
Abstract. Background/Aim: This study investigated the
clinical prognostic relevance of the neutrophil-to-lymphocyte
ratio (NLR) in patients with human epidermal receptor 2
(HER2)-positive metastatic advanced gastric cancer (AGC)
treated with combination chemotherapy including trastuzumab.
Patients and Methods: This is a retrospective analysis of 73
patients diagnosed with metastatic AGC who were treated with
trastuzumab combination chemotherapy. NLR was calculated
as the neutrophil count divided by the lymphocyte count. A cut-
off value of 3 was selected, which classified patients into two
categories, low (≤3.0) or high (>3.0). Results: In the univariate
analysis, the high-NLR patients showed a significantly shorter
progression-free survival (PFS) and overall survival (OS) than
the low-NLR patients (PFS, p=0.012, OS, p=0.047). In the
multivariate analysis, the high NLR was independently
associated with a shorter PFS (p=0.015) and OS (p=0.040).
Conclusion: This study found that a high NLR was associated
with a shorter PFS and OS in patients with HER2-positive
gastric cancer treated with trastuzumab.

At the time of diagnosis, the majority of patients with gastric
cancer are in an advanced or inoperable stage, meaning that
one of the most important treatment modalities is systemic
chemotherapy. The current standard practice for treating
advanced gastric cancer (AGC) is a doublet combination
regimen of either platinum-based or 5-fluorouracil (5FU)-
based chemotherapy (1). Also, various new chemotherapeutic
agents, including oral 5FU, irinotecan, and taxanes, have
been identified to improve the outcomes for AGC (2). A
recent targeted-agent trial showed that the addition of
trastuzumab to conventional chemotherapy significantly
improved the survival of patients with human epidermal
receptor 2 (HER2)-positive AGC (3). However, most patients
only responded temporarily to the initial trastuzumab
chemotherapy and subsequently experienced disease
progression. Moreover, the effect of trastuzumab combined
chemotherapy would seem to vary depending on systemic
and tumor-related factors. Thus, a clinical predictor is needed
for HER2-positive metastatic AGC patients treated with
trastuzumab.

The prognostic factors for cancer patients can generally
be classified into four categories, including patient-related
factors, tumor-related factors, systemic inflammatory factors,
and treatment-related factors (4). Among these, the systemic
inflammatory response and tumor microenvironment are
known to play a crucial role in tumor growth, invasion, and
metastases (5, 6). Also, there is increasing evidence that the
neutrophil-to-lymphocyte ratio (NLR) can be an effective
prognostic indicator for various malignant tumors (7-15).
Several recent studies identified an elevated NLR as
predicative of a worse prognosis for patients with gastric
cancer (16-21), which was also confirmed by the results of
a meta-analysis, where the outcomes for 5,431 patients in 19
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articles revealed the prognostic significance of the
pretreatment NLR on overall survival (OS) and progression-
free survival (PFS) in patients with gastric cancer (22).
Interestingly, the NLR can affect the treatment outcome by
regulating the immune reaction in patients who receive
trastuzumab-combined chemotherapy. Notwithstanding, the
prognostic role of the NLR in gastric cancer remains
controversial, including in HER2-positive metastatic AGC.

Accordingly, this study investigated the prognostic
significance of the NLR in patients with HER2-positive
metastatic AGC treated with trastuzumab.

Patients and Methods 
Patients and treatment. This study retrospectively identified 73
patients who were diagnosed with metastatic AGC and received
trastuzumab combination chemotherapy at Kyungpook National
University Chilgok Hospital between May 2011 and August 2017.
The inclusion criteria were as follows: stage IV gastric cancer (7th
of AJCC) (23); diagnosed with gastric adenocarcinoma based on
biopsy; HER2 status of 3+ for immunohistochemistry or 2+ for
immunohistochemistry and FISH/SISH+. The patient records were
also reviewed for data on their medical history, age, sex, backbone
chemotherapy regimen, surgical methods, and pathologic results.
Patients were excluded if their pathologic or laboratory results were
missing or they were lost to follow-up. The study was approved by
the Institutional Review Board at Kyungpook National University
Hospital. Trastuzumab was administered by intravenous infusion at
a dose of 8 mg/kg on day 1 of the first cycle, followed by 6mg/kg
every 3 weeks, while capecitabine 1000 mg/m2 was given orally
twice a day for 14 days, followed by a 1-week rest until disease
progression or unacceptable toxicity. Sixty to 80 mg/m2 of cisplatin
was given on day 1 every 3 weeks for six cycles.

