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Summary

Purpose: To investigate the possible clinical relevance of 
ICAM-1 molecule in patients with advanced non-small cell 
lung cancer (NSCLC) treated with radiotherapy.

Methods: The expression of ICAM-1 was examined immu-
nohistochemically on tissue specimens of 62 patients with 
pathologically confirmed NCSLC. The median age at diag-
nosis was 62 years (range 49-84) with a male predominance 
(87.8%). All patients had stage III disease at presentation. 
The median follow up was 15.5 months (range 7-44). Ob-
tained expression data were weighted against clinical and 
pathological parameters. 

Results: Thirty-seven patients (60%) had no ICAM-1 stain-
ing, 16 patients (26%) had weak staining, while 6 patients 
(10%) expressed moderate staining and only 3 patients 
(5%) showed strong ICAM-1 staining. Moderate and high 
expressions were mostly observed in adenocarcinomas and 
undifferentiated carcinomas (n=8), that are considered more 

aggressive than squamous cell carcinoma (n=1). The median 
overall survival (OS) was 15 months (range 11-20). There 
seemed to exist an inverse association between ICAM-1 ex-
pression and OS, since there was a trend in median survival 
in favor of no ICAM-1 expression (p=0.083). Moreover, in 
patients with no ICAM-1 expression, there was observed a 
statistically significant difference in OS, favoring the squa-
mous cell subtype (p=0.006). Nevertheless, ICAM-1 expres-
sion did not confer any statistical significance regarding 
smoking status (p=0.128), metastatic potential (p=0.574) as 
well as with the site of metastasis (p=0.964).

Conclusion: Our findings may serve as a helping resource 
for further investigations of ICAM-1 as a molecular marker 
that could characterize treatment response and survival of 
tumor subpopulations.
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Introduction

 Non-small cell lung carcinoma (NSCLC) is one 
of the most aggressive types of cancer. During the 
last decade most patients with advanced disease 
receive chemoradiotherapy combined regimens 
which have improved the control of resistant tu-
mors [1-3]. Nowadays, personalized treatments 
are being offered on the basis of molecular and 
pathologic tumor characteristics, therefore, iden-

tification of proteins and molecular mechanisms 
adjusting the pathway of relapse and metastases 
are important for effective long-term management 
of the disease [4].
 Intercellular adhesion molecule-1 (ICAM-1) is 
a transmembrane glycoprotein belonging to the 
immunoglobulin superfamily of adhesion mole-
cules [5-8]. ICAM-1 is traditionally known to play 

This work by JBUON is licensed under a Creative Commons Attribution 4.0 International License.



ICAM-1 expression in lung cancer1780

JBUON 2020; 25(4): 1780

a crucial role in a variety of benign diseases and 
malignant tumors, as an adhesion molecule and a 
stimulator of inflammatory cells during antigen 
presentation [9]. During inflammatory and immune 
response, ICAM-1 is activated and expressed on 
endothelial cells binding via lymphocyte function-
associated antigen-1 (LFA-1) and macrophage an-
tigen-1 (Mac-1), facilitating the invasion of dam-
aged tissue by immune cells [7-10]. Furthermore, 
ICAM-1 can be induced by interleukin-1 (IL-1), and 
tumor necrosis factor (TNF) and is expressed in the 
vascular endothelium, macrophages and lympho-
cytes [5,10]. 
 ICAM-1 has also been implicated in elucidat-
ing tumor prognosis and progression in various 
types of cancer [5,6,11]. Furthermore, ICAM-1 is 
expressed on the surface of many cancer cell types 
[5,12] and is also present in a soluble form circu-
lating in the plasma of cancer patients at elevated 
levels [6,11]. It has also been proposed that ICAM-1 
may be involved in the process of cancer metasta-
ses, promoting the spread of metastatic cancer cells 
to secondary sites [12-14].
 There are studies having evaluated the novel 
role of ICAM-1 in cancer patients receiving radio-
therapy, showing differences in expression of the 
molecule for those that showed treatment response 
[15,16]. This remark could be explained by the in-
creased expression of ICAM-1 on tumor cells, cor-
relating with T-lymphocytes and interacting with 
them as an adhesion molecule. This co-stimulation 
causes binding and killing of the tumor cells and 
could possible predict a relationship between this 
molecule and radiotherapy effect [17]. 
 In the current study, we investigated whether 
ICAM could play a prognostic-predictive role in a 
cohort of patients with advanced NSCLC treated 
with chemoradiation. We also examined the re-
lationship of ICAM with other clinicopathologic 
factors.

