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Abstract
Immune cells of the tumor microenvironment are central but erratic targets for immunotherapy. The aim of this study
was to characterize novel patterns of immune cell infiltration in non-small cell lung cancer (NSCLC) in relation to its
molecular and clinicopathologic characteristics. Lymphocytes (CD3+, CD4+, CD8+, CD20+, FOXP3+, CD45RO+),
macrophages (CD163+), plasma cells (CD138+), NK cells (NKp46+), PD1+, and PD-L1+were annotated on a tissue
microarray including 357 NSCLC cases. Somatic mutations were analyzed by targeted sequencing for 82 genes and a
tumor mutational load score was estimated. Transcriptomic immune patterns were established in 197 patients based
on RNA sequencing data. The immune cell infiltration was variable and showed only poor association with specific
mutations. The previously defined immune phenotypic patterns, desert, inflamed, and immune excluded, comprised
30, 13, and 57% of cases, respectively. Notably, mRNA immune activation and high estimated tumor mutational load
were unique only for the inflamed pattern. However, in the unsupervised cluster analysis, including all immune cell
markers, these conceptual patterns were only weakly reproduced. Instead, four immune classes were identified: (1) high
immune cell infiltration, (2) high immune cell infiltration with abundance of CD20+ B cells, (3) low immune cell infil-
tration, and (4) a phenotype with an imprint of plasma cells and NK cells. This latter class was linked to better survival
despite exhibiting low expression of immune response-related genes (e.g. CXCL9, GZMB, INFG, CTLA4). This
compartment-specific immune cell analysis in the context of the molecular and clinical background of NSCLC reveals
two previously unrecognized immune classes. A refined immune classification, including traits of the humoral and
innate immune response, is important to define the immunogenic potency of NSCLC in the era of immunotherapy.
©2021 The Authors. The Journal of Pathology published by JohnWiley & Sons, Ltd. on behalf of The Pathological Society of Great Britain
and Ireland.
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Introduction

The introduction of checkpoint inhibitors has revolu-
tionized lung cancer therapy and proved that the immune
system can control cancer growth. Antibodies directed
against the immune regulatory elements PD1 and PD-L1
are now approved in first- or second-line treatment [1].

However, most patients do not achieve long-term ben-
efit, as a durable response has only been demonstrated
in approximately 20% of patients [2–4]. Translational
biomarker analyses suggest several parameters that
have a predictive impact on PD1/PD-L1 therapy, yet
the most convincing predictive marker is the immuno-
histochemical (IHC) expression of PD-L1 on cancer
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cells [2–6]. Although numerous studies have found
such an association, the predictive value is only moder-
ate and varies considerably between studies [6]. Addi-
tional molecular biomarkers have been suggested, for
example, tumor infiltrating lymphocytes, tumor muta-
tion burden (TMB), and circulating tumor DNA [7–
9]. These are now under evaluation, and some may
soon enter clinical diagnostics.
A more complex, but promising, concept is based on

the individual immune response patterns assessed by
the abundance of different immune cells in a patient’s
tumor lesion [7,10,11]. Some tumors exhibit a high num-
ber of infiltrating immune cells, particularly CD4+ and
CD8+ lymphocytes [6,7,9]. Transcriptomic analysis
revealed that these tumors also express proinflammatory
cytokines, indicating a basic antitumor immune
response, although not efficient enough to control tumor
growth [6,9,12,13]. These tumors have been designated
inflamed or hot. By contrast, tumors with a general low
immune infiltration signature were designated as
immune desert or cold tumors [9,14,15]. A third tumor
category is characterized by an abundance of immune
cells in the stroma only, but not infiltrating the cancer

cell nests; a phenotype termed immune excluded.
[9,16,17]

Although the three subgroups, inflamed, excluded,
and desert, are accepted as immunotherapy biomarkers,
both the inter- and intra-heterogeneity of different cancer
types, the variability of used biomarkers, as well as
applied criteria, challenge the efforts to establish an
immune-based classification of lung cancer [17–19].
Few studies have managed to link immune cell infiltra-
tion to the benefit of checkpoint inhibition in non-small
cell lung cancer (NSCLC) patients. In a recent study that
applied multiplex quantitative immunofluorescence, the
presence of CD3+ cells was associated with a durable
clinical response in NSCLC patients treated with check-
point inhibitors [4]. Furthermore, the authors identified a
dormant immune phenotype characterized by the pres-
ence of T cells with low proliferation (low Ki67) or
low activation (low granzyme B) in the tumor compart-
ment that was strongly associated with survival of trea-
ted patients. It should be noted that this study included
only 36 NSCLC cases and was carried out retrospec-
tively. Also, immune cell phenotypes can be confounded
by patient selection bias, i.e. smoking status, mutation
status, marker selection (PD-L1), or histologic subtype.
Indeed, attempts to establish prognostic immune pro-
files, such as the immunoscore developed in colorectal can-
cer, have failed to provide clinically relevant information in
NSCLC so far [11,20].

