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Metastatic tumors (MTs) may show different characteristics of the immune microenvironment from primary tumors (PTs) in non-
small cell lung cancer (NSCLC). The heterogeneity of immune markers in metastatic NSCLC and its associated factors has not been
well demonstrated. In this study, 64 surgically resected specimens of paired PTs and MTs were obtained from 28 patients with
NSCLC. Multiplex immunofluorescence (mIF; panel including programmed death-ligand 1 (PD-L1), Cytokeratin, CD8, and CD68) was
performed on whole sections. The heterogeneity of the immune contexture of PD-L1 expression, infiltrating lymphocytes, and
immune-to-tumor cell distances was quantified via digital image analysis. In a quantitative comparison of MTs and corresponding
PTs, MTs showed higher PD-L1 expression levels, lower density of CD8+ cytotoxic T lymphocytes (CTLs), and longer spatial distance
between CTLs and tumor cells. Subgroup analysis, which associated clinical factors, revealed that the heterogeneity of immune
markers was more obvious in extrapulmonary, metachronous, and treated MTs, while fewer differences were observed in
intrapulmonary, synchronous, and untreated MTs. In particular, MTs showed significantly higher PD-L1 expression and lower
lymphocyte infiltration in metastatic NSCLC with EGFR mutations. Prognosis analysis showed that an increased density of CD8+
CTLs in MTs was associated with better overall survival (OS). Therefore, significant discrepancies in PD-L1 expression and
lymphocyte infiltration in metastatic NSCLC are most likely associated with temporal heterogeneity with a history of anti-treatment
and correlated with EGFR mutations. The detection of immune markers in re-obtained metastatic specimens may be required for
immunotherapy prediction in these patients with metastatic NSCLC.
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INTRODUCTION
Immune checkpoint inhibitors (ICIs) have been approved as first-
line and/or second-line treatments for advanced non-small cell
lung cancer (NSCLC). The expression of programmed death-ligand
1 (PD-L1) plays a critical role in immune escape mechanisms, and
the tumor proportion score (TPS) of PD-L1 expression on tumor
cells (TCs) has been widely recommended as a predictive
biomarker for ICI immunotherapy in NSCLC [1–3]. In addition,
characteristics of immune cells (ICs), such as subtypes, functional
polarization, and spatial distribution through the tumor, have
also been shown to influence the prognosis of cancer patients
and correlate with the response to PD1/PD-L1 target immunother-
apy [4, 5].
Based on current detection strategies for immune markers, the

response to ICIs is still heterogeneous. Some patients with
advanced NSCLC have non-detected metastases at the time of
initial diagnosis and eventually develop metastases during the
progression of the disease after surgical operation. Patients with
metachronous metastases often present with multiple distant
metastases, and the majority of them have been managed with

systemic treatment, such as tyrosine kinase inhibitors (TKIs),
chemotherapy, or radiotherapy (RT) before initiating ICI therapy.
Emerging studies have indicated that a therapeutic regimen could
affect both PD-L1 expression and characteristics of tumor immune
contexture in NSCLC patients receiving neoadjuvant therapy
[6–11]. The clinical challenges of tumor heterogeneity in PD-L1
expression and the diversity of immune infiltrates have been a
concern in the context of immunotherapy [12–15].
The dynamic evolution of the tumor immune microenviron-

ment (TIME) may occur during tumor metastatic progression. A
discrepancy in PD-L1 expression has been noted between a
certain proportion of metastatic tumors (MTs) and corresponding
primary tumors (PTs) [16–20]. The heterogeneity of TIME of NSCLC
in PTs and MTs is vital to address the heterogeneous response of
multiple metastases to ICIs. However, the rule of dynamic changes
in TIME and its associated clinical factors causing significant
metastatic heterogeneity have not been revealed. Research still
needs to elucidate what kind of cases may be more likely to exert
a significant discrepancy of immune markers in MTs compared to
PTs, and it is important to explain under which clinical conditions
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metastatic samples need to be re-obtained for immune markers’
detection in patients with metastases. It remains unclear whether
this is related to the metastatic sites, time interval, treatment
status, or driving genes of metastasis.
Evaluating the tumor immune contexture of MTs in comparison

