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Meta-Analysis
Prognostic significance of immune cells in non-small cell lung
cancer: meta-analysis
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ABSTRACT

Background: Tumor-associated immune cells are prognostic in non-small cell
lung cancer (NSCLC) but findings have been conflicting.

Objectives: To determine the prognostic role of immune cells according to
localization in NSCLC patients.

Methods: A systematic literature review and meta-analysis was performed on
dendritic cell (DC), tumor associated macrophages (TAM), mast cells (MC), natural
killer (NK) cells, T and B cells and tumor CTLA-4 and PD-L1 studies.

Results: We analysed 96 articles (n= 21,752 patients). Improved outcomes were
seen with increased tumor DCs (overall survival (OS) hazard ratio (HR) 0.55; 95%
confidence interval (CI) 0.44-0.68), NK cells (OS HR 0.45; 0.31-0.65), TAMs (OS HR
0.33; 0.17-0.62), M1 TAMs (OS HR 0.10; 0.05-0.21), CD3+ T cells (disease specific
survival (DSS) HR 0.64; 0.48-0.86), CD8+ T cells (OS HR 0.78; 0.66-0.93), B cells
(OS HR 0.65; 0.42-0.99) and with increased stroma DC (DSS HR 0.62; 0.47-0.83),
NK cells (DSS HR 0.51; 0.32-0.82), M1 TAMs (OS HR 0.63; 0.42-0.94), CD4+ T cells
(OS HR 0.45; 0.21-0.94), CD8+ T cells (OS HR 0.77; 0.69-0.86) and B cells (0OS
HR 0.74;0.56-0.99). Poor outcomes were seen with stromal M2 TAMs (OS HR 1.44;
1.06-1.96) and Tregs (relapse free survival (RFS) HR 1.80; 1.34-2.43). Tumor PD-L1
was associated with worse OS (1.40; 1.20-1.69), RFS (1.67) and DFS (1.24).

Conclusion: Tumor and stroma DC, NK cells, M1 TAMs, CD8+ T cells and B cells
were associated with improved prognosis and tumor PD-L1, stromal M2 TAMs and
Treg cells had poorer prognosis. Higher quality studies are required for confirmation.

INTRODUCTION has a major role in influencing cancer development [2], of

which immune cells are considered to contribute to tumor

Lung cancer is one of the most common malignancies destruction, as well as tumor development by promoting
globally, accounting for 1.5 million cases annually. It is also growth and invasion [3, 4].

the leading cause of cancer deaths globally, causing 1.3 In recent times, a major advance in the treatment

million deaths annually [1]. The tumor microenvironment of non-small cell lung cancer (NSCLC) has been the use
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of immunotherapy, such as immune checkpoint inhibitors
targeting cytotoxic T lymphocyte antigen-4 (CTLA-4),
programmed death receptor-1 (PD-1) and programmed
death receptor ligand-1 (PD-L1) [5]. In the advanced stage
NSCLC setting, many PD-1/PD-L1 inhibitors have been
approved for use [6], although results from trials in the
resected tumor setting have been less encouraging [7].

The potential of the immune system to contribute
functionally to both tumor elimination and promotion, and
the observed significant effects of its modulation through
immunotherapy, have supported that the immune system
can be a significant determinant of the outcomes of NSCLC
patients. As such, numerous studies have investigated the
prognostic and predictive significance of many different
cell types of the immune system over the years [4]. The
different immune cell types have included mast cells,
dendritic cells, natural killer cells, macrophages, neutrophils
of the innate immune system, T and B lymphocytes of the
adaptive immune system, as well as CTLA-4 and PD-L1-
expressing cells targeted by immunotherapy. In many cases,
specific subtypes of immune cells, such as M1 and M2
macrophages, and CD3+, CD4+, CD8+, and regulatory T
cells have been examined. Moreover, assessment according
to localization of the immune cells in tumor parenchyma
or stroma has also been performed. This is based on the
observed varied presence of these cells in the tissue
compartments, and associated functional implications.

Findings from such reports have been numerous
and varied according to immune cell type, outcome
endpoint, tissue localization, study quality, as well as
results. This study was undertaken with the goal of
consolidating knowledge on the prognostic significance
of the many immune cell types in NSCLC, and according
to investigated co-factors.

METHODS

Search strategy

Meta-analysis was conducted according to the
guidelines of the Systematic Reviews and Meta-Analyses
(PRISMA) [8]. Relevant articles were identified through
a systematic search of PUBMED using the MeSH terms:
“Immune cell type” AND “lung neoplasm” limited to
“Human”, “English”. MeSH terms for the immune cell
types were “mast cells”, “macrophage”, “dendritic cell”,
“NK cell”, “regulatory T cell”, “CD3 T-lymphocyte”, “CD4
T-lymphocyte”, “CD8 T-lymphocyte”, “B cell”, “CTLA-
4 antigen” and “Antigen, CD274” (PD-L1). Articles
published up to 7 July 2017 were included in our search.

Inclusion and exclusion criteria

The inclusion criteria for articles were those that
reported on samples from patients with primary lung
tumors with NSCLC, having no systemic treatment or

radiation therapy prior to sample collection, and sufficient
prognostic information to determine pooled Hazard
Ratios (HR). Where HRs were not reported, included
studies had to have sufficient information to extrapolate
HR. The exclusion criteria included studies on blood
or other body fluids or pre-clinical models, studies on
the optimization of immunohistochemistry (IHC) or
quantitative immunoflurorescence (QIF) methods, or
using non-IHC/QIF based methods to detect immune
cells, as well as letters and case reports. References cited
in retrieved articles were checked for additional relevant
articles. Data from other reviews and meta-analyses were
not included, but articles identified through references
cited were reviewed. Irrelevant and/or duplicate studies
were removed by manual curation. Study eligibility was
assessed independently by two authors (RAS and ZC).

Data extraction

Two investigators (RAS and ZC) independently
extracted the data. The following details were extracted
from each study: first author, publication year, PMID,
country of origin of the study population, immune cell
studied, phenotype, markers used to define immune cell
type, localization of immune cells (defined as “tumor”,
“stroma” or, if the localization was unspecified, “general”
compartment), sample size, number of events, tumor
stage, treatment setting, and histology (adenocarcinoma,
squamous cell carcinoma or mixed). For study
methodology, data was collected on the assay used, tissue
sample used (full tissue sections or tissue microarray),
antibodies used, scoring method and thresholds used to
define expression. Survival outcomes annotated included
disease-free survival (DFS), relapse-free survival (RFS),
disease-specific survival (DSS) and overall survival (OS).