It is evident that there is a need to better understand the
immune response in NSCLC in a holistic and unbiased
manner. Here we analyzed multiparametric immune
phenotypes in a comprehensively annotated NSCLC
patient cohort in relation to both clinical and molecular
parameters, including mutational status, TMB, as well
as RNA expression data. The ultimate goal was to iden-
tify fundamental immune response patterns in NSCLC.

Materials and methods

Patient material
This study included 357 NSCLC patients treated surgi-
cally at Uppsala University Hospital between 2006 and
2010 [21]. Patient characteristics are shown in Table 1.
Tissue microarrays (TMAs) with duplicate 1-mm cores
were constructed using representative formalin-fixed
paraffin-embedded tumor tissue blocks, as described
previously [22]. The study was conducted in accordance
with the Declaration of Helsinki and the Swedish Ethical
Review Act (approved by the Ethical Review Board in
Uppsala, #2012/532).

Molecular analysis
Genomic DNAwas extracted either from fresh-frozen or
paraffin-embedded tissue. Targeted deep sequencing
was carried out for 352 of the 357 patients included in
this study using the Haloplex system for target amplifi-
cation (Agilent Technologies, Santa Clara, CA, USA).

Table 1. Patient characteristics of the Uppsala cohort.
No. %

No. patients 357 100.0
Age (years)

≥70 141 39.5
<70 216 60.5

Gender
Male 176 49.3
Female 181 50.7

Smoking category
Smokers 182 51.0
Ex-smokers (>1 year) 134 37.5
Never-smokers 41 11.5

Histology
Squamous cell carcinoma 103 28.9
Adenocarcinoma 229 64.4
Large cell carcinoma 8 2.2
Adenosquamous 5 1.4
Sarcomatoid 3 0.8
Large cell neuroendocrine carcinoma 9 2.5

Stage (TNM 7)
IA 146 40.9
IB 76 21.3
IIA 41 11.5
IIB 34 9.5
IIIA 50 14.0
IIIB 0 0.0
IV 10 2.8

Performance status (WHO)
0 214 59.9
1 138 38.7
2 5 1.4

Treatment
No adjuvant treatment 166 46.5
Adjuvant treatment 151 42.3
Neoadjuvant treatment 3 0.8
Adjuvant + neoadjuvant treatment 1 0.3
Missing data 36 10.1
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The analysis included all coding exons of 82 lung
cancer-related genes (see supplementary material,
Table S1). Sequencing was performed and 125-bp
paired-end reads obtained using the Illumina HiSeq
2500 platform (Illumina, San Diego, CA, USA). The
reads were mapped to the reference genome (hg19) and
identification of mutations was carried out as described
previously [23]. The tumor mutational load (TML) was
estimated by dividing the number of non-synonymous
mutations in a sample by the size (0.47 Mb) of the
sequenced genome.

Corresponding gene expression data were available
for 197 patients (see supplementary material, Table S2)
obtained by RNA sequencing (RNAseq), as described
previously [24]. RNA was extracted from fresh-frozen
tissue and prepared for sequencing using the Illumina
TruSeq RNA Sample Prep Kit v2 with polyA selection
(Illumina). The sequencing was carried out based on
the standard Illumina RNAseq protocol, with a read
length of 2� 100 bases. The rawdata, togetherwith clinical
information, are available on the gene expression omnibus
with the accession number GSE81089.

Immunohistochemistry
IHC was carried out as previously described [24]. In
brief, sections cut at 4 μm from tissue paraffin blocks
were dried onto slides overnight at room temperature
and then heated at 50 �C for approximately 12 h. Depar-
affinization was carried out using xylene and hydration
using consecutively weaker solutions of ethanol. During
deparaffinization, blocking of endogenous peroxidase
was accomplished by a 5-min exposure to 0.3% H2O2

in 95% ethanol. Heat-induced epitope retrieval was used
as the antigen retrieval method, with 4 min of pressure
boilingwith a pH6 retrieval buffer and subsequent cooling
to 90 �C.

A full protocol is available on the website of the
human protein atlas (http://www.proteinatlas.org/
download/IHC_protocol.pdf). The antibodies used for
the IHC analyses were as follows: CD3ε (CL1497,
1:1000 dilution; Atlas Antibodies, Stockholm, Sweden),
CD4 (CL0395, 1:125 dilution; Atlas Antibodies), CD8A
(CL1529, 1:250 dilution; Atlas antibodies), CD20 (L26,
pre-prepared manufacturer dilution; Agilent Technolo-
gies), CD45RO (UCHL1, 1:1000 dilution; Abcam,
Cambridge, UK), CD138 (MI15, 1:100 dilution; Agilent
Technologies), CD163 (10D6, 1:100 dilution; Novocas-
tra, Newcastle, UK), FOXP3 (236A/E7, 1:15 dilution;
Santa Cruz Biotechnology, Dallas, TX, USA), PD1
(MRQ-22, 1:100 dilution; Cell Marque, Rocklin, CA,
USA), and NKp46 (195314, 1:50 dilution; R&D Systems,
Minneapolis, MN, USA).

