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Abstract
Adjuvant chemotherapy (ACT) is the standard treatment for Stage II–III gastric cancer after surgery, but biomarkers to guide patient selection are lacking.

This  study  investigated  whether  spatial  quantification  of  specific  immune  cell  subsets  could  serve  as  such  a  biomarker.  We  performed  multiplex

immunofluorescence on postoperative specimens from 47 patients with Stage II–III gastric cancer. Immune cells were quantified in the tumor parenchyma

and  stroma.  Their  associations  with  overall  survival  (OS)  and  disease-free  survival  (DFS)  were  analyzed.  High  M1  macrophage  density  (in  both  the

parenchyma and stroma), high parenchymal CD56dim natural killer (NK)-cell density, and high stromal M2 macrophage density were significantly associated

with better OS and DFS in patients receiving ACT. Importantly, only patients with high M2 macrophage density derived a significant OS benefit from ACT

compared with observation alone, in either the parenchyma or stroma (e.g., parenchyma: hazard ratio [HR] = 0.28, 95% confidence interval [CI]: 0.08–0.96, p
= 0.029; stroma: HR = 0.14, 95% CI: 0.03–0.66, p = 0.003). A significant DFS benefit from ACT was also observed in patients with high stromal M2 density (HR =

0.22, 95% CI: 0.06–0.86, p = 0.016). No other immune cell subset consistently predicted the benefit of ACT. In conclusion, the pre-existing density and spatial

distribution of tumor-associated macrophages are key determinants of prognosis and ACT's efficacy in gastric cancer.
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 Introduction
Gastric  cancer  is  the  fourth  most  commonly  diagnosed  malig-

nancy worldwide and represents the fourth leading cause of cancer-
related  death[1].  Although  surgery  remains  the  primary  curative
treatment, postoperative recurrence rates remain high[2]. Postopera-
tive  adjuvant  chemotherapy  (ACT),  including  regimens  such  as
XELOX  (oxaliplatin  +  capecitabine)  and  SOX  (oxaliplatin  +  S-1),  has
significantly  improved  both  disease-free  survival  (DFS)  and  overall
survival  (OS)  in  gastric  cancer  patients[3].  Nevertheless,  recurrence
still occurs in nearly half of all patients.

With the advent of immunotherapy for gastric cancer, the recent
ATTRACTION-5 trial investigating adjuvant immunotherapy failed to
demonstrate  a  survival  benefit[4].  Thus,  ACT  remains  the  standard
postoperative treatment for Stage II–III gastric cancer[5]. The identifi-
cation of biomarkers capable of selecting patients who are likely (or
unlikely)  to  benefit  from  ACT  could  substantially  improve  the  effi-
cacy of adjuvant therapy.

Recent advances in high-throughput sequencing and the expan-
sion of multiomics studies have enabled detailed molecular charac-
terization  of  cancers,  profoundly  enriching  our  understanding  of
tumor  biology[6−8].  A  major  focus  of  these  efforts  is  the  tumor
microenvironment  (TME).  Using  cell-surface  markers  and  transcrip-
tomic  data,  researchers  have  developed  computational  algorithms
to  deconvolve  the  cellular  composition  of  the  TME[9−14].  There  is
growing  evidence  that  TME-derived  scores  and  the  related  metrics
can  serve  as  novel  biomarkers  for  predicting  prognosis  and  the
response to treatment[15−17]. However, bioinformatics-based estima-
tions  often  deviate  from  the  actual  TME,  and  most  current  algo-
rithms still lack large-scale, multicancer experimental validation.

In  this  study,  we  employed  multiplex  immunofluorescence  (mIF)
to  quantify  immune  cell  densities  in  postoperative  gastric  cancer

specimens  and  assessed  their  influence  on  prognosis  and  survival
benefit  from  ACT.  A  high  density  of  M1  macrophages,  both  in  the
tumor  epithelium  and  stroma,  was  strongly  associated  with
improved  prognosis.  Similarly,  the  density  of  the  CD56dim natural
killer  (NK)-cell  subset  in  the  parenchyma  and  M2  macrophages  in
the stroma also  predicted clinical  outcomes.  Notably,  only  patients
with high M2 macrophage infiltration derived a significant OS bene-
fit from ACT regardless of the compartment, whereas those with low
M2 infiltration did not. These results suggest that immune cell infil-
tration levels may serve as both prognostic and predictive biomark-
ers for ACT in postoperative gastric cancer.

