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Abstract: Lung cancer is ranked as the leading cause of cancer-related death worldwide, and the development of 
novel biomarkers is helpful to improve the prognosis of non-small cell lung cancer (NSCLC). Cell-in-cell structures 
(CICs), a novel functional surrogate of complicated cell behaviors, have shown promise in predicting the prognosis of 
cancer patients. However, the CIC profiling and its prognostic value remain unclear in NSCLC. In this study, we retro-
spectively explored the CIC profiling in a cohort of NSCLC tissues by using the “Epithelium-Macrophage-Leukocyte” 
(EML) method. The distribution of CICs was examined by the Chi-square test, and univariate and multivariate analy-
ses were performed for survival analysis. Four types of CICs were identified in lung cancer tissues, namely, tumor-
in-tumor (TiT), tumor-in-macrophage (TiM), lymphocyte-in-tumor (LiT), and macrophage-in-tumor (MiT). Among them, 
the latter three constituted the heterotypic CICs (heCICs). Overall, CICs were more frequently present in adenocarci-
noma than in squamous cell carcinoma (P = 0.009), and LiT was more common in the upper lobe of the lung com-
pared with other lobes (P = 0.020). In univariate analysis, the presence of TiM, heCIC density, TNM stage, T stage, 
and N stage showed association with the overall survival (OS) of NSCLC patients. Multivariate analysis revealed that 
heCICs (HR = 2.6, 95% CI 1.25-5.6) and lymph node invasion (HR = 2.6, 95% CI 1.33-5.1) were independent factors 
associated with the OS of NSCLC. Taken together, we profiled the CIC subtypes in NSCLC for the first time and dem-
onstrated the prognostic value of heCICs, which may serve as a type of novel functional markers along with classical 
pathological factors in improving prognosis prediction for patients with NSCLC.
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Introduction

Lung cancer is the most common cancer and 
ranks first in terms of cancer-related deaths 
worldwide. It is also the leading cause of can-
cer-related deaths among men and women in 
China. Non-small cell lung cancer (NSCLC), 
accounting for more than 80% of all lung can-
cer cases, is mainly divided into two histologi-
cal subtypes, including adenocarcinoma (ADC) 
and squamous cell carcinoma (SCC) [1, 2]. 

Although surgery and systemic adjuvant thera-
py prolong the overall survival of patients with 
lung cancer, disease progression and distant 
metastasis are inevitable in some patients, 
even in those who undergo radical resection at 
a rather early stage. Generally, the 5-year sur-
vival rate of NSCLC is approximately 18% [3, 4]. 
However, a number of patients exhibit an over-
all survival longer than the average. The specific 
molecular mechanism underlying the different 
prognoses in NSCLC has not yet been deter-
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mined, and the development of novel biomark-
ers to predict the prognosis of NSCLC is 
needed.

Cell-in-cell structures (CICs) are defined as 
unique structures with one or more cells 
enclosed within another cell [5, 6], which is 
prevalent in various human cancer tissues [7, 
8]. The formation of CICs is a finely regulated 
process that is controlled by a set of core ele-
ments [9], including adherens junctions [10-
12], contractile actomyosin [13, 14], and me- 
chanical ring [15]. Molecules targeting these 
core elements, such as p53, CD44, TRAIL, 
4.1N, IL-8, IL-6, CDKN2a, and cholesterol, are 
important regulators of CIC formation [16-24]. 
The formation of CICs is believed to be a death 
program [25], leading to the death of either the 
internalized cells in an acidified lysosome [26, 
27] or the outer host cells under certain circum-
stances [23]. Therefore, CICs have been impli-
cated in many important processes, such as 
immune homeostasis [28], viral transmission 
and pathogenesis [29-32], and genomic insta-
bility and tumor evolution [18, 19, 33]. Ac- 
cording to the types of cells involved in the for-
mation, CICs are categorized into two common 
subgroups, namely, homotypic CICs (HoCICs, 
formed between tumor cells) and heterotypic 
CICs (HeCICs, formed between tumor cells and 
other types of cells, such as immune cells) [34-
36]. In terms of heCICs, there is more than one 
kind of subtype in tumor tissues where differ-
ent immune cells are involved in the formation 
of CICs [8, 37]. Currently, as novel functional 
surrogates of complicated cell behaviors, CICs 
have been reported to predict patient progno-
sis for multiple cancers [35, 37-42]. However, 
the CIC profiling and its prognostic value remain 
unclear for NSCLC.

