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primary tumors and metastases. We found significantly 
fewer CD4+ and CD8+ T cells within tumor cell clusters 
as compared with the stromal compartment, both in pri-
mary tumors and corresponding metastases. CD8+ T cell 
counts were significantly lower in metastatic lesions than in 
the corresponding primary tumors, both in the stroma and 
the tumor cell islets. Of note, the CD8/CD4 ratio was sig-
nificantly reduced in metastatic lesions compared with the 
corresponding primary tumors in tumor cell islets, but not 
in the stroma. We noted significantly fewer CD11c+ cells 
and CD68+ as well as CD163+ macrophages in tumor cell 
islets compared with the tumor stroma, but no difference 
between primary and metastatic lesions. Furthermore, the 
CD8/CD68 ratio was higher in primary tumors than in the 
corresponding metastases. We demonstrate a differential 
pattern of immune cell infiltration in matched primary and 
metastatic NSCLC lesions, with a significantly lower den-
sity of CD8+ T cells in metastatic lesions compared with 
the primary tumors. The lower CD8/CD4 and CD8/CD68 
ratios observed in metastases indicate a rather tolerogenic 
and tumor-promoting microenvironment at the metastatic 
site.

Keywords Non-small cell lung cancer · Primary tumor · 
Metastasis · Immune cells · Anti-tumor immunity

Abbreviation
NSCLC  Non-small cell lung cancer

Introduction

Cancer is a disease characterized by a complex network of 
interactions between different cell types. It is well estab-
lished that tumors do not only consist of neoplastic cells 

Abstract Tumor-infiltrating lymphocytes play an impor-
tant role in cell-mediated immune destruction of cancer 
cells and tumor growth control. We investigated the het-
erogeneity of immune cell infiltrates between primary non-
small cell lung carcinomas (NSCLC) and corresponding 
metastases. Formalin-fixed, paraffin-embedded primary 
tumors and corresponding metastases from 34 NSCLC 
patients were analyzed by immunohistochemistry for 
CD4, CD8, CD11c, CD68, CD163 and PD-L1. The per-
centage of positively stained cells within the stroma and 
tumor cell clusters was recorded and compared between 
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but also involve non-cancerous cells such as stromal cells 
(e.g., fibroblasts), the neovasculature and a variety of tumor-
infiltrating immune cells as well as products of these cells, 
such as cytokines, growth factors and metabolites [1]. The 
role of tumor-infiltrating immune cells has been a matter of 
debate for many decades [2–4]. While immune cells may 
initiate anti-tumor immune responses, which may lead to 
tumor eradication or control, some immune cells, such as 
tumor-associated macrophages, mast cells and regulatory T 
cells have been shown to be rather tolerogenic, thereby pro-
moting tumor growth, angiogenesis and metastasis [3, 5–7]. 
M1 macrophages characterized by the expression of nitric 
oxide synthase 2 and proinflammatory cytokines harbor anti-
tumoral activity, whereas M2 macrophages support tumor 
progression by producing pro-angiogenic and growth fac-
tors as well as by direct dampening of anti-tumor immunity 
[8]. An in-depth characterization and subtyping of the dif-
ferent tumor-infiltrating immune cells are clearly warranted 
to allow for a better understanding of the distinct prognos-
tic and predictive values of individual cell types. In colon 
cancer, a favorable clinical outcome was associated with a 
coordinated Th1 polarization and cytotoxic T cell infiltra-
tion. In contrast, a low density of T cells was associated 
with a poor prognosis [9, 10]. Importantly, utilizing a net-
work model representing the entire tumor microenvironment 
allowed interrogating dynamic networks in the three-dimen-
sional immune landscape along with tumor progression and 
recurrence [11]. In non-small cell lung cancer (NSCLC), a 
higher number of tumor-infiltrating CD8+ T cells, natural 
killer cells and/or dendritic cells have been associated with 
improved patient survival [12–17]. Along the same [8] line, 
the frequency of regulatory T cells has recently been shown 
to be an independent prognostic factor [18].

T cell-targeted immunotherapies, such as antibod-
ies against the co-inhibitory receptors CTLA-4 and PD-1, 
have demonstrated a statistically significant improvement 
in overall survival in patients with advanced melanoma 
[19–21]. Recently, the PD-1 blocking therapeutic anti-
body nivolumab was shown to improve overall survival 
in lung adenocarcinoma compared with standard second-
line chemotherapy with docetaxel [22]. In addition to their 
promising therapeutic activity, PD-1/PD-L1 blocking anti-
bodies displayed a favorable safety profile [21, 23, 24]. 
These clinical successes highlight the potential of immune- 
and in particular T cell-targeted therapies in oncology.