 Methods

 Patients
This  study  utilized  a  previously  described  multiomics  gastric

cancer  cohort  from  the  Affiliated  Hospital  of  Jiangsu  University
(AHJU)[18−20]. From this cohort, we selected samples for mIF staining
on  the  basis  of  the  following  inclusion  criteria:  Histopathologically
confirmed gastric adenocarcinoma, D2 radical surgery with R0 resec-
tion,Stage  II–III  disease  (indicating  eligibility  for  ACT  ≥ T2  and/or
node-positive,  M0),  complete postoperative treatment records,  and
adequate  tissue  quality  and  quantity  for  mIF  analysis.  Exclusion
criteria included prior neoadjuvant therapy,  death within 3 months
after  surgery,  and  concurrent  primary  malignancies.  Clinical  and
pathologic  staging  adhered  to  the  American  Joint  Committee  on
Cancer  criteria.  Written  informed  consent  was  obtained  from  all
participants. The study complied with the principles of the Declara-
tion of Helsinki and was approved by the Ethics Committee of AHJU.

ARTICLE
 

© The Author(s) www.maxapress.com/git

mailto:deqiang_wang@aliyun.com
https://doi.org/10.48130/git-0026-0001
https://doi.org/10.48130/git-0026-0001
https://doi.org/10.48130/git-0026-0001
https://doi.org/10.48130/git-0026-0001
https://doi.org/10.48130/git-0026-0001
mailto:deqiang_wang@aliyun.com
https://doi.org/10.48130/git-0026-0001
https://doi.org/10.48130/git-0026-0001
https://doi.org/10.48130/git-0026-0001
https://doi.org/10.48130/git-0026-0001
https://doi.org/10.48130/git-0026-0001
http://www.maxapress.com/git


 Multiplex immunofluorescence staining
To  characterize  the  spatial  architecture  of  tumor-infiltrating

immune cells, we performed seven-color mIF combined with multi-
spectral  microscopy.  Formalin-fixed,  paraffin-embedded  tissue
sections  were  deparaffinized,  subjected  to  heat-induced  epitope
retrieval,  and  stained  using  the  PANO  7-plex  immunohistochem-
istry  (IHC)  kit  (Panovue,  Beijing,  China)  according  to  the  manufac-
turer's  protocol.  The  antibody  panel  included  pan-cytokeratin
(CST4545,  Cell  Signaling  Technology)  to  label  carcinoma  cells,  CD8
(CST70306)  for  cytotoxic  T  lymphocytes,  CD56  (CST3576)  for  NK
cells,  and  CD68  (BX50031,  Biolynx)  and  HLA-DR  (ab92511,  Abcam)
for  macrophages.  NK  cells  were  categorized  into  two  functional
subsets according to the CD56 signal's intensity: CD56dim (cytotoxic,
low  membrane  fluorescence)  and  CD56bright (immunoregulatory,
high-intensity staining). Macrophages were classified as pro-inflam-
matory  M1  (CD68  +  HLA-DR+)  or  immunosuppressive  M2  (CD68  +
HLA-DR−). S100 (ab52642) staining was used to demarcate the inva-
sive margin from the tumor parenchyma, as previously described[21].

Following  sequential  tyramide  signal  amplification  and  4′,6-
diamidino-2-phenylindole  (DAPI)  counterstaining,  whole-slide
images  were  acquired  using  the  Mantra  quantitative  pathology
workstation  (PerkinElmer,  Waltham,  MA,  USA).  A  spectral  library
generated from single-fluorophore references was applied to unmix
raw  image  stacks  and  remove  autofluorescence.  The  resulting
seven-channel  images  were  analyzed  with  inForm  software
(PerkinElmer)  for  automated cell  segmentation,  phenotypic  classifi-
cation,  and  spatial  mapping,  yielding  single-cell  level  counts  for
each immune subset.