PD-L1 (22C3, pre-prepared dilution; Agilent Tech-
nologies) staining was carried out at the Clinical Pathol-
ogy Unit at Uppsala University Hospital on a DAKO
autostainer system (Agilent Technologies) following
the manufacturer’s instructions, including antigen
retrieval at pH6.

Annotation of immune cell infiltration
Immune marker-positive cells were visually annotated
as the percentage of stained viable, nucleated cells in
the respective stroma and tumor compartments for the
whole tissue area of both TMA cores. The immune cell
score in the stroma compartment was calculated by
dividing positive immune cells by all immune cells and
all other stroma cells (fibroblasts, endothelial cells,
etc.). In the tumor compartment, the immune score was
calculated by dividing positive immune cells by all other
cells (tumor cells and immune cells). The increments
used for visual annotation were 0, 1, 5, 10, 15, 20,
25, 30, 35, 40, 50, 60, 70, 80, 90, and 100%. The esti-
mated percentage in each case was rounded down to
the nearest increment and used as the immune marker
score for further analysis. Thus, for example, if a quo-
tient of 5%was annotated, approximately five of 100 via-
ble cells in that compartment were stained in the
corresponding compartment. For the annotation of
the PD-L1 staining in the tumor compartment, we used
the common annotation of cancer cell staining used in
clinical diagnostics (tumor proportion score), which is
the percentage of viable tumor cells showing partial or
complete membrane staining (same percentage incre-
ments as above). The annotation for each marker was
carried out by different observers (MB, PK, DD, HE,
JSMM, ME) and supervised and reviewed by a trained
lung pathologist (PM).
A different data set from the same patient cohort was

used as part of a previous study describing immune cell
infiltration in NSCLC [25]. The immunostains for CD3,
CD4, CD8, FOXP3, and CD20 in that study were inde-
pendently quantified using a different categorization
and were annotated by different observers and not used
in this study.

Immune classes based on CD8+ infiltration in tumor
and stroma
Cases were divided into the immune classes inflamed,
immune excluded, and immune desert based on CD8+
cell infiltration in the tumor and stroma compartments.
Cases with ≥10% annotated CD8+ cells in the tumor
compartment were classified as inflamed. Cases with
<10% annotated CD8+ cells in the tumor compartment
but ≥10% annotated CD8+ cells in the stroma compart-
ment were classified as immune excluded. The remaining
cases, having <10% of CD8+ cells in both tumor and
stroma compartments, were classified as immune desert.

Statistics and bioinformatics
Difference in immune infiltrates between the two his-
tologic subgroups (adenocarcinoma and squamous
cell cancer) were analyzed using the Wilcoxon
signed-rank test (see supplementary material,
Table S3). A correlation analysis between immune
markers as well as between immune markers and esti-
mated TMB was carried out using Spearman’s rank
correlation (see supplementary material, Tables S4A–C
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and S5A). Fisher’s exact test was used to analyze
relations between immune markers and mutations (see
supplementary material, Table S5B–D). Comparisons
between clinical data and immune infiltrates were
assessed with theWilcoxon signed-rank test (see supple-
mentary material, Table S6). The association between
immune classes (desert, immune excluded, and inflamed
as well as inflamed, CD20, plasma NK, and desert) and
estimated TML were carried out using the Wilcoxon
signed-rank test (see supplementary material,
Table S7A,B) and for histologic subtype Fisher’s exact
test was used (see supplementary material,
Table S7C,D). Molecular differences between immune
classes (desert, excluded, and inflamed, as well as the
alternative immune classes proposed in this study,

inflamed, CD20 inflamed, plasma NK, and desert) were
analyzed using Fisher’s exact test (see supplementary
material, Table S8A,B). A survival analysis was carried
out using multivariate Cox regressions controlling for
stage, performance status, age, and smoking. The non-zero
median was used as a cut-off to dichotomize the annotated
marker ratios. A hierarchical cluster analysis was carried
out with Euclidean distance as metric and complete-link-
age clustering as the linkage criteria using the Complex-
Heatmap package (version 1.99.0) for R [26] based on
values for immune infiltrates and PD-L1 expression that
were normalized. The survminer package (version 0.4.3.)
was used to calculate pairwise comparisons between the
four immune classes. The differential gene expression of
the immune classes was compared using R package

Figure 1. (A) Expression of immune markers in NSCLC tissue. Representative microscopic images of IHC staining of TMA sections including
357 NSCLC cases using antibodies against CD3, CD4, CD8, CD20, CD138, CD45RO, CD163, FOXP3, NKp46, PD1, and PD-L1. (B) The immune
landscape of NSCLC. Illustration of the mean proportion of immune cell infiltration in the tumor cell compartment (orange large cells) and the
stroma compartment (beige background). For visualization purposes the immune marker score was normalized to 100 cells. PD-L1 expression
is displayed as a brown border in tumor cells. PD-L1 expression in the stroma and PD1 expression is not illustrated because it does not show
cell type-specific expression and can be expressed by a variety of cells.
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DESeq2 version 3.12. The top 100 most differentially
expressed genes between each group were included in a
gene ontology analysis directly on the Gene Ontology
Consortium website (geneontology.org) using the
PANTHER classification system [27].