Assessment of study quality and risk of bias

RAS and HLT independently assessed study quality
according to the criteria developed by McShane 2005 and
Hayes [9, 10] for tumor marker prognostic studies. In brief,
the criteria assessed seven domains including: inclusion
and exclusion criteria, prospective or retrospective study
design, patient and tumor characteristics, method or assay
description, outcome measures defined, patient follow
up and number of patients lost to follow-up or otherwise
unavailable for analysis.

Statistical analysis

The prognostic effect of an immune cell was
quantified by HR, defined as the relative hazard of death
or disease progression of patients with high or positive
immune cell levels against those with low or negative
immune cell levels. Where HRs were not reported, they
were estimated using hazard ratio, odds ratio, or the
ratio of median survival, as proposed by Parmar [11].
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Stratified analysis was conducted according to localization
(tumor, stroma, general), or phenotype of immune cells.
A meta-analysis was performed when there were at least
two studies in a stratum. Therefore, a single study with
a reported HR in an analytic stratum was not analyzed.
For studies with considerable heterogeneity, studies were
modelled for random-effects, according to the methods
of DerSimonian and Laird [12]. Otherwise, a fixed-effect
model was used. Heterogeneity was considered to be low,
moderate, and high for 1> values of 25-50%, 50-75%,
and >75%, respectively [13]. Results for each immune
cell type were displayed using a forest plot. A funnel
plot was constructed to visualize small-study effects and
possible publication bias for a stratum with five or more
studies. To test for small-study effect, the Egger’s test
was subsequently performed when there were at least 10
studies in a stratum. Median survival times were derived
from the Kaplan-Meier survival curves using Digitizelt
2.2. All analyses were performed using StataSE14
(StataCorp LP, College Station, Texas) by assuming a two-
sided statistical test with 5% significance level.

RESULTS

A systematic search of PubMed and referenced
articles resulted in 3,291 records, from which 96 individual
studies, assessing 21,752 patients, were eligible for meta-
analyses (Supplementary Tables 1-2, Supplementary
Figure 1). The majority of studies were from East Asia (61,
64%) and mixed NSCLC histology (60, 63%). IHC was
used in 92 (96%) of studies, and full tissue sections were
used in 67 (70%). The average study quality score for all
studies was 4.7.

Mast cells

Mast cells (MC) play a key role in allergic diseases
but are also involved in immune responses. Depending on
the type of solid tumor, mast cells can enhance adaptive
immunity but also play a key role in tumor angiogenesis,
tumor invasion, and immune suppression [14]. Ten
studies were analysed [15-24]. (Supplementary Table 1
and 2, Supplementary Figure 1A). The number of studies
analysed per stratum ranged from two to three (Table 1).
Early studies reported MC counts without consideration
of tumor localisation (Supplementary Table 2). Three out
of four studies reported increased MC was associated
with a worse OS, however the associations did not reach
statistical significance in pooled analysis (HR 2.23; 95%
CI0.61-8.11) (Table 1, Figure 1A). Later studies assessed
outcomes according to localisation, and reported MC
were not significantly associated with OS in the tumor
(HR 1.21; 0.58-2.51) or stroma (HR1.34; 0.99-1.81). A
high degree of heterogeneity was seen in studies on OS
according to general (I*> 94.1%, p < 0.001) and tumor
(12 74.1%, p = 0.021) localisation.

Dendritic cells

Dendritic cells (DC) are the most potent antigen
presenting cells and regulate the immune system to respond
to foreign antigens while avoiding autoimmunity and
therefore are important in cancer, generating both immunity
and tolerance [25]. Eight studies (were suitable for analysis
(Supplementary Tables 1, 2, Supplementary Figure 1B).
The average quality score was 4.5 (Supplementary Table 1)
[24, 26-32]. On pooled analysis, the HR for OS for general
DC was 0.65 (0.30—1.38) (Table 1, Figure 1B). Inoshima
et al. first reported high DCs in the tumor compartment
was associated with longer OS [27]. In pooled analysis,
increased tumor DC was prognostic for OS (HR 0.55;
0.44-0.68) but not for DSS (HR 0.80; 0.53-1.20). In
contrast, stromal DC was significantly associated with DSS
(HR 0.62; 0.47-0.83). Study heterogeneity was generally
low in the studies examined for OS in tumor and DSS in the
tumor and stroma. Funnel plot analysis was not performed
as there was an inadequate number of publications per
stratum.

Natural killer (NK) cells

Natural killer (NK) cells are the major effector cells
of the innate immune system, and have an important role
in the immune response against cancer [33]. Only five
studies were suitable for pooled analysis (Supplementary
Tables 1, 2 Supplementary Figure 1C) [24, 28, 34-36].
Pooled analysis revealed increased tumor NK cells were
associated with an improved OS (HR 0.45; 0.31-0.65) but
not DSS (HR 2.29; 0.62—8.69), whereas stromal NK cells
were associated with better DSS (HR 0.51; 0.32—0.82)
(Table 1, Figure 1C). Study heterogeneity was low. As
the number of publications per stratum was only 2 or 3,
further studies of adequate sample size should be pursued.

Tumor associated macrophages

Tumor associated macrophages (TAMs) are part of
the innate immune system and have an essential function
against foreign pathogens [37]. Eighteen studies were
analysed (Supplementary Tables 1, 2, Supplementary
Figure 1D) [20, 21, 24, 28, 29, 38-50]. The number of
studies per stratum was 2-5 (Table 1). Initial studies
reported on tumor-associated macrophages (TAM) in
the general compartment [39, 40] and subsequently the
importance of tumor localization was first recognised
by Eeroloa et al. who found increased tumoral TAM
was associated with an improved OS and DFS [38]. The
significance of TAM localization was extended further in
a pivotal paper that reported increased tumor TAM had an
improved OS whereas stromal TAMs had worse OS [21].

