The Role of Laryngopharyngeal Reflux Disease in Laryngeal
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SUMMARY: Background. Laryngeal and hypopharyngeal squamous cell carcinomas (L/HSCC) are common
head and neck cancers with rising incidence globally. Laryngopharyngeal reflux disease (LPRD) is suspected to
play a role in carcinogenesis through unknown mechanisms. The aim of this review was to summarize the
literature findings about the potential carcinogenesis mechanisms associated with LPRD in L/HSCC.
Methods. A PubMed, Embase, and Web of Science database search was carried out by two independent
investigators for studies investigating laryngeal and hypopharyngeal mucosa injuries and premalignancy
modifications related to LPRD refluxate. The authors considered clinical and experimental studies using human
biopsies, animal models, and cell lines that investigated potential mechanistic associations between LPRD and
L/HSCC progression. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statements were followed.

Results. Of the 689 identified papers, 34 studies were included. There were human tumor tissue studies (n = §),
human cell line studies (n = 19), and animal models (n = 12). Across methodologies, consistent evidence
supported reflux-induced NF-xB pathway activation, oncogenic miRNA dysregulation, epithelial-mesenchymal
transition, abnormal cell proliferation and differentiation, increased DNA damage, imbalance in the expression
of tumor-promoting and tumor-suppressing genes, and altered cellular stress responses. Both pepsin and bile
acids demonstrated carcinogenic potential through multiple molecular pathways, despite significant methodo-
logical heterogeneity across studies.

Conclusion. LPRD-refluxed pepsin and bile acids may substantially contribute to the carcinogenesis of lar-
yngeal and hypopharyngeal cells through several pathways. Future translational studies documenting refluxed
gastroduodenal enzymes in tumor samples are needed to better determine their role in the development of L/

HSCC through understanding the underlying biomolecular cellular mechanisms.
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INTRODUCTION
Laryngeal and hypopharyngeal squamous cell carcinomas
(L/HSCC) are two prevalent head and neck malignancies
corresponding to 5.3% and 0.4% of all cancers, respec-
tively." * Laryngeal squamous cell carcinoma (LSCC) is the
second most common head and neck cancer, accounting
for 211,000 new cases and 126,000 deaths yearly world-
wide."” Hypopharyngeal squamous cell carcinoma
(HSCC) accounted for 84,254 new cases in 2020, and the
number of deaths was 38,599 worldwide.” Both cancers
reported similar major risk factors, including prolonged
tobacco and alcohol use (supraglottic), Plummer-Vinson
syndrome, asbestos exposure, reflux, and betel nut
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chewing.” © The association between L/HSCC and reflux
remains not established due to the lack of high-quality
clinical studies considering laryngopharyngeal reflux dis-
ease (LPRD) rather than gastroesophageal reflux disease
(GERD), objective evaluations of LPRD, and gastro-
duodenal enzyme patterns in laryngopharyngeal tissues,
leading to the controversial results of meta-analyses.” ’

Regarding the lack of clinical studies considering the
identification of LPRD through 24-hour hypopharyngeal-
esophageal multichannel intraluminal impedance-pH
testing (HEMII-pH),'” and the tumor/laryngopharyngeal
fluid measurements of gastroduodenal enzymes,'' in pa-
tients with L/HSCC, the investigation of biomolecular and
cellular mechanisms underlying the enzyme-induced de-
velopment of premalignant mucosa lesions may provide
relevant findings for understanding the relationship be-
tween reflux and L/HSCC.

The aim of this review was to summarize the literature
findings about the potential carcinogenesis mechanisms
associated with LPRD in L/HSCC.

MATERIALS AND METHODS
This review was conducted by two independent in-
vestigators (G.J.C. and J.R.L.) following the Preferred
Reporting Items for Systematic Reviews and Meta-
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Analyses (PRISMA) checklist.'”” The criteria for con-
sidering studies were based on population, intervention,
comparison, outcome, timing, and setting (PICOTS) fra-
mework. "’

Types of studies

From March to July 2025, the literature search included
prospective, retrospective, or cross-sectional studies pub-
lished between 1990 and March 2025 in English-language
peer-reviewed journals. Studies investigated the relation-
ship between LPRD, refluxed enzymes, and the pre-
malignant modifications of laryngeal and hypopharyngeal
epithelial cells/mucosa using human samples, animal
models, or in vitro approaches. Studies investigating the
clinical findings of reflux, including GERD and LPRD
findings, without consideration of mucosa macro- or mi-
croscopic changes, were excluded.

