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Introduction
The prognosis of patients with completely resected 
stage IIIA(N2) non-small cell lung cancer 

(NSCLC) remains poor, with 5-year survival rates 
ranging from 10% to 30% and a high degree of 
heterogeneity in postoperative recurrence risk,1,2 
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Abstract
Background: Completely resected stage IIIA(N2) non-small cell lung cancer (NSCLC) 
comprises a heterogeneous population according to discrepancies in survival prognosis. 
Accumulating evidence suggests that tumor-infiltrating lymphocytes (TILs) are clinically 
significant, despite a lack of consensus regarding the immunoscore (IS) in NSCLC. Here, 
we determined the prognostic value of the immune microenvironment as an IS in a uniform 
cohort of patients with completely resected stage IIIA(N2) NSCLC.
Methods: Consecutive patients with pathologically confirmed stage IIIA(N2) NSCLC and who 
underwent complete resection (2005–2012) were retrospectively reviewed. Tissue microarrays 
(TMAs) were constructed from surgical paraffin-embedded primary lung tumor specimen. For 
each case, two representative regions from the tumor center (CT) and two from the invasive 
margin (IM) containing the highest density of lymphocytes were selected. Densities of CD3+, 
CD45RO+, and CD8+ lymphocytes were assessed using immunohistochemistry (IHC) by 
specialized pathologists according to predefined scoring scales. Patients were classified 
according to IS definition based on TIL type, density, and distribution, and relationships 
between IS and prognosis were evaluated.
Results: Patients (N = 288) with complete IHC-based TMA spots were included. Univariate 
analyses showed that CD3+ T cell density was associated with neither overall survival (OS) 
nor distant metastasis-free survival (DMFS), whereas CD45RO+ T cell density in the IM was a 
significant prognostic factor for DMFS (p = 0.02) and was predictive of OS (p = 0.05). Combined 
CD45RO+ and CD8+ cell infiltration in tumor regions (CT and IM) significantly improved IS 
prognostic impact. Multivariate analyses revealed IS as an independent prognostic predictor 
for both DMFS (p = 0.001) and OS (p = 0.002).
Conclusion: The proposed IS might provide valuable prognostic information, including 
prediction of DMFS and OS in stage IIIA(N2) NSCLC patients. Larger patient cohorts are 
needed to validate this IS classification, which might assist with accurate risk stratification and 
treatment decisions.
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despite the same classifications used for TNM 
staging.3 Previous studies and our data have con-
sistently found that systemic recurrence following 
surgery is a major concern in stage IIIA(N2) 
NSCLC.4–6 Recently, major breakthroughs in tar-
geted therapy and immunotherapy have intro-
duced substantially more effective treatment 
options for patients at high risk of systemic recur-
rences and enabling opportunities to improve 
patient prognosis.7,8 Therefore, novel strategies 
for identifying patient risk stratification in order to 
optimize personalized adjuvant treatment decision 
making are urgently needed.

Mounting evidence indicates that the biologic 
behavior of NSCLC correlates with the heteroge-
neous tumor immune microenvironment accord-
ing to analyses of in situ immune components.9,10 
This suggests that the presence and prevalence of 
tumor-infiltrating lymphocytes (TILs) supple-
mentary to tumor status would represent clini-
cally informative prognostic biomarkers for 
metastasis and clinical outcome.11–13 In colorectal 
cancer (CRC), a clinically simple and useful clas-
sification system involving an immunoscore (IS) 
that integrated TIL type, density, and distribu-
tion was proposed by Galon et al.14 Importantly, 
the IS, defined by the combined evaluation of the 
density of TILs (CD3+ T cells: a pan-lympho-
cyte marker; CD45RO+ T cells: memory T cells; 
and CD8+ T cells: cytotoxic T cells) in both the 
center of the tumor (CT) and the invasive margin 
(IM), is reportedly a more valuable indicator for 
predicting the survival prognosis of CRC patients 
than TNM staging.15,16 Accordingly, given the 
distinct clinical outcomes of stage IIIA(N2) 
NSCLC following complete resection, the pro-
found and precise evaluation of the in situ host 
immune response to a tumor (key type, density, 
and distribution of immune components) in stage 
IIIA(N2) NSCLC could improve prognostic pre-
diction, thereby guiding personalized adjuvant 
treatment selection.17