In our pooled analysis, increased TAMs in general
had worse OS (HR 2.32; 1.38-3.90) (Table 1, Figure 2A).
When analysed according to localization, increased
TAMs in the tumor compartment was associated with a
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Table 1: Summary of hazard ratios, sample

according to cellular localization

sizes and average quality scores from pooled analyses for cell types

General Tumor Stroma
DSS oS DSS oS DSS oS
2.23[0.61-8.11] 1.21 [0.58-2.51] 1.07 [0.96-1.20] 1.34[0.99-1.81]
Mast cells NA n468(4) Q4.25 NA n630(3) Q5.3 n390(2) Q5 (1291(2) Q6.5
. 0.65 [0.30-1.38] 0.80[0.53-1.20]  0.55 [0.44-0.68] 0.62 [0.47-0.83]
Dendritic cells NA n525(3) Q4 n390(2) Q5.5 n534(3) Q4.67 n390(2) Q2 NA
Natural Killer NA NA 229[0.61-8.69]  0.45[0.31-0.65] 0.51[0.32-0.82] NA
cells n390(2) Q5.5 n374(3) Q2.67 n390(2) Q5
2.32[1.38-3.90] 0.76 [0.50-1.15]  0.33 [0.17-0.62] 0.79 [0.59-1.06] 1.55 [1.01-2.37]
Macrophages NA 1695(5) Q4.2 1350(2) Q5 1n443(4) Q5 1n350(2) Q5 n704(5) Q5.4
0.10 [0.05-0.21] 0.63 [0.42-0.94]
Macrophages, M1 NA NA NA n140(2) Q4.5 NA n140(2) Q4.5
0.78 [0.35-1.71] 232 [1.66-3.24] 1.4 [1.06-1.96]
Macrophages, M2 NA NA NA 1n348(3) Q4.67 n512(2) Q57 n853(5) Q5
0.72 [0.53-0.97] 0.64[0.48-0.86]  0.88 [0.74-1.05] 1.13 [0.38-3.35] 0.86 [0.62-1.18]
T cells, CD3+ NA n848(4) Q4.5 n350(2) Q5> 1n420(3) Q3 n350(2) Q5 n325(2) Q3
0.86 [0.61-1.217  0.74 [0.48-1.15] 0.23 [0.06-0.95] 0.45[0.21-0.94]
T cells, CD4+ NA NA n350(2) Q5.5 n678(4) Q4.5 n350(2) Q5.5 n358(3) Q5.67
0.70
T cells. CD8- [0.48-1.02]  0.80 [0.56-1.15] 0.69[0.50-0.96]  0.78 [0.66-0.93] 0.47 [0.36-0.63] 0.77 [0.69-0.86]
cels, n554(3) n1348(6) Q4.5 n350(2) Q5.5 n2844(9) Q4.55 n1187(3) Q5.67° n2157(8) Q5
Q4.34!
1.42 [0.78-2.60] 1.430.69-2.94]  1.00 [0.75-1.34] 1.80 [1.34-2.43] 1.43 [0.69-2.94]
T cells, regulatory NA n146(2) Q3.5 n578(2) Q4 n578(2) Q4 n678(3) Q4710 n750(5) Q4.4
0.65 [0.42-0.99] 0.74 [0.56-0.99]
B cells NA NA NA 1590(2) Q.5 NA L64400) Q.5
-~ 1.67[1.22-2.29]  1.40 [1.20-1.69]
PD-LI NA NA n2245(10) Q4.8*  n8970(35) Q5 NA NA

Results are expressed as pooled HR [95% confidence limit], number of patients (number of studies), Q (average quality score).

DFS = disease-free survival, DSS = disease-specific survival, NA = not analyzable, OS = overall survival, RFS = relapse-free survival.

'DFS, no DSS available.

RFS HR = 0.73 [0.40-1.32].
*DFS HR = 1.01 [0.54-1.88].
‘RFS HR = 1.11 [0.73-1.68].
SDFS HR = 0.58 [0.32-1.04].
°RFS HR = 1.22 [0.82-1.83].

"RFS, no DSS available.

SDFS HR = 1.24 [1.01-1.52].
°DFS HR = 1.69 [1.11-2.55].

"DFS HR = 1.24 [1.01-1.52].

better OS (HR 0.33; 0.17-0.62) whereas stromal TAM
was associated with poorer OS (HR 1.55; 1.01-2.37). In
terms of DSS, TAMs in the tumor (HR 0.76; 0.50—1.15)
and stromal (HR 0.79; 0.59-1.06) compartments was not
significant (Figure 2A). A high degree of heterogeneity
was seen in studies on OS according to general (I?
78.4%, p = 0.001) and tumor (I* 87.0%, p < 0.001)
localisation. Funnel plot analysis suggest publication bias
on macrophages in general compartment whereas no bias
was seen for stroma macrophages (Supplementary Figure
2A and 2B).

Distinct macrophage phenotypes have been
described including M1 macrophages that induce host
defense, antitumor immunity and inflammatory responses
and M2 macrophages reduces inflammation, suppress

antitumor immunity and promote angiogenesis [37]. Given
the presence of different macrophage phenotypes, we
determined the prognostic effect of M1 and M2 macrophages
(Table 1, Figure 2B, 2C) and found M1 macrophages was
associated with improved OS in the tumor (HR 0.10;
0.05-0.19) stromal M1 and stroma (HR 0.63; 0.42-0.94).
Whilst tumor M2 macrophages was not significant for OS,
stroma M2 macrophages was associated with a worse OS
(HR 1.44; 1.06-1.96) and RFS (HR 2.32; 1.66-3.24).

