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Prediction of chemotherapeutic efficacy
using the ratio of neutrophils to lymphocytes
in patients with unresectable or recurrent gastric cancer

HUANRAN LIU"", MINGZHI SONG'?*, FENGQI FANG®, XUE GAO*, ZHEN ZHANG' and SHOUYU WANG'

1Department of Surgery, First Affiliated Hospital of Dalian Medical University, Dalian, Liaoning 116011;
2Department of Surgery, Third Affiliated Hospital of Dalian Medical University, Dalian, Liaoning 116200;
Departments of 3Phymatology and 4Diagnostic Pathology, First Affiliated Hospital of Dalian Medical University,
Dalian, Liaoning 116011, P.R. China

Received August 23,2014; Accepted July 9, 2015

DOI: 10.3892/01.2015.3575

Abstract. In cancer patients, the balance between neutrophil
(N) and lymphocyte (L) cell counts fluctuates with the tumor
load. The objective of the present study was to determine
the implications of the chemotherapy effect by the fluctua-
tions of N/L ratio in patients with unresectable or recurrent
gastric cancer. The study participants were identified from
a prospective cohort of patients with unresectable or recur-
rent gastric cancer (n=135). The median N/L ratio was 3.23
(range: 0.76-20.45) prior to chemotherapy (pre-chemo-N/L
ratio) and 2.55 (range: 1.17-13.45) following 2-4 weeks from
when the chemotherapy was completed (post-chemo-N/L
ratio), respectively. The median overall survival was
7.9 months. The results demonstrated that the N/L ratio of
the post-chemotherapy was significantly reduced compared
with the pre-chemotherapy group (P<0.001). The survival
rate for the pre-chemo-N/L ratio =4.0 group was significantly
reduced compared to the N/L <4.0 group (P=0.01). The
difference of the pre-chemo-N/L ratio subtracted from the
post-chemo-N/L ratio can inflect the chemotherapy effect,
respectively. These results indicate that the N/L ratio may
be used to predict the potential chemotherapy efficacy in
unresectable or recurrent gastric cancer.
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Introduction

A number of previous studies have indicated that certain
immune cells are essential for the progression of tumors
and may serve as good indicators of prognosis (1-5). Patients
with lymphocyte infiltration around the tumor, for example,
may have a good prognosis due to efficient natural killer
cells, or because the lymphocytes are involved in lympho-
kine-activated tumor cell killing (6-8). However, several lines
of evidence indicate that a high density of neutrophils may
actually promote tumor growth and metastasis (9,10) and/or
suppress lymphocyte activity, leading to counteraction of the
antitumor immune response (11). In previous clinical studies,
tumor-bearing patients who had granulocytosis were treated
by selective granulocytapheresis (a procedure which produces
controlled depletion of granulocytes), which resulted in
prolonged survival rates (12,13). The neutrophil/lymphocyte
(N/L) ratio, represents the relative number of each of these two
major leukocyte populations and indicates fluctuations in their
numbers and their likely impact on the progression or prog-
nosis of cancer. A number of studies on gastrointestinal cancer
have supported this theory. We have previously reported that
the N/L ratio was significantly associated with increased
tumor stage and overall survival of patients with gastric and
rectal cancer (14,15). One theory is that the high N/L ratio
reflects the poor status of the immune system against cancer
and/or the progression of cancer, but no previous studies have
demonstrated that the N/L ratio may serve as an independent
indicator of chemotherapy effect for patients with unresectable
or recurrent gastric cancer. Considerable efforts have been
made to identify the parameters that predict the effectiveness
of chemotherapy, including computerised tomography (CT)
scan and the identification of tumor markers. By contrast,
the N/L ratio, which is measured relatively easily, may be a
valuable index (indicator of chemotherapy efficacy) in the
clinical setting for determining patients that may benefit from
chemotherapy. Based on these concepts, the present study
evaluated whether the baseline N/L ratio is a predictor of the
effectiveness of chemotherapy in the treatment of unresectable
or recurrent gastric cancer.
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Figure 1. Histogram of the baseline N/L ratio in the peripheral blood of
135 patients with stage IV gastric cancer prior to chemotherapy.

Patients and methods

A total of 135 patients were selected with unresectable or
recurrent gastric cancer who had not previously received
adjuvant chemotherapy 1 month prior to randomization
(79 males and 56 females; average age, 61.05+12.05 years;
range, 33-82 years), who were diagnosed using gastroscope
biopsy. A total of 56 cases were classified by surgery (aborted
the surgery prior to laparotomy or underwent bypass surgery),
70 cases were classified by CT or magnetic resonance imaging,
9 cases were classified by alternative methods. All the patients
received chemotherapy for a 2-6 month course, and patients
who objected to bone marrow suppression and/or inflamma-
tion were excluded. The N/L ratio was calculated prior to
chemotherapy (pre-chemo-N/L ratio) and 2-4 weeks from
after the chemotherapy was finished (post-chemo-chemo-N/L
ratio). The overall survival was calculated from the date of
diagnosis until the date of mortality or the last follow-up time
period.