In NSCLC, numerous studies have focused on 
determining the prognostic impact of TILs;18,19 
however, strategies for the development of a relia-
ble IS system in NSCLC remain under investiga-
tion and have gradually become a major clinical 
issue.20 Our data suggest that a high density of 
TILs correlates with a decreased incidence of 
tumor spread and improved survival.13 A recent 
study by Donnem et  al. showed that stromal 
CD8+ TILs have an independent positive prog-
nostic impact in patients with resected NSCLC 

and might play a critical role in the development of 
an IS.21 In addition, Paulsen et  al. identified 
CD45RO as a promising candidate marker follow-
ing evaluation in a large NSCLC study.22 However, 
no information concerning precise localization of 
the analyzed tumor regions (CT and IM) was pro-
vided in these studies.19,21,22 Therefore, there 
remains no consensus regarding the IS based on 
combined evaluation of TIL type, density, and dis-
tribution for future clinical implementation in sur-
gically resected stage IIIA(N2) NSCLC.

In this study, we investigated the prognostic sig-
nificance of immune components and the pro-
posed IS by incorporating combined evaluation 
of in situ T lymphocytes (CD3+), memory T cells 
(CD45RO+), and cytotoxic T cells (CD8+) in 
CT and IM in a uniform cohort of patients with 
pathologically confirmed stage IIIA(N2) NSCLC 
following complete resection.

Materials and methods

Patients and clinical samples
Records of consecutive patients with pathological 
stage T1-3N2M0 NSCLC [stage IIIA(N2) 
according to the TNM classification in the Union 
for International Cancer Control 7th edition3] 
and who underwent complete resection with clear 
surgical margins at Fudan University Shanghai 
Cancer Center from January 2005 to June 2012 
were identified and reviewed. Patients were eligi-
ble for inclusion if they had a complete surgical 
resection, defined as a surgical procedure of lobec-
tomy or pneumonectomy and systematic lym-
phadenectomy, or sampling with a minimum of 
three mediastinal lymph node (LN) stations com-
pletely dissected or sampled (one of which should 
be the subcarinal station).23 We excluded patients 
for the following reasons: they (1) underwent 
wedge resection; (2) received neoadjuvant therapy 
(chemotherapy, radiotherapy, or targeted ther-
apy); (3) had severe postoperative complications 
and died within 4 months after surgery; or (4) pre-
sented with other prior or concurrent malignan-
cies within the previous 5 years. This retrospective 
study was approved by the institutional review 
board of our center (IRB#090977-1).

Clinicopathological data were extracted from the 
hospital database (including clinical history and 
routine pathologic reports). The administrations 
of postoperative chemotherapy (POCT) deter-
mined at the discretion of their treating medical 
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oncologists based on patient’s comorbidity were 
recorded. In addition, permanent full-face hema-
toxylin and eosin (H&E)-stained slides were 
retrieved from the pathology archives, and several 
clinically meaningful pathologic characteristics 
other than pathology reports were reevaluated by 
two qualified specialized pathologists (L.Y. and 
S.L.) for each case. Extracapsular extension 
(ECE) of mediastinal LN was defined as the 
extension of the tumor through the LN capsule 
microscopically.24 TILs were analyzed based on 
the TIL scoring method in the H&E-stained 
slides, as previously described.13 Using surgical 
specimens, gene mutations associated with lung 
adenocarcinoma were detected in epidermal growth 
factor receptor (EGFR) exons 18–21 by the ampli-
fication-refractory mutation system (ARMS). 
Data regarding the treatment of subsequent 
EGFR-tyrosine kinase inhibitors (TKIs) for 
patients with relapse or progressive disease were 
recorded.6

The follow-up interval was regularly every 
3 months during the first 2 years after surgery and 
subsequently every 6–12 months. At each follow-
up visit, physical examination, blood tests, chest 
computed tomography scans, ultrasonography of 
the abdomen, and brain magnetic resonance 
imaging were generally conducted. Other neces-
sary examinations were optionally performed 
based on the clinical symptoms. The first patterns 
of failure were assessed and classified as either 
locoregional and/or distant. Recurrences beyond 
the bronchial stump, hilum, mediastinum, and/or 
supraclavicular regions were considered distant 
metastases.25

Microarray construction
We constructed tissue microarrays (TMAs) in 
collaboration with the Department of Pathology 
according to established methods.26 For each 
patient, all archived H&E-stained slides and the 
corresponding formalin-fixed paraffin-embedded 
(FFPE) tissue specimens were collected. All sam-
ples were from the surgical specimen at baseline. 
Two specialized pathologists (L.Y. and S.L.) 
reviewed each H&E slide of the surgical speci-
mens in two representative regions from the CT 
and two regions from the IM presenting the high-
est infiltration of TILs. We used the UATM-
272A tissue microarray system (Unitma, Seoul, 
Korea) to extract two representative areas of the 
CT and two areas of the IM from the FFPE tissue 
blocks (1.5-mm diameter tissue cores) for 

arrangement and deposit into a recipient paraffin 
TMA block, respectively.