P values < 0.05 were considered to be significant and
adjustment for multiple testing was carried out using the
Benjamini–Hochberg procedure within each histology
group (all NSCLC, adenocarcinoma, and squamous cell
cancer). All analyses, if not otherwise indicated, were
performed using R version 4.0.2.

Results

Immune cell infiltration in NSCLC
NSCLC tissue from 357 operated patients (Table 1) were
stained for lymphocytic markers (CD3, CD4, CD8,
CD20, FOXP3, CD45RO), anti-inflammatory macro-
phages/myeloid cells (CD163), plasma cells (CD138),
NK cells (NKp46), and the checkpoint molecule
PD-L1, as well as PD1. CD163 was chosen as a tumor-
associated macrophage marker because our previous
analyses showed a high correlation between the pan-
macrophage marker CD68 and CD163, a marker for

anti-inflammatory macrophages [28]. The markers were
annotated as the percentages of stained viable cells in the
tumor and stroma compartments separately. Representa-
tive examples are shown in Figure 1A. The protein
expression based on IHC markers pooled for tumoral
and stromal compartments correlated well with the
RNAseq expression of the corresponding genes (see
supplementary material, Figure S1). Only NKp46+
(NK cells) and CD138+ cells (plasma cells) did not
show a significant correlation. For NKp46, this was
probably due to low cell abundance. The discrepancy
related to CD138 can be explained by the fact that
CD138 is expressed on plasma cells but also on tumor
and bronchial epithelial cells, which were excluded in
the IHC annotation. The results support the validity of
the analyzedmarkers and the reliability of the IHC-based
annotation.
In principle, all immune cells showed a higher abun-

dance in the stroma compartment than in the tumor com-
partment (see supplementary material, Figure S2 and
Table S3) The single most abundant cell type in the
stroma were CD163+ cells, i.e. anti-inflammatory mac-
rophages/myeloid cells, often considered to represent
M2 macrophages [29].
In the tumor compartment, the most frequent immune

cells were CD3+ T cells. Within this group, CD8+ cells

Figure 2. Relationship of mutation status to immune marker score in adenocarcinoma. The mutation status of the targeted sequence analysis
(82 genes) was associated with compartment-specific immune cell infiltration or PD1 and PD-L1 expression. The figure shows mutations that
were significantly associated with a distinct immune infiltration in adenocarcinomas (see also supplementary material, Table S5C). No
associations were seen in the squamous cell carcinoma subgroup (see supplementary material, Table S5D). MT, mutated; WT, wild type.

Immune classification in NSCLC 247

© 2021 The Authors. The Journal of Pathology published by John Wiley & Sons, Ltd.
on behalf of The Pathological Society of Great Britain and Ireland. www.pathsoc.org

J Pathol 2021; 255: 243–256
www.thejournalofpathology.com

http://geneontology.org
http://www.pathsoc.org
http://www.thejournalofpathology.com


(cytotoxic T cells) showed a higher predilection for
tumor infiltration than CD4+ cells (T helper cells) and
CD163+ cells. Notably, FOXP3+ (T regulatory cells)
and CD138+ cells (plasma cells) were rarely identified
in the tumor compartment, while relatively abundant in
the stroma. PD-L1 expression demonstrated the
expected proportions, with 55% negative cases, 45%
cases with ≥1, and 17% of cases with ≥50% positive
tumor cells. A generic NSCLC immune cell profile,
based on the average abundance of each cell type and
marker, in the tumor and stroma compartments, respectively,
is illustrated in Figure 1B.
The pattern of immune cell infiltration was different

between the main histologic subtypes of NSCLC (see
supplementary material, Table S3). In the stroma, adeno-
carcinoma showed a higher infiltration of all T cell sub-
types except FOXP3+ regulatory T cells, whereas
plasma cells and NK cells were more abundant in squa-
mous cell cancer (all adjusted p < 0.05). In the tumor cell
compartment, CD20+ cells were more frequent in ade-
nocarcinoma and CD45RO+ cells were more frequent
in squamous cell cancer. Thus, the immune response is
influenced by the histologic subtype of NSCLC.