In order to better understand the cellular mechanisms 
underlying cancer biology, and to further improve the clini-
cal benefit of patients treated with this novel class of immu-
notherapeutics, it is crucial to better understand the relative 
contribution of T cells to anti-tumor immunity in different 
tumor types. Moreover, we need to delineate the differen-
tial contribution and distribution of these cells in the pri-
mary tumor, but, equally important, at metastatic deposits. 

In patients with advanced cancer, immunotherapy also tar-
gets metastatic disease, which ultimately determines the 
clinical outcome.

Lung cancer is the leading cause of cancer-related death. 
About 85 % of lung cancers are NSCLC. At the time of 
diagnosis, most patients have distant metastases [7, 25]. 
The outcome of patients with NSCLC is mainly dependent 
on the extent of metastatic spread. Tumor metastasis is a 
complex process and characterized by different steps. Dur-
ing tumor cell selection, and in particular during metastasis, 
cancer cells undergo phenotypic changes through a process 
termed clonal evolution. In this context, it is important to 
realize that cancer cells do not evolve as an isolated entity, 
but in a continuous, bidirectional interaction with the host 
immune system, both in treatment-naïve patients as well 
as patients receiving therapy. The immune system prefer-
entially destroys highly immunogenic tumor cells, thereby 
forcing the selection of less immunogenic tumor cell vari-
ants [26–30]. It is particularly important to understand the 
role of immune cells during tumor progression for patients 
treated with novel immunotherapies, which recruit the host 
immune system/require host immune effector cells to be 
effective. In line with these findings, several well-estab-
lished chemotherapeutic agents [31–33] and more recently 
also cytotoxic payloads of antibody drug conjugates [34, 
35] have been found to mediate their anti-tumor effect, at 
least in part, by (re-)activating anticancer immunity.

There is clear evidence that tumor cells derived from 
the primary tumor and metastatic sites display molecularly 
distinct characteristics [36, 37]. However, our understand-
ing of the intra- and inter-tumoral heterogeneity between 
primary NSCLCs tumors and corresponding metastatic 
lesions with regard to tumor-infiltrating immune cells is 
poor. This is surprising owing to the prominent role of the 
immune system in combating cancer as well as the prog-
nostic value of tumor metastasis in NSCLC.

To better understand differences in immune response 
mechanisms between primary NSCLC lesions and cor-
responding metastases, we investigated whole sections of 
the primary tumors and the corresponding metastases from 
NSCLC patients for site-specific immune cell infiltration. 
In the light of the arrival of immune checkpoint blocking 
antibodies in the clinical arena, this is of particular clinical 
interest, as these therapies critically require the presence of 
effector T cell at the targeted tumor site.

Materials and methods

Study population

Thirty-four consecutive NSCLC diagnosed between 1998 
and 2012 with available resection specimens from both 
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the primary tumor and the corresponding metastases were 
retrospectively analyzed. The specimens were retrieved 
from the Institutes of Pathology University Hospital Basel 
(n = 14) and the Cantonal Hospital Lucerne (n = 20). A 
pathologist (Spasenija Savic) reviewed all tumor specimens 
for tissue adequacy and histology.

The 34 primary tumors were derived from 18 lobecto-
mies, nine pneumonectomies, five wedge resections and 
two bilobectomies. The 34 metastases were derived from 
the lung (n = 11, 32 %), brain (n = 10, 29 %), liver (n = 3, 
9 %), distant lymph nodes (n = 2, 6 %), kidney (n = 2, 
6 %), bone (n = 2, 6 %), pleura parietalis (n = 2, 6 %) as 
well as omentum majus and thyroid (n = 1, 2.5 % each). 
All lung metastases occurred metachronously and showed 
the identical histology as the corresponding primary 
tumors.

Tumor tissues were fixed in 4 % neutral-buffered forma-
lin, paraffin-embedded and stained with hematoxylin eosin 
and alcian blue periodic acid–Schiff according to routine 
procedures. Histological classification and stage of the 
tumors were reassessed based on the 2004 World Health 
Organization Classification, and the 7th edition of the 
tumor lymph node metastasis stage (TNM) classification of 
malignant tumors, respectively [38].