This retrospective study aimed to profile the 
CIC subtypes in a cohort of tumor tissues from 
patients with NSCLC and to explore their prog-
nostic values for NSCLC.

Materials and methods

Study population

We conducted a retrospective analysis of 220 
patients with histologically confirmed NSCLC 
from May 2014 to March 2019. Among the 220 
patients, 145 cases were from the Fifth Medi- 
cal Center of Chinese PLA General Hospital 

(Beijing, China) or the Second Affiliated Hospital 
of Air Force Military Medical University (Xi’an, 
China), and 75 cases were from commer- 
cial tumor microarray (TMA) (HLugA150CS02, 
XT15-045, Shanghai Outdo Biotech Co. Ltd.). 
The inclusion criteria include: a. received radi-
cal surgery; b. had the complete clinical and 
follow-up information. The exclusion criteria 
included: a. distant metastasis was found 
before or during the operation; b. patients who 
received treatment prior to radical surgery. 

Clinical data such as age, sex, tumor size, his-
tology, TNM stage, and survival data were col-
lected. The follow-up data were obtained from 
outpatient visit or telephone follow-ups. The OS 
was defined as the time from the day of diagno-
sis to the day of the last visit or death. The eth-
ics committee of the Fifth Medical Center of 
Chinese PLA General Hospital and the Second 
Affiliated Hospital of Air Force Military Medical 
University approved the study and granted a 
waiver of informed consent, considering the 
retrospective nature of the study.

Immunostaining and image processing

Formalin-fixed and paraffin-embedded tissue 
specimens were cut into 5-μm-thick sections, 
mounted on poly-lysine-coated slides routinely. 
The “Epithelium-Macrophage-Leukocyte” (EML) 
method was used to subtype CICs as previously 
reported [7]. In brief, samples were first stained 
with antibody against CD45 (mouse mAb from 
Boster, BM0091) at a dilution of 1:400 by Opal 
Multiplex tissue staining kit (Perkin Elmer, 
NEL791001KT) according to the standard pro-
tocol provided, and CD45 molecules were 
eventually labeled with Cyanine 5 fluorophore. 
Slides were then incubated with mixed antibod-
ies against E-cadherin (mouse mAb from BD 
Biosciences, 610181) and CD68 (rabbit pAb 
from Proteintech, 25747-1-AP), followed by sec-
ondary antibodies of Alexa Fluor 568 anti-rab-
bit antibody (Invitrogen, A11036) and Alexa 
Fluor 488 anti-mouse antibody (Invitrogen, 
A11029). All slides were counterstained with 
DAPI to show nuclei and mounted with Antifade 
reagent (Invitrogen, Carlsbad, CA) and cover 
slips. Multispectral images were taken with 
TMA modules of VectraR Automated Imaging 
System (Perkin Elmer) by a 20× objective lens. 
Nuance system (Perkin Elmer) was used to 
build libraries of each spectrum (DAPI, FITC, 
TRITC, and Cy5) and unmix multispectral imag-
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es with high contrast and accuracy. InForm 
automated image analysis software (Perkin 
Elmer) was used for batch analysis of multi-
spectral images based on specified algori- 
thms. 

Quantification of CICs in tissue 

CICs were quantified as previously described 
[37]. Briefly, CICs were first identified from a 
composite image with multiple fluorescent 

Table 1A. The clinical pathological characteristics of patients in this study
Cancer tissues 