with corresponding PTs may reveal changes in immune markers
during NSCLC metastasis. One major challenge is that such studies
have been limited by the actual clinical process in which biopsy
samples may not show a satisfactory panoramic view of the
immune microenvironment, which may result in deviations in the
intratumoral heterogeneity between biopsies and surgical speci-
mens [21–23]. In this study, we collected paired surgically resected
primary and metastatic samples to avoid potential heterogeneity
within the biopsies. We utilized multiplex immunofluorescence
(mIF) and digital image analysis to quantitatively identify PD-L1
expression and tumor-infiltrating lymphocytes (TILs) in NSCLC.
This study provides beneficial information regarding the hetero-
geneity of immune markers in metastatic advanced NSCLC and
contributes to the current PD-L1 detection strategies.

MATERIALS AND METHODS
Patients and samples
We collected 28 NSCLC cases with available specimens of paired PTs and MTs
at Peking University Cancer Hospital and Tianjin Medical University Cancer
Hospital from June 2013 to October 2018. The cases were enrolled according
to the following criteria: (1) both the PTs and MTs were surgically resected
and tissue samples were formalin-fixed paraffin-embedded (FFPE); (2) tumor
size was ≥0.5 cm; (3) PTs did not undergo preoperative neoadjuvant

treatment; (4) the clinical information and follow-up data were available; and
(5) focus was on extrapulmonary distant metastases, but samples of
intrapulmonary metastases were also selected as comparative studies. In
this study, 64 matched resected specimens were obtained from 28 patients
with NSCLC, including eight patients with two resected metastases. Fourteen
metastatic samples were intrapulmonary, while 22 metastatic samples were
extrapulmonary, including seven brain samples, five adrenal samples, five
soft tissue samples (two chest wall samples and three upper limb samples),
and five distant lymph node samples.

Histological evaluation
The original histological diagnosis was confirmed in archival hematox-
ylin and eosin (H&E)-stained slides, and histopathological features, such
as histologic subtype and tumor size, were collected. All tumors were
pathologically staged according to the TNM classification of the 8th
AJCC [24]. Pathological evaluation of multifocal lung cancer was
performed using clinical and pathologic criteria, as defined by the
International Association for the Study of Lung Cancer (IASLC) Lung
Cancer Staging Project to distinguish intrapulmonary metastases from
multiple primary lung cancer lesions [25]. All pathologic materials were
reviewed by two expert pathologists using the 2015 World Health
Organization classification.

Multiplex staining and scanning
Slides were stained with the UltiMapper Kit (Ultivue™ Inc., Cambridge, MA,
USA) using the DNA-tagged mIF method. We validated the high compar-
ability of this kit with conventional immunohistochemistry (IHC) of PD-L1
(22c3) and IC quantification in our previous study [26]. Briefly, mIF staining
was performed on 4 μm sections of FFPE tissues using BOND RX. FFPE tissue
slides were dried at 60–65 °C for 30min before loading on the BOND RX.

Table 1. Demographics of the included patients and samples.