Immune cell correlations
To identify possible associations between different
immune cell types, we correlated the annotation scores
for all immune cells to each other. This was carried out
for all NSCLC cases, as well as for adenocarcinoma
and squamous cell cancer separately (see supplementary

material, Table S4A–C). There was a strong cross-
correlation of immune scores, indicating a coordinated
immune cell infiltration. Thus, if one immune cell type
was present, other immune cell types were also likely
to be present. This was true for the immune cell infiltra-
tion of the tumor as well as the stroma compartment and
was particularly pronounced for the lymphocytic sub-
populations. Also, high PD-L1 expression of tumor cells
or inflammatory cells in the stromal compartment corre-
lated with high immune cell infiltrates; in particular,
CD8+, CD45RO+, FOXP3+, CD163+, and NKp46+
cells.

Immune cell infiltration in relation to mutations
Targeted sequencing of 82 cancer-related genes was per-
formed on 352 of the 357 NSCLC patients. Genes that
were mutated in at least 10% of samples were included in
the subsequent analysis (see supplementary material,
Table S9) with the aim of evaluating if specific genetic
alterations in tumor cells are linked to a specific immune
reaction (see supplementary material, Table S5B–D).
Associations of specific immune cell markers were in
principle only seen in the histologic subset of adenocar-
cinomas (see supplementary material, Table S5C) and
concerns KEAP, NF1, LRP1B, CSMD3, EGFR, and
TP53 mutations (Figure 2). TP53 mutations showed
the most frequent associations to immune cell infiltra-
tion. TP53-mutated tumors showed higher number of
CD3+ and CD163+ cells in the tumor compartment
and were more often PD-L1 positive. A particularly

Figure 3. Association of immune infiltration with overall survival. A Cox regression model was applied to analyze the association of the
immune marker scores in all NSCLC, adenocarcinoma, and squamous cell cancer for tumor and stroma compartments. The hazard ratio of
each association is displayed in the forest plots. S, stroma; T, tumor; ST, stroma and tumor taken together as a total score. The Cox regression
model was controlled for age, stage, smoking, and performance status (P value). P values were also adjusted for multiple testing (adj. P value).
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strong association (adjusted p= 0.00001) was observed
between the presence of TP53mutations and high PD1+
cell infiltrates in the tumor compartment. No relations
between immune cells and mutation were identified
when the smaller subgroup of squamous cell cancer
was analyzed (see supplementary material, Table S5D).

Finally, we estimated the total TML based on the tar-
geted sequencing data. In the analysis of adenocarci-
nomas, a higher estimated TML was associated with a
higher proportion of CD8+ and CD45RO+ cells in the
tumor compartment, higher FOXP3+ cells in the stroma
compartment, as well as higher CD163+ cells in the
tumor and the stroma compartment. The estimated
TML was also associated with higher PD-L1 tumor cell
expression. Furthermore, the TML correlated strongly
with PD1+ immune cells in both the tumor and stroma
compartments (both adjusted p < 0.001). No correlation
between estimated TML and immune infiltration in the
smaller squamous cell cancer subgroups was noted (see
supplementary material, Table S5A).

Overall, the results indicate that the genetic back-
ground of the tumor, in terms of acquired somatic muta-
tions and estimated TML, is of relevance for the immune
microenvironment of NSCLC.

Immune cell infiltration, clinical correlates, and
survival
The abundance of immune cells was correlated to
dichotomized clinical parameters: age, performance sta-
tus, gender, smoking status, and stage (see supplemen-
tary material, Table S6). No statistically significant
correlation was observed after adjustment for multiple
testing (false discovery rate > 0.05); neither for the
whole cohort nor for either of the main histologic sub-
groups. The strongest trend (false discovery
rate = 0.11) was seen in ever-smokers, which revealed
higher numbers of CD163+ cells and PD1+ cells in
the tumor compartment. If all evaluated correlations
were taken into consideration, a trend was apparent for
immune cells of any subtype: more frequent in female
patients, smokers, younger patients, and patients with a
better performance status or a lower stage.
The immune cell infiltration scores were then tested

for correlation with overall survival, as illustrated in
the forest plots (Figure 3). Controlled for age, stage, per-
formance status, and smoking, total tumor infiltration
(stroma and tumor area combined) of NK and plasma
cells was associated with longer survival in the complete

Figure 4. CD8-based immune phenotypes in NSCLC. (A) The number and distribution of CD8+ cells were used to assign 350 patients to the
immune classes inflamed, immune excluded, and desert. (B) The immune classes were analyzed regarding the expression of genes associated
with T cell activation and regulation based on RNAseq data that were available for 195 cases. *p < 0.05, **p < 0.001, ***p < 0.0001.
(C) Kaplan–Meier plots show the survival of patients according to the three immune classes.
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cohort and in the adenocarcinoma subgroup. In squa-
mous cell cancer, PD-L1 expression and CD45RO+ cell
infiltration was associated with longer survival. Thus,
the prognostic impact of immune profiles seems to be
histology dependent, in part reflecting the findings that
the immune cell infiltration patterns were different in
adenocarcinoma and squamous cell cancer.
However, these associations should be interpreted

with caution. After strict adjustment for multiple testing,

only plasma cell infiltration remained significantly asso-
ciated with survival in the complete NSCLC cohort.