Methods 

Study design and patient population

 Sixty-two patients with advanced stage NSCLC were 
retrospectively evaluated and all of them had signed the 
informed consent form. Data were collected regarding 
host (age, sex, smoking history), tumor (TΝΜ classifi-
cation, histological grade and type) and treatment regi-
men (chemotherapy and radiotherapy). All the patients 
received radiotherapy. Sixty six (66%) of the patients 
received platinum-based chemotherapy. Ethical approv-
al was obtained from University Hospital of Ioannina, 
Greece. Formalin-fixed paraffin-embedded tissue speci-
mens were available. Histological typing was based on 
WHO classification. Immunostaining with the ICAM-1 
monoclonal antibody was performed on formalin-fixed, 

paraffin-embedded tissue sections using the EnVision 
System (DAKO Corp, Netherlands). All tumor specimens 
were obtained before therapy. Tumor specimens were 
reviewed by two pathologists blinded to any clinical in-
formation. For accuracy reasons, one pathologist scored 
all the samples and the second pathologist confirmed 
observed scores by spot checking. Individuals cores 
were evaluated and scored for intensity of ICAM-1 im-
munoreactivity on a 0-3 rating scale. A score of zero 
was given to tissues with no-ICAM-1 staining, a score 
of one delineated weak ICAM-1 staining, a score of two 
expressed moderate ICAM-1 staining and a score of 
three was given to tissues with strong ICAM-1 staining
(Figure 1). 

Statistics

 The immunohistochemical expression of ICAM-1 
was investigated as a predictive factor for the radiothera-
py response. It was also associated with pathological and 
clinical variables such as patient, tumor and treatment 
characteristics. The study endpoints included OS, pro-
gression-free survival (PFS), time to locoregional recur-
rence (LC) and time to distant metastasis (DM). OS was 
defined as time to death from any cause. PFS was defined 
as time to events including death or disease progression 
at local, regional or distant sites. The date of progression 
was defined as the date of radiological or histological 
confirmation if available, whatever occurred earlier. LC 
was defined as time to documented recurrence in the 
lung or regional mediastinum lymphadenopathy. DM 
was defined as time to documented recurrence in distant 
sites outside the locoregional sites of disease. Actuarial 
values of the endpoints were evaluated by the Kaplan 
-Meier method, and compared with the log-rank test for 
equality of survival functions. Cox regression analysis 
was used for univariate analysis and multivariate analy-
sis and parameters were compared with log-rank tests. 
Only variables that had prognostic significance in the 
univariate analysis were included in the multivariate 
model. P values of <0.05 were considered statistically 
significant; all p values were two-tailed. All time-related 

Figure 1. Univariate analysis of histological subtype (squa-
mous vs adenocarcinoma vs undifferentiated) with overall 
survival (p=0.006). 
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outcomes were calculated from the day of diagnosis. 
Statistical calculations were performed using SPSS soft-
ware version 22.0 for Windows (IBM,Chicago, IL, USA).

Results

Patient, disease and treatment characteristics

 The median age at diagnosis was 62 years 
(range 49-84). All patients had stage III disease 
at presentation. Patient and disease characteristics 
are listed in Table 1, while treatment characteris-
tics are outlined in Table 2. The median overall 
survival was 15 months (range 11-20). The 2-year 
OS was 75.8% (Figure 2). 

ICAM-1 immunohistochemical analysis- Prognostic 
role

 Thirty seven patients (60%) had no ICAM stain-
ing, 16 patients (26%) had weak staining, while 6 
patients (10%) expressed moderate staining and 
only 3 patients (5%) showed strong ICAM stain-
ing. Moderate and high expression was observed 
mostly in adenocarcinomas and undifferentiated 
carcinomas (n=8), that are considered more aggres-
sive histological types than squamous cell carcino-
mas (n=1).
 Univariate analysis was performed to examine 
the impact of ICAM-1 expression. There seemed 
to exist an inverse association between ICAM-1 
expression and OS, since there was a trend in me-
dian survival in favor of no ICAM-1 expression 
(p=0.083). Moreover, in patients with no ICAM-1 
expression, a statistically significant difference in 
OS was observed, favoring the squamous cell sub-
type (p=0.006) (Figure 3). Nevertheless, ICAM-1 
expression did not confer any statistical signifi-
cance regarding smoking status (p=0.128), meta-
static potential (p=0.574) as well as with the site of 
metastasis (p=0.964). In the multivariate analysis 
neither ICAM-1 expression (p=0.122) nor histol-
ogy subtype (p=0.471) were significantly associated 
with OS. 

