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The evaluation of PD-L1 expression alone has limitations in predicting clinical outcome
in immune-checkpoint inhibitors (ICI). This study aimed to evaluate the predictive and
prognostic effects of the presence of various immune cells in pretreatment tissue sam-
ples and to identify determinants associated with response in patients with advanced
non-small cell lung cancer (NSCLC) treated with PD-1 blockade. Immune cell distribution
was heterogeneous and the most dominant immune cell type was T cells. Patients with
durable clinical benefit (DCB) showed significantly higher PD-L1 expression. The ratio of
tumor/stroma region of T cell, B cell, and macrophage was significantly higher in patient
with DCB. High intratumoral T- and B-cell density (≥median) was associated with DCB in
the low PD-L1 expression (<50%) group. In univariate analyses, the overall survival (OS)
benefit was shown according to intratumoral B-cell density (p = 0.0337). The incidence of
hyperprogressive disease (HPD) was 13.0%. The Chi-square test revealed that HPD was
significantly associated with intratumoral B-cell density but not T-cell or macrophage
density. Our results demonstrate different predictive and prognostic values for infiltrat-
ing immune cells in tumor tissue, which may help in selecting patients for ICI.
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Introduction

Immune-checkpoint inhibitors (ICI), such as anti-PD-1 therapy,
consistently show promising efficacy in non-small cell lung can-
cer (NSCLC) and have become the standard of care [1]. Although
the recent development of ICI has greatly improved cancer treat-
ment and prolonged patient survival, objective response rates
in NSCLC are currently only about 20% [2]. In addition, some
patients experience unexpected rapid disease progression called
hyperprogressive disease (HPD). Various immune and tumor
genomic metrics are associated with sensitivity to ICI, including
tumor PD-L1 expression, tumor mutational burden, existence of
tumor-infiltrating lymphocytes (TILs), and microsatellite instabil-
ity (MSI) [3]. Tumor PD-L1 expression in pretreatment tissue is
the most widely used single predictive biomarker. However, 11–
20% of patients whose tumors have little or no PD-L1 expression
may still exhibit a response to anti-PD-1 treatment [3]. Therefore,
identification of additional biomarkers that are highly predictive
of positive and negative responses to ICI is urgently needed.

The tumor microenvironment (TME) is complex and heteroge-
neous. Because the TME significantly affects tumor development,
the profiling of immune contexture has emerged as a powerful
tool for predicting clinical outcome. Recent studies indicated that
infiltrating T-cell status predicts the response to anti-PD-1 ther-
apy in several solid tumors including melanoma and NSCLC [4,
5]. The baseline level of CD8+ T cells has been associated with
response to PD-1 blockade in melanoma [4]. In addition, the
CD8+/CD4+ TIL ratios in metastatic NSCLC and melanoma tumor
biopsies predicted response in patients treated with PD-1 block-
ade [6].

In addition to T cells, tumor-infiltrating B cells have been
reported as a prognostic biomarker. High B-cell infiltration was
correlated with better prognosis in the TCGA lung adenocarci-
noma dataset [7]. In addition, low CD20+ B-cell infiltration in
nonsmokers with adenocarcinoma was identified as an indepen-
dent unfavorable prognostic factor in resected NSCLC [8].

Tumor-associated macrophages (TAMs) are important compo-
nents of the TME with both anti- and protumor effects due to two
distinct polarizations: M1 (classically activated) and M2 (alterna-
tively activated). In a meta-analysis of NSCLC, a high density of
CD68+ macrophages was associated with better or poor overall
survival (OS) according to pooled studies [9]. Although the prog-
nostic significance of TAMs remains controversial, a recent study
reported that CD68+ macrophages are a prognostic factor associ-
ated with prolonged survival in NSCLC [10].