Ethical approval. All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the
1964 Declaration of Helsinki and its later amendments or
comparable ethical standards.

Informed consent. Informed consent was obtained from all
individual participants included in the study. 

Definition of laboratory parameters. Blood samples were obtained
from the patients before chemotherapy. The NLR was calculated as
the neutrophil count divided by the lymphocyte count. A cut-off value
of 3 was selected based on a receiver-operating curve (ROC) analysis,
and the patients were classified as either low (≤3.0) or high (>3.0).

Statistical analysis. PFS was estimated from the time of the
commencing treatment to disease progression or death. OS was
calculated from the date of diagnosis to death from any cause. The
response was evaluated according to the response evaluation
criteria in solid tumors (RECIST) version 1.1. Chi-square test and
Fisher’s exact test were both applied to the qualitative variables.
Using ROC curve analysis for predicting events, several candidate
cut-off values were tested and the cut-off value representing the
maximum χ2 was selected (24). The survival analysis used the
Kaplan–Meier method with a log-rank test. A multivariate analysis

was performed using variables with a value of p<0.1 in a
univariate analysis using Cox’s proportional hazards model to
derive a potentially suitable set of predictors. Two-sided p-values
of <0.05 were considered to be significant. The statistical analyses
were performed using SPSS software version18.0 (SPSS, Inc.,
Chicago, IL, USA).

Results

Patient characteristics. The patient characteristics are
summarized in Table I. The median age was 63 years
(range=20-87 years) and the ratio of males to females was
approximately 5:1. Most of the patients had an ECOG
performance status of 0 or 1 (94.5%). The histologic
differentiations were as follows: well differentiated (n=2,
2.7%), moderately differentiated (n=39, 53.4%) and poorly
differentiated (n=25, 34.2%). The liver (n=45, 61.6%) and
distant lymph nodes (n=33, 45.2%) were the most common
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Table I. Baseline of patient characteristics.

Characteristic                                                              Total (n=73)
                                                                                          n (%)

Age, years                                                                             
   Median (Range)                                                    63.0 (20.0-87.0)
Gender                                                                          
   Male                                                                     61 (83.6)
   Female                                                                 12 (16.4)
ECOG performance status
   0 or 1                                                                    69 (94.5)
   2                                                                             4 (5.5)
Histologic differentiation                                            
   Well differentiated                                                 2 (2.7)
   Moderate differentiated                                       39 (53.4)
   Poorly differentiated                                           25 (34.2)
   thers                                                                        6 (9.7)
Number of metastases                                                 
   1                                                                           42 (57.5)
   2                                                                           17 (23.3)
   ≥3                                                                         14 (19.2) 
Sites of metastases                                                       
   Liver                                                                     45 (61.6)
   Lung                                                                       4 (5.5)
   Distant lymph node                                             33 (45.2)
   Peritoneal seedings                                              18 (24.7)
Previous history of surgical resection                        
   Curative                                                               12 (16.4)
   Palliative                                                                5 (6.8)
   Not done                                                              56 (76.8)
CEA                                                                              
   <7.0                                                                      39 (53.4)
   ≥7.0                                                                      34 (46.6)
Neutrophil-to-lymphocyte ratio                                  
   ≤3.0                                                                      33 (45.2)
   >3.0                                                                      40 (54.8)



sites of metastases. Before chemotherapy, 12 (16.4%)
patients underwent curative surgical resection, and 5 (6.8%)
underwent palliative surgical resection. Among the 73
patients, 40 (54.8%) exhibited a high pretreatment NLR
(>3.0) and 34 showed a high pretreatment CEA (≥7.0).