All the data, including gender, age, stage of disease and
pathological factors were obtained from the clinical and
pathological records and included in the univariate analyses.
Significant differences were determined by a non-parametric
test. Univariate influence of a given parameter on survival was
assessed with log-rank test. P<0.05 was considered to indicate
a statistically significant difference. All statistical analyses
were performed using SPSS software, version 16 (SPSS, Inc.,
Chicago, IL, USA).

Results

The distribution of the baseline pre-chemo-N/L ratio in the
135 patients and the post-chemo-N/L ratio were examined.
The median pre-chemo-N/L ratio was 3.23, the mean was
3.63+2.52 (range: 0.76-20.45), with the 25th and 75th percen-
tiles 1.85 and 4.55, respectively (Fig. 1). The post-chemo-N/L
ratio was 2.55, the average was 3.27+1.83 (range: 1.17~13.45),
with the 25th and 75th percentiles 2.19 and 4.28, respec-
tively (Fig. 2). The N/L ratio of the post-chemotherapy
group was significantly reduced compared with the ratio
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Figure 2. Histogram of the baseline N/L ratio in the peripheral blood of
135 patients with stage IV gastric cancer following chemotherapy.
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Figure 3. Survival curves based on the pre-chemo-N/L ratio of patients with
stage IV gastric cancer. The survival time of the high N/L ratio group is
reduced compared with the low N/L ratio group (P=0.01).
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Figure 4. Survival curves based on the post-chemo-N/L ratio of patients with
stage IV gastric cancer. The survival time of the high N/L ratio group is
reduced compared with the low N/L ratio group (P=0.009).

of the pre-chemotherapy group (P<0.001), as assessed by
Pearson's correlation. The median overall survival rate was
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Figure 5. Survival curves based on the D-value (pre-chemo-N/L ratio - post-
chemo-N/L ratio) in all patients. The median survival rate in patients with
-1.0<D-value<1.0 (9.8 months) was significantly increased compared with
those outside the range (6.85 months in D=<-1.0 group and 7.2 months in
D>1.0; P=0.041).
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Figure 6. Survival curves based on the D-value (pre-chemo-N/L - post-
chemo-N/L ratio) in patients with a pre-chemo-N/L ratio =4.0. The survival
rate of the D<1.0 group was reduced compared with the D=1.0 group
(P=0.002).

7.9 months, which is longer compared with those patients
not treated with adjuvant chemotherapy. The N/L ratio of
normal controls is usually <2.0 since the proportions of
neutrophils and lymphocytes in WBCs are ~50-60 and
30-40%, respectively (16). Thus, compared with normal
controls, the N/L ratio of enrolled patients was significantly
increased. The median overall survival of 8.75 months in the
pre-chemotherapy group with an N/L<4.0, was significantly
increased compared with the 6.7 months for the N/L=4.0
group (P=0.01; Fig. 3). The median overall survival was
9.7 months in the post-chemo-N/L<2.5 group, which was
significantly increased compared with the median survival
rate of 7.0 months in the N/L=2.5 group (P=0.009). In order
to assess the efficacy of the chemotherapy, the D-value was
determined by subtracting the pre-chemo-N/L ratio from the
post-chemo-N/L ratio (Fig. 5), the median survival rate for
patients with a D-value between -1.0 and 1.0 was significantly
increased compared with the patients with D-values outside
this range (9.8 months, P=0.041).
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Figure 7. Survival curves based on the D-value (pre-chemo-N/L ratio - post-
chemo-N/L ratio) in patients with a pre-chemo-N/L ratio <4.0. The survival
rate of the D<-1.0 group iwas reduced compared with the D=-1.0 group
(P=0.034).

The D-value was also determined by subtracting the
pre-chemo-N/L ratio from the post-chemo-N/L ratio for the
patients who had an N/L ratio =4.0 pre-chemotherapy (Fig. 6).
The results indicated that the median survival rate of 7.2 months
in patients with a D-value =1 was significantly increased
compared with the median survival rate of 3.8 months in
patients with a D-value<1 (P=0.002). For the patients who had
an N/L ratio <4.0 pre-chemotherapy , the results indicated that
the median survival rate was 10.9 months in patients with a
D-value <1, which was significantly increased compared with
the 6.9 months for patients with a D-value =1 (P=0.001).

Discussion

A number of previous studies have indicated that a high
neutrophil count is correlated with poor prognosis in patients
with various types of cancer, including that of the breast, head
and neck and sarcoma. However, previous findings concerning
advanced cancer types have also demonstrated that a high
count of peripheral neutrophils is an independent prognostic
factor for survival rates (17-22). The prognostic role of the N/L
ratio has also previously been investigated (15).

