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The effectiveness of postoperative neutrophils to
lymphocytes ratio in predicting long-term recurrence
after stomach cancer surgery

Yun Hong Kim, Won Joon Choi

Department of Anesthesiology and Pain Medicine, Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine,
Seoul, Korea

Purpose: Immunosuppression is a characteristic of cancer recurrence after curative resection. The neutrophil-to-lymphocyte
ratio (NL ratio) in peripheral blood is associated with immune function. However, it is not clear whether the postoperative
NL ratio is a predictor for cancer relapse after resection. Thus, we investigated the effectiveness of the short-term post-
operative NL ratio in the prediction of disease recurrence within 5 years after stomach cancer surgery by a retrospective chart
review. Methods: Ninety-three patients with stomach cancer were enrolled. Significant risk factors for cancer recurrence
were determined by multivariate Cox regression. Independent variables to increase the NL ratio to >7.7 by postoperative
day (POD) 3 were examined by multivariate logistic regression analysis. Results: The 5-year risk of cancer recurrence after
gastrectomy was 4.2 times higher for patients with a POD3 NL ratio of >7.7 (P = 0.005), 3.4 times higher for normal-weight
patients compared with overweight patients (P =0.008), and 20 times higher for stage III compared with stage 0 according to
the tumor-node-metastasis cancer staging system (P = 0.003). The surgical duration (hours) increased the chance of high NL
ratio >7.7 (odds ratio, 2.5; P = 0.006). Conclusion: The postoperative NL ratio, especially the POD3 NL ratio, predicts
long-term recurrence after stomach cancer surgery.
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INTRODUCTION phocyte count (NL ratio) is associated with short-term
postoperative immune function. The NL ratio is easily cal-

The immune system status is pertinent to both the prev- culated from a differential white blood cell count of circu-

alence [1] and outcomes of various types of cancer [2-4].
Furthermore, it has been suggested that long-term re-
currence-free survival after cancer resection can be pre-
dicted by evaluating the patient’s short term postoperative

immunosuppression status [5]. The neutrophil-to-lym-

lating leukocytes, and it is approved for use in clinical
practice as a test to evaluate the cell-mediated immune re-
sponse to various stresses, including the existence of can-
cer [6-8]. Previous research has shown that the pre-

operative NL ratio can be used to predict cancer re-
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currence after curative resection [6, 8-10].

The decline in lymphocyte percentage on postoperative
day (POD) 7 is related to recurrence after colorectal cancer
surgery [5]. However, to the best of the authors’ knowl-
edge, the role of the postoperative NL ratio in predicting
cancer recurrence after curative resection has not yet been
established. In addition, perioperative factors should also
be given consideration when using the postoperative NL
ratio as a marker for predicting cancer prognosis because
there is an increased variety of factors involved in im-
munosuppression during and after surgery compared
with before surgery [11-13]. In particular, the role of allo-
genic red blood cell (RBC) transfusion as an immuno-
suppressive factor should be taken into consideration
when interpreting the NL ratio as a predictor of cancer re-
currence [12,14].

Thus, in this retrospective study, we sought to evaluate
the predictive power of the NL ratio calculated at POD3
and POD7 by multivariate analysis with Cox proportional
hazard regression in determining cancer recurrence after
gastrectomy. In addition, multivariate logistic regression
was used to investigate factors that influence the post-

operative NL ratio.

After obtaining permission from the local institutional
review board, retrospective chart reviews were carried out
for 93 adult (34 to 79 years of age) patients of American
Society of Anesthesiologists physical status 1 to 3 who un-
derwent regular scheduled operations for complete re-
section of gastric cancer from January 2004 through July
2009. Laboratory records of preoperative, POD3, and
POD?7 differential white blood cell (WBC) counts were
evaluated. The inclusion criterion was no transfusion
within 1 month before surgery. The exclusion criteria were
as follows: 1) evidence of adjacent or distant organ meta-
stasis as confirmed by a preoperative test such as multide-
tector computed tomography, computed tomography
(CT), or positron emission tomography-CT; 2) a history of
preoperative anticancer chemotherapy or any cancer re-

lated surgery; 3) insufficient differential WBC count data
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up to POD7; 4) preoperative evidence of infection or in-
flammation when no transfusion was given; e.g., WBC
> 12,000/mm2; 5) perioperative platelet and fresh frozen
plasma transfusion; 6) a history of steroid medication; and
7) postoperative infectious complications such as surgical
site infection, pneumonia, urinary tract infection, etc.

The subjects were divided into two groups: those who
were cancer-free 5 years after curative resection, and those
who experienced cancer recurrence after surgery. The
elapsed time in years from surgery to recurrence was
recorded.