Immunohistochemistry
Immunohistochemistry (IHC) of 4-μm paraffin-
embedded slides from the TMA blocks was per-
formed using the standardized EnVision system 
(Agilent Technologies, Santa Clara, CA, USA), 
as previously reported.27 The TMA tissue slides 
were first deparaffinized with xylene and rehy-
drated with an ethanol gradient. Antigen retrieval 
was conducted by placing the TMA slides in 
10 mM citrate buffer (pH 6.0) and boiling for 
15–17 min. After incubation in 0.3% hydrogen 
peroxide, followed by incubation with IHC back-
ground blocker (ADI-950-230-0100; Enzo Life 
Sciences, Farmingdale, NY, USA), the slides 
were respectively incubated with the following 
primary antibodies overnight at 4°C: mouse anti-
human monoclonal CD45RO (UCH-L1; 1:100; 
SC-1183; Santa Cruz Biotechnology, Dallas, TX, 
USA), rabbit anti-human monoclonal CD8 
(SP16; 1:100; Maixin Biotechnology, Fuzhou, 
China), and rabbit anti-human monoclonal CD3 
(SP7; 1:100; Abcam, Cambridge, MA, USA). 
The ImmPRESS HRP IgG polymer detection kit 
(MP-7452 and MP-7451; Vector Laboratories, 
Burlingame, VT, USA) and the DAB substrate 
kit (SK-4105; Vector Laboratories) were applied 
to obtain the target antigens. Hematoxylin was 
used to counterstain the TMA slides.

IHC scoring
Samples were evaluated independently and with-
out knowledge of clinicopathological data and 
patient outcomes by two experienced pathologists 
(L.Y. and S.L.). For each histospot, the densities 
of CD3+, CD45RO+, and CD8+ lymphocyte 
infiltration were assessed separately using a four-
category scale based on semi-quantitative estima-
tion of the percentages of stained lymphocytes 
relative to the total number of nucleated cells in 
the whole region of the epithelial and stromal 
compartments. According to a previous report,28 
scoring cut-off points at 5%, 25%, or 50% were 
used for each T cell marker in each tumor region: 
score 0 (0–5%), 1 (>5–25%), 2 (>25–50%), and 
score 3 (>50%). The mean density of the dupli-
cate cores was used to assign one score per tumor 
region. For statistical analysis, categories of scores 
from 0 to 1 (⩽25%) were designated as the low-
infiltration group, and those with scores from 2 to 
3 (>25%) were designated as high-infiltration 
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group for the CD3+, CD45RO+, and CD8+ 
lymphocyte densities in each respective tumor 
region (CT and IM). Patients were then classified 
according to the definition of the IS based on the 
combined assessment of TIL type, density, and 
distribution, as previously described by Galon 
et al. in CRC.14

Statistical analysis
Overall survival (OS) was calculated from the 
date of surgery to the date of death or the last 
follow-up. We defined distant metastasis-free sur-
vival (DMFS) as the time from the date of surgery 
to the documented distant metastases or the last 
follow-up. OS and DMFS were estimated with 
the Kaplan–Meier method. The log-rank test was 
used to analyze the association between T lympho-
cytes (CD3CT/IM, CD45ROCT/IM, and CD8CT/IM 
alone or in combination) and survival endpoints. 
After identifying the prognostic immune markers 
and determining the IS combination, we gener-
ated a multivariate Cox proportional hazards 
model (backward conditional step-wise) to con-
trol confounding variables in the analysis. All sta-
tistical analyses were performed using SPSS 
(v.20.0; IBM Corp., Armonk, NY, USA), and a 
p < 0.05 was considered statistically significant 
unless otherwise stated.

Results

Patient characteristics
Of the 357 patients who met the eligibility crite-
ria, 69 were excluded due to loss to follow-up 
(n = 18), incomplete H&E slides (n = 37), and 
inaccessible FFPE tissue specimens (n = 14). 
Therefore, 288 patients with complete IHC-
based TMA histospots were assessed and included 
in this study [median age: 59 (range: 22–86) 
years] (Table 1). Of the 288 patients, 247 (86%) 
received POCT, 213 (74%) received ⩾4 cycles of 
POCT, 89 (31%) had evidence of mediastinal 
LN-ECE, 120 (42%) showed positive TIL infil-
tration according to the H&E slides, and 182 had 
information concerning mutation status (EGFR 
exons 18–21) according to ARMS, and 77 (42%) 
positive for EGFR mutation.