Population

For studies using human population samples, the inclusion
criteria used for the reflux disease diagnosis were extracted.
The diagnosis of LPRD was confirmed for patients with
more than one hypopharyngeal reflux event at the 24-hour
hypopharyngeal-esophageal multichannel intraluminal im-
pedance-pH monitoring (HEMII-pH).'*"> The use of or-
opharyngeal pH monitoring, dual- or triple-probe pH
monitoring with pharyngeal pH sensor supported the
acidic LPRD/GERD diagnoses but did not confirm the
LPRD diagnosis regarding the lack of pharyngeal im-
pedance system.'*'” Patients who were selected with reflux
validated patient-reported outcomes questionnaires and/or
validated sign instruments were considered as suspected
LPRD patients. Patients meeting the Montreal ® or Lyon'’
consensus criteria were considered as GERD patients.

Outcomes

Data from in vitro cell line experiments and in vivo studies
were extracted by two independent investigators. The pri-
mary outcomes consisted of data describing potential as-
sociations or mechanisms of action between LPRD,
refluxed enzymes, and laryngeal and hypopharyngeal mu-
cosal morphological and functional changes considered as
premalignant steps. The results were organized into three
main categories based on the experimental models: (1)
human tumor tissue studies, which investigated molecular
and cellular alterations in surgically resected specimens; (2)
human cell line studies, which examined the effects of reflux
components (pepsin and bile acids) on laryngeal and hy-
popharyngeal epithelial cells; and (3) animal model studies,
which explored the carcinogenic potential of reflux con-
tents in vivo. Within each category, we specifically analyzed
several key pathways and mechanisms, including immune
responses; pepsin expression; activation of oncogenic sig-
naling pathways (particularly NF-kB); expression of stress
proteins; epithelial-mesenchymal transition markers; cell
proliferation and viability; and microRNA dysregulation.
The morphological changes assessed included impaired cell

proliferation and differentiation, histopathological ab-
normalities, and cell DNA damage. Functional cellular
characteristics included alterations in inflammatory cell
mediators, expression of tumor-promoting and tumor-
suppressing genes, and oxidative stress biomarkers. The
reflux parameters assessed included the features of reflux
events (esophageal/pharyngeal events, liquid/gas/mixed,
and pH), the detected digestive enzymes (pepsin, bile salts,
trypsin, lipases, and elastase), and their respective methods
of detection (eg, IHC, ELISA). The timing of these effects
ranged from immediate cellular responses to long-term
preneoplastic and neoplastic transformations, while the
setting encompassed both acidic and nonacidic environ-
ments to simulate various reflux conditions.

Intervention and comparison

Intervention may consist of application of reflux/gastro-
duodenal content onto laryngeal and hypopharyngeal cells/
tissue. Evolution of mucosal morphology, histology, and
functioning from pre- to post-treatment of LPRD was si-
milarly considered.

Time and setting
There were no strict criteria for time and setting.

Search strategy

The literature search was conducted by the two in-
dependent investigators on PubMed, Embase, and Web of
Science databases for relevant peer-reviewed publications
on laryngeal and hypopharyngeal premalignant/malignant
features related to LPRD. The following MeSH terms were
used for the search strategy: larynx; hypopharynx; neo-
plasms; carcinoma; gastroesophageal reflux; bile acids and
salts; pepsin; trypsin; microbiome. The non-MeSH term
“laryngopharyngeal reflux” was added to the key words.
The studies reporting database abstracts, available full-
texts, or titles with the search terms were considered. The
research findings have been reviewed for relevance, and the
reference lists of state-of-the-art or systematic reviews were
examined for additional references. The included studies
were analyzed for the number of patients/specimens, study
design, inclusion and exclusion criteria, demographics, and
outcomes.