The observed data were sex, age, body mass index
(BMI), surgical and anesthetic duration, number of allo-
genic RBC transfusions, age of allogeneic RBCs, and the
preoperative, POD3, and POD7 NL ratio. Furthermore,
staging of each tumor was conducted in accordance with
the tumor-node-metastasis (TNM) system for gastric can-
cer outlined by the seventh American Joint Committee on
Cancer/International Union Against Cancer Classifica-
tion. Tumor size and evidence of cancer recurrence within
5 years after surgery were also recorded.

The number of allogenic RBC transfusion and the stor-
age time (days) of each unit of RBCs were converted into a
single transfusion variable of categorical form: 0, no trans-
fusion; 1, 1 to 3 units of unaged RBC ( <14 days in storage);
2, 1 to 3 units of RBCs with at least 1 unit of aged RBCs; 3,
4 or more units of unaged RBCs; 4, 4 or more units of RBCs
with at least 1 unit of aged RBCs. The NL ratio was calcu-
lated from the differential WBC count preoperatively, on
POD3, and POD?7.

Statistical analysis was performed using the PASW ver.
18.0 (IBM Co., Armonk, NY, USA). Comparisons of cate-
gorical variables were performed using Pearson’s chi-
square or Fisher’s exact test, and an independent t-test was
applied for the continuous variables.

For multivariate analysis with Cox hazard proportional
regression and logistic regression, the NL ratio, BMI, and
tumor size were converted into categorical variables. To
transform the NL ratio into a binary categorical variable,
the optimal cut-off value of the NL ratio was determined
based on the highest area under the receiver operating
characteristic (ROC) curve associated with a univariate lo-

gistic model of cancer recurrence. The area of tumor mass
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was categorized into a binary variable using the median
value (9 cm®). Furthermore, BMI was categorized into two
levels: non-overweight (<24.7 for male or <22.6 kg/rn2 for
female) and overweight (=24.7 for male or =22.6 1<g/1rn2
for female) according to the World Health Organization
recommended body weight classification system for
Asian populations [15] and the results of a previous study
that differentiated BMI between overweight male and fe-
male subjects [16].

To reveal the factors that influence recurrence-free sur-
vival for 5 years after cancer surgery, multivariate analysis
was performed with Cox hazard proportional regression:
the hazard ratio of the dichotomous cancer recurrence was

determined by a backwards stepwise elimination method.

Patient’s characteristics and univariate analysis for cancer
recurrence

Variable Noncancer  Cancer P-value
recurrence recurrence
Subjects 63 30
Sex 0.780

Male 38 19

Female 25 11
Age (yr) 59.11+£9.58 61.20+11.65 0.362
Body mass index (kg/m’) 0.065

Underweight 10 (15.9) 2(6.7)

Normal weight 22 (34.9) 18 (60)

Overweight 31 (49.2) 10 (33.3)
Anesthetic duration (hr) 3.80+1.020 434+1.70 0.081
Surgical duration (hr) 331+1.13 3.82+132 0.058
Transfusion variable 0.048

0 33 (524) 15 (50)

1 19 (30.2) 3(10)

2 3(4.8) 4(13.3)

3 6(9.5) 4(13.3)

4 2(3.2) 4(13.3)
Preoperative NLratio = 1.8 20 (31.7) 16 (53.3)  0.046
POD3 NL ratio = 7.7 6(9.5) 8(26.7) 0.031
POD7 NL ratio = 5.0 5(7.9) 8(26.7) 0.015

NL ratio, neutrophil-to-lymphocyte ratio; POD, postoperative
day.

Values are presented as mean + SD or number (%).

Body mass index (kg/m’): underweight, <18.5; normal weight, 18.5
to24.7 (male) or 18.5 to 22.6 (female); overweight, =24.7 (male) or
>22.6 (female).

Transfusion variable: 0, no transfusion; 1, red blood cell (RBC) 1 to
3 unit without aged RBC (=14 days); 2, RBC 1 to 3 unit with aged
RBC; 3, RBC 4 = without aged RBC; 4, RBC = 4 with aged RBC.
NL ratio, neutrophil-to-lymphocyte ratio; POD, postoperative
day.
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The independent variables for Cox regression were BMI,
size of tumor, sex, cancer stage under the TNM system,
categorical transfusion variable, and the preoperative,
POD3 and POD7 NL ratio. In addition, multivariate analy-
sis with stepwise logistic regression using backward elim-
ination was conducted to clarify whether perioperative
factors were correlated to a higher postoperative NL ratio,
which had a significant influence on cancer recurrence in
Cox regression analysis. Independent variables of logistic