n (%)
Para-carcinoma 

n (%)
Normal tissues 

n (%) 
Valid cancer tissues 

n (%)
Sample number 220 220 142 163
Age (years) 156
    <60 101 (45.9) 101 (45.9) 67 (47.2) 77 (49.4)
    ≥60 108 (49.1) 108 (49.1) 68 (47.9) 79 (50.6)
    NA 11 (5.0) 11 (5.0) 7 (4.9)
Sex 157
    Male 135 (61.4) 135 (61.4) 96 (67.6) 95 (60.5)
    Female 75 (34.1) 75 (34.1) 39 (27.5) 62 (39.5)
    NA 10 (4.5) 10 (4.5) 7 (4.9)
Type 162
    Adenocarcinoma 112 (50.9) 112 (50.9) 49 (34.5) 93 (57.4)
    Squamous carcinoma 64 (29.1) 64 (29.1) 64 (45.1) 41 (25.3)
    Others 39 (17.7) 39 (17.7) 27 (19.0) 28 (17.3)
    NA 5 (2.3) 5 (2.3) 2 (1.4)
Location 152
    Upper 113 (51.4) 113 (51.4) 75 (52.8) 83 (50.9)
    Middle 20 (9.1) 20 (9.1) 15 (10.6) 16 (9.8)
    Lower 65 (29.5) 65 (29.5) 37 (26.1) 53 (32.5)
    NA 22 (10.0) 22 (10.0) 15 (10.6)
TNM stage 148
    I + II 114 (51.8) 114 (51.8) 68 (47.9) 92 (62.2)
    III + IV 70 (31.8) 70 (31.8) 51 (35.9) 56 (37.8)
    NA 36 (16.4) 36 (16.4) 23 (16.2)
T stage 157
    T1 + T2 149 (67.7) 149 (67.7) 86 (60.6) 124 (79.0)
    T3 + T4 52 (23.6) 52 (23.6) 40 (28.2) 33 (21.0)
    NA 19 (8.6) 19 (8.6) 16 (11.3)
N stage 157
    N0 92 (41.8) 92 (41.8) 52 (36.6) 75 (47.8)
    N1-N3 109 (49.5) 109 (49.5) 74 (52.1) 82 (52.2)
    NA 19 (8.6) 19 (8.6) 16 (11.3)
Histology grade 122
    I 29 (13.2) 29 (13.2) 16 (11.3) 26 (21.3)
    II 86 (39.1) 86 (39.1) 35 (24.6) 76 (62.3)
    III 26 (11.8) 26 (11.8) 16 (11.3) 20 (16.4)
    NA 79 (35.9) 79 (35.9) 75 (52.8)
Survival time 163
    <43 86 (39.1) 86 (39.1) 61 (43.0) 84 (51.5)
    ≥43 84 (38.2) 84 (38.2) 34 (23.9) 79 (48.5)
    NA 50 (22.7) 50 (22.7) 47 (33.1)
NA: not available.
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Table 1B. The clinical pathological character-
istics of patients in this study
Characteristics No (%), n = 163
Age (years)
    <60 77 (47.2)
    ≥60 79 (48.5)
Unknown 7 (4.3)
    Sex
    Male 95 (58.3)
    Female 62 (38.0)
    Unknown 6 (3.7)
Histology
    ADC 93 (57.1)
    SCC 41 (25.2)
    Others 28 (17.2)
    Unknown 1 (0.6)
Location
    Upper lobe 83 (50.9)
    Middle lobe 16 (9.8)
    Lower lobe 53 (32.5)
    Unknown 11 (6.7)
TNM stage
    I 53 (32.5)
    II 39 (23.9)
    III 56 (34.4)
    Unknown 16 (9.8)
T stage
    T1 30 (18.4)
    T2 94 (57.7)
    T3 26 (16.0)
    T4 7 (4.3)
    Unknown 6 (3.7)
LN invasion
    No 75 (46.0)
    Yes 82 (50.3)
    Unknown 6 (3.7)
Histology grade
    I 26 (16.0)
    II 76 (46.6)
    III 20 (12.3)
    Unknown 41 (25.2)
LN: lymph node; unknown: the information is not avail-
able.

channels merged together and then confirmed 
in an individual fluorescent channel for CIC sub-
typing. A cellular structure where one or more 
cells are fully enclosed inside another cell was 
scored as CIC. 

The density of CICs was employed to represent 
the quantity of CICs in each sample as reported 
previously [43]. Firstly, eight to ten fields were 
selected randomly considering the homogenei-
ty and representativeness. Secondly, the num-
ber of CICs in each field was counted by two 
individual pathologists blind to clinical data. 
Finally, the density of CICs was calculated as 
the total number of CICs standardized by the 
total area of all the fields selected.

Statistical analysis 

The relationship between the clinicopathologi-
cal characteristics of the patients and CICs was 
analyzed using the Chi-squared test or Fisher 
exact test, appropriately. Kaplan-Meier method 
was used to plot survival curves and the log-
rank test was used to compare the differences. 
Cox regression model was conducted to in- 
vestigate the prognostic significance. All statis-
tical analyses were performed using GraphPad 
Prism 6.0. For all these analyses, P value <0.05 
was considered significant. Two-sided tests 
were used throughout the study.

