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Abstract

Background We aimed to evaluate the prognostic value of natural killer (NK) cell activity for patients with HER2 + advanced
gastric cancer (AGC) treated with first-line fluoropyrimidine—platinum doublet plus trastuzumab.

Methods Forty-one patients with HER2 + AGC who received fluoropyrimidine—platinum doublet plus trastuzumab as first-
line treatment were prospectively enrolled. NK cell activity was evaluated using the NK Vue®.

Results The median age was 63.5 years, and 31 patients (75.6%) were male. Patients with low baseline NK cell activity
(<median, n=21) were associated worse progression-free survival (PFS) and overall survival (OS) compared with patients
with high baseline NK cell activity (> median, n=20) with a median PFS of 4.21 vs. 9.53 months (P <0.001), and median
OS of 8.15 months vs. 17.82 months (P =0.025), respectively. In the multivariate analysis, low baseline NK cell activity
was independently associated with poor PFS (HR 4.35, P=0.007). NK cell activity recovered to a normal range in nine
patients (47.4%) with a low baseline NK cell activity (n=19) after two cycles of treatment. The median PFS and OS among
patients with recovered NK cell activity were significantly better than that among patients with persistently low NK cell
activity (PFS, P=0.038; OS, P=0.003).

Conclusion Our results demonstrated the prognostic value of baseline NK cell activity for patients with HER2 + AGC
treated with fluoropyrimidine—platinum doublet plus trastuzumab. The association between treatment outcomes and dynamic
changes in NK cell activity suggests that NK cell treatment may improve treatment outcomes, especially for patients with
low baseline NK cell activity.
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Introduction

Globally, gastric cancer is the sixth most common cancer and
the third most common cause of cancer-related deaths, with
the highest incidence reported in Asia [1]. It is often diag-
nosed at an advanced stage globally, and only approximately
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25% of patients have resectable disease at presentation [2].
Although the survival outcomes of patients with inoperable,
recurrent, or metastatic disease have improved over time,
overall survival (OS) still remains poor, with a median OS
less than 12 months [3]. In particular, according to our pre-
viously reported prognostic model, we found that gastric
cancer patients in the poor risk group had a median OS of
5.1 months [4]. During the past decade, an increasing under-
standing of the molecular characteristics of gastric cancer
has opened a new horizon for the treatment of gastric cancer
through the development and the use of biological targeted
agents [5-7].

The addition of trastuzumab, a monoclonal antibody
that targets human epidermal growth factor receptor 2
(HER2), to conventional fluoropyrimidine—platinum dou-
blet chemotherapy improved the survival outcomes of
patients with HER2 + advanced gastric cancer in the pivotal
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phase III ToGA trial, and this combination is currently
being used as the standard of care for first-line treatment of
HER2 + advanced gastric cancer [5]. One of the important
mechanisms of action of trastuzumab is antibody-dependent
cellular toxicity (ADCC) [8]. A previous preclinical study
reported that natural killer (NK) cell dysfunction contrib-
utes to the impairment of ADCC mediated by trastuzumab
among patients with advanced gastric cancer and that tras-
tuzumab-mediated ADCC was restored after activating NK
cells with interleukin-2 [9].

NK cells are a part of the innate immune system, which
plays an important role in early immune responses to tumor
cells [10]. Several studies have demonstrated that NK cell
activity is decreased among patients with cancer and is asso-
ciated with poor survival outcomes [11, 12]. The gold-stand-
ard assay for NK cell activity has been the Chromium 51
(°'Cr) release assay, which measures the target cell-killing
capacity of NK cells [12]. However, this assay is not used
in routine clinical practice due to several drawbacks, such
as manipulation of hazardous radioactivity, high cost, and
inter-laboratory variability. More recently, a simpler assay
for measuring NK cell activity has been developed (NK
Vue®; NKMAX, Seongnam-si, Republic of Korea), and
decreased NK cell activity evaluated by the NK Vue® has
been associated with poor survival outcome among patients
with advanced cancer [13].