T cell-based immune classification of NSCLC
Three histologically distinct immune patterns have been
described to represent natural occurring cancer immunity:
inflamed, desert, and immune excluded (Figure 4A) [30].
We captured these immune phenotypes using the

Figure 5. Unsupervised hierarchical cluster analysis of immune markers in the tumor compartment. NSCLC cases (357) were clustered, based
on the levels of immune marker scores and proportion of PD-L1 expression in the tumor compartment. The upper rows specify sex, smoking
status, 2- and 5-year survival, as well as mutation status, estimated TML, and main histologic subtype, as well as the assignment to the
immune phenotypes inflamed, immune excluded, or desert. The lowest row of the figure illustrates the four defined immune classes.
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proportion of CD8 infiltrates in the stroma and tumor
compartments. Most cases (57%) were characterized by
an abundance of CD8 lymphocytes in the stroma but
low direct infiltration in the tumor compartment, desig-
nated as immune excluded. Only 13% of cases demon-
strated a typical inflamed phenotype, with high CD8
cells in the tumor compartment. By contrast, 30% showed
an immune desert pattern, with low CD8 cell infiltration
in both tissue compartments. For a subset of 190 patients,
we compared gene expression profiles between the three
immune classes. Only the inflamed group showed a dis-
tinct upregulation of genes associated with T cell activa-
tion (CXCL9, GZMA, GZMB, PRF1, INFG) and T cell
regulation (FOXP3, TGFB1, IL10, CTLA4, PDCD1/
PD1) (Figure 4B). Similarly, differential expression anal-
ysis indicated a general higher expression of immune-
related markers in the inflamed phenotype than in the
excluded/desert phenotype (see supplementary material,
Table S10A–C). Notably, these upregulated genes were
related to the gene ontology terms ‘positive regulation
of NK cell-mediated immunity’. Moreover, cases in the
inflamed group revealed a significantly higher estimated
TML than cases in the excluded or desert subsets (see sup-
plementarymaterial, Table S7A). Therewas no difference
in the frequency of specific mutations (see supplementary
material, Table S8A) but there were more squamous cell
cancer subtypes in the desert group (see supplementary
material, Table S7C). Finally, we compared overall sur-
vival between the three immune classes, and observed a

non-significant but clear trend towards better survival of
the excluded phenotype compared with the desert subset
(p = 0.053) (Figure 4C).
Taken together, only the inflamed group revealed a

specific immune response pattern associated with higher
mutational load, still without any impact on survival.
These results indicate that a simplistic classification based
on CD8 cells may not reflect the complexity of the
immune response against cancer, at least not in the natural
course of tumor development in naïve non-treated
patients.

Extension of immune phenotypes in NSCLC
In order to investigate if the explanatory power of
immune phenotypes could be improved, we applied an
unbiased approach and included all 11 immune markers
in an unsupervised hierarchical cluster analysis. The heat
map for immune cell infiltration and immune markers
revealed four main clusters (Figure 5). The largest clus-
ter comprised 282 cases with general lower numbers of
immune cells, a group that overlapped partially with
the previously described desert pattern [9,29]. Two other
clusters showed overall high immune cell counts
(n = 42), differing mainly in the abundance of CD20+
cells (n = 14). Finally, a small cluster (n = 19) was dis-
tinguished with a relative abundance of the NKp46+
(NK cells) and/or CD138+ cells (plasma cells). We des-
ignated this group plasma NK.

Figure 6. (A) Expression levels of T cell-related genes in the immune classes. RNAseq data were available for 197 cases of the Uppsala II
cohort. The four immune classes derived from the cluster analysis were compared with regard to the mRNA expression (FPKM values) of
genes-related T cell activation and T cell regulation. *p < 0.05, **p < 0.001, ***p < 0.0001. (B) Survival analysis of immune classes.
Kaplan–Meier analysis of the four immune classes (CD20, inflamed, plasma NK, and desert) were based on the cluster analysis of the immune
marker scores of the complete NSCLC cohort. The table gives the P values of the pairwise comparisons of overall survival.
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For further characterization we compared the avail-
able RNAseq data for each group (desert, inflamed,
CD20, and plasma NK). Differential gene expression
analysis revealed typical motifs associated with the
immune cell type in general (supplementary material,
Table S11). In line with lymphocyte infiltration data, T
cell activation and regulatory genes showed significantly
lower expression levels in the desert groups than in all
other groups (Figure 6).
Neither the frequency of specific mutations, the esti-

mated TML nor the proportion of histologic subtypes
were different between the four immune classes in the
complete NSCLC cohort (see supplementary material,
Tables S7B,D and S8B).
Finally, the survival analysis demonstrated that the

plasma NK subclass was linked to significantly better
survival, with a 5-year survival rate of 73% versus
39% in the desert subgroup and 36% in the inflamed
group (Figure 6). The analysis of the clinical characteris-
tics (age, sex, smoking status, histology, stage, perfor-
mance status) of the patients in this plasma NK cell
group revealed no significant difference compared with
the rest of the patient cohort (see supplementary material,
Table S12).