Results

Patient characteristics

In total, 163 out of 220 patients with qualified 
EML staining were eventually enrolled in this 
retrospective study, with a median follow-up of 
41 months (range, 1-96 months). The baseline 
characteristics of the patients are summarized 
in Table 1A, 1B. The median age was 59 years 
(20-84 years). Among patients with relevant 
information, most of them were male (95 out of 
163, 58.3%) and at T2 stage (57.7%). A total of 
53 patients (32.5%) were in TNM stage I, 39 
(23.9%) were in stage II, and 56 (34.4%) were in 
stage III. The histopathological types were pri-
marily adenocarcinoma (57.1%) and squamous 
cell carcinoma (25.2%).

CIC profiling in NSCLC

A total of 220 lung cancer tissue samples, 220 
paired para-carcinoma tissues, and 142 paired 
normal tissues were stained by using the EML 
method. Among the 220 tumor specimens, 
163 specimens were effectively stained and 
analyzed in this study. CICs were present in 101 
tumor tissues with an average density of 1.56 
CICs/mm2 (range, 0.11-5.88 CICs/mm2) (Figure 
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Figure 1. Cell-in-cell structures in lung cancer. Right panels show channeled images of the left merged image. Scale 
bar: 100 μm. Arrows indicate cell-in-cell structures.

Figure 2. Subtype profiling of cell-in-cell structures in lung cancer. A-D. Representative images for four CIC subtypes 
as indicated. Right panels of pictures demonstrate the schematic structure for each CIC subtype. Scale bar: 5 or 10 
μm as indicated. E. Distribution of four CIC subtypes across lung cancer tissues in all patients (n = 163). 
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Table 2. Association of CIC subtypes with clinicopathological characteristics

N/n (%)
TiT TiM LiT MiT HeCICs oCICs

Low High P Yes No P Yes No P Yes No P Low High P Low High P
Age (years) 156 0.854 0.077 0.39 0.091 0.564 0.679

    <60 77 (49.4) 68 (88.3) 9 (11.7) 3 (3.9) 74 (96.1) 4 (5.2) 73 (94.8) 5 (6.5) 72 (93.5) 68 (88.3) 9 (11.7) 68 (88.3) 9 (11.7)

    ≥60 79 (50.6) 69 (87.3) 10 (12.7) 0 (0.0) 79 (100.0) 2 (2.5) 77 (97.5) 1 (1.3) 78 (98.7) 68 (86.1) 11 (13.9) 72 (91.1) 7 (8.9)

Sex 157 0.803 0.16 0.246 0.246 0.074 0.356

    Male 95 (60.5) 83 (87.4) 12 (12.6) 3 (3.2) 92 (96.8) 5 (5.3) 90 (94.7) 5 (5.3) 90 (94.7) 81 (85.3) 14 (14.7) 82 (86.3) 13 (13.7)

    Female 62 (39.5) 55 (88.7) 7 (11.3) 0 (0.0) 62 (100.0) 1 (1.6) 61 (98.4) 1 (1.6) 61 (98.4) 56 (90.3) 7 (11.3) 59 (95.2) 3 (4.8)

Type 162 0.062 0.237 0.777 0.163 0.479 0.009

    ADC 93 (57.4) 78 (83.9) 15 (16.1) 1 (1.1) 92 (98.9) 3 (3.2) 90 (96.7) 5 (5.4) 88 (94.6) 76 (81.7) 17 (18.3) 82 (88.2) 11 (11.8)

    SCC 41 (25.3) 39 (95.1) 2 (4.9) 2 (4.9) 39 (95.1) 2 (4.9) 39 (95.1) 1 (2.4) 40 (97.6) 39 (95.1) 2 (4.9) 37 (90.2) 4 (9.8)

    Others 28 (17.3) 26 (92.9) 2 (7.1) 1 (3.6) 27 (96.4) 1 (3.6) 27 (96.4) 0 (0.0) 28 (100.0) 27 (96.4) 1 (3.6) 26 (92.9) 2 (7.1)

Location 152 0.68 0.501 0.02 0.488 0.962 0.665

    Upper 83 (50.9) 73 (88.0) 10 (12.0) 1 (1.2) 82 (98.8) 6 (7.2) 77 (92.8) 4 (4.8) 79 (95.2) 72 (86.7) 11 (13.3) 74 (89.2) 9 (10.8)