Neutrophils

Neutrophils, a key effector immune cell, has a
complex role in tumorigenesis [51]. After screening,
four full text papers were reviewed [49, 52—54] but no
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Mast cells

Study Year Histology N HR (95% CI)
General-0S
Tomita 1999 ADC 90 —_— 0.46 (0.29, 0.73)
Takanami 2000 ADC 180 ——— 5097 (3.25, 10.96)
Kojima 2002 Mixed 132 —_—— 2.13(1.14,3.98)
Nagata 2003 ADC 66 ——— 462(1.86, 11.51)
Subtotal (I-squared = 94.1%, p < 0.001) —T 2.23(0.61,8.11)
Tumour-0S$
Imada 2000 Mixed 85 2.39(0.40, 14.24)
Welsh 2005 Mixed 162 - 1.64 (1.16, 2.31)
Sterlacci 2012 Mixed 383 ——1 0.69 (0.41, 1.17)
Subtotal (I-squared = 74.1%, p = 0.021) <> 1.21 (0.58, 2.51)
Stroma-0S
Kojima 2005 ADC 129 — 2.04 (1.05, 3.96)
Welsh 2005 Mixed 162 —_— 1.20 (0.86, 1.68)
Subtotal (I-squared = 48.5%, p = 0.164) <> 1.34(0.99, 1.81)
Stroma-DSS
Al-Shibli 2010 Mixed 335 —1— 1.10 (0.83, 1.45)
Hald 2013 Mixed 55 |-~ 1.07 (0.94, 1.21)
Subtotal (I-squared =0.0%, p = 0.864) :) 1.07 (0.96, 1.20)
T T
.0702 1 14.2
Dendritic cells
Study Year Histology N HR (95% CI)
General-OS
Furukawa 1985 ADC 40 —— 0.20 (0.04, 0.90)
Mu 2011 mixed 109 —_—tT— 1.39 (0.55, 3.55)
Goc 2014 Mixed 376 - 0.62 (0.48, 0.79)
Subtotal (I-squared = 60.4%, p = 0.080) -C> 0.65 (0.30, 1.38)
Tumour-0S
Inoshima 2002 Mixed 132 —_— 0.44 (0.28, 0.69)
Dai 2010 Mixed 99 —— 0.50 (0.31, 0.81)
Alifano 2014 Mixed 303 - 0.62 (0.46, 0.83)
Subtotal (I-squared = 0.0%, p = 0.431) <> 0.55 (0.44, 0.68)
Tumour-DSS
Al-Shibli 2009 Mixed 335 — 0.85 (0.55, 1.32)
Hald 2013 Mixed 55 —_— 0.55 (0.19, 1.63)
Subtotal (I-squared = 0.0%, p = 0.469) | il 0.80 (0.53, 1.20)
Stroma-DSS
Al-Shibli 2009 Mixed 335 - 0.67 (0.49, 0.91)
Hald 2013 Mixed 55 —_— 0.43 (0.20, 0.90)
Subtotal (I-squared = 14.3%, p = 0.280) L] 0.62 (0.47, 0.83)
T T
.0437 1 229
NK cells
Study Year Histology N HR (95% ClI)
Tumour-OS
Takanami 2001 ADC 150 e o 0.40 (0.25, 0.65)
Vilegas 2002 SCC 50 — 0.46 (0.23, 0.93)
Platonova 2011 Mixed 86 —_—l— 0.69 (0.23, 2.03)
Subtotal (I-squared = 0.0%, p = 0.660) < 0.45 (0.31, 0.65)
Tumour-DSS
Al-Shibli 2009 Mixed 335 — 1.70 (0.37,7.73)
Hald 2013 Mixed 55 6.44 (0.39, 107.01)
Subtotal (I-squared = 0.0%, p = 0.414) <® 2.29 (0.61, 8.69)
Stroma-DSS
Al-Shibli 2009 Mixed 335 e 0.55 (0.34, 0.89)
Hald 2013 Mixed 55 _— 0.21(0.03, 1.33)
Subtotal (I-squared = 0.0%, p = 0.328) O 0.51(0.32, 0.82)

T
.00934

T
107

Figure 1: Forest plot of studies assessing (A) Mast cells, (B) dendritic cells, (C) Natural killer cells and survival in patients with non-small
cell lung cancer. Adenocarcinoma, ADC; confidence interval, CI; disease specific survival, DSS; hazard ratio, HR; overall survival, OS;
programmed cell death-ligand 1, PD-L1; progression free survival, PFS; squamous cell carcinoma, SCC.
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Macrophages

Study Year Histology N HR (95% CI)
General-0S
Takanami 1999 ADC 113 —_— 434(199,948)
Chen 2003 Mixed 35 -_—l— 267 (1.13,6.31)
Zhang 2011 ADC 65 —_— 1.98 (1.19, 3.
Zhang 2011 ADC 65 RS C— 3.27 (1.92, 5.59)
Pei 2014 Mixed 417 - 1.20 (0.91, 1.59)
Subtotal (I-squared = 78.4%, p = 0.001) — 2.32 (1.38, 3.90)
Tumour-0S
Eerola 1999 Large cell 38 R 0.42 (0.20, 0.87)
Welsh 2005 Mixed 162 =——s— 0.15(0.11, 0.21)
Kim 2008 Mixed 144 —_—— 0.45 (0.29, 0.68)
Dai 2010 Mixed 99 — 0.45(0.28, 0.72)
Subtotal (I-squared = 87.0%, p < 0.001) == __———=== 0.33 (017, 062)
Tumour-DSS
Al-Shibli 2009 Mixed 335 ——t— 0.72 (0.46, 1.13)
Hald 2013 Mixed 55 1.00 (0.34, 2.93)
Subtotal (I-squared = 0.0%, p = 0.582) - 0.76 (0.50, 1.15)
Stroma-08
Kojima 2005 ADC 129 R 0.96 (0.45, 2.07)
Welsh 2005 Mixed 162 —_— 1.55(1.11,2.17)
Kim 2008 Mixed 144 R — 1.00 (0.60, 1.68)
Dai 2010 Mixed 99 —— 5.35(2.32, 12.37)
Ohtaki 2010 ADC 170 T— 1.50 (0.95, 2.35)
Subtotal (I-squared = 68.1%, p = 0.014) e 1.56 (1.01, 2.37)
Stroma-DSS
A-Shibli 2009 Mixed 335 —T 0.78 (0.58, 1.06)
Hald 2013 Mixed 55 — 0.89 (0.28, 2.84)
Subtotal (I-squared = 0.0%, p = 0.832) <3 0.79 (0.59, 1.06)
T