This study aimed to evaluate the prognostic value of NK
cell activity measured by the NK Vue® for patients with
HER?2 + advanced gastric cancer treated with first-line fluo-
ropyrimidine—platinum doublet plus trastuzumab.

Methods
Patients

Between July 2018 and September 2019, 44 patients with
histologically documented HER2 + advanced gastric can-
cer received fluoropyrimidine—platinum doublet and trastu-
zumab as first-line treatment at Asan Medical Center, Seoul,
Republic of Korea. Among these, 41 patients provided
written informed consent and enrolled in this retrospective
study of a prospectively collected database. The institutional
review board of Asan Medical Center (2014-0301) approved
this study.

The following patient data were extracted from the medi-
cal records and analyzed: age; sex; Eastern Cooperative
Oncology Group Performance Status (ECOG PS); tumor
pathology:; history of prior gastrectomy; presence of perito-
neal, bone, or lung metastasis; alkaline phosphatase (ALP)
level; serum albumin level; total bilirubin level; lympho-
cyte count; and neutrophil count. Patients were stratified into
good (1-2 risks), moderate (2-3 risks), or poor (>4 risks)

@ Springer

risk group according to the prognostic model described in
our previous article based on ECOG PS; history of prior gas-
trectomy; peritoneal, bone, or lung metastasis; ALP; serum
albumin; and total bilirubin level [4].

Response assessment

Computed tomography (CT) scans were performed every
6—8 weeks and at any time when tumor progression was sus-
pected. Responses were assessed according to the Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1.

NK cell activity analysis

The methods of measuring NK cell activity described below
have been reproduced in part from a recent publication [13].
Peripheral blood was sampled before the initiation of treat-
ment (baseline) and after two cycles of treatment. The prin-
ciple of the NK Vue® is the sampling of peripheral blood
into a patented test tube, incubation, and estimation based on
enzyme-linked immunosorbent assay (ELISA) findings. Spe-
cifically, 1 mL of whole blood was drawn from the patient
into NK Vue® tubes (NKMAX, Seongnam-si, Republic of
Korea) and placed in an incubator at 37 °C within 15 min
of sampling. Following 24 h of stimulation, the plasma
interferon-y level was measured using the NK Vue® Gold
(NKMAX ELISA) as a surrogate marker of NK cell activity.
The normal range of NK cell activity in healthy individu-
als measured by the NK Vue® is > 250 pg/mL. As patients
with cancer have lower NK cell activity, the cut-off value
for baseline high and low NK cell activity in the current
study was determined using the median value instead of the
cut-off for normal range in healthy individuals (250 pg/mL).
The low baseline NK group included patients with base-
line NK cell activity levels <median, and the high baseline
NK group included patients with baseline NK cell activity
levels > median. According to dynamic changes in NK cell
activity, patients were further classified as follows: patients
with high baseline NK cell activity (> median, high base-
line NK group); patients with initially low baseline NK cell
activity (<median) which recovered to within the normal
range (> 250 pg/mL) after two cycles of treatment (recov-
ered NK group); patients with initially low baseline NK
cell activity (< median) which did not recover to within the
normal range (> 250 pg/mL) after two cycles of treatment
(persistently low NK group). NKMAX Korea provided NK
Vue test kits free of charge for use in the study.

Statistical analysis
Progression-free survival (PFS) was defined as the time from