Of the 247 patients who received POCT, the 
median cycle of POCT was 4 (range, 1–6) and 
platinum-based doublet chemotherapy was 
administered. The most common reasons for not 
completing the planned four cycles of POCT 

(n = 75) were the patient’s refusal (n = 38, 50.7%), 
excessive toxicity (n = 17, 22.7%), poor general 
condition due to pneumonectomy (n = 10, 
13.3%), medical non-compliance reason of old 
age (n = 8, 10.6%), and progressive disease during 
treatment (n = 2, 2.7%). In our follow-up data, 55 
patients were treated with subsequent EGFR-
TKIs for relapse or progressive disease, of which 
37 received gefitinib, 16 received erlotinib, and 
two received icotinib.

Prognostic impact of immune cell densities  
in NSCLC
Among the entire cohort, the median follow-up 
time was 36.9 months (range: 4.4–132 months) 
for all patients and 54.9 months (range: 23.9–
132 months) for living patients. For all patients, 
the median survival time was 37.8 months, and 
the 5-year OS and DMFS rates were 34% and 
26%, respectively. As shown in Table 2, 
CD45RO+ TIL density in the IM was a signifi-
cant prognostic factor for DMFS (p = 0.02) and 
showed a trend predictive of OS (p = 0.05). In 
addition, we found a high density of CD8+ TILs 
in the CT was associated with improved survival, 
although the difference was not significant (DMFS 
p = 0.23; and OS p = 0.24). However, no signifi-
cant association was observed between densities 
of CD3+ TILs in either the CT or the IM with 
survival prognosis (OS or DMFS) in this group.

The combined analysis based on TIL density and 
distribution in the CT and IM better discrimi-
nated patients grouped for CD45RO+ and CD8+ 
TILs, respectively (Figure 1 and Supplemental 
material Figure 1 online). Patients with high den-
sities of CD45RO+ T cells in both tumor regions 
(CD45ROCT/IM

HiHi) showed a longer DMFS 
(p = 0.002) and an improved OS (p = 0.07) (Figure 
1A and B). The beneficial prognostic impact was 
obviously decreased in patients with a low density 
of CD45RO+ cells in any one of the tumor regions 
(heterogeneous pattern LoHi or HiLo; 
CD45ROCT/IM

Het) or low densities in both of 
tumor regions (CD45ROCT/IM

LoLo) (Supplemental 
Figure 1A and B). In addition, high densities of 
CD8+ T cells in both tumor regions (CD8CT/IM

HiHi) 
were associated with longer DMFS (p = 0.12) and 
better OS (p = 0.13), but the differences did not 
reach the level of statistical significance (Figure 
1C and D). Moreover, no significant differences 
were found with DMFS and OS for densities of 
CD3+ T cells in the combined analysis of the CT 
and IM (Supplemental Figure 1E and F). These 
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Table 1.  Patient characteristics.

Characteristics Data
N = 288

Age, years Median: 59; 
range: 22–86

Gender

  Male 187 (65%)

  Female 101 (35%)

ECOG PS

  0 17 (6%)

  1 247 (86%)

  2 24 (8%)

Clinical N stage

  cN0,1 158 (55%)

  cN2 130 (45%)

Smoking history*

  Never/light 133 (46%)

  Current/heavy 155 (54%)

Surgical procedure

  Lobectomy/sleeve lobectomy 254 (88%)

  Pneumonectomy 34 (12%)

Histology

  Adenocarcinoma 171 (59.4%)

  Squamous cell 87 (30.2%)

  Adenosquamous 21 (7.3%)

  Large cell 7 (2.4%)

  Pleomorphic 2 (0.7%)

Tumor differentiation

  Well 2 (0.7%)

  Moderate 136 (47.2%)

  Poor 150 (52.1%)

LN-ECE

  Positive 89 (31%)

  Negative 199 (69%)

Characteristics Data
N = 288

TILs

  Positive 120 (42%)

  Negative 168 (58%)

Pathologic T stage

  T1 65 (22%)

  T2 189 (66%)

  T3 34 (12%)

Number of positive nodes

  ⩽4 160 (56%)

