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Laryngeal squamous cell carcinoma (LSCC) constitutes about
30% of all head and neck malignancies, and its incidence is in-
creasing worldwide [1]. Although some risk factors, including
smoking, alcohol consumption, human papilloma virus (HPV)
infection, and radiation, are well established, the role of other
potential risk factors remains controversial. The impact of laryn-
gopharyngeal reflux (LPR) has attracted attention as a possible
etiological factor of LSCC [2]. Long-term exposure of the laryn-
geal mucosa to gastric acid and enzymes due to LPR causes
chronic inflammation, which is a defining feature of LPR-associ-
ated symptoms and can lead to precancerous transformation [3].
Other inflammatory conditions in different locations have been
linked to the development of various malignancies and have
been shown to affect the course and outcomes of cancer [4]. In
this context, LPR can alter the tumor immune microenvironment
(TIME), affecting the biological behavior and progression of
LSCC [5]. Among the various cells involved in the TIME, macro-
phages have been shown to play a pivotal role in the prognosis
of many malignancies, including LSCC. Although the link between
LPR and LSCC is beyond doubt, it is still unknown whether and
how LPR affects the TIME and macrophage polarization. In this
study, we compared macrophage polarization in LSCC patients
with and without coexisting LPR.

This pilot study was conducted at a single tertiary care center
(the Kolomiychenko Institute of Otolaryngology of National
Academy of Medical Sciences of Ukraine) in compliance with
widely accepted guidelines for laryngeal cancer and LPR man-
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agement [6,7]. The study protocol was approved by the Institu-
tional Ethical Committee (No. 11/17, 11.12.2017). All patients
provided informed consent. The following inclusion criteria were
used in the study: (1) histologically confirmed LSCC; (2) pT1
and pT2 tumors with no restrictions in terms of the tumor grade;
(3) no adjuvant preoperative radiotherapy or chemotherapy at
the time of diagnosis; and (4) negative results of HPV testing by
polymerase chain reaction. Patients with recurrent cancer and
those who used acid-suppressive medications were excluded from
the study. A total of 63 patients with LSCC without (group 1, 30
patients; 63.1+1.42 years old) and with coexisting LPR (group
2, 33 patients; 62.2+1.79 years old) were enrolled in the study.
The patients in groups 1 and 2 were matched in terms of age
and tobacco smoking. LPR was diagnosed using the Koufman
Reflux Symptom Index and the Reflux Finding Score based on
findings during fiberoptic nasopharyngolaryngoscopy (Stryker90
endoscope with a Stryker SDC ULTRA HD informational man-
ager; Stryker, San Jose, CA, USA), and proximal acid exposure
percentage time by dual-probe pH monitoring (Acidogastrograph
AG-1pH-M; Start LLC, Vinnytsia, Ukraine) [6]. The histological
assessment included an investigation of tumor nests, as well as
deep and peripheral margins. Immunohistochemistry was per-
formed according to standard protocols using antibodies against
CD68 (clone KP1; Dako, Santa Clara, CA, USA) and CD163
(clone MRQ-26; Cell Marque, Rocklin, CA, USA) to visualize
M1 and M2 macrophages. The number of macrophages was count-
ed in tumor clusters (TCs), tumor stroma (TS), and the intact la-
ryngeal mucosa (IM) taken from the tumornegative margins.
The number of immunopositive cells was assessed per 1 mm?.
In addition, the CD163/CD68 ratio, reflecting macrophage po-
larization, was evaluated. The blinded histological examination
of the slides was performed by two independent observers (OS
and YK). The histopathological assessment was performed using
Nikon Eclipse E200 microscopes (Nikon, Tokyo, Japan). Statisti-
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cal analysis of the data was carried out with the MedCalc soft-
ware (MedCalc Software, Ostend, Belgium). The descriptive sta-
tistics included the mean and standard error of the mean with
95% confidence intervals for continuous variables. The Student
t-test was used to compare variables. Statistical significance was
accepted for P-values <0.05.