regression were BMI, sex, tumor size, cancer stage under

Patient characteristics

Noncancer Cancer

Characteristic P-value
recurrence  recurrence
Subjects 63 30
Cancer cell differentiation 0.156
Differentiated 33 (52.4) 11 (36.7)
Undifferentiated 30 (47.6) 19 (63.3)
Tumor diameter (cm) 0.000
<5.0 48 (76.2) 12 (40.0)
5.0= and 10< 14 (22.2) 10 (33.3)
10> 1(1.6) 8(26.7)
Invasion depth” 0.000
T1 35 (55.6) 3(10.0)
T2 11 (17.5) 2(67)
T3 6(9.5) 12 (40.0)
T4 11 (17.5) 13 (43.3)
Lymphovascular invaion 0.000
Absence 48 (76.2) 11 (36.7)
Presence 15 (23.8) 19 (63.3)
N stage 0.000
NO 45 (71.4) 2(6.7)
N1 8(12.7) 5(16.7)
N2 3(4.8) 10 (33.3)
N3 7 (11.1) 13 (43.3)
Stage (TNM) 0.000
0 16 (25.4) 1(3.3)
1 25 (39.7) 2(6.7)
2 13 (20.6) 3(10.0)
3 9(14.3) 24 (80.0)
Total gastrectomy 11 (17.5) 15 (50) 0.006
Subtotal gastrectomy (B1) 43 (68.3) 12 (40)
Subtotal gastrectomy (B2) 9(14.3) 3(10)

Intraoperative bleeding 657.1+276.3 757.3+351.0 0.138

volume (mL)

Values are presented as number (%) or mean + SD.

TNM, tumor-node-metastasis.

“Invasion of depthis defined by the 7th International Union
Against Cancer/American Joint Committee on Cancer tumor-
node-metastasis classification: T1, tumor is growing into the
submucosa; T2, into the muscularis propria layer; T3, into the
subserosa layer; and T4, beyond serosa layer.
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the TNM system, anesthetic and surgical duration, catego-
rical transfusion variable, and preoperative NL ratio. In
both multivariate analyses, independent variables with P
< 0.05 were included in the model, but those with P > 0.1
were removed. Finally, long-term recurrence-free survival
was examined by the Kaplan-Meier method using the
log-rank test. All statistical results were determined to be

significant when P-values < 0.05.

ROC curves
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Receiver operating characteristic (ROC) curves for
neutrophil-to-lymphocyte ratio (NL ratio) on pre- and post-
operative day 3 and 7 in predicting the probability of a cancer
recurrence in all patients.
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Box-and-whisker plots showing distributions of neutrophil-
to-lymphocyte ratio (NL ratio) values on pre- and postoperative 3
and 7 day for the groups of cancer nonrecurrence (n=63) and cancer
recurrence (n=230) 5 years after gastrectomy. The bottoms and tops
of the boxes are the 25th and 75th percentiles, and the horizontal
lines of the boxes are median values. The whiskers represent the
lowest and highest value in the 25th percentile minus 1.5 times the
interquartile range (IQR) and 75th percentile plus 1.5 IQR regions,
respectively. The suspected outliers ( 0 ) are 1.5 IQR or more above
the 75th percentile, and the outliers (*) are 3 IQR or more above the
75th percentile. The numbers marked on outliers are the
registration numbers of patients.
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The profile of independent variables for multivariate
Cox regression and logistic regression are shown in Table
1 and the clinicopathological features are listed in Table 2.

In our subjects, ROC curve analysis of the preoperative,
POD3, and POD7 NL ratio suggested a cut-off of 1.8, 7.7,
and 5.0 with an area under the curve of 0.608 (95% con-
fidence interval [CI], 0.483 to 0.733), 0.586 (95% CI, 0.457 to
0.715), and 0.594 (95% CI, 0.464 to 0.723), respectively (Fig.
1). Thus, these values were adopted for the cut-off value of
preoperative, POD3, and POD7 NL ratios. And each dis-
tribution of NL ratio in recurrence and nonrecurrence cas-
es are showed in Fig. 2. In multivariate analysis with Cox
hazard proportional regression, the hazard ratio of cancer

recurrence within 5 years after surgery was 4.167 when NL

Multivariate analysis for cancer recurrence free-survival
using Cox proportional hazard regression using backwards
stepwise elimination method

Hazard

Variable .
ratio

95% CI P-value

Step1 POD7 NL ratio = 5.0 1144 0377-3467  0.813
Step2 Tumor area = 9 em® 0.696 0.240-2.021 0.506
Step3 Preoperative NL 1.327 0.603-2.922 0482
ratio = 1.8
Step4 Transfusion variable
0 (indicator)