The exact nature of the complex interaction between immune
cell infiltration and its impact on patient prognosis and OS with
NSCLC remains to be elucidated. Exploration of the immune
cell composition of baseline NSCLC samples would offer critical
insights into the complex and heterogeneous microenvironment
landscapes associated with response to ICI. To determine whether
pre-existing immune cells represent key factors in determining
clinical response to immunotherapy, we examined pretreatment
tissue sections from 100 patients with advanced NSCLC treated
with PD-1 blockade and known response to treatment. The den-

sity of tumor-associated immune cells was measured by multi-
plex immunohistochemistry (IHC). Multiplex IHC provides objec-
tive quantitative data of the tumor immune environment regard-
ing both the numbers of immune subpopulations and their loca-
tions such as the tumor and stroma regions [11]. In the current
study, the abundance and spatial organization of immune cells
were examined along with clinical features, and their correlation
with clinical outcome was assessed. This study suggests that inte-
grated immune-based biomarkers as well as PD-L1 expression on
pretreatment tissue samples may improve patient stratification for
PD-1 blockade immunotherapy.

Results

Patient characteristics

To understand the association between baseline TME charac-
teristics, clinical features, and response to ICI, we identified
100 advanced NSCLC patients with available pretreatment
archival tumor tissue adequate for multiplex IHC studies. The
clinical characteristics of these patients are shown in Table 1.
The cohort comprised 74 (74.0%) nonsquamous NSCLC and 26
(26.0%) squamous cell carcinoma. The median age was 61 years
(range, 34-83 years) and 76 (76.0%) patients had an Eastern
Cooperative Oncology Group performance status (ECOG PS) of
0-1. The majority (n = 94, 94.0%) had received more than one
previous line of treatment. The patients had been treated with
pembrolizumab (n = 43, 43.0%) or nivolumab (n = 57, 57.0%).
The best response in this cohort was partial response (PR) in 28
patients (28.0%), stable disease (SD) in 14 patients (14.0%), and
progressive disease (PD) in 58 patients (58.0%). Based on an
internal database lock on July 2020, the median follow-up was 6
months (range, 0.1-45.1 months). Patients with PR and patients
with SD > 6 months were classified as durable clinical benefit
(DCB; n = 30, 30.0%), while patients with SD ≤ 6 months and
patients with PD were classified as nondurable clinical benefit
(NDCB; n = 70, 70.0%). Median progression-free survival (PFS)
for DCB and NDCB was 11.3 months (HR 0.22, 95% CI 0.15-
0.34) and 1.2 months (HR 4.45, 95% CI 2.95-6.73), respectively.
Median OS of DCB and NDCB was 23.1 months (HR 0.26, 95%
CI 0.18-0.40) and 2.80 months (HR 3.78, 95% CI 2.50-5.70),
respectively.

Heterogeneous infiltration of immune cell
subpopulations in advanced NSCLC

To characterize the TME, including immune cell density and dis-
tribution, the entire tissue section was imaged and segmented into
tumor and stroma regions. The frequency of immune cell subsets
(CD8 T cell, CD4 T cell, B cell, macrophage, and Treg) was ana-
lyzed in both the tumor and stroma. As shown in Fig. 1, advanced
NSCLC specimens showed various baseline immune cell densities
across the tumor and stroma regions regardless of histologic type