 Endpoints
OS was defined as the time from surgery to death from any cause.

DFS was  defined as  the time from surgery  to  the first  documented
recurrence,  new  malignancy,  or  death  from  any  cause,  whichever
occurred first.

 Statistical analysis
Clinicopathologic characteristics were compared between groups

using  the χ2 test.  Survival  analyses  were  conducted  using
Kaplan–Meier  curves  and  log-rank  tests.  Hazard  ratios  (HRs)  with
95%  confidence  intervals  (CIs)  were  calculated.  All  statistical  analy-
ses  and  graphics  were  generated  using  R  software  (version  4.5.0)
and the relevant packages. A two-sided p-value of <0.05 was consid-
ered to be statistically significant.

 Results

 Patient characteristics
The  study  included  47  patients  and  their  tissue  specimens.

Among  them,  25  received  postoperative  ACT,  all  with  the  XELOX
regimen.  The cohort  was predominantly male (n = 37,  78.7%),  with
only  10  female  patients.  Our  population  included  29  patients
(61.7%)  who  were  elderly  (≥65  years),  and  18  were  under  65  years
old. Poorly differentiated (Grade III) tumors were present in 37 cases,
whereas  10  were  well  to  moderately  differentiated  (Grades  I/II).  In
total,  34 patients had Stage III  disease,  and 13 had Stage II  disease.
Clinicopathologic characteristics did not differ significantly between
patients who received ACT and those who did not (Table 1). Typical
mIF staining micrographs can be seen in Fig. 1. Immune cell subset
densities  showed  no  significant  association  with  any  clinicopatho-
logic  variable  in  either  the tumor parenchyma (Supplementary  Fig.
S1) or stroma (Supplementary Fig. S2).

 Immune infiltration and OS in patients receiving
ACT

Immune cell densities in the tumor parenchyma and stroma were
dichotomized  into  high  and  low  groups  according  to  their  median
values.  Among  ACT-treated  patients,  high  M1  macrophage  density
in  the  parenchyma  was  associated  with  a  significantly  longer  OS
(Fig.  2a):  Median  OS  was  not  reached  in  the  high-density  group,
compared  with  18  months  (95%  CI:  11.1–24.9)  in  the  low-density
group (p = 0.006; HR = 0.16, 95% CI: 0.04–0.70). A similar effect was
observed  for  CD56dim NK-cell  density  in  the  parenchyma  (Fig.  2d):
Median  OS  was  not  reached  in  the  high-density  group,  versus  32
months  (11.2–52.8)  in  the  low-density  group (p =  0.006;  HR = 0.15,
95%  CI:  0.03–0.76).  By  contrast,  densities  of  M2  macrophages,
CD56bright NK-cells,  and CD8+ T-cells  in the parenchyma showed no
significant prognostic impact (Fig. 2b, c, e).

In  the  stroma,  high  M1  macrophage  density  remained  a  signifi-
cant prognostic factor (p = 0.006; Fig. 3a),  whereas CD56dim density
did  not  (p =  0.550; Fig.  3d).  High  stromal  M2  macrophage  density
was  associated  with  improved  OS  (Fig.  3b):  Median  OS  was  not
reached  in  the  high-density  group,  compared  with  38  months
(12.2–63.8)  in  the  low-density  group  (p =  0.006;  HR  =  0.23,  95%  CI:
0.05–1.13).  Notably,  M1 density  classifications  were nearly  identical
between the parenchyma and stroma, differing in only two patients.
CD56bright and CD8+ T-cell densities in the stroma again showed no
significant association with OS (Fig. 3c, e).