the beginning of first-line fluoropyrimidine—platinum dou-
blet plus trastuzumab administration to disease progression
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or death, whichever occurred first. Overall survival (OS) was
defined as the time interval between the beginning of first-
line fluoropyrimidine—platinum doublet plus trastuzumab
administration and the date of death from any cause or the
last follow-up visit. The duration of response (DOR) was
defined as the time from the date of the first documenta-
tion of an objective response (complete response [CR] or
partial response [PR]) to the date of the first documentation
of disease progression. DOR was measured for responding
patients (CR or PR) only. Survival rates and correspond-
ing standard errors were estimated using the Kaplan—Meier
method, and survival curves were compared using the log-
rank test. Baseline characteristics of the groups were com-
pared using Pearson’s chi-square test or Fisher’s exact test
for categorical variables and Student’s ¢-test for continu-
ous variables, as appropriate. Univariate and multivariate
analyses were performed using Cox proportional hazards
regression modeling. In the multivariate analysis, backward
selection was applied and variables exhibiting a potential
association with survival (P <0.25) in the univariate analy-
sis, along with age and sex, were included. The Wilcoxon
signed-rank test was used to compare the NK cell activity
at baseline with that after the second cycle of treatment. All
statistical calculations were conducted using R version 3.6.2.
(R Foundation for Statistical Computing, Vienna, Austria,
https://www.R-project.org/).

Results
Patient characteristics

The baseline characteristics of the patients are presented in
Table 1. The median age was 63.5 (range, 43-79), and 31
patients (75.6%) were male. Most patients had an ECOG PS
of O or 1 (n=37;90.2%) and HER2 immunohistochemistry
(IHC) status of 3+ (n=33; 80.5%). The median baseline
NK cell activity was 74.1 pg/mL (range, 40-2238.4). A
higher proportion of patients in the low baseline NK group
belonged to the moderate and poor risk groups (85.7% vs.
55.0%, P=0.043), and the low baseline NK group had a
higher neutrophil-to-lymphocyte ratio (NLR) value (median
3.0 vs. 2.0, P=0.048) compared with the high baseline NK
group; otherwise, the baseline characteristics were similar
between the two groups.

Treatment outcomes according to baseline NK cell
activity

The overall response rate among all patients was 68.2%,
with a median follow-up duration of 10.6 months (range,
5.3-19.9) for surviving patients. The median PFS and OS
were 7.43 months (95% confidence interval [CI], 5.0-9.5)

and 17.82 months (95% CI, 8.2—-not applicable), respec-
tively (Fig. 1A, B). There was no significant difference in
overall response rate (86.7% vs. 85.7%, P> 0.999) between
the patients in the low and high baseline NK groups with
measurable disease (Supplementary Table S1). The DOR
among responding patients (n =25) in the high baseline NK
group was significantly longer than that in the low baseline
NK group (median DOR: 8.28 vs. 3.29 months, P <0.001).
Patients in the low baseline NK group had a significantly
worse PES than those in the high baseline NK group (median
PFS: 4.21 vs. 9.53 months, P <0.001; Fig. 1C). As with
PFS, OS was significantly worse in the low baseline NK
group compared with the high baseline NK group (median
OS: 8.15 vs. 17.82 months, P=0.025; Fig. 1D).

Table 2 summarizes the results of the univariate and mul-
tivariate analyses of the potential prognostic factors in terms
of PFS and OS. In the univariate analysis, HER2 IHC status
showed a potential association (P < 0.25) with PFS; age, risk
group, NLR, and baseline NK cell activity showed poten-
tial associations with both PFS and OS. In the multivariate
analysis, low baseline NK cell activity was independently
associated with poor PFS (vs. high baseline NK group; HR
4.35, P=0.007) along with HER2 IHC2 + (vs. IHC3 +; HR
5.79, P=0.003) and poor risk group (vs. good or moderate
risk group; HR 14.55, P <0.001). For OS, age > 65 years
(vs.<65; HR 3.68, P=0.014), poor risk group (vs. good or
moderate risk group; HR 3.68, P=0.014), and high NLR
(vs. <median; HR 4.86, P=0.014) were independently asso-
ciated with poor OS.