T
124

0808 d
M1 macrophages
Study Year Histology N HR (95% CI)
Tumour-OS
Ohri 2009 Mixed 0 —— 0.06 (0.02, 0.20)
Ma 2010 Mixed 100 Ea— 0.13(0.06, 0.31)
0.10(0.05,0.21
Subtotal (\-squared = 17.4%, p=0271) <> . 3
Stroma-OS
Ohri 2009 Mixed 40 _— 0.98 (0.45, 2.15)
Ma 2010 Mixed 100 — 0.53 (0.3, 0.85)
Subtotal (--squared = 41.5%, p = 0.191) e 63 (042, 0.94)
T T
0167 1 50.9
M2 macrophages
Study  Year Histology N HR (95% Cl)

Tumour-OS
Ohri 2009 Mixed 40 ———+——

0.26 (0.11, 0.58)

Ma 2010 Mixed 100 —— 1.29 (0.80, 2.08)
Hirayama2012 SCC 208 —f— 1.13(0.73, 1.76)
Subtotal (I-squared = 83.6%, p = 0.002) ===~ 0.78 (0.35, 1.71)
Stroma-0OS

Ohri 2009 Mixed 40 _— 1.13 (0.50, 2.53)
Ma 2010 Mixed 100 _— 1.04 (0.64, 1.67)
Ohtaki 2010 ADC 170 —— 1.93 (1.19, 3.11)
Hirayama2012 SCC 208 —_— 2.20 (1.41, 3.44)
Carus 2013 Mixed 335 - 1.18 (0.88, 1.58)
Subtotal (l-squared = 54.6%, p = 0.066) L 1.4 (1.06, 1.96)
Stroma-RFS

Hirayama2012 SCC 208 —_— 2.14 (1.43, 3.19)
Ito 2012 ADC 304 —_— 2.80 (1.52, 5.18)
Subtotal (I-squared = 0.0%, p = 0.468) < 2.32 (1.66, 3.24)

T T
115 1 8.72

Figure 2: Forest plot of studies assessing (A) Macrophages (B) Macrophages M1 (C) Macrophages M2 and survival in patients with non-
small cell lung cancer (NSCLC) stratified according to localisation (in general, tumor or stroma compartment). Adenocarcinoma, ADC;
confidence interval, CI; disease specific survival, DSS; hazard ratio, HR; overall survival, OS; programmed cell death-ligand 1, PD-L1;
progression free survival, PFS; relapse free survival, RFS; squamous cell carcinoma, SCC.
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studies were selected for pooled analysis. One study was
excluded as neo-adjuvant chemotherapy was administered
in 9% of patients [54] and three other studies were in a
single stratum [49, 52, 53] (Supplementary Table 1,
Supplementary Figure 1E). In the first study by Carus et al,
increased neutrophils in the tumor and stroma was not
associated with RFS or OS [49] whereas in the second
study, increased tumor associated neutrophils (TAN) was
associated with a poorer DFS [52]. In the third study, high
intratumoral TANSs was a positive prognosticator for DSS
in SCC NSCLC whereas TAN was associated with worse
DSS [53].

Tumor-associated neutrophils have a dual function
characterized by the N1 and N2 phenotype in a context-
dependent process. N1 neutrophils have an anti-tumor
phenotype through its interaction with T cells whereas
the N2 phenotype promotes tumor growth [55]. Future
studies examining the prognostic role of tumor-associated
neutrophils in NSCLC should take into account the
distribution of N1 and N2 phenotypes within the tumor
microenvironment.

T cells, CD3 positive

Twelve studies were analysed (Supplementary
Tables 1, 2, Supplementary Figure 1F) [21, 24, 52, 56-64].
Elevated CD3+ T cells in general compartment was
associated with improved OS (HR 0.72; 0.53-0.97)
(Table 1, Figure 3A). When analysed according to
localisation, increased tumor CD3+ T cells was associated
with longer DSS (HR 0.64; 0.48—0.86) and suggestive
for better OS (HR 0.88; 0.74—1.05) but not for RFS (HR
0.73; 0.40—1.32) (Table 1). Stromal CD3+ T cells was not
associated with survival outcomes and may be suggestive
of poorer DSS (HR 1.13) or DFS (HR 1.2), although
results were not statistically significant. A high degree of
heterogeneity was seen in studies on OS in the general
compartment (I* 70.6%, p = 0.002). Funnel plot suggest
potential publication bias with smaller studies with
favourable OS in general compartment being reported
(Supplementary Figure 2C).

T cells, CD4 positive

Eleven studies were analysed (Supplementary
Tables 1, 2, Supplementary Figure 1G) [23, 24, 60, 64—71].
Study quality was generally good with an average score of
5.1 (Supplementary Table 1). CD4+ T cells in the general
or tumor compartment had no influence on OS, RFS or
DSS (Table 1, Figure 3B). In contrast, CD4+ T cells in
the stroma compartment was associated with better OS
(HR 0.45; 0.21-0.94) and DSS (HR 0.23; 0.06-0.95).
Significant heterogeneity was seen in studies in the
stromal compartment for OS (I* 77.0%, p = 0.013) and
DSS (12 77.4%, p = 0.035).

T cells, CD8 positive

Twenty-three studies underwent pooled analysis
(Supplementary Table 1, Supplementary Figure 1H) [23, 24,
29, 31, 32, 60-64, 66-78]. Although CD8+ T cells in the
general compartment was not associated with OS (HR 0.80;
0.56—-1.15) or DFS (HR 0.70; 0.48—-1.02), when analysed
according to tumor or stroma compartment, the prognostic
value of CD8+ T cells could be appreciated (Table 1,
Figure 3C). CD8+ T cells in the tumor compartment was
associated with better prognosis in terms of OS (HR 0.78;
0.66-0.93) and DSS (HR 0.69; 0.50-0.96) but not for
DFS (HR 0.58; 0.32—1.04) or RFS (HR 1.22; 0.82-1.83).
Similarly, stromal CD8+ T cells conferred an improved
OS (HR 0.77; 0.69-0.86), DFS (HR 0.73; 0.58-0.93) and
DSS (HR 0.47; 0.36-0.63). Heterogeneity was low for most
analytic strata. Funnel plot suggest generally no publication
bias (Supplementary Figure 2D-2F).