 Immune infiltration and DFS in patients with ACT
We  next  assessed  the  relationship  between  immune  infiltration

and  DFS.  In  the  parenchyma,  high  M1  macrophage  density  was
associated  with  significantly  longer  DFS  (Supplementary  Fig.  S3a):
Median  DFS  was  not  reached  in  the  high-density  group,  versus  11
months (0–23.5) in the low-density group (p = 0.014; HR = 0.22, 95%
CI:  0.06–0.84).  Similarly,  high  CD56dim NK-cell  density  predicted
improved  DFS  (Supplementary  Fig.  S3d):  Median  DFS  was  not
reached  in  the  high-density  group,  compared  with  20  months
(15.3–24.7)  in  the  low-density  group  (p =  0.007;  HR  =  0.16,  95%  CI:
0.03–0.76).  No  significant  DFS  associations  were  observed  for  M2
macrophages, CD56bright NK-cells, or CD8+ T-cells in the parenchyma
(Supplementary Fig. S3b, S3c, S3e).

In  the  stroma,  M1  macrophage  density  again  significantly  influ-
enced  DFS  (p =  0.014; Supplementary  Fig.  S4a).  M2  macrophage
density  showed  a  nonsignificant  trend  toward  DFS  benefit  (p =
0.094; Supplementary  Fig.  S4b),  whereas  CD56bright,  CD56dim,  and
CD8+ T-cell  densities  had  no  effect  on  DFS  (Supplementary  Fig.
S4c–S4e).

 Immune infiltration and OS benefit from ACT
We evaluated the benefit of ACT according to immune infiltration

levels.  In  the  parenchyma,  patients  with  high  M2  macrophage

 

Table 1.  Patient characteristics.

Variable Group
Adjuvant chemotherapy

p-Value
No Yes

Age (years) < 65 8 (36.4) 10 (40.0) 0.798
≥ 65 14 (63.6) 15 (60.0)

Sex Female 3 (13.6) 7 (28.0) 0.230
Male 19 (86.4) 18 (72.0)

Histological grade I/II 5 (22.7) 5 (20.0) 0.820
III 17 (77.3) 20 (80.0)

Stage II 7 (31.8) 6 (24.0) 0.550
III 15 (68.2) 19 (76.0)

  TAM and adjuvant chemotherapy
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density derived a significant OS benefit from ACT (p = 0.029; Fig. 4b):
Median  OS  was  not  reached  in  the  ACT  group  versus  17  months
(0–34.0)  in  the  observation  group  (HR  =  0.28,  95%  CI:  0.08–0.96).
Among  patients  with  high  M1  density,  a  trend  toward  OS  benefit
from  ACT  was  observed,  but  it  was  not  statistically  significant  (p =
0.15; Fig. 4a). ACT did not significantly affect OS in any high-density
CD56bright,  CD56dim,  or  CD8+ T-cell  subgroups (Fig.  4c–e).  In all  low-
density  immune  cell  subsets,  ACT  did  not  significantly  prolong  OS
(Supplementary Fig.  S5a–S5e),  although a nonsignificant trend was
noted  for  patients  with  a  low  CD56bright density  (p =  0.12; Supple-
mentary Fig. S5c).

In the stroma, high M2 macrophage density again predicted ACT
benefit  (Fig.  5b):  Median  OS  was  not  reached  with  ACT  versus  17
months  (6.2–27.8)  without  it  (HR  =  0.14,  95%  CI:  0.03–0.66).  No
significant  OS  benefit  was  observed  in  other  high-density  stromal
immune subsets (Fig. 5a, c–e). Similarly, ACT conferred no OS bene-
fit  in  any  low-density  stromal  subgroup  (Supplementary  Fig.
S6a–S6e), though a nonsignificant trend was again observed for low
CD56bright density (p = 0.16; Supplementary Fig. S6c).

 Immune infiltration and DFS benefit from ACT
The  impact  of  immune  infiltration  on  DFS  benefit  from  ACT

mirrored that for OS. In the parenchyma, patients with high M2 infil-
tration showed a  marked DFS benefit  from ACT,  though the  differ-
ence did not reach statistical  significance (p = 0.07; Supplementary
Fig.  S7b).  No  significant  DFS  benefit  was  observed  in  other

high-density  immune  subsets  (Supplementary  Fig.  S7a, S7c–S7e),
although  a  trend  was  noted  for  high  M1  infiltration  (p =  0.22;
Supplementary  Fig.  S7a).  Among  low-density  subsets,  only  the
CD56bright group showed a borderline trend toward prolonged DFS
with  ACT  (p =  0.18; Supplementary  Fig.  S8c);  all  other  low-density
groups showed no benefit (Supplementary Fig. S8a, S8b, S8d, S8e).