Dynamic changes in NK cell activity following two
cycles of fluoropyrimidine—platinum doublet
plus trastuzumab

We additionally evaluated dynamic changes in NK cell
activity following two cycles of fluoropyrimidine—plati-
num doublet plus trastuzumab among 38 patients whose
data were available for NK cell activity evaluation after
two cycles of treatment. Significant increases in NK cell
activity were observed not only among all patients (median
NK cell activity at baseline vs. after the second cycle; 74.1
vs. 393.7, P <0.001), but also individually within the low
and high baseline NK groups (median NK cell activity at
baseline vs. after the second cycle; low baseline NK group,
40.0 vs. 247.1, P=0.001; high baseline NK group, 246.1
vs. 840.6, P=0.006), respectively (Fig. 2A—C). Among
patients in the low baseline NK group (n=19), the NK cell
activity increased to within the normal range (> 250 pg/
mL) in nine patients (47.4%). According to dynamic
changes in NK cell activity, patients were further classified
as high baseline NK group (n=19), recovered NK group
(n=9), and persistently low NK group (n=10). The base-
line characteristics of these patients are summarized in
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Table 1 Baseline patient and

c - Pe Total Low baseline High baseline P value
disease characteristics (n=41) (n=41) NK cell activity NK cell activity
(n=21) (n=20)

Age (mean £ SD) 63.5+9.0 63.5+9.4 63.5+8.8 0.980

Sex 0.067
Female 10 (24.4%) 8 (38.1%) 2 (10.0%)
Male 31 (75.6%) 13 (61.9%) 18 (90.0%)

HER?2 status 0.697
IHC 2 +/FISH+ 8 (19.5%) 5(23.8%) 3 (15.0%)
IHC 3+ 33 (80.5%) 16 (76.2%) 17 (85.0%)

Risk group 0.043
Good 12 (29.3%) 3 (14.3%) 9 (45.0%)
Moderate or poor 29 (70.7%) 18 (85.7%) 11 (55.0%)

ECOG PS 0.606
0-1 37 (90.2%) 18 (85.7%) 19 (95.0%)
>2 4 (9.8%) 3 (14.3%) 1(5.0%)

Prior gastrectomy 0.341
No 15 (36.6%) 6 (28.6%) 9 (45.0%)
Yes 26 (63.4%) 15 (71.4%) 11 (55.5%)

Peritoneal metastasis 0.062
No 18 (43.9%) 6 (28.6%) 12 (60.0%)
Yes 23 (56.1%) 15 (71.4%) 8 (40.0%)

Bone metastasis 1.000
No 38 (92.7%) 19 (90.5%) 19 (95.0%)
Yes 3(7.3%) 2 (9.5%) 1(5.0%)

Lung metastasis 1.000
No 36 (87.8%) 18 (85.7%) 18 (90.0%)
Yes 5(12.2%) 3 (14.3%) 2 (10.0%)

Elevated ALP 0.744
No 28 (68.3%) 15 (71.4%) 13 (65.0%)
Yes 13 (31.7%) 6 (28.6%) 7 (35.0%)

Elevated total bilirubin 0.488
No 39 (95.1%) 19 (90.5%) 20 (100%)
Yes 2 (4.9%) 2 (9.5%) 0 (0%)

Hypoalbuminemia 0.326
No 27 (65.9%) 12 (57.1%) 15 (75.0%)
Yes 14 (34.1%) 9 (42.9%) 5 (25.0%)

NLR, median (IQR) 2.4 (1.6-3.3) 3.0(2.2-4.9) 2.0(1.6-2.4) 0.048

First-line regimen 0.697
FP + trastuzumab 7(17.1%) 3(14.3%) 4 (20.0%)
XP + trastuzumab 34 (82.9%) 18 (85.7%) 16 (80.0%)

NK, Natural killer; SD, Standard deviation; /HC, Immunohistochemistry; FISH, Fluorescence in situ
hybridization; ECOG PS, Eastern Cooperative Oncology Group Performance Status; ALP, Alkaline phos-

phatase; NL

R, Neutrophil to lymphocyte ratio; /QR, Interquartile range; FP, 5-fluorouracil +cisplatin; XP, capecit-

abine + cisplatin

Supplementary Table S2. A significantly higher proportion
of patients in the recovered NK group were female (55.6%)
compared with the high baseline NK group (10.5%) and
persistently low NK group (10.0%) (P=0.015). Addition-
ally, all of the patients in the persistently low NK group
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were classified as moderate or poor risk group, whereas
52.6% and 66.7%, respectively, of the patients in the high
baseline and recovered NK groups were classified as such
(P=0.033). Otherwise, the baseline characteristics were
similar among all three groups.
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Fig.1 A, B Progression-free survival (PFS) and overall survival (OS) among all patients. C, D PFS and OS according to baseline natural killer