This study was conducted with the approval of the local 
ethics committee (approval number: 84/11).

Immunohistochemistry (IHC)

One representative formalin-fixed and paraffin-embedded 
tumor block each from the primary tumor and the corre-
sponding metastasis was selected for immunohistochemical 
analyses. The tissue was cut to 4-μm sections and depar-
affinized according to routine procedures. IHC was con-
ducted using pre-diluted CD4 (Ventana 790-4423 clone; 
pretreatment: CC1 16 min; incubation time: 12 min), CD8 
(Ventana 790-4460 clone; pretreatment: CC1 16 min; 
incubation time: 12 min), CD11c (Leica PA0554 clone; 
pretreatment: 32 min; incubation time: 24 min), CD68 
(DAKO IR613 clone; pretreatment: 16 min; incubation 
time: 12 min), CD163 (Ventana 760-4437 clone; pretreat-
ment: CC1 16 min; incubation time: 16 min) and PD-L1 
(Cell Signaling 13684 clone; pretreatment: CC1 24 min; 
incubation time: 32 min) monoclonal antibodies on the 
automated immunostainer Benchmark XT (Roche/Ventana 
Medical Systems, Tucson, USA) with 3,3′-diaminobenzi-
dine as chromogen. IHC protocols were performed accord-
ing to the recommendations of the respective manufacturer 
with minor modifications. The CD11c staining protocol 
did not work on the tumor collective from Lucerne, most 
likely due to preanalytic reasons. For this reason, only the 
tumor sections from Basel could be analyzed and included 
in Fig. 4 for the CD11c staining evaluation. All antibodies 

have previously been established; tonsillary tissue has been 
used as positive control.

Immunohistochemical evaluation

Stained tumor sections were randomly assembled and 
evaluated by a pathologist (Spasenija Savic) together with 
a biologist (Philipp Müller). The evaluation was blinded to 
the tumor origin (primary tumor vs metastasis). The analy-
sis was done in a semiquantitative manner on whole tumor 
sections. The percentage of positively stained inflammatory 
cells, relative to the total number of nucleated cells within 
the stroma or the tumor cell clusters, were noted for each 
tumor. Data are presented as the mean and standard error 
of the mean.

Statistical analysis

Statistical analyses of matched primary tumors and corre-
sponding metastatic lesions were performed using a Stu-
dent’s paired two-sample t test.

Results

Clinical characteristics

Most patients were male (n = 21, 61.8 %) and had an ade-
nocarcinoma (n = 20, 58.8 %). Fourteen out of 34 patients 
(41.2 %) had an early stage I disease at time of primary 
tumor resection. The median time between initial surgery 
of the primary tumors and resection of the metastases was 
19 month (range 5–96 months). The longest interval was in 
a patient suffering from a metastatic adenocarcinoma who 
had an excision biopsy of a brain metastasis 96 months 
after surgical removal of his stage IIIA primary lung carci-
noma. Clinicopathologic characteristics are summarized in 
Supplementary Table 1.

CD4 and CD8 positive T cells

In a first step, we quantitatively compared tumor-infiltrat-
ing CD4+ and CD8+ T cells as well as the CD8 to CD4 
(contains regulatory T cells) T cell ratio, which is often 
used as a measure to assess the activation state of anti-
tumor immunity [39, 40], in primary tumors and matched 
metastatic lesions. We further discriminated T cells infil-
trating the tumor stroma and tumor cell clusters (islets) 
within a given malignant lesion [9]. Figure 1 shows two 
examples from representative patients (panel A: CD4 cells; 
panel B: CD8 cells). We did not find a significant differ-
ence in the frequency of infiltrating CD4+ T cells between 
primary tumors and metastatic lesions for either the stromal 
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infiltrates or tumor cell islets (Table 1; Fig. 2a). When com-
paring CD8+ T cells between primary tumors and meta-
static lesions, we noted a significant reduction in these cells 
at the metastatic site both in the stroma and in the tumor 
islets (Table 1; Fig. 2b). A significantly lower number of 

CD4+ as well as CD8+ T cells were found within tumor 
cell islets as compared with the stromal compartment, both 
in primary tumors as well as the corresponding metastatic 
lesions.