Total patients (n= 28) Variables Variables

Age (year) Mean 57.5 Range 52–70

Sex Male 18 Female 10

Smoker Yes 17 No 11

Primary tumor

Location Right lobe 18 Left lobe 10

AJCC 8th stage IB-IIB 22 IIIA-IV 6

EGFR Mutant type 14 Wild type 14

Metastatic tumor Tumor 1 n= 28 Tumor 2 n= 8

Metastatic sites Intrapulmonary 9 Intrapulmonary 5

Chest wall 2

Brain 7

Adrenal 3 Adrenal 2

Soft tissue 3

Distant LN 4 Distant LN 1

Time interval Synchronous 14 Metachronous 22

Adjuvant treatment With treatment 20 Without treatment 16

Chem 15

Chem+ R 1

EGFR-TKIs 1

Chem+ TKIs 3

Histopathologic type Primary Metastases

LADC 23 LADC 23

LSQC 4 LSQC 4

LCC 1 LCC 1

Survival Survival 15 Death 13

Follow-up time (days) Range 335–2603 Median 1364

Chem chemotherapy, Chem+ R combined chemotherapy and radiotherapy, EGFR-TKIs epidermal growth factor receptor tyrosine kinase inhibitors, Chem+ TKIs
combined chemotherapy and EGFR-TKIs, LN lymph node, LADC lung adenocarcinoma, LSQC lung squamous carcinoma, LCC large cell carcinoma.
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BOND RX was set up for the UltiMapper assay. Five markers were stained
simultaneously on one slide using the mIF kit. Reference multiplex images of
the UltiMapper® Kit included a panel of PD-L1 (clone 73-10), CD8 (clone C8/
144B), CD68 (clone KP-1), cytokeratin (CK, clone AE1/AE3), and 4,6-diamidino-
2-phenylindole (DAPI). Digital immunofluorescence images were scanned at
200× magnification in the fluorescent mode. Fluorescent images of DAPI
(blue), FITC (CK, Cyan), Cy5 (PD-L1, red) Cy3 (CD8, green), and Cy7 (CD68,
orange) for each section were captured in the corresponding channels.

Quantified analysis of multiplex images
The digital images were analyzed using HALO™ software (version 3.0;
Indica Labs, Corrales, NM, USA). Before the analysis, the tumor areas were
annotated in each digital whole-slide image. The intratumoral cell
populations and densities for the phenotypes of interest (PD-L1+ cells,
CK+ TCs, CD8+ cytotoxic T lymphocytes (CTLs), CD68+ macrophages, and
PD-L1+/CK+ double-positive phenotype) were counted within the tumor
area. TPS was quantitatively calculated as the proportion of intratumoral
PD-L1+/CK+ TCs and CK+ TCs (Fig. S1). In addition to cell populations,
digital image analysis on mIF enabled the localization of individual cells
across whole sections, and subsequently determined the spatial distance
of each type of IC with respect to adjacent TCs. Digital images were
analyzed with cell segmentation to identify stained cells and map their x–y
coordinates. The cell data are plotted, and then the x–y coordinates are
used to quantify the average distance between the ICs and adjacent TCs
using the proximity algorithm in HALO system (Fig. S2).

Statistical analysis
The Wilcoxon signed-rank test was used for the quantitative comparison of
paired PTs and MTs, and the Mann–Whitney test was used for non-paired
PTs and MTs. Cohen’s κ coefficient of agreement was evaluated using the
dichotomized TPS, and the value of κ was categorized as poor (<0.40),
moderate (0.40–0.8), or excellent (≥0.8). Kaplan–Meier curves were used to
assess the impact of biomarkers on overall survival (OS). The significance of
biomarkers was determined by univariate and multivariate analyses using
the log-rank test and Cox proportional hazards models. Statistical

significance was set at p < 0.05. Statistical analyses were performed using
SPSS Statistics software, version 22 (IBM Corp., Armonk, NY, USA).