  >4 128 (44%)

EGFR mutation status

  Positive 77 (42%)

  Negative 105 (58%)

Cycles of POCT

  <4 75 (26%)

  ⩾4 213 (74%)

*Smoking history was categorized as never/light ex-
smokers (<100 cigarettes smoked in their lifetime or ⩽10 
pack-years, having stopped for ⩾15 years) or current/
heavy ex-smokers.
ECOG PS, Eastern Cooperative Oncology Group 
Performance Status; EGFR, epidermal growth factor 
receptor; LN-ECE, lymph node extracapsular extension; 
POCT, postoperative chemotherapy; TIL, tumor infiltrating 
lymphocyte.

Table 1.  (Continued)

(Continued)

findings indicated that the density and distribu-
tion of CD45RO+ memory TILs significantly 
influenced the prognosis of patients with stage 
IIIA(N2) disease, especially in terms of DMFS.

Combined analysis of IS to predict clinical 
outcomes
Based on combined analysis of the densities of 
CD45RO+ and CD8+ T cells in both tumor 
regions, the scoring system of the proposed IS 
was implemented and evaluated. Scoring was 
performed using the two-category IS,29 where a 
density between 0% and 25% was scored as low 
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(Lo; score 0) and that from 25% to 100% was 
scored as high (Hi; score 1) for CD45RO+ and 
CD8+ T cells in each tumor region (CT and 
IM), respectively. Representative IHC slides 
showing high and low infiltration of CD45RO+ 
and CD8+ TILs in the CT and the IM are dis-
played in Figure 2, respectively. Patients were 
stratified according to IS scoring groups ranging 
from IS0 to IS4.

According to this criterion, there were 68 (24%) 
patients with IS0, 64 (22%) with IS1, 58 (20%) 
with IS2, 48 (17%) with IS3, and 50 (17%) with 
IS4. Significant differences in DMFS and OS 
stratified with patient IS groups were determined 
by univariate analysis (p = 0.002 and p = 0.018) 
(Figure 3A and B). Patients with IS4 (high densi-
ties of CD45RO+ and CD8+ cells in both tumor 

regions) had prolonged OS (5-year OS rate: 
44.9%) and DMFS (5-year DMFS rate: 40.2%). 
Similarly, patients with IS3 experienced a simi-
larly better postoperative outcome (5-year 
DMFS: 43.5%; and 5-year OS: 46.3%). By con-
trast, the cumulative 5-year DMFS and OS rates 
were only 9.3% and 23.1%, respectively, for 
patients with IS0 (low densities of CD45RO+ 
and CD8+ cells in both tumor regions). Patients 
with an IS of 1 or 2 had 5-year DMFS and OS 
rates of 21.6% and 31.1%, respectively.

In addition, a better discrimination between high 
IS (IS3–4) and low IS (IS0–2) was demonstrated 
for DMFS and OS in stage IIIA(N2) patients 
(Figure 3C and D). The 5-year DMFS and OS 
rates were only 17% and 28% for the group with 
low IS (IS0–2; n = 190) as compared with 42% 
and 45% for the group with high IS (IS3–4; 
n = 98), respectively (DMFS p < 0.001; and OS 
p = 0.001). All significant clinicopathologic fea-
tures from the univariate analyses were adopted 
as covariates when multivariate Cox regression 
analyses were performed (Table 3). Multivariate 
analyses identified the IS as an independent prog-
nostic variable for both DMFS (p = 0.001) and 
OS (p = 0.002).

Discussion
In this study, we performed analyses of the 
immune contexture (TIL type, density, and dis-
tribution) and the IS in completely resected stage 
IIIA(N2) NSCLC patients, demonstrating a pos-
itive correlation between the IS (CD45RO+ and 
CD8+ T cell infiltration in the CT and IM) and 
postoperative clinical outcomes in a consistent 
population with stage IIIA(N2) NSCLC in terms 
of DMFS and OS. Although the dynamics occur 
over time because the tumor infiltration by T 
lymphocytes is shaped by a combination of the 
invasive growth of tumor and a coordinated 
immune reaction of the host,30 the IS described 
here reflects the pre-existing state of the tumor 
immune microenvironment has been generated in 
a patient at a single, static time point of tumor 
resection associated with patient survival progno-
sis. Briefly, evaluation of CD45RO+ memory 
and CD8+ cytotoxic T cells in the combined 
tumor regions (CT and IM) at the static situation 
of resection time provided a means for predicting 
postoperative distant metastatic risk and survival 
prognosis of stage IIIA(N2) disease. Therefore, 
the proposed IS (defined as CD45RO+ and 
CD8+ T cells within the CT and IM) effectively 