Discussion

 Although many studies have been conducted 
about the treatment efficacy of radiotherapy with 
the use of modern techniques in combination with 
the new chemotherapeutic regimens, still the prog-
nosis of advanced stage NSCLC remains dismal. 
A lot of studies have been trying to identify the 
molecular profile of NSCLC and correlate biological 
markers to the response to radiotherapy. This retro-
spective study was performed in order to evaluate 
if the ICAM-1 adhesion molecule could act as a pre-
dictive factor for OS, PFS, LC and free DM survival 
in patients with advanced stage NSCLC treated by 
radiotherapy ± chemotherapy. We also examined 
the correlation between clinicopathological param-
eters and ICAM-1 expression.
 Compared to other studies [16,18] our cohort 
showed no correlation between sex and ICAM-1 
expression. There was also no correlation between 
the smoking effect and the absence of ICAM-1 ex-
pression. In other publications, although smoking 
is considered to be a robust factor correlated to 
lung cancer, no study could be found showing any 
correlation with ICAM-1 expression [19]. Notably, 
in the study of Lensamr et al [20], it was observed 
that in smokers, the ICAM-1 expression was de-
creased almost to zero in most of the specimens. 

Figure 2. Univariate analysis of ICAM-1 expression (no vs 
moderate vs strong) with overall survival (p=0.083). 

Figure 3. Strong ICAM-1 staining in non-small cell lung 
cancer cells. 



ICAM-1 expression in lung cancer1782

JBUON 2020; 25(4): 1782

It was reported that the percentage of macrophag-
es expressing ICAM-1 was significantly lower in 
smokers in comparison to non-smokers. On the 
other hand, in another observational study, ICAM 
had an increased expression in smokers, with a 
possible explanation of inflammation effect that is 
caused by smoking [21]. 
 In this study, there was a statistically signifi-
cant correlation between lack of ICAM-1 expres-
sion and histological subtype. While most of the 
squamous cell carcinomas did not express ICAM-1, 
high ICAM-1 expression was found in adenocar-
cinomas and undifferentiated subtypes. This has 
been also examined in two studies that reported 
no difference between histologic subtypes and the 
expression of ICAM-1 [16,19]; however, in a study 
by Schardt et al [22], an interaction between ICAM-
1 expression and large cell subtype has been noted. 
 In the present study no correlation was found 
between ICAM-1 expression and the metastatic po-
tential of the tumor, as well as the sites of metasta-
sis. Other authors have reported an increased meta-
static potential in positive expression of ICAM-1 
[16,23,24]. Also, in a study of Sprenger et al [19], 
patients with higher levels of ICAM-1 expression 
were likely to sustain liver and brain metastatic 
potentiality. 
 Regarding our results, there seems to exist an 
inverse association between ICAM-1 expression 
and OS. Other studies have implied that ICAM-1 
expression may have a predictive role and is associ-
ated with poor prognosis [16,19,23]. Patients with 
high levels of ICAM-1 expression were likely to 
have a more advanced stage of disease and meta-
static sites. In a study by Kotteas et al [16], high 
expression of ICAM-1 in patients with small cell 
lung cancer would predict this molecule marker for 

response to treatment in patients with extensive 
disease.
 Our study noted that patients without ICAM-
1 staining had better survival. This might mean 
that these patients would possibly benefit from RT 
treatment. Perhaps this would indicate a trend for 
using ICAM-1 as a predictive marker for response 
to radiotherapy in NSCLC. On the other hand, tho-
racic irradiation due to inflammation was reported 
to significantly increase the expression of ICAM-1, 
which was indicative of being associated with lung 
injury from radiotherapy [25-27].
 The most important limitation of the present 
study is its retrospective design. It is therefore lim-
ited by the bias inherent in this type of analysis. 
Nevertheless, despite the small number of patients 
analyzed, patients were treated relatively consist-
ently and data were collected with meticulous 
follow-up.
 In conclusion, according to our findings, ICAM-
1 expression might be a prognostic factor for OS 
and a predictive factor for radiotherapy response 
in advanced stage NSCLC patients. Additionally, 
ICAM-1 lack of expression was a significant prog-
nostic factor concerning histological subtype fa-
voring the squamous cell subtype. 
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