    Middle 16 (9.8) 14 (87.5) 2 (12.5) 1 (6.3) 15 (93.8) 0 (0.0) 16 (100.0) 0 (0.0) 16 (100.0) 15 (93.8) 1 (6.3) 16 (100.0) 0 (0.0)

    Lower 53 (32.5) 46 (86.8) 7 (13.2) 2 (3.8) 51 (96.2) 0 (0.0) 53 (100.0) 2 (3.8) 51 (96.2) 45 (84.9) 8 (15.1) 45 (84.9) 8 (15.1)

TNM 148 0.585 0.614 0.534 0.278 0.568 0.707

    I + II 92 (62.2) 83 (90.2) 9 (9.8) 2 (2.2) 90 (97.8) 3 (3.3) 89 (96.7) 5 (5.4) 87 (94.6) 82 (89.1) 10 (10.9) 81 (88.0) 11 (12.0)

    III + IV 56 (37.8) 52 (92.9) 4 (7.1) 2 (3.6) 54 (96.4) 3 (5.4) 53 (94.6) 1 (1.8) 55 (98.2) 51 (91.1) 5 (8.9) 51 (91.1) 5 (8.9)

T stage 157 0.633 0.844 0.791 0.2 0.325 0.483

    T1 + T2 124 (79.0) 109 (87.9) 15 (12.1) 3 (2.4) 121 (97.6) 5 (4.0) 119 (96.0) 6 (4.8) 118 (95.2) 107 (86.3) 17 (13.7) 109 (87.9) 15 (12.1)

    T3 + T4 33 (21.0) 30 (90.9) 3 (9.1) 1 (3.0) 32 (97.0) 1 (3.0) 32 (97.0) 0 (0.0) 33 (100.0) 30 (90.9) 3 (9.1) 31 (93.9) 2 (6.1)

N stage 157 0.231 0.053 0.474 0.076 0.951 0.244

    N0 75 (47.8) 64 (85.3) 11 (14.7) 0 (0.0) 75 (100.0) 2 (2.7) 73 (97.3) 5 (6.7) 70 (93.3) 63 (84.0) 12 (16.0) 67 (89.3) 8 (10.7)

    N1-N3 82 (52.2) 75 (91.5) 7 (8.5) 4 (4.9) 78 (95.1) 4 (4.9) 78 (95.1) 1 (1.2) 81 (98.8) 74 (90.2) 8 (9.8) 73 (89.0) 9 (11.0)

Grade 122 0.424 0.075 0.864 0.592 0.547 0.406

    I 26 (21.3) 24 (92.3) 2 (7.7) 2 (7.7) 24 (92.3) 0 (0.0) 26 (100.0) 1 (3.8) 25 (96.2) 25 (96.2) 1 (3.8) 24 (92.3) 2 (7.7)

    II 76 (62.3) 63 (82.9) 13 (17.1) 1 (1.3) 75 (98.7) 3 (3.9) 73 (96.1) 4 (5.3) 72 (94.7) 60 (78.9) 16 (21.1) 65 (85.5) 11 (14.5)

    III 20 (16.4) 17 (85.0) 3 (15.0) 0 (0.0) 20 (100.0) 0 (0.0) 20 (100.0) 0 (0.0) 20 (100.0) 18 (90.0) 2 (10.0) 20 (100.0) 0 (0.0)
ADC: adenocarcinoma; SCC: squamous cell carcinoma; Grade: histological grade. Tumor-in-tumor (TiT) Low: <1.125 CICs/mm2, High: ≥1.125 CICs/mm2; heterotypic CICs (HeCICs) Low: <0.125 CICs/mm2, High: ≥0.125 CICs/mm2; overall CICs 
(oCICs) Low: <1.288 CICs/mm2, High: ≥1.288 CICs/mm2; tumor-in-macrophage (TiM), lymphocyte-in-tumor (LiT) and macrophage-in-tumor (MiT), No: 0 CICs/mm2; Yes: >0 CICs/mm2. Spearman rank test was used to determine the association 
between variables.
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1). There were no CICs detected in para-carci-
noma or normal lung tissues.

As shown in Figure 2, the following four types of 
CICs were identified in lung cancer tissues: (A) 
tumor cell in tumor cell (TiT), (B) macrophage in 
tumor cell (MiT), (C) tumor cell in macrophage 
(TiM), and (D) lymphocyte in tumor cell (LiT). TiT 
corresponded to hoCICs, as reported previous-
ly [38], while the other three subtypes were 

node status, and TNM stage. Moreover, no 
association was detected between TiT and all 
the variables examined in this study.