NLR and response to chemotherapy. The association between
NLR and the response rate to chemotherapy is shown in Table
II. The clinical outcomes for the high NLR (>3.0) group
included: complete response (n=3, 7.5%), partial response
(n=19, 47.5%), stable disease (n=7, 17.5%), and progressive
disease (n=9, 22.5%), while the outcomes for the low NLR
(≤3.0) group included: complete response (n=4, 12%), partial
response (n=20, 61%), stable disease (n=7, 21%), and
progressive disease (n=0, 0%). Thus, a high pretreatment NLR
was significantly associated with poor clinical outcomes when
compared with the low NLR group (p=0.038).

NLR and survival outcome. At the time of the last follow-up,
the median follow-up duration was 12.1 months (range=1.2-
74.5 months). During the analyses, 47 (64%) patients
experienced recurrence and 59 (81%) patients died. In the
univariate analysis, the high NLR patients showed a
significantly shorter PFS and OS than the low NLR patients
(PFS, p=0.012, OS, p=0.047, Figure 1). In the multivariate
analysis using a Cox proportional hazard model adjusted for
age, histologic differentiation, and CEA, a high NLR was
independently associated with a shorter PFS (HR=2.113,
95%CI=1.155-3.866, p=0.015) and OS (HR=1.795,
95%CI=1.026-3.140, p=0.040) (Table III).

Discussion

When investigating the clinical significance of the NLR in 73
patients with HER2-positive AGC treated with trastuzumab,
the NLR was identified as an independent prognostic factor
of a worse PFS and OS. Consequently, a high NLR would
seem to play an important role in aggravating tumor
progression in patients with HER2-postivie AGC possibly by
altering the inflammatory response to cancer. 

Neutrophils are produced in the bone marrow through a
series of progenitors, from immature stem cells and
granulocyte-macrophage progenitors to committed progenitors
that finally generate mature neutrophils (25). Several
transcription factors and cytokines are related with this process
of proliferation and differentiation at different stages.
Neutrophils are a type of phagocytes normally found in the
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Figure 1. Kaplan–Meier survival curves for (A) progression-free survival (PFS) and (B) overall survival (OS) of 73 patients according to neutrophil-
to-lymphocyte ratio.

Table II. The association between neutrophil-to-lymphocyte ratio and
response rate.

                                               NLR ≤3.0 (n=33)          NLR >3.0 (n=40)
                                                         n (%)                             n (%)

Complete response                        4 (12%)                       3 (7.5%)
Partial response                           20 (61%)                     19 (47.5%)
Stable disease                                7 (21%)                       7 (17.5%)
Progressive disease                       0 (0%)                         9 (22.5%)
Not evaluable                                 2 (6%)                         2 (5%)

NLR: Neutrophil-to-lymphocyte ratio.



bloodstream during the beginning acute phase of
inflammation, particularly as a result of bacterial infection,
environmental exposure, and some cancers (26). The role of
neutrophils in cancer is complex and multifactorial (27).
Neutrophils can act as tumor-promoting leukocytes by altering
adhesion molecules, releasing reactive oxygen species, and
inducing angiogenesis. In addition, neutrophils can motivate
metastatic spreading by inhibiting the natural killer function
and facilitating the extravasation of tumor cells (28). In
contrast, lymphocytes are generally associated with a good
prognosis for gastric cancer (29). In a previous study, the
current authors showed an independent association between
tumor-infiltrating lymphocytes and favorable outcomes in the
case of Epstein-Barr virus-associated gastric cancer (30).
Given this context, elevated numbers of neutrophils and
decreased numbers of lymphocytes in peripheral blood, as
reflected by the NLR, can be reasonably associated with the
clinical outcomes of gastric cancer. An elevated NLR has
already been correlated with a poor prognosis in patients with
various malignant tumors (31). Similarly, the current study
showed an association between an elevated NLR and poorer
survival outcomes in the case of AGC. 