In  the  stroma,  ACT  significantly  prolonged  DFS  in  patients  with
high M2 infiltration (Supplementary  Fig.  S9b):  Median DFS was not
reached  with  ACT,  compared  with  10  months  (2.3–17.7)  without  it
(HR = 0.22, 95% CI: 0.06–0.86). No other high-density stromal subset
showed a significant DFS benefit (Supplementary Fig. S9a, S9c–S9e).
Similarly,  all  low-density  stromal  subsets  did  not  benefit  from  ACT
(Supplementary Fig. S10a–S10e), except for a nonsignificant trend in
the CD56bright low-density group (p = 0.2; Supplementary Fig. S10c).

 Discussion
This  study  underscores  the  dual  role  of  immune  infiltration  in

gastric cancer, impacting both patients' prognosis and the response
to postoperative ACT. Specifically, M1 macrophage density serves as
a  prognostic  indicator,  whereas  M2 macrophage density  predicts  a
survival  benefit  from  ACT,  irrespective  of  their  localization  in  the
tumor's  parenchyma  or  stroma.  These  findings  provide  potential
biomarkers  for  personalizing  ACT  in  gastric  cancer,  which  may
improve therapeutic efficacy and reduce overtreatment.
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Fig. 1  Typical photomicrographs of multiple immunofluorescence staining: (a) CD8+ (white); (b) CD56+ (purple); (c) CD68+ (green) and HLA-DR (red); and
(d) Reconstructed image after removal of autofluorescence and local enlargement. The lower right panel of (d) is a 4× magnified image of the selected
region.
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Computational  estimation of immune infiltration from bulk RNA-
Seq  data  using  algorithms  such  as  CIBERSORT,  xCell,  MCP-counter,
TIMER, quanTIseq, and IPS has become a standard method for char-
acterizing  the  TME[9−14].  Subtyping  tumors  by  immune  infiltration
patterns,  identifying  differentially  expressed  genes,  and  deriving
gene  signatures  via  machine  learning  can  yield  risk  scores  that
predict  prognosis  and  treatment  efficacy  in  gastric  cancer[15−17].
Nevertheless,  bioinformatics-based TME assessments have inherent

limitations.  The  current  algorithms  rely  almost  exclusively  on  high-
throughput mRNA data, which demand high-quality specimens and
incur  substantial  costs.  Moreover,  these  tools  have  not  been  rigor-
ously  validated  against  large  multicancer  cohorts  measured  by
orthogonal  methods;  for  example,  the  concordance  between in
silico immune  estimates  and  mIF  quantification  in  gastric  cancer
remains  uncertain.  Moreover,  bulk  sequencing  fails  to  differentiate
between  parenchymal  and  stromal  compartments,  whereas
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Fig. 2  The density of immune infiltrating cells in the tumor parenchyma and OS in patients receiving adjuvant chemotherapy. (a) M1 cells; (b) M2 cells;
(c) CD56bright cells; (d) CD56dim cells; (e) CD8+ T-cells.

  TAM and adjuvant chemotherapy
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single-cell  or  spatial  transcriptomics  are  currently  not  feasible  for
routine  clinical  application.  In  contrast,  our  mIF-based  approach
bridges  this  translational  gap  by  providing  a  clinically  actionable
alternative for assessing immune infiltration.

Our results underscore the clinical relevance of the macrophages
in  gastric  cancer.  As  key  components  of  the  mononuclear  phago-
cyte  system,  macrophages  regulate  immunity,  clear  pathogens,
promote  wound  healing,  and  modulate  angiogenesis[22].

