLR (P = 0.003), albumin levels (P =
0.004), and absence of peritoneal metastasis (P = 0.004)
were significantly correlated with successful CS (Table 3).
On multivariate analysis, NLR < 4 and absence of periton-
eal metastasis were significantly correlated with successful
CS (P = 0.02 and P = 0.002, respectively). In contrast, there
was no significant difference in the predictive values of the
tumor markers CEA, CA 19–9, and CA 125. Absence of
peritoneal metastasis and a low NLR before treatment
were independently associated with achievement of suc-
cessful CS.

Successful conversion surgery rates according to the
neutrophil/lymphocyte ratio in subgroup analysis
Based on the results in the multivariate analysis, we con-
ducted a subgroup analysis regarding the distant meta-
static types (Fig. 2). In the first subgroup analysis, we
excluded patients with either single liver metastasis,
para-aortic lymph node metastasis, or positive cytology.
In the 33 patients included in this subgroup, the success-
ful CS rates were 0 and 17.7% in the patients with NLR ≥
4 and NLR < 4, respectively (P = 0.03). The second sub-
group included 28 patients who had no evidence of peri-
toneal metastasis, and those with NLR < 4 had
significantly higher successful CS rates than patients
with NLR ≥ 4 (61.1% vs. 10.0%, respectively, P = 0.005).
When peritoneal metastasis is not detected, stage IV pa-
tients with NLR < 4 could have higher potential for con-
verting R0 or R1 resection after chemotherapy.

Discussion
The first report of CS in GC took place in 1997 [14]. As
chemotherapy progresses for advanced GC, CS following

Table 1 Patient characteristics in the successful and failed
conversion surgery groups

SC group (n = 12) FC group (n = 38) P value

Gender (male) 11 (91.7%) 21 (55.3%) 0.02

Age 69.7 (±3.2) 68.6 (±1.8) 0.78

BMI 21.9 (±1.3) 20.9 (±0.7) 0.53

White blood cell (/μl) 6593 (±473) 6047 (±266) 0.32

NLR 2.4 (±0.6) 4.4 (±0.4) 0.008

Hemoglobin (g/dl) 11.2 (±0.4) 11.4 (±0.6) 0.79

Platelet count (× 104/μl) 31.3 (±3.6) 30.4 (±1.9) 0.81

CRP (mg/dl) 0.8 (±0.7) 1.3 (±0.4) 0.53

Total protein (g/dl) 6.8 (±0.2) 6.6 (±0.1) 0.38

Albumin (g/dl) 3.8 (±0.2) 3.4 (±0.1) 0.04

Cholinesterase (U/l) 230 (±27) 212 (±15) 0.55

CEA (< 5 ng/ml) 9 (75.0%) 20 (52.6%) 0.17

CA19–9 (< 37 U/ml) 10 (83.3%) 21 (55.3%) 0.08

CA125 (< 35 U/ml) 10 (83.3%) 34 (72.7%) 0.46

Values are in n (%) or mean (± standard deviation)
Abbreviations: BMI Body mass index, NLR neutrophil/lymphocyte ratio, CRP C-
reactive protein, CEA carcinoembryonic antigen, CA 19–9 carbohydrate antigen
19–9, CA 125 carbohydrate antigen 125
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a response to chemotherapy occasionally leads to pro-
longed survival in patients with initially unresectable GC.
One of the important indications for performing CS is
whether the primary lesion and metastatic sites of GC
could be curatively resected with this method. However, it
is unclear what kinds of patients achieve a good response
to chemotherapy and a successful CS. Thus, surrogate
markers reflecting the heterogeneity in both clinical and
oncological characteristics of stage IV GC patients are of
great interest in order to better adjust the therapeutic
strategy for these patients. In this study, we demonstrated
that the NLR was independently associated with successful
CS for stage IV GC and we evaluated the predictive value
of the NLR for achievement of a successful CS, regardless
of the location of the distant metastases.
Several studies have reported that CS for stage IV GC

results in long-term survival in selected patients [6–8].
Our results showing the successful CS group had better
prognosis than the failed CS group are in agreement
with previous reports. It has also been demonstrated that
non-invasive macroscopic type, higher differentiation,
and absence of peritoneal dissemination were all favor-
able predictors of survival after CS [6]. In contrast, there
are few reports analyzing the association between pre-
therapeutic laboratory parameters and achievement of

successful CS. Yoshida et al. indicated new categories of
classification for the patients with stage IV GC who may
benefit from surgery after induction chemotherapy [15].
In this biological category, absence of macroscopic peri-
toneal metastasis is a very important factor for suggest-
ing CS. We have confirmed that absence of peritoneal
metastasis in the pretherapeutic setting independently
correlated with successful CS. However, conventional
imaging tests before treatment could limit the accurate
detection of peritoneal metastasis [16, 17]. In addition,
localized peritoneal metastasis sometimes disappears fol-
lowing chemotherapy. Deciding which patients would be
good candidates for CS may be a difficult task by only
taking into account the presence of peritoneal metastasis
before treatment. On the other hand, we demonstrated
that low NLR in the pretherapeutic setting was inde-
pendently associated with successful CS with higher sen-
sitivity. Most importantly, the subgroup analysis showed
that NLR was associated with successful CS regardless of
the characteristics of the distant metastasis. Thus, stage
IV GC patients—especially those without peritoneal me-
tastasis—who have low NLR have a higher potential for
successful CS, and should undergo adequate chemother-
apy and diligent assessment of their response to it aim-
ing for conversion surgery.