Table 2.  The prognostic impact of the CD3+, CD45RO+, and CD8+ T cells 
on DMFS and OS in all patients (N = 288).

n (%) 5-year DMFS p 5-year OS p

CD3CT 0.43 0.92

  Low 140 24.4 32.3  

  High 148 27.9 35.5  

CD3IM 0.80 0.43

  Low 142 27.2 37.0  

  High 146 25.4 31.6  

CD45ROCT 0.06 0.43

  Low 157 21.7 32.0  

  High 131 31.5 36.8  

CD45ROIM 0.02 0.05

  Low 135 19.7 30.8  

  High 153 32.0 36.8  

CD8CT 0.23 0.24

  Low 194 24.0 31.5  

  High 94 30.2 39.5  

CD8IM 0.58 0.57

  Low 170 23.8 32.9  

  High 118 29.8 35.7  

CT, center of the tumor; DMFS, distant metastasis-free survival; IM, invasive 
margin; OS, overall survival.
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outlined the orientation of the tumor immune 
microenvironment in pathological stage IIIA(N2) 
patients in an accessible and easy-to-apply man-
ner, the understanding of which could be useful 
for risk stratification in clinical settings and in 
future prospective clinical trials assessing out-
comes and therapeutic efficacies in surgically 
resected NSCLC.

Previous studies reported the prognostic roles  
of TILs in NSCLC; however, because immune 
infiltration in tumors is heterogeneous, their 

prognostic impact conflicted in terms of immune 
cell type, density, and distribution.18,31 Other stud-
ies found that the presence of CD3+, CD8+, and 
CD45RO+ T cells was associated with beneficial 
survival outcomes for NSCLC.18–22,31 Data from 
the present study generally agreed with these find-
ings. We demonstrated that the density of 
CD45RO+ TILs in the IM was a significant prog-
nostic factor for clinical outcome (DMFS and OS). 
In addition, a high density of CD8+ TILs in the 
CT was associated with prolonged survival but did 
not reach statistical significance. In contrast to a 

Figure 1.  Plot of distant metastasis-free survival and overall survival for all patients stratified into scores for 
(A, B) CD45ROCT/IM and (C, D) CD8CT/IM in combined tumor regions (CT and IM) (N = 288). For each marker, high 
and low infiltration in the CT and IM (HiHi, red curve; and LoLo, blue curve; respectively) or heterogeneous 
infiltration with CTLo and IMHi or CTHi and IMLo (Het, blue curve) are presented for all patients (N = 288).
CT, center of the tumor; IM, invasive margin.
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previous study,32 we found that the density of 
CD3+ TILs was associated with neither OS nor 
DMFS in this cohort. This inconsistency might be 
due to the tumor cells and/or the heterogeneous 

tumor immune contexture including other immu-
nosuppressive subsets of T cell populations and/or 
cytokines that potentially blunted the effector func-
tion of CD3+ TILs in stage IIIA(N2) NSCLC.33 

Figure 2.  Tumor-infiltrating lymphocytes were stained with CD8+ and CD45RO+ antibodies [(A, E) high and 
(B, F) low infiltration in the CT; and (C, G) high and (D, H) low infiltrations in the IM]. Magnifications: 50× and 
200×. (I) Representation of immunoscore definition.
CT, center of the tumor; IM, invasive margin.
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There remains a need for further functional studies 
to explain these discrepancies. In addition to TIL 
subtype, our results confirmed that TIL distribu-
tion is another critical prognostic factor. Notably, 
accurate delineation of the analyzed tumor regions 
(two representative regions from the CT and two 
from the IM) was completed by specialized pathol-
ogists and included in our analysis in order to better 
reflect the TIL distribution and enhance their prog-
nostic impact.

We showed that a higher infiltration of CD45RO+ 
memory TILs (CD45ROCT/IM) and the IS exhib-
ited robust predictive values for DMFS. This is 

supported by several previous reports that sug-
gested a strong association between memory T 
cells and metastasis in CRC,11,12 which could be 
explained by the durable antitumor properties of 
memory T cells playing an essential role in control-
ling tumor micrometastases following complete 
resection. For patients with pathological stage 
IIIA(N2) disease, micrometastases, occult tumor 
cells might be commonly detected, even after cura-
tive resection. Therefore, analysis of in situ mem-
ory T lymphocytes could provide information 
regarding the ability of the host immune response 
to eliminate occult tumor cells, which could help 

Figure 3.  Plot of (A, C) distant metastasis-free survival and (B, D) overall survival for all patients stratified into 
the IS (N = 288).
CT, center of the tumor; IM, invasive margin; IS, immunoscore.
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Table 3.  Multivariate analyses of the DMFS and OS in all patients (N = 288).