© 2021 The Authors. European Journal of Immunology published by
Wiley-VCH GmbH

www.eji-journal.eu



958 Bo Mi Ku et al. Eur. J. Immunol. 2021. 51: 956–964

Figure 1. Characterization of immune
cell subset infiltration in advanced
NSCLC patients treated with PD-1
blockade. (A) Representative mul-
tispectral images of Non-SQ and
SQ NSCLC. Left panels; tissue was
segmented tumor (T, red) and stroma
(S, green) using InForm image analysis
software. Middle panels; FFPE sections
of NSCLC were stained by cytokeratin
(cyan, tumor cells), CD8 (green, CD8
T cells), CD4 (yellow, CD4 T cells),
CD20 (orange, B cells), CD68 (magenta,
macrophages), and FOXP3 (red). Right
panel; high-powered filed images
showed cell phenotyping. Scale bar
= 100 μm and 20× magnification.
(B) Heatmap depicting immune cell
(CD8 T cells, CD4 T cells, B cells,
macrophages, and Treg) densities of
100 patients with advanced NSCLC
(lower panel). Clinical characteristics
shown at top panel. Each column
represents patient, (C-D) Quantitative
analysis of immune cell density
between patients with DCB (n = 30)
and NDCB (n = 70) in the tumor (C)
and stroma (D) regions and measured
by Inform software Bar charts repre-
sent the mean ± SEM. (E-H) Tumor
to stroma ratio of T cell (E), B cell (F),
macrophage (G), and Treg (H) pro-
portion. (I) Leukocyte to lymphocyte
ratio in the tumor region. Data are
represented as dot plots (bar: mean
± SEM). (A-I) All the slides of the 100
samples were collected on the same
day and the experiments performed
on several days *p < 0.05; **p < 0.01
by unpaired t-test. Non-SQ, nonsqua-
mous; SQ, squamous; DCB, durable
clinical benefit; NDCB, nondurable
clinical benefit

(Fig. 1A and B). All analyzed immune cells were more prevalent
in the stroma than in the tumor. Similar to our previous single-cell
RNA sequencing data, the most dominant immune cell type was
T cells in NSCLC, and CD4 T cells were more abundant than CD8
T cells [12].

To test whether immune context was related to response to
PD-1 blockade, we compared immune cell infiltration in patients
with DCB and NDCB. The frequency of T (CD8 T, CD4 T, and
Treg) and B cells in the tumor region was higher in patients with
DCB than NDCB (Fig. 1C). T and B cells in tumor region had a
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Table 1. Baseline patients’ characteristics

Category All (n = 100)

Age (years)
Median (range) 61 (34-83)

Histology
Non-SQ 74 (74.0)
SQ 26 (26.0)

Gender, n (%)
Male 73 (73.0)
Female 27 (26.0)

Smoking history, n (%)
Never-smoker 33 (33.0)
Smoker 67 (67.0)

ECOG PS, n (%)
0-1 76 (76.0)
2-3 24 (24.0)

Previous treatment, n (%)
No treatment 6 (6.0)
Chemotherapy 83 (83.0)
Chemoradiotherapy 11 (11.0)

EGFR status, n (%)
Wild-type 84 (84.0)
Mutant 16 (16.0)

PD-L1 status, n (%)
Positive 56 (56.0)
Negative 35 (35.0)
Unknown 9 (9.0)

ICI treatment, n (%)
Nivolumab 57 (57.0)
Pembrolizumab 43 (43.0)

Best response*, n (%)
PR 28 (28.0)
SD 14 (14.0)
PD 58 (58.0)

Clinical benefit, n (%)
DCB 30 (30.0)
NDCB 70 (70.0)

DCB, durable clinical benefit; ECOG PS, Eastern Cooperative Oncol-
ogy Group Performance Status; ICI, Immune Checkpoint Inhibitors;
NDCB, nondurable clinical benefit; PD, progressive disease; PR, partial
response; SD, stable disease; SQ, squamous.

similar predictive impact (CD8 T AUC, 0.626; CD4 T AUC, 0.698;
B cell AUC, 0.697) on the likelihood of DCB (Supporting informa-
tion Table S1). The intratumoral and intrastromal density of each
immune cell showed a similar trend, but statistical significance
was only found in the tumor region (Fig. 1C and D). Regarding
the relationship between immune cell density of each region and
DCB, significant correlations were observed only in tumor T cells
(CD8 T and CD4 T, p = 0.0002) and B cells (p = 0.0012) (Sup-
porting information Table S2).