Fig. 1  Representative images 
of immunohistochemical 
staining results. NSCLC tissue 
sections from the primary tumor 
as well as the corresponding 
metastases were stained for 
CD4 (a) or CD8 (b). Tumor 
sections from two independent 
patients with CD4+ and CD8+ 
T cell infiltrates are shown 
(original magnification ×10 and 
×40)

Table 1  Mean percentage of cells staining positively for immune cell markers in primary tumors and matched metastases

Data are the mean (standard error of the mean) percentage of positively staining cells out of the total nucleated cell count

Primary tumor Metastases P value (tumor cell islets: 
primary tumor vs metastases)

P value (stroma: primary 
tumor vs metastases)

Tumor cell islets Stroma Tumor cell islets Stroma

CD4+ cells 3.24 (0.67) 23.09 (1.97) 4.30 (0.98) 24.79 (3.39) 0.3690 0.4704

P value <0.0001 <0.0001

CD8+ cells 3.77 (0.68) 20.37 (1.91) 1.88 (0.49) 10.15 (1.39) 0.0029 <0.0001

P value <0.0001 <0.0001

CD8/4 ratio 2.84 (0.68) 1.23 (0.33) 1.17 (0.24) 0.79 (0.18) 0.022 0.1452

P value 0.0427 0.0983

CD11c+ cells 3.27 (1.46) 16.81 (3.36) 1.50 (0.47) 11.33 (3.59) 0.2754 0.2062

P value 0.0009 0.0139

CD68+ cells 4.07 (0.94) 16.04 (1.70) 3.11 (0.66) 18.34 (1.76) 0.2049 0.3172

P value <0.0001 <0.0001

CD8/68 ratio 2.40 (0.43) 3.33 (1.22) 1.32 (0.36) 1.12 (0.44) 0.0277 0.0905

P value 0.8419 0.9099

CD163+ cells 2.33 (0.74) 12.26 (1.53) 3.5 (0.96) 14 (2.12) 0.2260 0.4021

P value <0.0001 <0.0001
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Compared with primary tumors, the CD8-to-CD4 ratio 
was significantly reduced in metastatic lesions for T cells 
infiltrating tumor islets but not for those infiltrating the 
stroma (Table 1; Fig. 2c). When comparing T cell infil-
tration within the tumor stroma to the infiltrates in tumor 
islets, we found a weak but significant increase in the CD8-
to-CD4 ratio in the tumor islets of primary tumor lesions 
as compared with the corresponding stromal compartment.

Dendritic cells

In the panel A of Fig. 3, two representative examples 
of CD11c IHC staining are shown. We could not find a 
statistically significant difference in tumor-infiltrating 
CD11c+ dendritic cells between primary tumors and met-
astatic lesions, neither for cells infiltrating the stroma nor 
for those infiltrating tumor cell islets (Table 1; Fig. 4a). 
However, again there was a significantly higher density of 

CD11c-positive cells in the tumor stroma as compared with 
the corresponding tumor cell islets, both in primary tumors 
as well as metastases.

Macrophages and CD8 T cell‑to‑macrophage ratio

Panel B of Fig. 3 depicts representative CD68 IHC staining 
from two patients for macrophages in the primary tumors 
and the corresponding metastatic lesions. When comparing 
primary tumors to the corresponding metastases, we could 
not find a significant difference regarding the abundance 
of CD68+ cells (Table 1; Fig. 4b). As also shown for other 
tumor-infiltrating immune cells, macrophages were found 
in significantly higher numbers in the stromal regions as 
compared with tumor cell islets in both primary tumors and 
metastases.

As CD68-positive tumor-associated macrophages have 
been associated with a rather tolerogenic and therefore 

Fig. 2  Quantitative comparison of tumor-infiltrating CD4+ and 
CD8+ T cells on large tumor sections as depicted in Fig. 1 show-
ing relationships in individual patients. A paired analysis of CD4-
positive cells (a), CD8-positive cells (b), and the CD8-to-CD4 ratio 
(c) was performed. From left to right: paired stroma [comparison of 
infiltrates within the tumor stroma between primary tumor (PT) and 
metastatic site (MET)]; paired tumor (comparison of infiltrates within 

the tumor islets between primary tumors and metastatic sites); PT 
(stroma:tumor) (primary tumor: comparison of infiltrates between 
the tumor stroma and the tumor islets); MET (stroma:tumor) (meta-
static site: comparison of infiltrates between the tumor stroma and the 
tumor islets). IHC positive events have been depicted as % of total 
nucleated cells; paired two-sample t test was used to compare paired 
samples (n = 34)
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immunosuppressive state [8, 41, 42], we also assessed the 
CD8-to-CD68 ratio. The only significant difference that 
we observed was between the tumor islets of the primary 
tumors and the corresponding metastatic lesions, with the 
CD8-to-CD68 ratio being higher in the primary tumor 
(Table 1; Fig. 4c).