RESULTS
Patient demographics and clinicopathological characteristics
The characteristics of the 28 patients with NSCLC are summarized
in Table 1. The median age was 57.5 years (range: 52–70 years); 18
patients were men and 10 were women. Smokers accounted for
60.71% (17/28) of the participants. Twenty-two patients were in
AJCC 8th stage IB-IIB at the first surgical operation, while six
patients were at stage IIIA-IV. Metachronous metastases were
defined based on the time interval between tumor lesions of more
than 6 months after the diagnosis. In our study, patients
developed both synchronous metastases (14 samples) and
metachronous metastases (22 samples). Among the collected
metastatic samples, 16 samples were not treated, while 20 out of
22 metachronous metastases samples were subjected to anti-
tumor treatments. Pathologic examination revealed that lung
adenocarcinoma (LADC, 23/28, 82.1%) was the major histological
type. Squamous carcinoma (LSQC, 4/28, 14.3%) and large cell
carcinoma (LCC, 1/28, 3.6%) were also confirmed. Fourteen of 28
cases (50%) were found to harbor an EGFR mutant, and the
remaining 14 cases were EGFR wild-type. None of the cases
harbored ALK or ROS-1 rearrangements. The follow-up time
ranged from 335 to 2603 days, with a median of 1364 days.
Thirteen patients died during the follow-up period due to lung
cancer.

Heterogeneity of PD-L1 expression and TILs in primary and
metastatic NSCLC
Representative images of mIF stains of each cell subset in primary
and metastatic NSCLC tumors are shown in Fig. 1A. We first

Fig. 1 Multiplex immunofluorescence (mIF) staining on immune markers in primary and metastatic tumors. A The represented images of
mIF staining on PD-L1 expression, tumor cells (TCs), and immune cells (ICs) in primary tumors (PTs) and metastatic tumors (MTs). Comparison
the tumor proportion score of PD-L1 expression (B), ICs infiltration (C), and immune-to-tumor cell distances (D) in non-paired PTs and MTs,
Mann–Whitney test.
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compared PD-L1 expression and infiltrating lymphocytes in non-
paired PTs and MTs using the Mann–Whitney test (Table 2). The
results showed that MTs generally had a higher PD-L1 expression
level in PD-L1+ cell populations (p= 0.042) and a higher
TPS (median: 29.16% vs. 18.50%; average: 42.34% vs. 35.91%,
p= 0.096) (Fig. 1B). A lower density of CD8+ CTLs (p= 0.022) in MTs
was statistically significant (Fig. 1C), but no statistical discrepancies in
the spatial distance of ICs to TCs were found (Fig. 1D).
The heterogeneity of the quantitative immune markers

between paired PTs and MTs was identified using the Wilcoxon
signed-rank test (Table 2). Generally, paired PTs and MTs showed a
significant change in the density of PD-L1+ cells (p= 0.029) and a
significant heterogeneity in TPS (p= 0.046) (Fig. 2A). Among all 36
paired samples of 28 patients, 25 paired samples demonstrated an
increase in TPS, only 11 paired samples showed a decrease in TPS
in MTs compared with PTs (Fig. 2B). Dichotomizing the samples
using cutoffs of 5% and 50%, respectively, TPS was consistent in
the 28 paired lesions (77.8%) and inconsistent in eight samples
(22.2%). A moderate agreement of TPS was achieved (κ= 0.448) at

a cutoff of 5%, while an excellent agreement of TPS was observed
at a cutoff of 50% (κ= 0.869) (Fig. 2C and Table S1).
MTs showed significant changes in the density of CD8+ CTLs

(p= 0.040), but this was not statistically significant for CD68+
macrophages (p= 0.068) (Fig. 2D). More paired MT samples showed
a decrease in the density of ICs, while a few cases showed an
increase in IC infiltrates (Fig. 2E). The spatial relationship was
analyzed in paired PTs and MTs, and the results showed that the
average spatial distance between CD8+ CTLs and TCs was
significantly longer in MTs than in PTs (p= 0.038) (Fig. 2F, G).

Spatial heterogeneity of PD-L1 expression and TILs in primary
and metastatic NSCLC
In addition to the total samples, the spatial heterogeneity of
immune contexture in paired primary and metastatic NSCLC was
analyzed to show the possible discrepancies in different locations
of metastases. Subgroups of extrapulmonary MT (eMT) and
intrapulmonary MT (iMT) were compared (Fig. 3 and Table S2).
In paired eMTs and corresponding PTs, the changes in the density

Table 2. Heterogeneity of PD-L1 expression, lymphocytes infiltration and immune-to-tumor cell distances between primary and metastatic samples
in non-small cell lung cancer.