Discussion

Our study provides a comprehensive description of the
immune landscape of NSCLC based on immune cell infil-
tration in situ and gene expression profiles, analyzed in con-
nection with the detailed mutational background of a large
clinical patient cohort. The study supplements previous
efforts to understand the immune response in NSCLC and
also extends current concepts of immune classifications.
Previous immune classifications were mainly based

on lymphocytic infiltration, with focus on CD8+ T cells.
Based on microscopical quantification of cell infiltrates
in the tumor cell compartment and the surrounding
stroma, three patterns (inflamed, desert, and excluded)
have been proposed to reflect distinct tumor-associated
immunoreactivity patterns [9,12,30,31]. However, the
applied criteria to define these patterns differ consider-
ably regarding the amount and type of immune cells, as
well as location, that are used for categorization
[10,32,33]. To our knowledge, this is the first time that
this concept has been rigorously applied on a large
cohort of lung cancer samples.
In our study, most cases showed an immune excluded

phenotype with immune infiltration that was restricted to
the stroma. Despite abundant immune cells, the T cell
activation status based on gene expression profiles did
not reveal a significant difference between the immune
excluded and desert phenotypes. This indicates an effec-
tive silencing of the immune response and supports the
assumption that both phenotypes represent functionally
non-inflamed tumors.
Only a few tumors revealed the classical inflamed

phenotype with increased expression of T cell activation

markers (INFG and granzyme A) and a concurrent upre-
gulation of inhibiting signals (e.g. PD1), which is in
accordance with T cell exhaustion [34,35]. Surprisingly,
the three immune patterns did not reflect responses with
bearing on survival in the natural course of NSCLC.
Notably, this does not exclude an influence, when check-
point inhibitor therapy is used to relieve T cell inhibition
in treated patients.

By contrast, when we used an unbiased strategy and
included more immune cells and markers into the analy-
sis, a different, partially overlapping pattern emerged.
We identified an immune cluster comprising around
5% of cases with a signature of NK cells and/or plasma
cells. This subgroup showed favorable prognosis, even
though markers of T cells and their activation were
low. This finding is reflected by the fact that only the
presence of NK and plasma cells was associated with
long-term survival in the uni- and multivariate Cox
regression models.

How does the presence of NK and plasma cells con-
tribute to the favorable prognosis? It has been shown that
plasma cells present the cell type with the strongest asso-
ciation with long-term survival in many cancer types,
including lung cancer [36–39]. Plasma cells are often
present at sites of inflammation and are generated from
activated B cells by T cell-dependent and -independent
mechanisms. T cell-independent responses lead to the
production of natural Ig isotypes (IgM and IgA) and do
not require help from previous antigen presentation.
The T cell-dependent mechanism requires antigen pre-
sentation and concomitant T cell activation in secondary
lymphoid organs leading to Ig isotype switch (IgA, IgG,
IgE). It would therefore be interesting to explore Ig iso-
type patterns in plasma cell-rich tumors. As antigen pre-
sentation and T cell-dependent B cell activation occur in
secondary lymphoid organs, it is not possible to say
whether the plasma cells present in tumors are there as
a consequence of previous T cell-dependent B cell acti-
vation or not. Of note, recently the presence of tertiary
lymphoid structures in melanoma tumors with potential
intra-tumoral activation of B cells has been proposed as
an important predictive marker for immune checkpoint
blockade [40].

NK cells represent an effective innate immune cell
population with tumoricidal capacity that does not
require previous antigen presentation and activation in
lymph nodes [41]. Infiltration of tumors by NK cells
has been linked to a favorable outcome, although the
studies in lung cancer are limited [42,43]. NK cells can
kill cancer cells through different mechanisms, includ-
ing death receptors, cytotoxicity by exocytosis of gran-
ules, and cytokine release, and in addition they are
involved in the regulation of other immune cells.[44]
The low RNA expression of perforin and granzyme
A/B in this plasma NK group may indicate that the NK
cells are exhausted, but one may also speculate that they
have switched to death receptor-dependent mechanisms
involving the activation of caspase cascades [45]. The
infiltration by NK and plasma cells may be coincidental.
However, several lines of evidence suggest a crosstalk
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between NK and B cells. In particular, NK cells may
stimulate B cell maturation toward a plasma cell pheno-
type with associated Ig production [46,47]. In addition,
plasma cells produce Igs against tumor cell epitopes
and enables anti-tumoral NK cell-mediated antibody-
dependent cellular cytotoxicity (mediated either via
granzyme release or death receptors). The interaction
of CD40 ligand on activated NK cells with its receptor
on B cells seems to be the main molecular mechanism
for the NK–B cell crosstalk [47,48]. It is conceivable to
speculate that the NK–plasma cell immune profile
reflects a favorable activation status of the host immu-
nity, manifested by NK and plasma cells. This would
extend the previously described role of NK cells in can-
cer immunity [44]. In melanoma, the abundance of NK
cells correlates with overall survival in the TCGA
datasets and the responsiveness to anti-PD1 immune
checkpoint therapy [48]. Further evaluation of the NK–
plasma cell class and related immune cell populations
is clearly warranted, to confirm our observations and
critically test alternative interpretations.