Stimulated by distinct cytokine milieus, they polarize into two func-
tionally  opposing  states,  namely  proinflammatory,  tumor-suppres-
sive M1 macrophages and anti-inflammatory,  tumor-supportive M2
macrophages[23].  Within the TME, these cells are collectively known
as tumor-associated macrophages (TAMs). We found that a high M1-
TAM  density  correlates  with  favorable  prognosis,  reflecting  their
antitumor  activity.  Conversely,  a  high  M2-TAM  density  identifies
patients who would benefit from ACT, likely because chemotherapy

 

a b
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Fig.  3  The  density  of  immune  infiltrating  cells  in  the  tumor  stroma  and  OS  in  patients  receiving  adjuvant  chemotherapy.  (a)  M1  cells;  (b)  M2  cells;
(c) CD56bright cells; (d) CD56dim cells; and (e) CD8+ T-cells.
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depletes M2 cells  and reprograms the immune milieu.  Importantly,
both M1 and M2 densities were informative, regardless of the spatial
context, suggesting that TAMs influence tumor progression through
both  direct  cellular  interactions  and  microenvironmental  modula-
tion.  TAMs  engage  in  crosstalk  with  cancer  cells,  adipocytes,  and
stromal  elements  to  alter  metabolism,  inflammation,  and  immune
activity, thereby shaping the tumor's evolution[24]. They also secrete
enzymes  involved  in  nicotinamide  metabolism,  which  fine-tune

CD8+ T-cells'  function  and  influence  the  response  to  immunother-
apy in gastric cancer[25].

We also  evaluated NK-cell  subsets  and found that  the  density  of
CD56dim in the parenchyma carries prognostic significance. NK-cells
are  among  the  body's  principal  antitumor  effectors,  comprising
roughly 15% of the circulating lymphocytes. Their tumoricidal arse-
nal  includes  the  release  of  perforin-containing  cytotoxic  granules,
the  secretion  of  pro-apoptotic  cytokines,  and  the  mediation  of
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Fig. 4  The impact of ACT on OS in patients with high-density immune infiltrating cells in the tumor parenchyma. (a) M1 cells; (b) M2 cells; (c) CD56bright

cells; (d) CD56dim cells; and (e) CD8+ T-cells.

  TAM and adjuvant chemotherapy
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antibody-dependent  cellular  cytotoxicity[26].  Human  NK-cells  are
subdivided  into  CD56dim and  CD56bright subsets.  CD56dim cells
account  for  ~90  %  of  peripheral  NK-cells  and  are  considered  to  be
mature, equipped for both cytokine production and potent cytotox-
icity,  whereas CD56bright cells  (~10 %) are less mature and primarily
secrete  cytokines[27].  Intriguingly,  the  prognostic  value  of  CD56dim

cells  was  restricted  to  the  tumor  parenchyma;  their  abundance  in
the  stroma  had  no  impact  on  the  outcomes.  This  compartment-
specific  effect  suggests  that  CD56dim NK-cells  must  physically  infil-
trate the malignant nest to exert their protective function.

Our  study  has  several  limitations.  First,  the  small  sample  size
meant  that  some  subgroup  analyses  showed  only  trends  without
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Fig. 5  The impact of adjuvant chemotherapy on overall survival in patients with high-density immune infiltrating cells in the tumor stroma. (a) M1 cells;
(b) M2 cells; (c) CD56bright cells; (d) CD56dim cells; and (e) CD8+ T cells.
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reaching  statistical  significance;  expansion  to  a  larger  cohort  is
therefore necessary. Second, the ACT and observation groups were
not  matched  for  clinicopathologic  characteristics,  introducing
potential  bias.  Third,  this  is  a  retrospective  analysis  whose  findings
must  be  confirmed  by  prospective  randomized  controlled  trials.
Finally, the oncologic outcomes were determined by multiple inter-
twined factors;  we did  not  perform multivariable  modeling,  mainly
because  the  limited  number  of  events  would  have  rendered  such
analysis underpowered.

 Conclusions
In  summary,  this  study demonstrates  that  pretreatment  immune

cell  infiltration  in  gastric  cancer  influences  both  prognosis  and  the
benefit of ACT, offering a potential tool for personalizing treatment.
Future  directions  include:  (1)  validating  these  findings  in  larger,
multicenter cohorts, (2) conducting prospective trials using immune
infiltration  to  guide  ACT-related  decisions,  and  (3)  elucidating  the
biological  mechanisms  by  which  macrophage  density  modulates
the treatment response.
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