Characteristics n DMFS OS

  HR (95% CI) p HR (95% CI) p

Gender 0.99 0.48

  Female 101 1 1  

  Male 187 1.00 (0.62–1.62) 1.16 (0.77–1.76)  

Age, years 0.64 0.18

  ⩽60 169 1 1  

  >60 119 1.10 (0.74–1.62) 1.33 (0.87–2.04)  

ECOG PS 0.56 0.003*

  0–1 264 1 1  

  2 24 1.32 (0.53–3.28) 3.26 (1.50–7.09)  

Smoking history 0.08 0.62

  Never/light smoker 133 1 1  

  Current/heavy smoker 155 1.38 (0.97–1.96) 0.88 (0.51–1.49)  

Clinical N stage 0.004* 0.02*

  cN0,1 158 1 1  

  cN2 130 1.70 (1.18–2.45) 1.58 (1.06–2.35)  

Surgical procedure 0.33 0.73

  Lobectomy 254 1 1  

  Pneumonectomy 34 1.44 (0.69–3.04) 1.16 (0.50–2.66)  

Histology 0.67 0.55

  Non-SCC 201 1 1  

  SCC 87 0.78 (0.24–2.53) 1.38 (0.48–3.96)  

Tumor differentiation 0.95 0.05

  Well/Moderate 138 1 1  

  Poor 150 0.99 (0.70–1.41) 1.45 (0.99–2.12)  

LN-ECE 0.018* 0.06

  ECE− 199 1 1  

  ECE+ 89 1.61 (1.09–2.38) 1.49 (0.98–2.26)  

No. of positive nodes 0.01* <0.001*

  ⩽4 160 1 1  

  >4 128 1.68 (1.14–2.50) 2.34 (1.55–3.52)  

(Continued)
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attenuate the metastatic potential of lung tumor 
cells.

For routine IHC evaluation, there remain 
unsolved issues concerning measuring levels of 
immune infiltrate.20 Based on a study of CRC,14 a 
simple scoring method (the IS) was established 
and could predict patient prognosis in a clinical 
setting. A previous study suggested a protective 
role for CD3+ pan T cells, CD8+ cytotoxic T 
cells, and CD45RO+ memory T cells, as well as 
TILs evaluated by H&E staining, with these hav-
ing since become candidate markers for the devel-
opment of an IS for NSCLC.20,29 With the aim to 
establish an NSCLC TNM-IS (TNM-I) classifi-
cation for NSCLC, several in situ immunology 
studies were performed to explore a T lympho-
cyte-based IS in order to add prognostic impact 
to the clinical setting (Supplemental Table 1). 
However, there still exists discrimination against 
the establishment of an IS for NSCLC in terms of 

TIL type, the localization for scoring, and the 
scoring system.20,29 Overall, TIL localization (CT 
versus IM) was unavailable in previous stud-
ies,19,21,22 an understanding of which could be 
essential to optimizing the prognostic value of an 
IS for NSCLC.20,29 A recent study by Ishii et al. 
that accounted for TIL localization included a 
relatively small number of patients for the analy-
sis.32 In the present study, we found that evalua-
tion of CD45RO+ T cells and CD8+ T cells in 
combined tumor regions (CT and IM) allowed 
successful stratification of patients into two prog-
nostic categories with dramatically different 
DMFS and OS prognoses. The IS demonstrated 
a significant prognostic impact with regard to 
5-year DMFS rates [42% (IS3–4) and 17% (IS0–
2); p < 0.001], as well as 5-year OS rates [45% 
(IS3–4) and 28% (IS0–2); p = 0.001]. 
Furthermore, multivariate analysis revealed that 
the IS remained an independent prognostic factor 
in terms of both DMFS and OS.