Another novel group that our cluster analysis revealed
was characterized by abundant inflammatory cells and B
cell infiltration (CD20). Because this group included few
cases, it was difficult to carry out a statistically meaning-
ful comparative analysis for further characterization.
Therefore, although interesting, we regard this finding
as descriptive.

To our knowledge, there are only a few previous stud-
ies that have analyzed a broader spectrum of immune
cells in the tumor microenvironment of lung cancer in
relation to clinical andmolecular data. Most studies have
focused on the T lymphocytes and macrophages, and not
included plasma cells or NK cells [49]. Kadara et al [50]
analyzed 10 immune markers (PD-L1, PD1, CD3, CD4,
CD8, CD45RO, CD57, CD68, FOXP3, and granzyme
B) in a cohort of 92 lung adenocarcinomas in relation
to whole exome sequencing data. They found a
decreased CD4/CD8 expression in tumors with STK11
mutations and higher PD-L1 expression in tumors with
TP53 mutations.

Another study evaluated 221 adenocarcinomas with
respect to the markers CD68 (monocyte/macrophage),
CD66 (neutrophilic granulocyte marker), CD8 (cyto-
toxic lymphocytes), and LAMP3 (dendritic cell marker)
[51]. In a cluster analysis they defined three clusters:
(1) inflamed with dominant lymphocytic infiltration;
(2) infiltration mainly by macrophages; and (3) poor
immune cell infiltration. The inflamed cluster showed a
strong trend for longer survival compared with both
other groups. The authors also observed that the
inflamed group had more TP53 mutations but fewer
STK11 mutations. Our cluster analysis did not support
these relationships. Instead, we found that TP53 mutant
tumors showed a higher infiltration of CD163+ cells
and CD3+ cells, also indicating a more inflamed tumor
type. We could not show a link between STK11 muta-
tions and immune cells, possibly due to the small sub-
group size. Independent studies are required to evaluate
whether our strict adjustment for multiple testing in the

statistical analysis leads to an underestimation of correla-
tions between immune infiltrations and mutation patterns.
A previous study included our patient cohort to

describe the prognostic impact of immune markers in
705 patients [25]. Although the main results were pro-
vided on a merged data set, the prognostic impact of
the immune markers of our cohort was given separately.
In agreement with our study, it displayed a general trend
that higher numbers of immune cells were associated
with longer survival. Only CD79A (B cell marker) and
IGKC (plasma cell marker) were significantly associated
with longer survival. In the present study, although we
used CD138 instead of IGKC as a plasma cell marker,
we found the same strong association between survival
and plasma cell infiltration. This indicates the reliability
of the semiquantitative assessment of IHC staining of
immune cells and that the strong associations are inde-
pendent of the observer.
Our study is hitherto the most comprehensive regard-

ing the number of immune markers, molecular parame-
ters, and annotation complexity included in the
analyses of lung cancer. However, some aspects should
be taken into consideration when interpreting our results.
As we used TMAs, the whole tissue section was repre-
sented by only two 1-mm cores. Thus, we cannot fully
capture the tissue heterogeneity and could potentially
miss certain immune cellular compartments, such as ter-
tiary lymphoid structures that are considered to play a
central role in cancer immunity [40,52]. Furthermore,
the quantification and localization of cell types were
made based on microscopic evaluation on separate sec-
tions. Thus, cell distances and interaction were not
assessed. More recent multiplex techniques with auto-
mated quantifications would provide a more accurate
quantification and spatial information [53,54].
Also, because of the retrospective nature of our study,

the data can only be related to clinical development after
surgery and other second-line modalities of treatment
available during the time period up to 2010.An entirely dif-
ferent picture may emerge when the response to immuno-
therapy is studied. On the other hand, our data suggest
interesting new perspectives to consider when evaluating
immunotherapy responses.We believe that it is worthwhile
to include markers, especially for plasma and NK cells, in
prospective studies of immune checkpoint inhibitors.
In conclusion, our study provides a detailed,

compartment-specific description of immune infiltrates
in NSCLC. The findings extend previous concepts and
suggest that specific attention to plasma cells and NK
cells is warranted. Further refinement of the immune
classification will hopefully provide better tools to guide
therapy or suggest alternative treatment strategies to
overcome resistance to immunotherapy.
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