(NK) cell activity

Treatment outcomes according to changes in NK cell
activity

There was no significant difference in ORR among patients
in the high baseline (85.7%), recovered (87.5%), and per-
sistently low (85.7%) NK groups with measurable disease
(n=29) (P>0.999) (Supplementary Table S3). The DOR
among responding patients (n=25) were significantly dif-
ferent among these groups with a median DOR of 8.28,
5.72, and 2.68 months in the high baseline, recovered, and
persistently low NK groups, respectively (P <0.001). The
median PFS according to high baseline, recovered, and per-
sistently low NK groups were 9.53, 6.51, and, 3.78 months,
respectively (P <0.001, Fig. 3A). The PFS of the recovered
NK group was comparable to that of the high baseline NK
group and significantly better than that of the persistently
low NK group (high baseline NK group vs. recovered NK
group, P=0.195; high baseline NK group vs. persistently
low NK group, P <0.001; recovered NK group vs. persis-
tently low NK group, P=0.038). The median OS was not

reached in the high baseline NK group, 18.25 months in the
recovered NK group, and 6.02 months in the persistently low
NK group (P <0.001, Fig. 3B). The recovered NK group
demonstrated OS that was comparable to that of the high
baseline NK group and significantly better than that of the
persistently low NK group (high baseline NK group vs.
recovered NK group, P> 0.999; high baseline NK group vs.
persistently low NK group, P <0.002; recovered NK group
vs. persistently low NK group, P =0.003). Given the favora-
ble survival outcomes in the high baseline NK group and
recovered NK group compared with the persistently low NK
group, we further evaluated the prognostic value of dynamic
changes in NK cell activity within the moderate to poor risk
group (n=26). All patients in the good risk group were in
the high baseline or recovered NK group. Patients in the high
baseline NK group or recovered NK group had significantly
better PFS and OS outcomes compared with patients in the
persistently low NK cell group, with a median PFES of 6.25
vs. 3.78 months (P=0.014) and a median OS of 17.82 vs.
6.02 months (P =0.009), respectively (Fig. 3C, D).

@ Springer



834

Cancer Immunology, Immunotherapy (2022) 71:829-838

Table 2 Univariate and multivariate analysis for PFS and OS (n=41)

PFS

(6N

Univariate analysis

Multivariate analysis

Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Age
<65 Reference - - Reference Reference
>65 1.70 (0.76-3.81) 0.197 - - 2.12(0.85-5.31) 0.108  3.68 (1.30-10.43) 0.014
Sex
Female Reference - - Reference - -
Male 1.19 (0.47-3.04) 0710 - - 1.64 (0.47-5.75) 0.438 - -
HER?2 status
IHC3+ Reference Reference Reference - -
IHC2 +/FISH+ 2.33 (0.93-5.87) 0.072  5.79 (1.83-18.26)  0.003 1.42(0.50-3.98) 0.507 - -
Baseline NK cell
activity
High Reference Reference Reference - -
Low 4.87 (1.85-12.85) 0.001  4.35(1.48-12.78) 0.007  2.92(1.01-7.78) 0.032 - -
Risk group