Immune markers Heterogeneity Paired Non-paired

PT MT pa pb

TPS (average, score %) 35.91% 42.34% 0.046* 0.096

PD-L1+ (average, cell/mm2) 859.63 1391.86 0.029* 0.042*

CD8+ (average, cell/mm2) 736.90 436.75 0.040* 0.022*

CD68+ (average, cell/mm2) 776.18 592.01 0.068 0.102

CD8+ to TCs (average, μm) 55.24 80.26 0.038* 0.304

CD68+ to TCs (average, μm) 41.62 46.68 0.285 0.507
aWilcoxon signed-rank test.
bMann–Whitney test; *p < 0.05, considered statistically significant. PT primary tumor, MT metastatic tumor, TPS tumor proportion score, TCs tumor cells.

Fig. 2 Heterogeneity of immune markers in paired primary and metastatic tumors. A Heterogeneity in the tumor proportion score (TPS) of
PD-L1 expression between paired primary tumors (PTs) and metastatic tumors (MTs). B Circos figure shows the increase and decrease in the
continuous quantified value of TPS in different sites of metastases. C Circos figure shows the agreements of categorical TPS in MTs.
D Heterogeneity in CD8+ cytotoxic T lymphocytes (CTLs) infiltration between paired PTs and MTs. E Circos figure shows the increase
and decrease of CTLs infiltrating in MTs. F Heterogeneity in the spatial distance of CTLs and tumor cells (TCs) between paired PTs and MTs.
G Schematic diagram illustrates the spatial distribution of the immune-to-tumor cell distances.
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of PD-L1+ cells and TPS were not significant (both p > 0.05), while
immune infiltrates decreased in most samples, with significant
discrepancies in the density of CD68+ cells (p= 0.039). A
significant increase in the average distance between CD8+ CTLs
and TCs was also observed (p= 0.046). In contrast, in paired iMTs
and corresponding PTs, significant discordance was not observed
in PD-L1 expression, infiltrating lymphocytes, or spatial relations
between ICs and TCs.
As for TPS with dichotomized results at a cutoff of 5%, there was

poor agreement in paired eMTs (κ= 0.154), whereas there was
good agreement in paired iMTs (κ= 0.837). At a cutoff of 50%, a
high agreement of TPS was observed (κ ≥ 0.8) in both subgroups
of eMTs and iMTs (Table S1).
We also compared PD-L1 expression and infiltrating lymphocytes

between eMT and iMT samples, and no significant discrepancies
were observed.

Temporal heterogeneity of PD-L1 expression and TILs in
primary and metastatic NSCLC
The heterogeneity of immune contexture in metachronous MT
(mMT) and synchronous MT (sMT) in NSCLC was analyzed (Fig. 4
and Table S3). In paired mMTs and corresponding PTs, the
heterogeneity of the density of PD-L1+ cells, and the changes in

TPS were not significant, while IC populations decreased in most
samples with significant discrepancies in the density of CD8+ (p=
0.008) and CD68+ (p= 0.003). A significant increase in the average
distance of CD8+ ICs and CD68+ ICs to TCs was observed (p=
0.003 and p= 0.024, respectively). In contrast, in paired sMTs and
corresponding PTs, no significant discrepancies were observed.
As for TPS with dichotomized results at a cutoff of 5%, there was

poor agreement in paired mMTs (κ= 0.304), whereas there was
moderate agreement in paired sMTs (κ= 0.553). At a cutoff of
50%, a high agreement of TPS was observed (κ ≥ 0.8) in both
subgroups of mMTs and sMTs (Table S1).
We compared PD-L1 expression and infiltrating lymphocytes

between the mMT and sMT subgroups. Significant differences
were not observed in PD-L1 expression and immune infiltrates,
while a longer average distance of CD8+ ICs to TCs was found in
mMTs (p= 0.011).