RESULTS
A total of 4430 publications were found from the fol-
lowing electronic databases: Embase (n = 1951), PubMed
(n =1762), and Web of Science (n = 717). After removing
725 duplicates across databases, 3705 records underwent
initial screening (Figure 1). Title and abstract assessment
excluded 3016 records that did not meet the inclusion
criteria. The remaining 689 full-text articles were care-
fully evaluated, resulting in the inclusion of 34 studies
investigating the potential mechanistic links between
LPRD and carcinogenesis of L/HSCC.'" °' Of the 34
studies, some studies reported human, cell lines, and/or
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Identification of studies via databases

e
5 Records identified from:
E PubMed (N=1,762) - ——| Records removed before screening:
= Embase (N=1,951) - Records marked as duplicate:
_§ Web of Science N=725
- (N=717): N tot=4,430

Records screened:

N=3,705

Records excluded or not retrieved for
inclusion criteria mismatch (N=3,016)

Screening

Reports assessed for
eligibility N=689

A4

Records excluded for ineligible studies (N=655)

J |

laryngeal and hypopharyngeal
carcinoma) N=34

Included

Studies considered for the review
(Potential mechanisms of LPRD in

FIGURE 1. Chart flow. LPRD, laryngopharyngeal reflux disease.

animal data. There were human tumor tissue studies (n =
8, Table 1) focused primarily on analyzing molecular and
cellular alterations within surgically resected LSCC (n =
5)'% 2% or HSCC (n = 3)”* ?* specimens. Human cell line
studies (n = 19, Table 2)'%?%2%2% % consisted of in vitro
models derived from human laryngeal or hypophar-
yngeal epithelial cells. Six studies’””*?*?"*"*! involved
laryngeal cell lines exposed to pepsin (n = 4)”>7%*"% or
bile acids (n = 1),”® while studies with hypopharyngeal
cell lines (n = 15) focused on the effects of pepsin (n = 7
studies)'®7# 2727283057 or bile acids (n = 8 stu-
dies).””*" #** Among the 12 animal model stu-
dies'®*" " (Table 3), one study'® was based on a porcine
laryngeal model, while 11 studies® °” consisted of
murine models of laryngeal (n = 3)***%

hypopharyngeal specimens (n = 8).*"** *°Y A summary
of LPRD cell pathway is found in Figure 2.

Human tumor tissue studies

Among the eight studies analyzing human tumor speci-
mens, two studies explored immune responses of laryngeal
mucosa exposed to reflux stimuli. The authors observed an
increased CD8+ T-cell expression,”’ and aberrant MHC
molecule expression."” Two studies found significantly
higher pepsin expression in laryngopharyngeal tumor tis-
sues compared with healthy controls,””” with a positive
correlation of pepsin expression with lymph node metas-
tasis.”” Bao et al found significantly higher proton pump
(H'/K"-ATPase) expression in malignant laryngeal tissues
compared with paracarcinomatous and normal tissues.”’ In
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N « Cell growth, differentiation, and the cell cycle
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FIGURE 2. Summary of cell activation and pathway in reflux disease. The mechanism of NF-kB pathway in laryngeal and hypo-
pharyngeal squamous cell carcinomas under the influence of laryngopharyngeal reflux disease content. As shown in the figure, pepsin
activates the NF-xB pathway, leading to the release of inflammatory mediators, enhanced resistance to apoptosis, and affecting cell
proliferation and differentiation. Bile acids also participate in the above processes and influence epigenetic changes through this pathway.

this study, there was no significant association between the
expression of H'/K"-ATPase and the prognosis outcomes.
In 2019, Sasaki et al observed an overactivation of NF-kB
pathway, accompanied by significant overexpression of
RELA(p65), EGFR, STAT3, BCL-2, c-REL, ANp63,
WNTS5A, IL-6, and IL-1B, which are involved in tumor
initiation, progression, immunosuppressive properties, and
metastasis (Table 4). Moreover, the authors demonstrated
significantly higher mRNA levels of all genes, particularly
RELA(p65), IL-6, EGFR, and TNF-a compared with bile
acid-negative tumor samples.”* The roles of these molecules
in carcinogenesis are summarized in Table 4. Johnston
et al reported decreased Sep70, Sep53, and Hsp70 expres-
sion in laryngeal tumors exposed to reflux content (eg,
pepsin) compared with healthy tissues, which contributed
to tumor progression.'® Tan et al investigated the re-
lationship between pepsin and LSCC using LSCC samples
and two human LSCC-derived cell lines (Hep-2 and
Tu212). In this study, they demonstrated upregulation of
IL-8, p-catenin, and Vimentin expression, alongside
downregulated E-cadherin expression in pepsin-positive

laryngeal tumor tissues, which correlated with pepsin ex-
pression intensity.””