The Cancer Genome Atlas Research Network recently
produced a comprehensive molecular characterization of 295
gastric cancers using various platforms and indicated that
EBV-positive tumors and microsatellite unstable tumors often
show immune cell signaling activation (32). Furthermore, the
recent ONO-4538-12 trial, which compared nivolumab, a
human IgG4 anti-PD-1 monoclonal antibody, to a placebo in
patients with unresectable advanced or recurrent gastric
cancer, also showed a significantly prolonged OS for the
nivolumab arm (33). Thus, for gastric cancers, these findings
provide strong evidence that immune cells contribute to
determining the prognosis (29). Several clinical studies have
already reported unfavorable outcomes for AGC patients with
the high NLR. Gonda et al. evaluated the correlation between
the NLR and survival in 110 patients with AGC receiving S-
1 plus cisplatin (24). They found that the patients with a NLR
>3.0 had a shorter OS than those with a NLR <3.0, which is
consistent with the current results in terms of the survival

outcomes and cutoff. Another study also reported that a high
NLR was significantly correlated with age, tumor size, depth
of invasion, lymphatic involvement, venous involvement, and
disease stage (20). This multivariate analysis also identified
the c-reactive protein/albumin ratio and NLR as a combined
independent prognostic indicator. Moreover, a recent meta-
analysis showed an association between a high NLR and
worse long-term outcomes in gastric cancer (22). An elevated
NLR was associated with a significantly poorer OS and PFS
when compared with patients with normal NLR.
Notwithstanding, these similar prognostic results may have
been influenced by using the same NLR cutoff value of 3.00.
Plus, several additional factors should also be taken into
account, including ethnicity, cultural challenges, different
genetic structures, several inflammatory statuses, and other
pathological factors (34).

Trastuzumab binds to the juxtamembrane portion of the
extracellular domain of the HER2 receptor, thereby
preventing the activation of its intracellular tyrosine kinase
(35). Preclinical models have suggested that trastuzumab
recruits immune effector cells that are responsible for
antibody-dependent cytotoxicity and inhibits angiogenesis by
modulating pro-angiogenic and anti-angiogenic factors (36,
37). These findings also support the idea that the NLR can
affect the treatment outcome by regulating the immune
reaction in patients who receive trastuzumab combined
chemotherapy. Some target agents can boost the host immune
response and change the activity of the immune system (27).
For instance, an elevated NLR is an adverse prognostic factor
for metastatic renal cell carcinoma treated with vascular
endothelial growth factor-targeted agents (38). Furthermore,
several studies have already associated the NLR with a poor
OS in patients with HER2-positive breast cancer. Therefore,
the current results can help in understanding the role of the
NLR in the outcome of HER2-positive gastric cancer when
treated with trastuzumab chemotherapy. 

Although the present data identified a significant prognostic
role for the NLR in HER2-positive gastric cancer treated with
trastuzumab, these results should be interpreted carefully.
First, a standard cut-off value for the NLR has not yet been

ANTICANCER RESEARCH 38: 3151-3156 (2018)

3154

Table III. Multivariate analyses for progression-free survival and overall survival.

Variables                                                   Category                             Progression-free survival                                       Overall survival 

                                                                                                       p-Value           HR                 95%CI              p-Value            HR                   95%CI

Age, years                                              <63 vs. ≥63                       0.287           0.728            0.406-1.305            0.786            0.929             0.545-1.583
Histologic differentiation        WD vs. MD vs. PD & others         0.648           0.872            0.484-1.571            0.516            0.834             0.482-1.442
CEA                                                      <7.0 vs. ≥7.0                      0.101           1.642            0.908-2.969            0.324            1.312             0.765-2.248
NLR                                                      ≤3.0 vs. >3.0                      0.015           2.113            1.155-3.866            0.040            1.795             1.026-3.140

WD: Well differentiated; MD: moderate differentiated; PD: poorly differentiated; NLR: neutrophil-to-lymphocyte ratio.



clearly established. Second, since the level of neutrophils and
lymphocytes is measured in the blood at a single point in time,
there is no reflection of any dynamic changes of neutrophils
and lymphocytes. Finally, although the current study had a
homogeneous ethnic identity and equivalent treatment
application, there was a potential limitation as it was a
retrospective evaluation. Consequently, further large-scale
studies are required to validate the current results.

In conclusion, the NLR was shown to be associated with
the prognosis of patients with HER2-positive gastric cancer
treated with trastuzumab. For the current patient cohort, the
results also revealed that a high NLR was independently
associated with a shorter PFS and OS. Thus, the NLR could
be a prognostic factor for predicting the oncological
outcomes of patients with HER2-positive gastric cancer.
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