Tumor area

Unaffected
mucosa of
the peripheral
margin

CD68+cells

CD163+cells

No relationship was found between LPR and clinicopathologi-
cal characteristics, including patients’ age, tumor grade, or rate
of keratinized and non-keratinized LSCC. The histological as-
sessment revealed high-intensity inflammatory infiltration of
both the tumor and unaffected mucosa at the peripheral margin
of the resection in patients in group 2. Immune cells were rich in

Group 2

Fig. 1. Differences in inflammatory infiltration in patients with laryngeal squamous cell carcinoma (LSCC) with regard to laryngopharyngeal re-
flux (LPR). Group 1 included patients with LSCC without LPR, and group 2 comprised patients with LSCC+LPR. (A-D) Staining with H&E. (E-H)
Immunohistochemistry using antibodies against CD68 (E, F) and CD163 (G, H). Magnification, X 200.
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the TS and infiltrated TCs (Fig. 1). Macrophages of both pheno-
types were more numerous in the invasive tumor margin than
in the central tumor area in both groups. The number of M1-
macrophages was comparable in the TC of LSCC regardless of
LPR. However, in group 1, CD68+ cells were much more nu-
merous in the TS of LSCC. In contrast, there was a significant
shift toward the M2-subtype of macrophages in the group 2
samples compared to group 1 (P<0.001). The LPR-associated
tumors demonstrated numerous CD163+ cells in both the epi-
thelial fraction of LSCC and the TS. In addition, a significantly
higher number of CD163+ cells was found in the IM of the lar-
ynx in group 2 than in group 1 (P<0.001). Interestingly, pH val-
ues were negatively correlated with the amount of CD163 cells
in group 2, in both the TC (r=0.71, P<0.001) and TS (»=0.803,
P<0.001). In addition, the CD163/CD68 ratio, an indicator of
M2 polarization, was significantly higher in LSCC with coexist-
ing LPR than in group 1 (P<0.001) (Fig. 2) Thus, LSCC with co-
existing LPR showed a significant increase in M2 polarization.
The role of tumor-associated macrophages has been proven in

many different malignancies. Macrophages can promote cancer
progression and poor outcomes when alternative activation oc-
curs, with polarization towards the M2 phenotype [8]. The pro-
tumor phenotype of macrophages can be affected by several as-
pects of the TIME, including cytokines, antibodies, lymphocytes,
and tumor-derived chemokines [4,9]. In addition, changes in pH
can impact tumor cells’ proliferation and invasion ability, as well
as the activities of immune cells [10]. Previous studies have
demonstrated that acidosis alters macrophage phenotype char-
acteristics, aggravating tumor progression [5,9]. However, no
data have previously been reported on the impact of LPR on
macrophage phenotypes in the larynx. In this study, we demon-
strated that a decrease in laryngeal pH in patients with LPR was
correlated with altered macrophage polarization. Indeed, LPR-
associated LSCC environments were rich in M2 macrophages.
Enhancement of the density of M2 macrophages is associated
with an increase in the release of inflammatory and angiogenic
cytokines/chemokines (e.g., vascular endothelial growth factor,
CD14, and macrophage colony-stimulating factor) known to be
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Fig. 2. Number of macrophage subtypes in different compartments of laryngeal squamous cell carcinoma (LSCC) according to the coexis-
tence of laryngopharyngeal reflux (LPR). LSCC with coexisting LPR demonstrated a higher number of M2-type macrophages and a higher

CD163/CD68 ratio in all compartments of the tumor. *P<0.05.
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involved in tumor progression [10]. Thus, LPR might initiate a
scenario in which the acids generated by aspiration of gastric
juice alter the phenotype of tumor-associated macrophages, cre-
ating a permissive niche for LSCC initiation and progression.

The evidence level of the results of this study is limited by the
low number of patients and the lack of follow-up data. Never-
theless, the results of this study showed that LPR was associated
with increased M2 polarization of macrophages, which may be
a predisposing factor for LSCC development and progression.
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