The ratio of tumor/stroma region of T cells (CD8 T and CD4
T), B cells, and macrophages showed a significant difference
between DCB and NDCB, but not in Tregs (Fig. 1E to H). When T
cells and B cells were combined as lymphocytes, the ratio of leuko-
cytes to lymphocytes in the tumor showed no difference between
DCB and NDCB (Fig. 1I). Except for response to ICI, the frequency

of each immune cell was not correlated with patient clinicopatho-
logic characteristics such as age, gender, histology, and smoking
status (Supporting information Table S3).

Association between PD-L1 expression and immune
cell infiltration and benefit from PD-1 blockade

The tumor PD-L1 expression level was retrospectively collected
from electronic medical records. Ninety-one patients had a PD-L1
IHC score, and 9 patients had no result. PD-L1 expression was
tested by IHC using 22C3 antibody in 90 patients and SP263 anti-
body in 1 patient. The median PD-L1 expression was 10%, and
34 of 91 patients (37.4%) had PD-L1 ≥ 50%. Patients with DCB
showed significantly higher PD-L1 expression compared to NDCB
(Fig. 2A). When patients were classified by clinicopathologic fea-
tures, the PD-L1 expression level was significantly lower in female
than male patients (Supporting information Table S4). Beyond its
association with gender, PD-L1 levels were not significantly asso-
ciated with any other clinical parameters such as histology, age,
and smoking.

Because intense tumor lymphocytic infiltration was previously
validated as a favorable prognostic marker in NSCLC [1, 13,
14], we investigated correlations between PD-L1 expression and
immune cell density and whether they were associated with
durable clinical outcomes. When the correlation between PD-
L1 expression and T- and B-cell densities was assessed, differ-
ent patterns of correlation were found in the tumor region.
CD8 T-cell infiltration was significantly and positively correlated
with PD-L1 expression (Fig. 2B). In contrast, CD4 T- and B-
cell infiltration showed no correlation with PD-L1 expression
(Fig. 2C and D).

Although the efficacy of anti-PD-1 therapy has been known to
be associated with the level of PD-L1 [6, 8, 15], PD-L1 expression
alone (cutoff level: 50%) could not differentiate between patients
with DCB and NDCB in our cohort (Supporting information Fig.
S1 and Table S5). To determine whether the combination of PD-L1
expression and immune cell density has further predictive value
than PD-L1 alone, patients with DCB in the low PD-L1 expres-
sion (<50%) group were divided into two groups based on the
median cutoff points for immune cell marker expression. In the
low PD-L1 expression group (<50%), high T- and B-cell density
(≥median) was associated with DCB (Fig 2E to G). These results
indicate that the combination of PD-L1 and immune cell density
would be helpful to stratify patients who have benefit from PD-1
blockade.

To test the predictive and/or prognostic effects of baseline clin-
ical factors and immune cell density, the hazard ratio (HR) of pro-
gression free survival (PFS) and OS was analyzed after treatment
with PD-1 blockade. In univariate analyses, ECOG PS 0-1 (p =
0.0002) and B-cell density (p = 0.0337) in immune cell propor-
tion were associated with longer OS (Fig. 3 and Supporting infor-
mation Fig. S2). The OS benefit was shown according to ECOG PS
(p = 0.0002) in baseline clinical factors (Supporting information
Fig. S2) and B-cell density (p = 0.0337) in immune cell propor-
tion (Fig. 3).
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Figure 2. Patient classification based on combination of PD-L1 and immune cell density. (A) Quantitative analysis of PD-L1 between patients with
durable clinical benefit (DCB, n = 29) and nondurable clinical benefit (NDCB, n = 62) in patients with PD-L1 result (n = 91) and measured by IHC.
(B-D) Pearson’s correlation between PD-L1 and immune cells (B; CD8 T, r = 0.35, p = 0.0007, C; CD4 T, r = 0.16, p = 0.1187, and D; B cell, r = 0.04, p =
0.6824). Correlation coefficient (r) and significance levels (p value) are calculated using Pearson correlation and unpaired t-test. (E-G) Frequency of
DCB in the low PD-L1 group (PD-L1 < 50%, n = 14) defined by CD8 T (E), CD4 T (F), and B- (G) cell density. (A-G) Data from PD-L1 IHC experiments.
PD-L1 IHC experiments were performed on 91 slides of the 100 samples and the experiments performed on several days.