Heterogeneity of PD-L1 expression and TILs in treated and
untreated metastatic NSCLC
To assess the possible impact of postoperative adjuvant treatment
on MTs, the heterogeneity of immune contexture in treated MT
(tMT) and untreated MT (uMT) was analyzed (Fig. 5 and Table S4).
In paired tMTs and corresponding PTs, significant heterogeneity

Fig. 3 Spatial heterogeneity of immune markers in metastatic tumors. The heterogeneity of PD-L1 expression, immune cell infiltration, and
immune-to-tumor cell distances in subgroups of extrapulmonary metastatic tumors (eMTs) and intrapulmonary metastatic tumors (iMTs).
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with a higher density was observed in PD-L1+ cells (p= 0.047)
and changes in TPS (p= 0.040). Most samples showed a decrease
in cell populations with significant discrepancies in the density of
CD8+ (p= 0.019) and CD68+ (p= 0.001) ICs. A significant
increase in the average distance of CD8+ and CD68+ ICs to TCs
was also observed (p= 0.004 and p= 0.017, respectively). In
contrast, in paired uMTs and the corresponding PTs, no significant
discrepancies were observed.
As for TPS with dichotomized results at a cutoff of 5%, there was

poor agreement in paired tMTs (κ= 0.216), whereas there was
moderate agreement in paired uMTs (κ= 0.500). At a cutoff of
50%, a moderate agreement was observed in tMTs (κ= 0.792),
while a high agreement of TPS was observed in uMTs (Table S1).
PD-L1 expression and infiltrating lymphocytes between the tMT

and uMT subgroups were compared. A higher density of PD-L1+
cells (p= 0.013) and higher TPS (p= 0.033) were observed in tMTs.
A longer average distance of CD8+ ICs to TCs was also found in
tMTs than in uMTs (p= 0.014).

Heterogeneity of PD-L1 expression and TILs in EGFR-mutated
primary and metastatic NSCLC
The heterogeneity of immune contexture between primary and
metastatic NSCLC cases was analyzed according to EGFR mutation

status (Fig. 6 and Table S5). In the EGFR-mutant subgroup,
significant heterogeneity with a higher density of PD-L1+ cells
(p= 0.004) and an increase in TPS (p= 0.002) were observed in
paired MTs and corresponding PTs. Most samples showed a
decrease in cell populations with significant discrepancies in the
density of CD8+ ICs (p= 0.006). A significant increase in the
average distance of CD8+ ICs to TCs was also observed (p=
0.019). In contrast, in the EGFR-wild subgroup, no significant
discrepancies in immune markers were observed in the paired
MTs and corresponding PTs.
As for TPS with dichotomized results at a cutoff of 5%, there was

poor agreement in paired MTs in EGFR-mutant cases (κ= 0.271),
whereas there was an obvious higher agreement in paired MTs in
EGFR-wild cases (κ= 0.765). At a cutoff of 50%, a moderate
agreement was observed in EGFR-mutant cases (κ= 0.773), while
a high agreement of TPS was observed in EGFR-wild cases (κ=
0.875) (Table S1).

Prognostic significance of the immune biomarkers in
metastatic NSCLC
We analyzed the correlations between immune markers and OS in
PTs and MTs separately. In PTs, none of the immune markers
significantly correlated with OS, while in MTs, a higher density