The scavenger receptor CD163 is expressed on M2 mac-
rophages that are associated with tumor progression and 
immune tolerance. Panel C of Fig. 3 shows representa-
tive CD163 IHC staining from two patients. CD163 stain-
ing showed a similar distribution as CD68. We detected a 
significantly lower rate of CD163 positivity in tumor cell 
islets compared with the tumor stroma. Comparing primary 
tumors to metastatic lesions, we could not detect a statis-
tically significant difference for the infiltration of CD163-
positive cells (Table 1; Fig. 4d).

Programmed cell death ligand 1 (PD‑L1)

Figure 5a shows two representative samples of PD-L1 IHC 
staining from primary tumors and the corresponding metas-
tasis. Comparing primary tumors and corresponding metas-
tases revealed no significant difference in PD-L1 positivity 
of tumor or myeloid cells (Fig. 5b).

Results are summarized in Table 1 and Supplementary 
Fig. 1.

Discussion

The increasing knowledge and in-depth understanding of 
the role that tumor-infiltrating immune cells, and in par-
ticular T cells, play during tumor development have revo-
lutionized our view of cancer and paved the road for new 

Fig. 3  Representative images 
of immunohistochemical 
staining results. NSCLC tissue 
sections from the primary tumor 
as well as the corresponding 
metastatic site were stained for 
CD11c (a), CD68 (b) or CD163 
(c). Tumor sections from two 
independent patients with 
CD11c+ dendritic cell (DC) and 
CD68+ and CD163+ mac-
rophage infiltrates are shown 
(original magnification ×10 and 
×40)
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immune-directed treatment strategies. It is well established 
that tumor-infiltrating immune cells are heterogeneously 
distributed between tumor types, and show a wide inter-
patient variability. Their prognostic significance has been 
demonstrated for different tumor entities [43–45]. Recently, 
B cell density has been established as a new prognostic 
marker in NSCLC patients demonstrating the existence of 

a protective B cell-mediated immunity [46]. It has further 
been shown that the immune composition within malignant 
lesions may even predict the therapeutic efficacy of specific 
chemotherapeutic drugs in colorectal and breast cancer 
[47, 48]. However, though the presence of distinct immune 
cell populations within tumors can serve as a prognostic 
or even predictive marker in some tumor entities, there are 

Fig. 4  Quantitative comparison of tumor-infiltrating CD11c+ den-
dritic cells and CD68+ and CD163+ macrophages, respectively, 
on large tumor sections as depicted in Fig. 3. A paired analysis of 
CD11c-positive cells (a), CD68-positive cells (b), the CD8-to-CD68 
ratio (c), and CD163-positive cells (d) was performed. From left 
to right: paired stroma [comparison of infiltrates within the tumor 
stroma between primary tumor (PT) and metastatic site (MET)]; 
paired tumor (comparison of infiltrates within the tumor islets 

between primary tumors and metastatic sites); PT (stroma:tumor) 
(primary tumor: comparison of infiltrates between the tumor stroma 
and the tumor islets); MET (stroma:tumor) (metastatic site: com-
parison of infiltrates between the tumor stroma and the tumor islets). 
IHC positive events have been depicted as % of total nucleated cells; 
paired two-sample t test was used to compare paired samples (n = 34 
for CD8 and CD68 staining; n = 14 for CD11c staining)
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additional important parameters, such as location, density, 
and functional differentiation, which are crucial for effec-
tive anti-tumor immunity. The global immune composition 
of tumors has recently been termed the “Tumor Immu-
nome” [11, 49–51].

To the best of our knowledge, our study is the first to 
investigate differences regarding tumor-infiltrating immune 
cells between primary tumors and the matched metastatic 
lesions from NSCLC patients. Furthermore, we compared 
the frequencies of different immune cell subsets in the 
tumor stroma to that in tumor cell islets.