Human cell line studies
All studies focused on pepsin or bile acid effects on human-
derived laryngeal or pharyngeal cell lines. Bile acids were
investigated in 10 studies.””***’*" %% Six studies ex-
amined the impact of bile acid mixtures on the NF-xB
pathway under various conditions.””” ***® The authors
observed comparable effects to pepsin exposure, which
consisted of an enhancement of cell viability and upregu-
lation of the expression of numerous molecules involved in
tumor initiation, progression, proliferation, and invasive-
ness, including the NF-kB pathway molecules (BCL-2,
RELA(p65), c-REL, STAT3, ANp63, EGFR, WNT5A,
and TNF-),2336.38

Regarding the importance of NF-kB pathway, Vageli
et al treated hypopharyngeal cells with curcumin, leading
to a successful inhibition of the acidic bile-induced NF-kB
signaling pathway, and an overexpression of NF-kB tran-
scriptional factors, c-REL, RELA(p65), antiapoptotic
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BCL-2, oncogenic TNF-a, EGFR, STAT3, WNT5A,
ANp63, and cancer-related 1L-6. The effect of curcumin
being effective for reducing bile-induced bcl-2 over-
expression at both acidic and neutral pH.” The role of pH
was strengthened by Doukas et al, who found that re-
petitive applications of conjugated primary bile acids with
unconjugated secondary bile acid, (deoxycholic acid) on
human hypopharyngeal primary cells revealed that
strongly acidic pH (4.0) optimally enhanced the tumori-
genic effect of bile, by inducing activation of NF-xB,
STAT3 nuclear translocation and bcl-2  over-
expression, and significant overexpression of the oncogenic
mRNA phenotype, compared with weakly acidic pH (5.5)
or neutral pH (7.0).” Sasaki et al exposed FaDu and
UMSCCI11A cell lines to bile acids at variable pH points,
and demonstrated that bile acids at pH 4.0 potentiated the
activation of NF-kB and its related mRNA phenotype, and
activated the IL-6, TNF-a, and BCL-2 gene expression. In
addition, the authors observed an enhanced transcriptional
activity of EGFR, RELA, STAT3, and WNTS5A and
higher survival rates were observed in HSCC cells exposed
to acidic bile compared with those exposed to bile at
weakly acidic or neutral pH.” In 2023, Doukas
et al showed that acidic bile induces PARP-1 over-
expression in hypopharyngeal cells. While NF-xB inhibi-
tion prevented DNA damage, PARP-1 overexpression, and
antiapoptotic phenotypes, PARP-1 inhibition failed to re-
duce DNA damage, NF-kB activation, or cell survival,
suggesting NF-kB as a superior therapeutic target against
acidic bile-induced carcinogenesis.”® Beyond NF-kB acti-
vation, the same team reported upregulation of oncogenic
miRNAs (miR-21, -155, and -192) and STATS3, alongside
downregulation of tumor suppressor miRNAs (miR-34a,
-375, and -451a).”” Concerning the types of bile acids,
Shellman et al found that cholic acid, deoxycholic acid, and
chenodeoxycholic acid, specifically, promoted TGF-p1 ex-
pression, while lithocholic acid and deoxycholic acid pro-
moted matrix metalloproteinase-9 expression.”’ In 2003,
Sung et al observed that chenodeoxycholate, which is one
of the bile acid components, was found to induce cy-
clooxygenase-2 (COX-2) expression in human pharyngeal
cells, COX-2 being involved in the tumorigenesis of eso-
phageal and pharyngeal squamous cell carcinoma.”
Seven studies investigated pepsin effects at different pH
levels on hypopharyngeal cell lines.'®*%***7-?%3%51 John-
ston et al detected intracellular pepsin within 1 hour of
exposure.'” Samuels et al found that the pepsin treatment
of cell lines altered 397 genes linked to cancer signaling
pathways, including dysregulation of MALATI, keratin-
82, and the long noncoding RNA LRPI1-AS, which reg-
ulates the putative pepsin receptor LRP1.”" Kelly et al ex-
posed FaDu cells to nonacidic pepsin, and reported an
increased rate of relative wound density, cell migration,
and viability of exposed cells compared with controls,
which supported an apoptotic resistance.”® The same team
reported on FaDu cell lines that pepsin altered the ex-
pression of 27 genes involved in carcinogenesis and affected