Predictive role of immune cells in patients with HPD

The identification of patients at risk for developing HPD is a
major challenge in the field of immunotherapy. Therefore, we

tested whether the baseline TME characteristics were associ-
ated with HPD. The incidence of HPD in our cohort was 13.0%
(n = 13), which is consistent with a previous report [16]. In
HPD patients, the PFS was lower compared to those without HPD

Figure 3. Hazard ratios of advanced NSCLC treated with PD-1 blockade. Forest plots showing the hazard ratio (HR) of PFS and OS for immune cells.
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Figure 4. Association of tumor microen-
vironment and HPD. (A) Kaplan–Meier
plots of PFS according HPD (n = 13) and
NHPD (n = 87). (B) Leukocyte to lym-
phocyte ratio in the tumor region and
measured by multiplex IHC. (C-F) Tumor
to stroma ratio of T cell (C), B cell (D),
macrophage (E), and Treg (F) proportion
and measured by multiplex IHC. Data are
represented as dot plots (bar: mean ±
SEM) (*p < 0.05; **p < 0.01 by unpaired t-
test). (G) Pearson-correlationmatrix of five
immune cell types in the tumor and stro-
mal regions according HPD. HPD, hyper-
progressive disease; NHPD, nonhyperpro-
gressive disease. (B-G) Data from multi-
plex IHC experiments. All the slides of the
100 samples were collected on the same
day and the experiments performed on
several days.

(HR, 0.57; 95% CI, 0.28-1.19, p = 0.05) (Fig. 4A). It is of note
that the ratio of leukocytes to lymphocytes in the tumor was sig-
nificantly higher in patients with HPD (Fig. 4B). However, the
ratio of tumor/stroma region of T cells (CD8 T and CD4 T),
B cells, macrophages, and Tregs showed no significant difference
between patients with HPD and non-HPD (Fig. 4C to F). Further,
in immune cell correlation analysis, CD4 T cells was shown to
have an obvious correlation with B cells (r = 0.87) and Tregs
(r = 0.89) in the tumor region of patients with HPD (Fig. 4G).
In the Chi-square test, HPD was significantly associated with
intratumoral B-cell density but not T cell or macrophage density

(Table 2). These results suggest that the monitoring of B-cell pro-
portions before treatment allows the prediction of HPD in clinical
practice along with complementary radiological evaluation.

Discussion

To identify TME characteristics associated with ICI responsive-
ness, we used multiplex IHC to investigate the immune cell com-
position of pretreatment tumor specimens obtained from patients
with advanced NSCLC treated with PD-1 blockade.

© 2021 The Authors. European Journal of Immunology published by
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Table 2. Comparison between HPD and non-HPD

All (n = 100), n

NHPD HPD p value#

CD8 T cell
<median 42 8
≥median 45 5 0.37

CD4 T cell
<median 41 9
≥median 46 4 0.14

Treg
<median 42 8
≥median 45 5 0.37

B cell
<median 40 10
≥median 47 3 0.04*

Macrophage
<median 45 5
≥median 42 8 0.37

HPD, hyperprogressive disease; NHPD, nonhyperprogressive disease.
#Chi-square test.
*P < 0.05.

Similar to previous studies [17], the PD-L1 expression level
showed a correlation with response to PD-1 blockade and intratu-
moral density of CD8 T cells, suggesting that PD-L1 expression is
induced by local inflammatory signals such as interferon gamma
(IFN-γ) by CD8 T cells. Although we found that PD-L1 expres-
sion was correlated with gender, the association between PD-L1
expression and clinicopathologic features remains controversial.