Good or moderate Reference Reference

Poor 11.02 (3.40-35.67) <0.001 14.55 (3.67-57.71)
NLR

<median Reference —

>median 6.64 (2.54-17.34) <0.001 —

Reference
3.35(1.07-10.52) 0.039

Reference
<0.001 6.88 (2.60-18.20) <0.001

Reference
4.86 (1.39-17.05) 0.014

- Reference
- 5.65 (2.00-15.94) 0.001

PFS, Progression free survival; OS, Overall survival; CI, Confidence interval; /HC, Immunohistochemistry; FISH, Fluorescence in situ hybridi-

zation; NK, Natural killer; NLR, Neutrophil to lymphocyte ratio

P<0.001 P=0.001

P=0.006

Fig.2 Dynamic changes in natural killer (NK) cell activity following
two cycles of fluoropyrimidine—platinum doublet plus trastuzumab in
A all patients, B the low baseline NK group, C the high baseline NK

Discussion

To our knowledge, this was the first study to evaluate the
prognostic value of NK cell activity, which was measured
by a novel and simple blood test (NK Vue®), for patients
with HER2 + advanced gastric cancer treated with first-
line fluoropyrimidine—platinum doublet plus trastuzumab.
Low baseline NK cell activity was significantly associated
with both poor PFS and OS. In addition, NK cell activity
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group. Boxplots represent the medians, as well as 25th and 75th per-
centiles; the whiskers extend from the hinge to the largest value no
further than 1.5 X interquartile range from the hinge

significantly increased after two cycles of treatment in
most patients, and dynamic changes in NK cell activity
were associated with survival outcomes.

In this study, although there was no significant association
between baseline NK cell activity and treatment response
rates, low baseline NK cell activity was independently asso-
ciated with poor PFS in both univariate and multivariate
analyses, most likely due to shorter duration of response.
Similar findings have been observed in previous studies
investigating various cancer types, including gastric cancer,
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among patients with NK cell activity data after two cycles of treat-
ment (n=38). A, B Progression-free survival (PFS) and overall sur-
vival (OS) in the high baseline, recovered, and persistently low NK

demonstrating the association between NK cell activity and
treatment outcomes [11, 14, 15]. However, these studies
used the °'Cr release assay to evaluate the NK cell activity,
which limits the clinical applicability of the study findings.
Considering the prognostic value of the NK Vue® in this
study and the simplicity of the test, it may be more practi-
cal to use the NK Vue® than the *'Cr release assay for the
evaluation of NK cell activity among patients with advanced
gastric cancer. Although there was a significant association
between NK cell activity and OS in the univariate analysis,
the prognostic value of NK cell activity did not remain sig-
nificant for OS in the multivariate analysis. This may be due
in part to a relatively short follow-up duration, small sample
size, recovery of NK cell activity after chemotherapy in a
fraction of patients, and the effect of subsequent lines of
treatment without anti-HER?2 antibody.

The level of NK cell activity significantly increased
after two cycles of treatment in most patients. Several
preclinical studies have demonstrated that conventional
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groups. C, D PFS and OS in the high baseline or recovered NK group
and the persistently low NK group among patients with moderate to
poor risk (n=26)

chemotherapeutic agents, including 5-FU and cisplatin,
may increase the activity of NK cells [16, 17]. Moreover,
trastuzumab enhances the anti-tumor activity of NK cells by
promoting NK cell proliferation, increasing cytotoxicity, and
expanding the cytotoxic population of NK cells [18, 19]. NK
cell activity normalized (> 250 pg/mL) after two cycles of
treatment in the subgroup of patients with low baseline NK
cell activity (< median [74.1 pg/mL]), and this normaliza-
tion was associated with good survival outcomes, compara-
ble to those achieved for patients with high baseline NK cell
activity levels and significantly better than those achieved
for patients with persistently low NK cell activity levels.
This is in line with previous studies, which demonstrated
that increases in NK cell activity were associated with bet-
ter treatment outcomes among patients with advanced can-
cer [13, 20]. Of note, the median baseline NK cell activity
was significantly lower among patients in the moderate to
poor risk group, and a subgroup of these patients had persis-
tently low NK cell activity, while none of the patients in the
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good risk group had persistently low NK cell activity. The
improved survival outcomes associated with NK cell activity
recovery remained significant within the moderate to poor
risk group of patients. These results suggest that treatment
strategies to augment NK cell activity might be beneficial
among patients with HER2 + advanced gastric cancer, espe-
cially among those with low baseline NK cell activity levels
in the moderate to poor risk group whose NK cell activity
might not recover after chemotherapy.