the expression of 22 miRNAs that are altered in L/HSCC,””
while the pepsin activity, pepsin-mediated cell damage, and
the miRNA changes were inhibited by curcumin.”’ Other
teams reported that pepsin enhanced cell proliferation and
migration,”””” upregulated Glut-1 expression promoting
glycolysis,”” and, as under-mentioned, affected epithelial-
mesenchymal transition by upregulating IL-8, Vimentin,
and p-catenin while downregulating E-cadherin.”” Finally,
three studies focused on the NF-kB pathway activation
through pepsin.””*"~’ Studies reported that pepsin sig-
nificantly enhanced NF-xB transcription factor activity and
upregulated expression of downstream molecules similarly
involved in bile acid-induced processes (eg, RELA, ¢c-REL,
Bcl-2, TNF-a, EGFR, STAT3, WNTS5A, and ANp63),
which also increased the S-phase cell fraction while de-
creasing the Gl-phase fraction.

Animal model studies

Twelve studies used animal models to investigate the car-
cinogenesis potential of reflux contents. Johnston et al con-
firmed the human cell findings through the identification of
an overexpression of Sep53 and Sep70 in porcine laryngeal
tissue after exposure to pepsin, while the HSP70 expression
was unchanged.'® Chen et al did not corroborate the
HSP70 preservation in a rat model exposed to several
pepsin concentrations. In this study, the authors found that
pepsin stimulation increases HSP70 in both laryngeal epi-
thelial and cancer cells, inhibiting endoplasmic reticulum
stress (ERS) and related apoptosis/autophagy. However,
they reported that HSP70 inhibition produced differential
effects: in normal cells, it suppressed glucose-regulated
protein 78 (GRP78) and promoted apoptosis, while cancer
cells maintained resistance to apoptosis, despite GRP78
reduction. HSP70/ERS inhibition effectively reduced
tumor growth in vivo.” Another study found pepsin sti-
mulation induced local inflammatory changes and lym-
phocyte infiltration in murine hypopharynx.”’

Sasaki et al demonstrated that gastroduodenal fluids
induced preneoplastic changes in mouse laryngeal mucosa,
with acidic bile combinations showing the strongest ef-
fects.”” Acidic bile significantly increased cell proliferation
markers (Ki67, CK14, and ANp63), oncogenic p-STAT3,
and altered cell adhesion molecules. It also upregulated
cancer-promoting  microRNAs  (miR-21, miR-155,
and miR-192) while suppressing tumor-suppressive
miRNAs (miR-34a, miR-375, and miR-451a), with these
changes correlating with NF-kB activation. The findings of
this murine study supported those found in cell lines, and
human tissue investigations. Seven studies exploring bile
acid effects through animal model research consistently
demonstrated an activation of the NF-kB pathway and
related altered expression of upstream/downstream mole-
cules.”” ***" Three studies additionally found bile acids
promoted local micro-injury, hyperplasia, dysplasia, and
neoplastic changes,” " and three others reported bile
acid-induced upregulation of oncogenic miRNAs (miR-
192, miR-21, and miR-155) and downregulation of tumor
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suppressor miRNAs (miR-375, miR-34a, miR-451a, miR-
504, and miR-99a), "+

DISCUSSION

The causal relationship between reflux and L/HSCC has
been suggested for a long time through clinical studies in-
vestigating the prevalence and findings of GERD in pa-
tients with LSCC or HSCC.”” However, meta-analyses
reported controversial results, which can be attributed to
the diagnostic methods used for documenting reflux, most
studies considering esophageal reflux features (eg, acid ex-
posure time, GERD complications) rather than LPRD.””’
Because of the lack of large-cohort studies considering
pharyngeal reflux rather than esophageal reflux character-
istics in L/HSCC," the summarization of experimental/
basic science studies makes sense to explore the causality
between LPRD and L/HSCC.