Association between CIC subtypes and survival

In univariate analysis with Cox regression 
model, the presence of TiM, heCIC density, 
TNM stage, T stage, and N stage were found to 
be significantly associated with the overall sur-

Table 3. Association of overall survival with clinicopathological 
parameters and CICs by univariate Cox-regression analysis
Variables Class n HR 95% CI P value mOS
TiT High 19 0.541 0.234-1.252 0.151 NA

Low 144 62
TiM Yes 4 5.063 1.557-16.468 0.007 13.5

No 159 78
LiT Yes 6 1.719 0.540-5.476 0.359 24

No 157 78
MiT Yes 6 0.25 0.035-1.800 0.168 NA

No 157 78
oCICs High 20 0.526 0.227-1.216 0.133 NA

Low 143 62
HeCICs High 17 1.982 1.040-3.777 0.038 33

Low 146 78
Age (y) <60 77 1.428 0.885-2.304 0.144 NA

≥60 79 52
Sex Male 95 0.709 0.432-1.165 0.175 62

Female 62 NA
Location Upper 83 1.148 0.919-1.436 0.225 78

Middle 16 NA
Lower 53 NA

Type ADC 93 1.176 0.879-1.573 0.275 NA
SCC 41 NA

Others 28 48
TNM stage I + II 92 3.226 1.964-5.300 <0.001 NA

III + IV 56 29
T stage T1 + T2 124 1.914 1.127-3.250 0.016 NA

T3 + T4 33 38
N stage N0 75 3.366 1.998-5.671 <0.001 NA

N1-N3 82 33
Histology grade I 26 1.159 0.752-1.786 0.505 78

II 76 NA
III 20 NA

ADC: adenocarcinoma; SCC: squamous cell carcinoma; NA: not applicable. 
Tumor-in-tumor (TiT) Low: <1.125 CICs/mm2, High: ≥1.125 CICs/mm2; hetero-
typic CICs (HeCICs) Low: <0.125 CICs/mm2, High: ≥0.125 CICs/mm2; overall 
CICs (oCICs) Low: <1.288 CICs/mm2, High: ≥1.288 CICs/mm2; tumor-in-mac-
rophage (TiM), lymphocyte-in-tumor (LiT) and macrophage-in-tumor (MiT), No: 
0 CICs/mm2; Yes: >0 CICs/mm2. 

considered heCICs. The overall 
CICs (oCICs) included all kinds of 
CIC subtypes.

Consistent with our previous 
reports on CIC subtype profiling, 
hoCICs were the prevalent sub-
types, accounting for 89.5% of the 
oCICs, and heCICs were much less 
frequent, accounting for 10.5% of 
the oCICs in NSCLC. LiT (3.8%), 
TiM (3.6%), and MiT (3.1%) showed 
no obvious difference in distribu-
tion (Figure 2E).

Association between CIC subtypes 
and clinicopathological variables

Similar to our previous reports on 
human esophageal squamous cell 
Carcinoma (ESCC) [43], CIC densi-
ty, formulated as CIC count per 
mm2, was used in this study. 
Considering that the quantity of 
one specified heCIC subtype was 
low in NSCLC, oCICs, TiT, and 
heCICs were evaluated by density 
in the subsequent analysis. The 
patients were then divided into 
two groups according to the opti-
mized cut-off values selected by 
the “surv_cutpoint” function of  
the “survminer” R package for  
TiT (1.125/mm2), heCICs (0.125/
mm2), and oCICs (1.288 CICs/
mm2) (Figure S1).

As shown in Table 2, oCICs were 
more frequently present in ADC 
than in SCC (P = 0.009), and LiT 
was more common in the upper 
lobe of the lung compared with 
other lobes (P = 0.020). However, 
there was no association between 
oCICs and sex, location, lymph 
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vival (OS) of patients with NSCLC (Table 3, Table 
S1). Moreover, multivariate analysis showed 
that heCIC density (HR = 2.6, 95% CI 1.25-5.6) 
and lymph node invasion (HR = 2.6, 95% CI 
1.33-5.1) were independent factors associated 
with the OS of patients with NSCLC (Table 4). 
Besides, patients with higher density of heCICs 
exhibited significantly shorter OS time com-
pared with those with lower density of heCICs 
(mOS: 33 vs. 78 months, P = 0.035), to which 
TiM positively contributed, given that TiM alone 
profoundly differentiated patient survival (mOS: 
13.5 vs. 78 months, P = 0.0033) with limited 
number of patients (Figure 3). In contrast, high 
density of TiT or oCICs only appeared to favor 
good prognosis, considering that the difference 
was not statistically significant (Figure 3).