Fig. 4 Temporal heterogeneity of immune markers in metastatic tumors. The heterogeneity of PD-L1 expression, immune cell infiltration,
and immune-to-tumor cell distances in subgroups of metachronous metastatic tumors (mMTs) and synchronous metastatic tumors (sMTs).
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(higher than the median) of CD8+ CTLs significantly correlated with
a better outcome (p= 0.0183). In particular, we compared the
change in status (decrease or increase) of the quantitative immune
markers in MTs compared to PTs. Our results showed that an
increase in TPS was marginally correlated with a poor outcome (p=
0.0625), while an increase in the density of CD8+ cells (p= 0.0273)
was significantly correlated with a better outcome. Multivariate
analyses incorporating clinical parameters revealed that an increase
in CD8+ ICs in MTs compared to corresponding PTs was an
independent factor associated with a low risk of cancer-related
death in metastatic NSCLC (p= 0.0385, hazard risk (HR): 0.1151, 95%
CI [0.0149–0.8917]) (Fig. 7 and Table S6).

DISCUSSION
The evolution of TIME and the intertumoral heterogeneity of
immune markers in MTs are a concern in immunotherapy practice.
In this study, we demonstrated the quantitative heterogeneity of
immune contexture, including PD-L1 expression, lymphocyte
infiltrates, and spatial relations between ICs and TCs in surgically
derived whole sections of NSCLC via digital image analysis.
We also revealed the possible factors associated with significant
heterogeneity.

The TPS of PD-L1 expression is widely used to predict the
response to PD1/PD-L1 inhibitors in advanced NSCLC. The incon-
sistency of TPS in a proportion of metastatic NSCLC has been
reported, this may be due to the sample selection, intratumoral
heterogeneity of biopsy samples, and inter-variability among
observers [16–20]. Accurate assessment of PD-L1 scoring is a major
challenge for pathologists, and only semi-quantitative scores can be
evaluated on current IHC slides. Compared with conventional IHC,
digital mIF images enable multiplexed, quantitative analysis of tissue
specimens for co-expressed PD-L1 on TCs and ICs. Thus, a digital mIF
image method enables the quantitative assessment of TPS
discrepancies between MTs and PTs.
Our quantitative results of TPS on surgically resected samples

showed that significant heterogeneity of PD-L1 expression was
observed in MTs compared to corresponding PTs, and more cases
showed a higher level of PD-L1+ cell populations with an
increased TPS, suggesting that PD-L1 expression is more
commonly increased in metastatic NSCLC. The ATLANTIC trial
reported that the expression of PD-L1 was significantly higher in
tumor samples that received chemotherapy or radiotherapy
before sampling than in tumor samples that did not receive
treatment [27]. Similarly, we used paired samples and observed
higher PD-L1 expression mainly in treated MT samples, suggesting

Fig. 5 Heterogeneity of immune markers according to treatment status. The heterogeneity of PD-L1 expression, immune cell infiltration,
and immune-to-tumor cell distances in subgroups of treated metastatic tumors (tMTs) and untreated metastatic tumors (uMTs).
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that PD-L1 expression more commonly increased in metastases
with a history of traditional anti-tumor treatment than in samples
with natural tumor progression. This is helpful for the immu-
notherapy strategy of following clinical treatment in patients with
NSCLC who develop distant metastases.
The characteristics of the immune microenvironment play a

vital role in anticancer immunity. Mansfield et al. reported that
brain metastases may lack either PD-L1 expression, lymphocyte

infiltration, or both, in contrast to primary lung cancer samples
[28]. In our cohort of paired samples, most MTs had lower CD8+
CTL infiltrates with varying degrees, indicating that most MTs
possibly have a lower ability to recruit ICs against TCs after
metastatic progression, especially in distant metastases. In
addition, the multiplex strategy enabled us to provide an in situ
map with spatial cell distribution. A closer spatial distance
between ICs and TCs is commonly considered as a possible

Fig. 6 Heterogeneity of immune markers according to EGFR mutation status. The heterogeneity of PD-L1 expression, immune cell
infiltration, and immune-to-tumor cell distances according to EGFR mutation status in non-small cell lung cancer.