1 0.490 0.135-1.779 0.278
2 2.697 0.821-8.865 0.102
3 1.718 0.539-5.472 0.360
4 0.837  0.263-2.670 0.764
Step5 Sex 2.088 0.746-5.846 0.161

Step6 POD3NLratio =77 4167 1.550-11.200 0.005
Body mass index
Overweight (indicator)
Nonoverweight 3440 1.378-8.586  0.008
Cancer stage
0 (indicator)

I 1.113 0.101-12.288  0.930
II 3.880 0.402-37.470  0.241
1II 20.706 2.768-154.864 0.003

CI, confidence interval; POD, postoperative day; NL ratio, neutro-
phil-to-lymphocyte ratio.

Body mass index (kg/m’): nonoverweight, <24.7 (male) or 22.6
(female) overweight, >24.7 (male) or =22.6 (female).
Transfusion variable: 0, no transfusion; 1, red blood cell (RBC) 1 to
3 unit without aged RBC (=14 days); 2, RBC 1 to 3 unit with aged
RBC; 3, RBC 4 = without aged RBC; 4, RBC = 4 with aged RBC.
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ratio POD3 was >7.7 (P =0.005) (Table 3). In addition, pa-
tients of nonoverweight had a 3.440 fold greater chance of
cancer recurrence than those who were overweight (P =
0.008) (Table 3). Later-stage stomach cancers (beyond
stage III) were associated with a >20-times increased risk
of cancer recurrence after curative resection compared
with stage 0 cancers (P =0.003) (Table 3). However, sex, tu-
mor size, allogenic RBC transfusion, and preoperative and
POD3 NL ratios were not predictors for recurrence-free
survival in our Cox regression model. The Kaplan-Meire
curve also demonstrated a significantly increased in-
cidence of overall cancer recurrence when the POD3 NL
ratio was >7.7 (P =0.009) (Fig. 3).

According to the logistic regression results, the chance
of having a POD3 NL ratio of >7.7 was increased by 2.481
times with each 1-hour increase in surgical duration (P =
0.006) (Table 4).

However, allogenic RBC transfusion, cancer stage, BMI,
sex, preoperative NL ratio, and anesthetic duration did not
play a role in increasing POD3 NL ratio to >7.7 (data not

shown).

In this retrospective study, we found that the role of the
POD3 NL ratio can function as a marker for predicting

cancer-free survival for 5 years after curative resection.
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Kaplan-Meier plot of recurrence free-survival after surgery
comparing between neutrophil-to-lymphocyte ratio (NL ratio) at
postoperative day 3 less than and above 7.7 in the patients with
stomach cancer (log rank test P=0.009).
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Among various perioperative factors, gender and being
overweight are assumed to be prognostic factors in pre-
dicting recurrence after gastrectomy due to cancer [17,18].
In addition, staging for gastric cancer under the TNM stag-
ing system provides significant information about long-
term survival after gastrectomy [19]. Moreover, perioper-
ative allogenic RBC transfusion acts to suppress immune
function, which increases the risk of postoperative cancer
recurrence [12,14]. Finally, animal studies have shown that
the age of allogenic RBCs is significantly associated with
cancer progression [20].

Thus, we included BMI, sex, preoperative staging of
stomach cancer, and number and age of allogenic RBC
transfusion into the Cox proportional hazard regression
model for recurrence-free survival after cancer surgery.
The preoperative NL ratio, a marker representing innate
immunity [6,8-10], was also included as a variable for sur-
vival analysis. There was debate about the age factor.
There were significant differences in overall survival of
patients =75 years of age [21]. However, it is known that
the aging process does not impact the risk of disease re-
currence in a patient with stomach cancer [17]. Thus, we
did not include the effect of age on survival analysis. When
all of these previously identified prognostic variables

were adjusted in the Cox regression equation, BMI, cancer

Risk factors of NL ratio postoperative day 3 above 7.7 on
stepwise backward elimination logistic regression analysis

Odds

Variable .
ratio

95% CI P-value

Step5 Surgical duration (hr) 2481 1.292-4763  0.006

Preoperative NL 3.731 0.834-16.688 0.085
ratio = 1.8

Body mass index 0.180  0.031-1.043  0.056

Transfusion variable
0 (indicator)
1 0172 0.011-2.735 0.212
2 2409 0.243-23.872 0453
3 2954 0.455-19.160 0.256
4 5.004 0.667-37.564 0.117