Discussion

In this study, we explored the subtyped CIC pro-
file in NSCLC and identified four subtypes of 
CICs in lung cancer. Our study revealed that 
more heCICs were adversely associated with 
the survival time in patients with NSCLC, sug-
gesting that subtyped CICs can be used in pre-
dicting the prognosis of patients with NSCLC, 
along with other classic clinicopathological 
factors.

CICs have been documented in various types of 
solid malignancies where both hoCICs and 
heCICs are formed. With the development of 
methods to identify the cell types involved in 
CICs, different CIC subtypes have been demon-

strated [7]. Analysis of the relationship between 
CIC subtypes and prognosis revealed the dis-
tinct prediction value of profiled CIC subtypes 
for the prognosis of heterogeneous cancers 
[37, 38, 43]. In this study, we explored the sub-
typed CIC profiling in NSCLC for the first time 
and demonstrated the value of heCICs in prog-
nosis prediction for patients with NSCLC, which 
is consistent with our previous findings in pan-
creatic ductal adenocarcinoma [37]. We rein-
forced the concept of heCICs as a promising 
functional pathological parameter to read out 
the complicated outcome of intercellular inter-
actions within the tumor microenvironment and 
differential prognosis of patients after radical 
surgery.

In line with previous reports [37, 38, 43], homo-
typic CICs were still the dominant subtype of 
the oCICs in NSCLC tissue. The performance of 
TiT in predicting prognosis was also evaluated. 
Our results indicated that TiT was a merely 
weak predictor, evidenced by the fact that the 
association of TiT with OS was identified in uni-
variate analysis but failed to be confirmed in 
subsequent multivariate analysis. As for the 
value of TiT in prognosis prediction across dif-
ferent types of malignancies, it remains incon-
sistent in the context of specific types of tumor. 
The increased number of TiTs indicates poor 
prognosis in pancreatic ductal carcinoma as 
well as in head and neck carcinoma but pro-
longs survival time in breast cancer. The under-
lying mechanism should be studied further by 
investigating more tumor types. In comparison 
with hoCICs, heCICs accounted for a much 
lower proportion of oCICs. Notably, the contri-
bution to prognosis prediction was remarkably 
greater for heCICs than for TiTs in this study, 
which suggests that CIC subtype analysis is 
necessary when CICs are considered to be 
used.

Although heCICs have been identified as an 
adverse prognostic factor in early breast can-
cer [38] and pancreatic cancer [37] previously 
and in NSCLC in this study, the method of iden-
tifying and quantifying CIC subtype merits more 
exploration. The EML staining was established 
[7] and previously used by our group in CIC sub-
typing of several tumor tissues; it was again 
proven to be successful in NSCLC in this study. 
These results indicate that EML staining is a 
reliable method for CIC subtyping in tumors, 

Table 4. Multivariate Cox regression analysis of 
overall survival
Characteristics Class n HR 95% CI P value
TiM Yes 3 2.0 0.57-7.1 0.273

No 154
HeCICs Low 136 2.6 1.25-5.6 0.011

High 20
TNM stage I + II 92 1.7 0.88-3.4 0.112

III + IV 56
T stage T1 + T2 124 1.5 0.81-2.7 0.205

T3 + T4 33
N stage N0 75 2.6 1.33-5.1 0.005

N1-N3 82
Heterotypic CICs (HeCICs) Low: <0.125 CICs/mm2, High: 
≥0.125 CICs/mm2; tumor-in-macrophage (TiM), No: 0 CICs/
mm2; Yes: >0 CICs/mm2. Spearman rank test was used to 
determine the association between variables.
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although more molecular markers should be 
tried or added in multiplex staining in the future 
to identify more detailed CIC subtypes. In terms 
of CIC quantification, we have initially counted 
the number of CICs in confined views, and then 
recently, we have tried to introduce CIC density 
into the prognostic value analysis of CICs. 
Similar to our previous report on ESCC [43], 
heCICs in this study were also evaluated by 
density. The results indicated that a higher den-
sity of heCICs was significantly associated with 
shortened OS of patients with NSCLC both in 
univariate and subsequent multivariate analy-
ses. In other words, there was a direct associa-
tion between heCICs and significantly increased 

death hazard of the patient (HR = 2.6, P = 
0.011). The result indicates that CIC density 
may also be an optional parameter to quantify 
the CICs in tumor tissues.