T cells, regulatory

Regulatory T cells (Tregs) are a subpopulation
of CD4+ CD25+ T lymphocytes that inhibit anti-tumor
immunity by promoting immune tolerance through
direct suppressive functions on T cells or by secreting
immunosuppressive cytokines such as IL-10 and TGF-b
[79]. Tregs are purported to express and functionally
depend on the transcription factor forkhead box protein
P3 (FoxP3). As such many studies commonly use FoxP3
as a single marker for Tregs. Eleven studies (n=1977
patients) were reviewed (Supplementary Table 1 and 2,
Supplementary Figure 11). [23, 59, 60, 70, 71, 77, 80-84].
General Tregs infiltration was not associated with OS (HR
1.42; 0.78-2.60) (Table 1, Figure 3D) whereas tumor Tregs
was not associated with OS (HR 1.00; 0.75-1.34) or RFS
(HR 1.53; 0.64-3.67). Stromal Tregs was not associated
with OS (HR1.43; 0.69-2.94), but however was associated
with worse RFS (HR 1.80; 1.34-2.43) and DFS (HR 1.69;
1.11-2.55). Most analytic strata showed low heterogeneity.
studies of tumoral Treg and RFS (I? 80.0%, p = 0.025) and
stromal OS (I* 87.1%, p <0.001). Possible publication bias
was not observed in studies of stromal Treg at the extreme
HR for OS (Supplementary Figure 2G).

B cells

Apart from its role in humoral immune responses,
B cells have a pro- or anti-tumorigenic function [85].
After screening, four studies were analysed for OS
(Supplementary Table 1 and 2, Supplementary Figure 1J)
[38, 61, 86, 87]. Several studies were excluded as they
had no prognostic information, insufficient information to
impute HR or were the only study in an analytic stratum
[21, 52, 64, 68, 88, 89]. Results of pooled analysis found
B cells in the tumor and stroma was associated with an
improved OS with a HR for 0.65 (0.42-0.99) and 0.74
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(0.56-0.99), respectively (Table 1, Figure 4). High
heterogeneity was not seen for studies of tumor and stroma
B cells and OS.

Cytotoxic T lymphocyte antigen-4

CTLA-4 is not only expressed on T cells but is also
found on NSCLC tumors. Three studies were assessed in
full (Supplementary Table 1, Supplementary Figure 1K).
Two studies had different endpoints: OS [90] and DSS
(91) therefore pooled analysis was not performed. Tumor
CTLA-4 overexpression was not associated with OS [90]
or DSS [91]. In the third study gene expression arrays was
used and CTLA-4 overexpression was associated worse
OS [92].
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Programmed death ligand-1

The prognostic impact of PD-L1 was reported in 38
studies with 10,034 patients (Supplementary Tables 1, 2,
Supplementary Figure 1L) [30, 70, 71, 75-77, 93—124].
Two additional studies were excluded [125, 126] as
there was insufficient information to calculate the HR.
Our meta-analysis found tumor PD-L1 over expression
was associated with worse OS (HR 1.40; 1.20-1.69),
RFS (HR 1.67; 1.22-2.29) and DFS (1.24; 1.01-1.52)
(Table 1, Figure 5). Heterogeneity was high in the
studies for OS (1> 80.8 %, p <0.001) and RFS (1> 75.2 %,
p <0.001), and moderate for DFS (I* 72.9 %, p < 0.001).
Publication bias was not observed and Egger’s test for
small-study effects was not significant for studies on

B

Study Year Histology N HR (95% CI)
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Figure 3: Forest plot of studies assessing (A) CD3+ T cells, (B) CD4+ T cells, (C) CD8+ T cells, (D) FOXP3+ regulatory T cells
(Treg) and survival in patients with non-small cell lung cancer (NSCLC) stratified according to localisation (in general, tumor or stroma
compartment). Adenocarcinoma, ADC; confidence interval, CI; Hazard ratio, disease specific survival, DSS; hazard ratio; HR; overall
survival, OS; programmed cell death-ligand 1, PD-L1; progression free survival, PFS; relapse free survival, RFS; squamous cell carcinoma,

SCC.
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OS (p = 0.132), RFS (p = 0.663) and DFS (p = 0.656)
(Supplementary Figure 2H-21).

Potential factors for heterogeneity

We performed sensitivity analysis and subgroup
analyses for studies of each immune cell to identify
potential factors responsible for the heterogeneity.
Sensitivity analysis was performed by excluding
studies with quality score of three or less. After
excluding low quality studies, there were an inadequate
number of studies of M1 macrophages for meta-
analysis. Mast cells, NK cells, M2 and macrophages,
CD3 lymphocytes, FOXP3+ T cells and PD-L1 meta-
analysis were re-analysed and prognosis were affected
for two immune cell types: OS for macrophages in
general was no longer associated with poor prognosis
(Supplementary Figure 3C) whereas stromal regulatory
T cells was now associated with poorer prognosis
(Supplementary Figure 3F). Prognostic patterns were
unchanged for the other immune cells (Supplementary
Figure 3). Studies of dendritic cells, CD4 and CD8 T
lymphocytes were not re-analysed as all studies had
quality score of at least 4.

Subgroup analyses were performed for immune
cells with relatively large number of studies (>7
studies). For this analysis, only studies of PD-L1 and
CD8 satisfied this threshold. The subgroups analysed
included ethnicity, publication year, sample size,

sample type, and threshold for positive score. For CD8
cells, we found ethnicity, publication year, sample size
and cut-off point were confounders for the association
between tumour location (tumor, stroma) and OS
(Supplementary Tables 4 and 5) but not for general
location (Supplementary Table 3). For PD-L1 and
OS, there was no confounding effect for the following
variables: geographic location, publication year, sample
size and histology (Supplementary Table 6). Ethnicity,
histology and publication year may be a potential
confounder for the association between PD-L1 and
DFS (Supplementary Table 7) whereas histology may
be a potential confounder for the association between
PD-L1 and RFS (Supplementary Table 8). The role
of histology as a confounder is limited by the small
number of studies (two studies with mixed histology).

DISCUSSION

The immune system has been implicated to have
a dual role in tumorigenesis, both suppressing tumor
growth through the elimination of cancer cells and also
promoting tumor growth through supply of growth and
survival factors. With the rapid progress being achieved
in tumor immunology and the development of cancer
immunotherapy approaches, an understanding of the
role of immune cells in the tumor microenvironment in
NSCLC may enhance these advances in immunotherapy
drug development.