NL ratio, neutrophil-to-lymphocyte ratio; CI, confidence interval.
Body mass index (kg/m’): nonoverweight <24.7 (male) or 22.6
(female) and overweight =24.7 (male) or =22.6 (female).
Transfusion variable: 0, no transfusion; 1, red blood cell (RBC) 1 to
3 unit without aged RBC (=14 days); 2, RBC 1 to 3 unit with aged
RBC; 3, RBC 4 = without aged RBC; 4, RBC = 4 with aged RBC.
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stage, and POD3 NL ratio played significant roles in pre-
dicting the risk of cancer recurrence after curative resec-
tion. In particular, a patient with a POD3 NL ratio of >7.7
was at an approximately 4-times higher risk of cancer re-
currence than a patients with NL ratio of <7.7. Our results
are supported by a retrospective study performed by
Yoneyama et al. [5], who reported that a lymphocyte per-
centage of <15% at POD? is a risk factor for long-term re-
currence of colorectal cancer after resection. In addition,
Lee et al. [22] reported that peripheral lymphocyte counts
after early cervical cancer surgery are important prog-
nostic factors and the patients who showed increased pe-
ripheral lymphocyte counts on POD3 also had better dis-
ease-free survival. Although they did not discuss neu-
trophil percentage or NL ratio as a predictor for cancer re-
currence, they revealed that the lymphocyte on POD3 and
POD?7 is an independent prognostic factor for the patients
undergoing resection for colorectal and early cervical can-
cer [5,22].

Surgery-induced immunosuppression has been asso-
ciated with impaired wound healing, delayed post-
operative recovery, an increased incidence of cancer re-
currence, and reduced survival [23]. Circulating lympho-
cyte numbers fall perioperatively [24] because of a de-
crease in the lymphocyte proliferation rate [25] or a redis-
tribution of lymphocytes from the peripheral blood to the
body compartment [26]. POD3, at which point the lym-
phocyte count and percentage increase, may be the appro-
priate time to evaluate the immune status. Thus, the NL ra-
tio on POD3 is available to predict long-term recurrence
after stomach cancer surgery. Studies of allogenic RBC
transfusion have shown evidence of RBC deformity and
increased risks associated with transfusion of RBCs stored
for >14 days such as increased mortality, postoperative
infection, pneumonia, and length of stay for critically ill
patients [27-29]. Thus, our study model addressed the ef-
fect of the amount of transfused blood and the presence of
RBCs that had been stored for >14 days on the predict-
ability of the postoperative NL ratio. However, our find-
ings did not show a correlation between transfusion varia-
bles and cancer recurrence.

Being overweight [17] and female gender [18] are as-

sumed to be risk factors contributing to a higher preva-
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lence of postoperative recurrence of gastric or colorectal
cancer. However, according to our results, nonoverweight
patients had a higher incidence rate of cancer relapse than
did overweight patients. The exact cause was not dis-
closed in our study. However, Nobuoka et al. [30] reported
the operating times were longer in the overweight group.
In addition, Dhar et al. [17] suggested that a higher BMI is
closely related to disease recurrence after gastric cancer
surgery because of difficulties in dissecting lymph nodes
in obese patients. In our report, there were 41 overweight
and 54 nonoverweight patients; there were many more
overweight patients than in Nobuoka’s study (84.6% vs.
15.46%, respectively) [30]. Thus, there may be selection
bias effects of too many overweight patients in our study.
A previous study suggested that female patients with
stomach cancer are at a higher risk than male patients for
recurrence after surgery because female patients exhibit a
higher NL ratio at POD3 than male patients [18]. However,
we did not find a gender effect on incidence of cancer re-
currence or even on the postoperative NL ratio.

There are several limitations in our study. Our study
was designed retrospectively and involved a small sample
of only 93 patients. Therefore, the results were obtained
from all patients’ prognoses without considering the im-
pact of stage on prognosis. Prognosis is considered to be
determined based on the stage. It is too difficult to con-
clude the importance of the POD3 NL ratio for the post-
operative prognosis by these analysis. This is a rare report
on the use of the NL ratio as a postoperative prognostic
factor in gastric cancer.

In conclusion, this retrospective study revealed the ef-
fectiveness of postoperative NL ratio for predicting re-
currence-free survival after curative resection of stomach
cancer. A POD3 NL ratio of >7.7 was closely related to
cancer recurrence after gastrectomy when perioperative
factors, especially transfusion-related variables, were con-
sidered alongside the postoperative NL ratio. Further in-
vestigation may be necessary to build upon this model, ad-
justing for various perioperative variables, to determine
the precise role of the postoperative NL ratio in predicting

recurrence-free survival after cancer surgery.
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