Based on the data from preclinical studies demonstrating
the anti-tumor activity of NK cells, various strategies are
being studied to introduce NK cell therapy into the field of
cancer treatment [21]. Novel checkpoint inhibitors, such as
anti-NKG2A monoclonal antibody and anti-TIGIT antibody,
have been demonstrated to promote anti-tumor immunity
through the reactivation of NK cells in preclinical models
[22, 23]. In addition, a recent phase I study reported that the
addition of adoptive transfer of expanded NK cell popula-
tions to doublet chemotherapy (S-1 + cisplatin) plus trastu-
zumab for patients with advanced gastric cancer was safe,
feasible, and associated with preliminary anti-tumor activity
[24]. Moreover, NK cell adoptive therapy in combination
with an anti-PD-1 inhibitor was associated with improved
survival outcomes among heavily pretreated patients with
PD-L1+non-small cell lung cancer in a recent phase I/
IT trial [25]. Recently, a preliminary report of a phase I/
II trial demonstrated that the addition of anti-PD-1 inhibi-
tor to fluoropyrimidine—platinum doublet in combination
with trastuzumab as first-line therapy in HER2 +advanced
gastric cancer was associated with encouraging anti-tumor
efficacy, and a phase III trial based on this regimen is cur-
rently ongoing [26]. Considering the results of these recent
reports, there may be opportunities for the use of NK cell
adoptive treatment alone or in combination with anti-PD-1
inhibitor, trastuzumab, and fluoropyrimidine—platinum dou-
blet to enhance anti-tumor efficacy.

The anti-tumor activity of NK cells is mostly determined
by the interaction between its inhibitory or activating recep-
tors and the tumor microenvironment [27]. Recent studies
have focused on the association between specific phenotypes
of NK cells and anti-tumor activity. Overall, there is a lot
of evidence suggesting that activated NK cells in tissues
are associated with a good prognosis among patients with
cancer. However, several studies have reported contradic-
tory results with no or even negative prognostic effects of
tumor-infiltrating NK cells [28]. Additionally, the distribu-
tion of NK cell infiltration is also important; a recent study
demonstrated that while intra-tumoral NK cell density was
associated with survival outcomes, no such association was
observed with stromal NK cell density among patients with
gastric cancer [29]. These results suggest that evaluating NK
cell within the tumor is complex and might not be readily
translated into routine clinical practice. In this regard, the

@ Springer

NK cell activity test used in the present study has strengths
in that it is non-invasive, simple, feasible, and may overcome
spatial and temporal tumor heterogeneity.

This study had several limitations. As expected for any
retrospective study, there may have been selection bias. In
addition, the median follow-up duration of the study was
relatively short, and the sample size was small. Moreover,
the correlations between NK cell activity level, tumor micro-
environment, and NK cell phenotypes were not evaluated.
Thus, the prognostic value of NK cell activity needs to be
further evaluated in studies with larger sample sizes with
longer follow-up. Despite these limitations, this study had
several strengths. The results of this study were exclusively
based on patients with HER2 + advanced gastric cancer
treated with fluoropyrimidine—platinum doublet plus tras-
tuzumab. The relatively homogeneous patient population
in the present study might have mitigated the potential
confounding factors. Furthermore, by evaluating NK cell
activity after the treatment as well as at baseline, this study
provided insight into the potential role of NK cell treatment
among patients with low baseline NK cell activity.

The results of our study demonstrate the prognostic value
of NK cell activity for patients with HER2 + advanced gas-
tric cancer treated with fluoropyrimidine—platinum doublet
plus trastuzumab, which may inform clinical decisions.
Patients with low baseline NK cell activity, especially those
in the moderate to poor risk group, maybe a potential candi-
date for NK cell treatment.
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