B cells

Study Year Histology N HR (95% CI)
Tumour-OS

Eerola 1999 Largecell 38 ( 0.47 (0.22, 1.00)
Schalper (Greece cohort) 2015 Mixed 350 —_— 0.89 (0.64, 1.23)
Schalper (US cohort) 2015 Mixed 202 —_— 0.52 (0.33, 0.83)
Subtotal (I-squared = 56.3%, p =0.101) Q 0.65 (0.42, 0.99)
Stroma-0OS

Fujimoto 2013 Mixed 294 0.91 (0.43, 1.92)
Lohr 2013 Mixed 350 —_ 0.72 (0.53, 0.97)
Subtotal (I-squared = 0.0%, p = 0.562) 0 0.74 (0.56, 0.99)

T T
224 1 4.47

Figure 4: Forest plot of studies assessing B cells and overall survival (OS) in patients with non-small cell lung cancer
(NSCLC) according to localisation in tumor or stroma compartment. Confidence interval, CI; hazard ratio, HR.
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The role of tumor-infiltrating immune cells in
NSCLC is complex and its prognostic value has been
studied with variable and often conflicting results. Whilst
previous meta-analyses have examined the prognostic
effect of specific immune cells or immune markers such
as T cells [127, 128], PD-L1 [129-135] in NSCLC, the
current study to our knowledge is the first meta-analysis
on the prognostic impact of NK cells, DC, MC, and
macrophages. DC, NK cells, M1 macrophages, CD3+
and CD8+ T cells were found to be associated with a

Study Year Histology N
0s

Konishi 2004 Mixed 50
Mu 2011 Mixed 108
Chen 2012 Mixed 120
Azuma 2014 Mixed 164
Velcheti (Greece cohort) 2014 Mixed 291
Velcheti (US cohort) 2014 Mixed 153
Yang 2014 ADC 163
Zhang 2014 ADC 143
Cooper 2015 Mixed 678
Kim 2015 SCC 331
Schmidt 2015 Mixed 321
Ameratunga 2016 Mixed 420
Chen 2016 Mixed 48
Huynh 2016 ADC 261
Inamura 2016 ADC 268
Inoue 2016 Mixed 654
Ji 2016 ADC 100
Ma 2016 Mixed 208
Ohue 2016 ADC 120
Shimoji 2016 Mixed 220
Song 2016 ADC 385
Sun 2016 Mixed 1070
Teng 2016 Mixed 126
Yang 2016 SCC 105
He 2017 Mixed 139
Hirai 2017 ADC 94
Igawa 2017 Mixed 228
Mori 2017 ADC 296
Okita 2017 Mixed 91
Takada 2017 Mixed 499
Toyokawa 2017 ADC 292
Tsao 2017 Mixed 496
Wu 2017 ADC 133
Zhang 2017 SCC 34
Zhou 2017 Mixed 108
Subtotal (lsguared = 80.8%, p <0.001)

RFS

Yang 2014 ADC 163
Zhang 2014 ADC 143
Koh 2015 ADC 497
Huynh 2016 ADC 261
Takada 2016 ADC 417
He 2017 Mixed 139
Okita 2017 Mixed 91
Toyokawa 2017 ADC 292
Uruga 2017 ADC 109
Wu 2017 ADC 133
Subtotal (l-squared = 75.2%, p<0.001)

DFS

Kim 2015 SCC 33
Kim 2015 Mixed 41
Ameratunga 2016 Mixed 420
Ma 2016 Mixed 208
Song 2016 ADC 385
Sun 2016 Mixed 1070
Teng 2016 Mixed 126
Yang 2016 SCC 105
Mori 2017 ADC 296
Takada 2017 Mixed 499
Tsao 2017 Mixed 495
Zhang 2017 ScC a4

Subtotal (l-squared =72.9%, p<0.001)
NOTE: Weights are from random effects analysis

favourable prognosis, whereas M2 macrophages and Tregs
in the stroma were associated with a worse prognosis.
These results are consistent with the role of these immune
cells in anti- and pro-tumor immunity, and support the
pursuit of immunotherapy as a potential therapeutic
modality in NSCLC [136-140].

We also confirmed localisation influenced prognosis
(Table 1). DCs, NK cells, M1 macrophages and CD8+
T cells in the tumor and stroma was associated with
improved prognosis. TAMs localised in the tumor had a
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Figure 5: Forest plot of studies assessing tumor PD-L1 expression and survival outcomes in patients with non-small
cell lung cancer (NSCLC). Adenocarcinoma, ADC; confidence interval, CI; Hazard ratio, disease free survival DFS; hazard ratio, HR;
overall survival, OS; programmed cell death-ligand 1, PD-L1; progression free survival, PFS; relapse free survival, RFS; squamous cell

carcinoma, SCC.
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better prognosis, whereas stromal TAMs were associated
with a worse prognosis. Tumor M1 macrophages were
associated with a better prognosis, whereas stromal M2
macrophages were associated with poorer OS, consistent
with our understanding of the function of M1 and M2
macrophages [37]. These findings highlight the prognostic
importance of both the immune cell phenotype (M1 or
M2) as well as immune cell localisation in the tumor
microenvironment, further emphasising the importance
of a full understanding of the complexity of the cellular
interactions within the tumor microenvironment.

The prognostic effect of immune cells has been
reported in other tumors. Increased mast cells are
associated with poorer prognosis in colorectal cancer
(CRC) [141], malignant melanoma [142], pancreatic
adenocarcinoma [143] and improved prognosis in
malignant mesothelioma [144], ovarian cancer [145],
and breast cancer [146]. Increased NK cells have been
reported to be associated with an improved prognosis in
gastric carcinoma [147, 148], CRC [149], and laryngeal
cancer [150]. High CD3+ TILs have been associated with
an improved OS in NSCLC [128], gastric [151], breast
[152] and hepatocellular carcinoma (HCC) [153]. CD8+
T cells infiltration have been associated with a favourable
prognosis in breast [152], ovarian [154], gastric [151],
CRC [155] and HCC [153]. High FoxP3+ Tregs was
associated with worse OS in cervical, renal cell carcinoma
(RCC), melanoma, HCC, gastric and breast cancers and
an improved OS in CRC, head and neck cancer (HNC),
and oesophageal cancer whereas the DFS rate was lower
in lung cancer [156]. B cell infiltration into the tumor
stroma has been reported to be associated with different
outcomes with an improved survival seen in breast [157],
but reports for melanoma, prostate, HCC, ovarian and
HNC [158] have been inconsistent. High intratumoral
neutrophil density was associated with poorer OS for HCC
and intrahepatic cholangiocarcinoma, HNC, NSCLC and
RCC [159]. In the same meta-analysis, the HR for OS
with NSCLC was borderline, with 95% CI of 1.0-1.35
and included one study where pre-operative chemotherapy
was given [54].