Characteristics n DMFS OS

  HR (95% CI) p HR (95% CI) p

Pathologic T stage 0.14 0.09

  T1 65 1 1  

  T2 189 1.23 (0.83–1.81) 1.66 (1.06–2.62)  

  T3 34 0.64 (0.30–1.36) 1.36 (0.63–2.94)  

Immunoscore 0.001* 0.002*

  IS0–2 190 1 1  

  IS3–4 98 0.52 (0.35–0.78) 0.50 (0.33–0.77)  

EGFR mutation 0.82 0.02*

  Negative 105 1 1  

  Positive 77 0.96 (0.68–1.35) 0.64 (0.44–0.94)  

Cycles of POCT 0.017* 0.01*

  <4 75 1 1  

  ⩾4 213 0.62 (0.42–0.92) 0.57 (0.36–0.88)  

*A number marked in bold indicates that its corresponding variable is statistically significant for the DMFS or OS.
CI, confidence interval; DMFS, distant metastasis-free survival; ECOG PS, Eastern Cooperative Oncology Group 
Performance Status; EGFR, epidermal growth factor receptor; HR, hazard ratio; LN-ECE, lymph node extracapsular 
extension; OS, overall survival; POCT, postoperative chemotherapy; SCC, squamous cell carcinoma.

Table 3.  (Continued)
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The establishment of an IS has a dual advantage. 
First, it demonstrated efficacy as a robust prog-
nostic factor for DMFS and OS in completely 
resected stage IIIA(N2) NSCLC and might facili-
tate identification of patients at high risk of dis-
tant metastasis and prognostic prediction using 
IHC staining in routine diagnostic pathology. 
Second, it carries biological meaning for patho-
logical stage IIIA(N2) NSCLC, suggesting that 
the state of in situ adaptive immune response to 
tumors plays a role in preventing systemic recur-
rences after surgery. CD45RO+ T cells and the 
IS could reflect the local immune microenviron-
ment, which might be vital parameters that could 
be integrated with other tumor features to poten-
tially enable determination of the biological 
behaviors of tumors.

This study has several limitations. First, this study 
was retrospective in nature and included a rela-
tively small study cohort of 288 cases, although 
multivariable analysis was performed to control 
for potential confounding variables. Therefore, 
this study can be regarded as an initial exploration 
of the IS for stage IIIA(N2) NSCLC that offers a 
foundation for further external validation on a 
larger scale in order to establish TNM-I staging 
for this group. Second, the proposed IS for 
NSCLC was developed through semi-quantitative 
evaluation of CD8+ and CD45RO+ density by 
expert pathologists, under which conditions the 
individual expertise of a given pathologist might 
cause bias. However, it should be noted that the 
conventional IHC scoring method for common  
T cells is considered a standardized and reproduc-
ible procedure in pathologic practice, whereas 
digital quantification scoring by image-analysis 
software has not maintained consistency in the 
results, even when applied by expert patholo-
gists.29 In addition, given the spatial heterogeneity 
of TILs, the TMAs used in this study tended to 
not reflect the complete picture for each patient. 
To better reflect TIL localization and attenuate 
the sampling effect of TMAs, a precise description 
of the analyzed tumor regions (CT and IM) was 
undertaken by selecting two representative regions 
from the CT and two from the IM, each contain-
ing the highest TIL density. Finally, the proposed 
IS, largely supported by findings in a consistent 
population of patients with stage IIIA(N2) 
NSCLC, included the T lymphocyte-based scor-
ing without the immunogenomic analyses per-
formed in this study, suggesting that more 
information might be necessary in order to con-
struct an IS for NSCLC. Unfortunately, RNA 

sequencing (RNA-seq) analysis has stricter 
requirements on the type and quality of tissue 
samples, including storage for ⩽2 years from the 
time of surgery, which indicates that RNA-seq 
analysis would not have been possible using the 
follow-up data in this study. Therefore, a more 
comprehensive immunological characterization 
needs to be integrated into the proposed IS for 
NSCLC and explored in an on-going multicenter 
prospective clinical study led by our center 
[ClinicalTrials.gov identifiers: NCT02977169 
and NCT02974426].

In conclusion, the proposed IS (involving com-
bined assessment of CD45RO+ and CD8+ T 
cells in the CT and IM) for NSCLC might provide 
valuable prognostic information, including predic-
tion of DMFS and OS in patients with completely 
resected stage IIIA(N2) NSCLC. Our results 
identified CD45RO+ memory cells and CD8+ 
cytotoxic cells as viable candidate markers that 
should be included in subsequent studies focused 
on establishing an IS for NSCLC. However, stud-
ies with larger patient cohorts are needed to vali-
date these findings and evaluate the role of the IS 
in guiding clinical decisions for adjuvant therapy, 
especially in the era of immunotherapy.
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