Table 2 Distant metastatic factors for stage IV in the successful and failed conversion surgery groups

SC group (n = 12) FC group (n = 38) P value

Peritoneal metastasis 0 (0%) 22 (57.9%) 0.0004

Lymph node metastasis 10 (83.3%) 12 (31.6%) 0.002

Liver metastasis 1 (8.3%) 0 (0%) 0.09

Cytological malignancy (+) 1 (8.3%) 2 (5.3%) 0.7

Values are in n (%)

Fig. 1 Overall survival rates in the successful and failed conversion surgery groups. The median survival rates were 28.5 and 11.9 months in the
successful and failed CS groups, respectively (P = 0.0007 [log-rank])
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The NLR is a simple index that could be calculated in
a routine examination as the non-invasive biomarker of
systemic inflammatory response [18, 19]. The elevated
NLR have been previously reported to be related to the
poor prognosis of GC, colorectal, and lung cancer [11,
18, 20]. Because the NLR is one of the parameters
reflecting systemic inflammation, these previous results
could be indicated there is a close relationship between
inflammation and cancer progression. We have also pre-
viously shown that high NLR was associated with the
presence of peritoneal metastasis during staging laparos-
copy in patients with advanced GC [21]. GC cell migra-
tion and invasion were promoted by the interaction of

neutrophils with tumor cells through a pathway involv-
ing interleukin 6 (IL-6) [22]. Therefore, an increased
neutrophil count may reflect the condition of disease
progression involving an upregulation of IL-6. In our
analysis, 27.6% of patients with NLR < 4 showed
complete or partial response to chemotherapy according
to RECIST. In contrast, the proportion of patients who
showed complete or partial response to chemotherapy
was 14.3% in patients with NLR ≥ 4. The immune re-
sponse of the host to tumors depends on the lympho-
cytes [23], and an increased number of neutrophils
suppress the cytolytic activity of lymphocytes [24, 25].
Since, high NLR doe to an increased neutrophil count

Fig. 2 Successful conversion surgery rates in the subgroup analysis regarding the location of distant metastases. Subgroup 1: Patients with either
single liver metastasis, para-aortic lymph node metastasis, or positive cytology were excluded (N = 33). Subgroup 2: Patients with no evidence of
peritoneal metastasis were included (N = 28). In the subgroup 1, the successful CS rates were 0 and 17.7% in the patients with NLR≥ 4 and
NLR < 4, respectively (P = 0.03). In the subgroup 2, the successful CS rates were 10.0 and 61.1% in the patients with NLR≥ 4 and NLR < 4,
respectively (P = 0.005)

Table 3 Univariate and multivariate analyses to identify pretherapeutic predictors of successful conversion surgery

Univariate analysis Multivariate analysis

Odds ratio P value Odds ratio P value

Age (< 75) 1.59 0.18

Gender (male) 8.9 0.01 10.4 0.06

BMI (> 20) 1.62 0.51

Hemoglobin (> 12 g/dl) 1.09 0.89

White blood cell (> 6000/μl) 0.9 0.87

NLR (< 4) 12.2 0.003 16 0.02

CRP (< 1mg/dl) 1.55 0.6

Total protein (> 6.5 g/dl) 1.96 0.35

Albumin (> 3.5 g/dl) 8.57 0.004 1.3 0.82

Cholinesterase (> 200 U/l) 1.24 0.75

CEA (< 5 ng/ml) 2.7 0.16

CA19–9 (< 37 U/ml) 4.05 0.07

CA125 (< 35 U/ml) 1.87 0.45

Negative for peritoneal metastasis 18.4 0.004 21.9 0.002

Tumor differentiation (tub1–2) 1.16 0.87

Abbreviations: BMI Body mass index, NLR neutrophil/lymphocyte ratio, CRP C-reactive protein, CEA carcinoembryonic antigen, CA 19–9 carbohydrate antigen 19–9,
CA 125 carbohydrate antigen 125
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and a decreased lymphocytes counts may be related to
the worse response to chemotherapy and failed CS in
stage IV GC patients.
This study has certain limitations. It was a retrospect-

ive study performed at a single institution and the sam-
ple size was very small. Thus, to confirm the predictive
value of the NLR for successful CS in stage IV GC, fur-
ther work with a prospective cohort study in multiple in-
stitutions is warranted.

Conclusions
The NLR was a significant independent predictor of the
achievement of successful CS in stage IV GC patients.
Patients with a low NLR could have a higher possibility
of achieving curative resection by CS. Using the NLR in
the clinical setting, we could further adjust the indica-
tion for CS and reconstruct the therapeutic strategy for
stage IV GC patients.
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