A tremendous degree of heterogeneity was observed
in terms of sample size (ranging from 38 to 1290 patients),
geographical location of the patient population (East
Asian/ non-East Asian); stage (I, I-III, I-IV), histology
(adenocarcinoma or squamous cell only, or mixed
histology), study methodology (sections or TMAs,
antibodies used, scoring cutoffs), and survival endpoints
(OS, DSS, DFS, RFS) (Table 1, Supplementary Tables 1,
2). The vast majority of studies examined mixed NSCLC
histology with only a small number of studies focused
adenocarcinoma or squamous cell histology only. The
number of studies with East Asian varied depending on
the immune cell studied. Immune cell studies published
frequently from East Asia countries included PD-L1
(79%), TAMs (66.7%), regulatory T cells (64%), and MC

(60%) whereas non-East Asian studies included CD3+ T
cells (83%), NK cells (75%), B cells (75%) and CD8+
T cells (61%) (Supplementary Table 1). Such differences
may account for prognostic differences observed between
some studies. Subgroup analyses showed ethnicity,
publication year, sample size and cut-off point were
confounders for OS in CD8 (Supplementary Tables 4
and 5). The studies analysed were generally moderate in
quality with an average of 3.8 for NK cell studies to 5.1 for
CD4+ T cells studies (Supplementary Table 1). Therefore,
higher quality studies are needed to validate the results.

The choice of antibodies used may be important as
different subpopulations of immune cells exist with regard
to its maturation, differentiation and state of activation.
This is exemplified by the various antibody clones used to
detect DCs: S100 in earlier studies [26, 27], subsequently
CDla[24, 28, 30] or CD83 [29] and more in recent studies
CD208 [32, 58]. The choice of antibodies used may be
important as different subpopulations of dendritic cells
exist in regard to its maturation, differentiation and state of
activation. Mature DC has T cell co-stimulatory molecules
that induce immune reactions, whereas inactivated DCs
lack such T cell stimulating ability. The use of S100 IHC
Ab is controversial as its expression in DC is not specific
[160]. CD83 and CD208 are markers expressed in mature
DCs; whereas CD1a is expressed in immature DCs [161].
As a result, the prognostic effect of DCs in the general
compartment may be affected the maturation of DC: two
studies using mature DC marker were associated with
favorable OS [26, 32] whereas the study of immature DC
(CDla) was associated with worse OS [30]. Similarly,
in a study examining the role of DC maturation status
in patients with breast cancer, CD83 expression was
prognostic for overall and relapse free survival whereas
CDla, a marker of immature DC, was not [162]. Future
prognostic studies should be conducted with mature DC
markers localized to the tumor center.

The number of studies analyzed according to the
same tissue localization of immune cell and clinical
outcome was small, further limiting our ability to draw
firm conclusions (Table 1). Further studies are also
required to define the prognostic role of neutrophils,
CTLA-4 expression in tumor cells and PD-L1 expression
in immune cells.

Tumor infiltrating lymphocytes (TILs) as a whole
has been reported recently in a meta-analysis to be
associated with an improved PFS [127]. However, as TILs
are a heterogeneous population comprising of different T
cell subsets, we elected to focus on the individual subsets
of TILs separately due to their different functions in
tumor microenvironment [3, 4] and thus did not analyse
for the prognostic effect of tumor infiltrating lymphocytes
as a group.

Our findings should be interpreted within the
limitations of a meta-analysis as the data was confounded
by factors such as absence of individual patient data,
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variation in study quality, HRs calculated based on the data
extracted from the survival curves, differences in tissue
processing, IHC staining protocols, definition of region-
of-interest, scoring methodology, differences in thresholds
for positivity and prognostic end points. The use of
different protocols, antibodies, and scoring systems creates
complexity in the interpretation of studies and applicability
in clinical practice. This is especially pertinent for the
detection of PD-L1, where meta-analyses studies have
shown PD-L1 expression to be associated with improved
outcomes in patients with NSCLC treated with immune
checkpoint inhibitors [163—165]. Given the role of PD-
L1 as a prognostic biomarker and, more importantly, as a
predictive marker for treatment selection, further efforts
are clearly required to standardise the detection of PD-
L1 expression and also to determine factors of variability
between IHC assays [166, 167]. Apart from to PD-L1,
international efforts are also underway to standardise the
assessment of tumor-infiltrating lymphocytes in NSCLC
as well as other solid tumors [168, 169].

Future studies should examine the role of immune
cells as a new prognostic factor in staging. Similar to
developments were made in CRC [170, 171], while
approaches to integrate tumor-infiltrating lymphocytes
into NSCLC staging are being pursued [172]. In addition
to incorporating tumor-infiltrating lymphocytes, further
prospective studies using multi-immune cell panels/ multi-
parametric IHC are also desirable to determine the most
promising combination of immune cells as a prognostic
marker in NSCLC. Recent studies of molecular tumor
profiling with immune cell phenotyping [173, 174] has
improved our understanding of the complex relationship
between tumor and the tumor microenvironment and may
lead to improvements in therapeutic outcomes in NSCLC.

CONCLUSIONS

Our findings suggest DC, NK cells, Ml
macrophages, CD8+ T cells, and B cells in the tumor
and stroma are associated with an improved prognosis
and stromal M2 macrophages, regulatory T cells and
PD-L1 overexpression are associated with poorer
prognosis in NSCLC. Future research should focus
on the standardisation of immune cell detection, use of
multi-immune cell panels as a prognostic biomarker, and
incorporating immune cells into prognostic models.
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