Our results show that the number of T cells, dendritic 
cells and macrophages is significantly higher in the tumor 
stroma as compared with the tumor cell islets, which is also 
true for M2 macrophages. This is in line with the results 
from previous studies and may reflect the difficulty that 
immune cells which have been attracted to the tumor site 
have overcoming the physical and endothelial barriers in 
order to penetrate into tumor cell islets [52]. We found a 
significantly higher density of CD8+ T cells, in both com-
partments of primary tumors as compared with the cor-
responding metastatic lesions. This observation may have 
important implications for novel immunotherapeutic inter-
ventions in patients with metastatic versus localized dis-
ease, as therapies such as PD-1 blockade specifically target 
these effector T cells. PD-L1 is expressed in several solid 
tumors and seems to be associated with worse prognosis 
in NSCLC [53]. In our study, the expression of PD-L1 on 
tumor cells or tumor-infiltrating lymphocytes is not different 
between primary tumors and metastatic lesions. However, 

the significance of PD-L1 positivity as predictive marker 
for immune checkpoint inhibitors targeting PD-1/PD-L1 
has not been clarified so far. Interestingly, it has been shown 
that preexisting CD8+ T cells distinctly located at the inva-
sive tumor margin may predict response to anti-PD-1 ther-
apy and are associated with expression of the PD-1/PD-L1 
immune inhibitory axis [54]. Different immunopheno-
types of human cancer have been correlated with cytokine/
chemokine profiles and may require a different type of 
therapeutic intervention and/or pretreatment to increase the 
number of effector T cells infiltrating the malignant lesions, 
to facilitate immunotherapeutic interventions [55, 56]. Fur-
thermore, a higher CD8-to-CD4 ratio was detected in the 
tumor cell islets of primary tumors as compared with the 
tumor cell islets of the corresponding metastatic lesions. No 
significant differences were detected in the tumor stroma. 
However, there are no significant differences for CD4+ T 
cells located in primary tumor and metastases, respectively. 
The CD8-to-CD4 ratio was further elevated within the pri-
mary tumor islets as compared with the primary tumor 
stroma. Regulatory T cells (CD4+) play a key role in the 
suppression of anti-tumor immunity by dampening cyto-
toxic T lymphocyte responses (mostly CD8+ T cells) [57]. 
The reduced CD8-to-CD4 ratio in tumor islets at the meta-
static site may therefore indicate a rather tolerogenic local 
immune environment, which hampers anti-tumor immu-
nity and favors tumor growth [39, 40]. We demonstrated a 
similar correlation for the CD8-to-CD68 ratio with a lower 
ratio in metastatic lesions, which exhibited a significant dif-
ference in the tumor cell islets only. As tumor-associated 

Fig. 5  a Representative images 
of immunohistochemical 
staining results. NSCLC tissue 
sections from the primary tumor 
as well as the corresponding 
metastatic site were stained for 
PD-L1. Tumor sections from 
two independent patients with 
PD-L1-positive tumor cells and 
PD-L1-positive tumor-infiltrat-
ing myeloid cells are shown 
(original magnification ×10 and 
×40). b Quantitative com-
parison of PD-L1 expression 
on tumor and myeloid cells on 
large tumor sections as depicted 
in a of this figure. A paired 
analysis of PD-L1-positive 
tumor cells and PD-L1-positive 
myeloid cells in primary tumors 
and metastatic lesions was 
performed. IHC positive events 
have been depicted as % of total 
nucleated cells; paired two-sam-
ple t test was used to compare 
paired samples (n = 34)
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macrophages are generally associated with local immune 
suppression [41, 42, 58], these findings further support a 
scenario that the metastatic deposits represent functionally 
different and rather tolerogenic sites as compared with the 
corresponding primary tumors.

In conclusion, this study confirms previous reports that 
T cells, dendritic cells and macrophages are found at higher 
frequencies within the tumor stroma of NSCLC lesions as 
compared with the adjacent tumor cell islets. For the first 
time, we show a distinct pattern of immune cell infiltration 
in primary tumors versus matched metastatic lesions. Fur-
ther studies using independent cohorts of patients will have 
to confirm our findings and prove the potential prognostic 
value of these different, local immune microenvironments 
in primary tumors and metastases. The different immune 
profiles observed in primary and metastatic tumors indi-
cate that immunotherapies, which require high numbers of 
functional effector T cells (CD8+) to be effective, would 
be more likely to control the growth of the primary tumor 
mass but not metastatic deposits. Our findings may there-
fore have important implications for novel immune-based 
therapies targeting T cells, such as the recently approved 
PD-1 blockade. They may further be crucial for designing 
personalized combination immunotherapy treatment regi-
mens that are optimized depending on the immune pheno-
type of the metastatic sites.
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