Although high PD-L1 expression has been used as a criterion to
identify patients who have a chance to benefit from ICI, this does
not fully predict their response. Therefore, additional biomark-
ers have also been considered to predict responses to ICI such
as immune cells. The prognostic significance of TILs has been
demonstrated in various cancers including NSCLC, melanoma,
and pancreatic cancer. Detection of pre-existing CD8 T cells has
been associated with response to ICI in melanoma and pancre-
atic cancer [4]. Increased CD8 T-cell infiltration was a positive
predictor for clinical outcomes in NSCLC regardless of histology
[18]. In addition, based on transcriptome sequencing data, classi-
fying the TME based on PD-1/PD-L1 and CD8+ TIL combination
successfully stratified patients with different clinical outcomes in
adenocarcinoma but not in squamous NSCLC [19]. Another study
reported that the combination of low CD4+/CD8+/CD68+ cell
density and high PD-L1 expression on tumor cells was a worse
prognostic factor in the adenocarcinoma subtype of NSCLC [5].
Furthermore, a combination of PD-L1 expression level and CD8
T-cell density showed a prognostic effect in patients with NSCLC
receiving concurrent chemoradiotherapy (CCRT) [20]. Although
the immunologic function of CD20+ B cells during immunother-
apy has not been fully elucidated, several studies demonstrated
that B-cell infiltration in tumors may represent a favorable prog-
nostic biomarker for cancers including NSCLC. In contrast, a
low accumulation of CD20+ B cells was an unfavorable prog-
nostic factor in nonsmokers with adenocarcinoma [8]. Our data

showed that high intratumoral T- and B-cell density was asso-
ciated with response to PD-1 blockade, which is consistent with
previous results. Intriguingly, in patients with low PD-L1 expres-
sion (<50%), high intratumoral T and B cells were enriched in
DCB. This observation was also found in melanoma treated with
ICI [21].

HPD is unexpectedly accelerated tumor growth during ICI
treatment and is associated with prompt clinical deterioration. So
far, there is no validated biomarker to identify patients at risk
of developing HPD. Similar to the results (8-30%) from previous
studies [22, 23], we found a 13% incidence of HPD in our cohort.
Although recent studies reported that some clinicopathological
features, strong expansion of CD28–CD4 lymphocytes in periph-
eral blood, and tumor infiltration by M2-like CD163+CD33+PD-
L1+ macrophages are associated with HPD in NSCLC [22, 24,
25], a predictive biomarker has not been clearly defined. In this
study, we found that high intratumoral leukocyte/lymphocyte
ratio and low intratumoral B-cell density were associated with
HPD in advanced NSCLC. Furthermore, intratumoral B cells cor-
related with intratumoral CD4 T cells in patients with HPD. In
a previous study, tumor-infiltrating B cells presented antigen to
CD4+ TILs in vitro, and activated tumor-infiltrating B cells were
associated with an effector CD4+ TIL phenotype (IFN-γ+ CD4+)
in NSCLC [26]. In addition, B cells showed close correlation with
T cells in both tumor center and tumor margin, and a high density
of B cells correlated with prolonged survival in colorectal cancer
[27]. Thus, more studies are needed to reveal the precise role of
B cells in the TME to identify new strategies that efficiently target
these cells by immunotherapy.

This study has several limitations. First, immune cell anal-
ysis was conducted by retrospective staining of archival small
biopsy specimens collected before anti-PD-1 therapy. Therefore,
these small biopsy samples may not fully reflect the charac-
teristics of the entire tumor, and some cases did not contain
enough stroma. Second, since biopsy samples were obtained from
either primary or metastatic tumors from various tumor sites,
the proportion of immune cells may be both heterogeneous and
dynamic, as reflected by discrepancies of the biopsy site. Third,
the threshold for positivity of each marker may differ because PD-
L1 and immune cell marker staining were not conducted using the
same method. Despite these limitations, our results showed that
the pre-existing immune cell context may result in the differing
efficacy of immunotherapies in NSCLC, regardless of histologic
type.