Fig. 7 Prognostic significance of immune biomarkers in metastatic tumors. A Survival analysis of immune biomarkers in metastatic tumors
(MTs) and its change status with overall survival (OS). B Forest tree showing the risk of the heterogeneity of immune markers in
metastatic NSCLC.
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effective immune-to-tumor cell interaction [29–31]. Therefore, an
increase in the spatial distance between infiltrating CD8+ cells
and TCs in MTs indicated that the role of CTLs in TCs possibly
decreased in most metastases.
Since advanced-NSCLC patients commonly develop several

distant metastases, there is clinical confusion regarding the use of
primary lesions or metastases for detecting immune markers.
Exploring the main clinical factors causing the significant
heterogeneity of immune markers in metastatic NSCLC may be
helpful in addressing this challenge. Subgroup analysis of the
associated clinical factors showed that the discrepancies in PD-L1
expression and TILs were mainly observed in subgroups of
extrapulmonary, metachronous, and treated MTs, but not for
intrapulmonary, synchronous, and untreated MTs. In particular,
postoperative adjuvant therapy had a significant influence on
tumor immune markers (Fig. S3). These results are consistent with
those of a study on brain metastases in which the time is
associated with CD8 expression discordance [32]. This means that
in patients who developed metachronous MTs with adjuvant
treatment, the MTs are suggested to be re-obtained for the
detection of immune biomarkers as a significant change in
comparison with PTs. It is important to predict the heterogeneous
response of ICIs to multiple distant metastases in patients with
advanced disease. In contrast, for intrapulmonary and synchro-
nous metastasis, both PTs and MTs are suitable for the detection
of immune markers.
EGFR mutation is the most common driver gene in East Asian

NSCLC patients and is usually negatively correlated with PD-L1
expression [33]. Studies have shown that NSCLC patients with
EGFR mutations commonly have a poor response to ICI
immunotherapy [34–38]. We evaluated immune biomarkers in
EGFR-mutant and wild-type NSCLC cases. Interestingly, we
observed significant heterogeneity of immune contexture only
in EGFR-mutant NSCLC, and nearly most samples showed an
increase in PD-L1 score in paired MTs in the EGFR-mutant
subgroup. The activation of the EGFR signaling pathway in
NSCLC may upregulate the expression of PD-L1 and immuno-
suppressive factors, thereby promoting the immunosuppressive
effect in TIME. Analyzing the mechanism of EGFR in the
regulation of PD-L1 expression during NSCLC metastatic
progression may be of interest in future research.
In this cohort, an increase in immune infiltrates was correlated

with a better outcome. Similarly, Camy et al. found that CD8
expression in brain MTs was marginally associated with a better
prognosis for brain metastatic lung cancer [32]. Considering the
role of immunomodulation in tumor progression, the changing
status of ICs may represent a positive or negative trend in the
immune response, and an increase in the density of CTLs in MTs
predicts a better outcome. Thus, when samples of both MTs and
PTs are available, detection and comparison of changes in the
status of immune infiltrates may be clinically useful for predicting
the OS in patients with metastatic NSCLC.
Our study has some limitations. The major drawback of this

study was the small number of samples, because the resected
samples were unusual in patients with distant metastases. Some
subgroup analyses on clinical factors, such as the impact of
different therapies, were not performed. The impact of clinical
factors on the heterogeneity of immune markers requires a larger
sample size to be verified. In addition, the impact of the
heterogeneity of immune markers in response to immunotherapy
remains to be investigated in subsequent studies.
In conclusion, there was heterogeneity in PD-L1 expression and

infiltrating lymphocytes between primary and metastatic NSCLC
samples. Significant discrepancies were mainly observed in long-
term metastases with a history of traditional adjuvant treatment
and were correlated with EGFR mutations. MTs in these patients
are recommended to be re-obtained as predictive samples
because of the significant heterogeneity of immune biomarkers

from PTs. In future studies, whether the heterogeneity of PD-L1
expression and TILs during NSCLC metastasis exerts an impact on
the heterogeneous response to immunotherapy needs further
verification.
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