The N/L ratio is a good indicator for the evaluation of
the condition of a tumor-bearing host (16,23). In humans, the
number of circulating neutrophils (N) are increased in the
daytime (daytime rhythm), while circulating T cells, B cells,
alphabet T cells and CD4* lymphocytes are increased at
night (24). Fluctuations in the number of neutrophils are not
always in concordance with those of lymphocytes. The N/L
ratio as a relative value may correctly reflect fluctuations
between neutrophils and lymphocytes and the antitumor
efficiency of the host immune mechanism more accurately
than the number of circulating neutrophils alone. In the clinic,
the efficacy of an antibiotic by the neutrophil count may be
predicted, therefore the N/L ratio from a blood test may also
potentially be used as a predictor of chemotherapeutic efficacy.

In the present study, the baseline N/L ratio in the peripheral
blood of patients with stage IV gastric cancer was significantly
increased compared with the patients who initially refued
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chemotherapy (median=3.23). Following chemotherapy, the
baseline N/L ratio was significantly reduced (median=2.55). It
may be that a number of patients benefit simply from the chemo-
therapy, thus what type of situation may aid in the prediction of
the effectiveness of chemotherapy remains to be determined. In
the subsequent analysis, an N/L ratio of 4.0 was applied as the
cut-off value for patients prior to chemotherapy. The patients
were then divided into two groups: The patients with an N/L
ratio =4.0 had a significantly reduced survival rate compared
with those with an N/L ratio <4.0, which indicates the reduced
prognosis of patients with an increased N/L ratio. In addition, the
same results are observed in the post-chemotherapy group when
the N/L ratio is cut off at 2.5. The D-value was measured by
subtracting the pre-chemo-N/L ratio from the post-chemo-N/L
ratio in the high N/L ratio group (=4.0); the patients with a
D-value =1 had a longer survival rate compared with those
with a D-value<1, which indicates that the former patients
benefited from chemotherapy in contrast to the latter group. In
the low N/L ratio group (<4.0), the patients in D-value<-1 group
(pre-chemo-N/L ratio subtracted the post-chemo-N/L ratio)
had a shorter survival rate compared with those patients with
a D-value>-1, which indicates the former did not benefit from
chemotherapy in the same way as the latter. However, in all the
patients, the survival rates of the patients in the -1.0<D-value
<1.0 group was significantly increased compared to the patients
with D-values outside of this range (P=0.041), which indicates
that if the immune system of the host is in good functioning
condition this results in an improved prognosis. According to
the above observations, fluctuations in the N/L ratio may allow
one to predict the efficacy of chemotherapy.

If a treatment is effective against gastric cancer, the tumor
load is reduced following chemotherapy. In a previous study, a
positive linear correlation was observed between tumor weight
and the N/L ratio within an animal model (14), and an increased
N/L ratio was associated with poor prognosis because elevated
levels of granulocytes promote tumor growth by antagonizing
tumor-suppressing lymphocytes. Those results indicate that
opposing fluctuations in the neutrophil and lymphocyte counts
may be associated with tumor progression.

One possible explanation for this association is that the
increased N/L ratio may reflect an enhanced neutrophil response
that promotes tumor growth. Infiltration by lymphocytes has
been reported to indicate the generation of an effective anti-
tumor cell immune response (25), and increased lymphocytic
infiltration correlates with an improved prognosis (25-27).
However, previous findings have shown that tumor-infiltrating
granulocytes may promote tumor progression (28), and
the involvement of neutrophils in tumor progression has
been investigated. In vitro and in vivo experiments have
demonstrated that an array of cytokines or other molecules
produced by neutrophils contribute to a growth-stimulating
microenvironment for cancer cells. Notably, in a number of
tumor-transplanted animal models, neutrophils stimulated
tumor angiogenesis by increasing proangiogenic factors,
including vascular endothelial growth factor (29), inter-
leukin-8 (30), matrix metalloproteinase (31) and elastase (32).
Therefore, a high density of circulating neutrophils may exert
unfavorable effects on the tumor-bearing host, leading to a
negative correlation between neutrophil density and patient
survival.
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Another possible explanation pertaining to the association
of high N/L values and poor prognosis is that neutrophils
may inhibit the immune system. In support of this theory,
neutrophils suppress the cytolytic activity of lymphocytes,
natural killer cells and activated T cells when neutrophils
and lymphocytes from normal healthy donors are cultured
together, and the degree of suppression is proportional to the
number of neutrophils added (11,33). Similarly, an increased
N/L ratio has been demonstrated to be associated with low
immunocompetence in cancer patients (16,34).

In summary, the results of the present study indicate that
the peripheral blood N/L ratio is an independent indicator
of the chemotherapeutic effect on unresectable or recurrent
gastric cancer. The accuracy of risk stratification in patients
with gastric cancer may lead to more appropriate clinical
management in these patients. Therefore, the N/L ratio, which
is measured relatively easily and at low cost, may be utilized
as a potential biomarker of outcome in the clinic. However,
further analyses of the prognostic implications of the N/L ratio
in other types of malignancies are required.
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