In conclusion, we showed that high T- and B-cell density in
combination with PD-L1 expression is a positive prognostic indi-
cator for patients with advanced NSCLC treated with anti-PD-1
therapy. Therefore, this combination of immune cell density and
PD-L1 expression has more promising prognostic and predictive
potential than each factor alone. In addition, immune cell pro-
portions are related with risk of HPD. Thus, evaluation of the
TME using pretreatment tissue, even in small biopsy samples,
may lead to the establishment of immunologic diagnostic meth-
ods and shed light on individualized immunotherapy for patients
with advanced NSCLC.
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Materials and methods

Patients, specimens, and ethical statement

Patients treated with anti-PD-1 at Samsung Medical Center were
retrospectively identified based on FFPE tissue availability. FFPE
sections of pretreatment biopsies from 100 patients were obtained
from archived specimens for multiplex IHC on the same day.
All procedures involving tumor specimens were reviewed and
approved by the Institutional Review Board (IRB) of Samsung
Medical Center (No. SMC 2013-10-112). Written informed con-
sent was provided by patients; however, in some cases, a waiver
of consent was obtained. Data from patients treated with pem-
brolizumab or nivolumab between December 2015 and August
2018 were analyzed, and the data cutoff was in July 2020. Clini-
copathologic information including, ECOG PS, commonly used to
assess how a patient’s disease is progressing, and PD-L1 IHC score
were retrospectively collected from electronic medical records.
Patient response was determined using RECIST 1.1 criteria. DCB
was categorized as patients with a RECIST response of CR, PR,
or SD of greater than 6 months with no progression, while non-
DCB (NDCB) were categorized as PD or SD for less than or equal
to 6 months before disease progression. The definition of HPD
was as follows: (I) time to treatment failure < 2 months; (II)
tumor growth kinetics (TGK) ratio ≥ 2; and (III) volume increase
50% compared to baseline. Measured diameters (2r) of the tar-
get lesions were extrapolated to spherical volume using the math-
ematical formula 4/3ᴨr3. Sums of the estimated volumes were
used. Per the RECIST system, patients with nonmeasurable dis-
ease only at baseline could not be assessed for TGK. For patients
who had disease progression with new lesions, TGK was com-
puted on the target lesions, and new lesions were included in the
RECIST sum.

Multiplex immunohistochemistry (OPALTM) staining

FFPE tissues were sectioned at 4 μm, and multiplex immunoflu-
orescence staining was performed using the following antibod-
ies: CD8 (Bio-Rad, Hercules, CA), CD4 (Abcam, Cambridge,
UK), CD20 (Abcam), CD68 (DAKO, Carpinteria, CA), FOXP3
(Abcam), and CK (NOVUS, Centennial, CO). Staining was per-
formed on several days using same experimental condition.
Slides were scanned using the Perkin-Elmer Vectra 3.0 Automated
Quantitative Pathology Imaging System (Perkin-Elmer, Waltham,
MA). Scanned images were analyzed using Inform 2.2 software
and TIBCO SpotfireTM (Perkin-Elmer). Tumor (CK-positive) and
stroma (CK-negative) areas were designated by an algorithm
which was designed based on pattern recognition. The pro-
portion of each immune cell type (CD8+ T cell, CD4+ T cell,
CD4+/FOXP3+ Treg, CD20+ B cell, and CD68+ macrophage) was
calculated as the percentage of positively staining cells against all
nucleated cells (% positive cells/all nucleated cells) in the tumor
and stromal regions.

Statistical analysis

An unpaired two-tailed Student’s t-test was used to examine the
significance of differences between samples, and p values less
than 0.05 indicated significant difference. Relationships between
paired data were analyzed using Pearson’s correlation coefficient
(r). The χ2 test was used to examine differences in categorical
variables. Survival analysis was conducted using Kaplan–Meier
curves, and statistical significance was determined using the log-
rank test.
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