When looking into the constitution of heCICs, 
the proportion of each subtype was similar. 
Meanwhile, we found that among the three 
heCIC subtypes identified in this study, TiM was 
the only one that showed influence on patients’ 
survival time in univariate analysis, suggesting 
that TiM is a major contributor of prognostic 
power of heCICs. Coincidently, the formation of 
TiM with tumor cell engulfed by macrophage 
was previously reported to be associated with 

Figure 3. Impacts of CICs on overall survival (OS) of lung cancer patients. Kaplan-Meier plotting for OS curves of (A) 
Tumor-in-tumor (TiT), (B) Heterotypic CICs (HeCICs), (C) Overall CICs (oCICs), and (D) Tumor-in-macrophage (TiM). TiT 
Low: <1.125 CICs/mm2, High: ≥1.125 CICs/mm2; HeCICs Low: <0.125 CICs/mm2, High: ≥0.125 CICs/mm2; oCICs 
Low: <1.288 CICs/mm2, High: ≥1.288 CICs/mm2; TiM (-): 0 CICs/mm2; TiM (+): >0 CICs/mm2.
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prognosis in breast cancer [38], suggesting  
an important role of macrophages in tumor 
malignancy.

There are several limitations in this study. First, 
the retrospective nature and the limited sam-
ple size of this study make bias inevitable. 
Second, the lack of information about gene 
mutation in tumor tissue, adjuvant therapy, or 
disease progression may have impaired the 
accuracy of assessment of prognosis predic-
tion value for CIC subtypes or other clinicopath-
ological factors. Finally, the role that CIC sub-
type profiling played in predicting prognosis 
between ADC and SCC, which show distinct 
characteristics, was not compared due to the 
limited sample size in this study.

In summary, this study identified the CIC  
subtype profile in NSCLC for the first time. We 
found that heCICs were associated with 
adverse prognosis for patients with NSCLC, 
suggesting that CIC subtype profiling could pro-
vide more information about tumor malignancy 
and prognosis.
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Figure S1. Selection of the optimal cutpoints for different CICs. The maximally selected rank statistics were used to select the optimal cutpoint for TiT (A), heCICs (B) 
and oCICs (C), respectively, by the surv_cutpoint function of the “survminer” R package. 
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Table S1. Association of CICs subtypes with the overall survival of patients with NSCLC

CICs Survival time  
(mon)

Valid  
n (%)

Low
n (%)

High
n (%) P value

TiT <43 84 (51.5) 78 (92.9) 6 (7.1) 0.016
≥43 79 (48.5) 66 (83.5) 13 (16.5)

TiM <43 84 (51.5) 4 (4.8) 80 (95.2) 0.015
≥43 79 (48.5) 0 (0.0) 79 (100.0)

LiT <43 84 (51.5) 5 (6.0) 79 (94.0) 0.142
≥43 79 (48.5) 1 (1.3) 78 (98.7)

MiT <43 84 (51.5) 0 (0.0) 84 (100.0) 0.016
≥43 79 (48.5) 6 (7.6) 73 (92.4)

HeCICs <43 84 (51.5) 77 (91.7) 7 (8.3) 0.194
≥43 79 (48.5) 66 (83.5) 13 (16.5)

oCICs <43 84 (51.5) 73 (86.9) 11 (13.1) 0.022
≥43 79 (48.5) 73 (92.4) 6 (7.6)

Mon: month. Tumor-in-tumor (TiT) Low: <1.125 CICs/mm2, High: ≥1.125 CICs/mm2; heterotypic CICs (HeCICs) Low: <0.125 
CICs/mm2, High: ≥0.125 CICs/mm2; overall CICs (oCICs) Low: <1.288 CICs/mm2, High: ≥1.288 CICs/mm2; tumor-in-macro-
phage (TiM), lymphocyte-in-tumor (LiT) and macrophage-in-tumor (MiT), No: 0 CICs/mm2; Yes: >0 CICs/mm2. Spearman rank 
test was used to determine the association between variables.