The translational analysis of the findings found in the
present study strongly supports that LPRD-related gas-
troduodenal content can promote carcinogenesis of lar-
yngopharyngeal epithelial cells through numerous
pathways, particularly the NF-kB pathway.”**”**%* *% The
pro-inflammatory potential of bile acids and pepsin was
extensively investigated in otolaryngology, with most stu-
dies identifying micro- and macroscopic laryngeal and
pharyngeal mucosal changes in patients with a demon-
strated LPRD.”” > In benign lesions or clinical LPRD
without neoplasia, pepsin has been found to reduce defense
mechanisms of epithelial cells through a downregulation of
mucin,”” carbonic anhydrase,”® Sep70,”” HSP,”® and genes,
while promoting inflammatory infiltrate in the mu-
cosa.”””*7? The present review identified common protein
expression alterations in both benign and malignant con-
ditions associated with LPRD. Importantly, the activation
of the NF-xB pathway concerned both pepsin and bile
acids in acidic environment,””** **~% which strengthens the
importance of potential targeted therapy of NF-kB-acti-
vated molecules rather than targeting enzymes alone. De-
spite the identification of key mechanisms linking reflux
content to L/HSCC initiation, progression, invasion, and
metastatic progression, the heterogeneity across clinical
and experimental studies for inclusion criteria, reflux di-
agnosis, investigated cell molecules, and digestive enzymes
limits the establishment of a valid biomolecular model of
mechanistic association between LPRD and cancer.

First, the clinical studies, including patients with LPRD
with or without L/HSCC, did not perform the LPRD di-
agnosis through the identification of pharyngeal reflux
events at the 24-hour HEMII-pH. Four studies using
human tissue specimens based the LPRD diagnosis on re-
flux finding score and reflux symptom index,'”*"**** or
endoscopic findings of reflux.”* Regarding the non-
specificity of symptoms and findings, the use of reflux
symptom index or endoscopic score may be associated with
the inclusion of patients with laryngopharyngeal symptom-
induced conditions but no LPRD (eg, allergy, chronic

rhinitis, chronic rhinosinusitis, and tobacco-induced lar-
yngitis).”” * This sample bias is particularly important in
studies investigating mucosa inflammation signatures,
which can be influenced by these other conditions. Only
Johnston et al used objective LPRD diagnosis through the
dual-probe pH metry, which can detect acidic LPRD.'®
This heterogeneity may be addressed in future studies
considering the use of 24-hour HEMII-pH to objectify the
occurrence of pharyngeal reflux events in patients with
LPRD symptoms and findings.'*"”

Second, most studies focused on pepsin and bile acids to
investigate the biomolecular mechanisms underlying the
development of L/HSCC. Recent studies demonstrated
that elastase and trypsin may be detected in the saliva of
patients with a demonstrated LPRD diagnosis at the 24-
hour HEMII-pH, with only elastase demonstrating a sig-
nificantly higher salivary level in LPRD patients compared
with controls.'" The potential role of elastase in the de-
velopment of mucosa inflammation and related symptoms
was similarly supported in patients with LPRD-induced
chronic cough.®” Because the saliva of LPRD patients is
more alkaline than controls,'®* the investigation of
trypsin and elastase, both activated in weakly acidic or
alkaline pH, as promoters of carcinogenesis patterns, may
bring new insights into the understanding of reflux-induced
L/HSCC carcinogenesis.

Third, regarding the increased number of studies re-
porting the importance of tumor cell heterogeneity,”°° the
use of organoid models of laryngeal or hypopharyngeal
tumors derived from patient tumor tissue may be more
consistent than cell lines or animal models, because orga-
noid models maintain the genetic and phenotypic char-
acteristics of the original cancer, including potential
heterogeneity,”’ allowing researchers to study tumor be-
havior when exposed to digestive enzymes at different pH
environments, testing potential therapies in a more relevant
context than traditional 2D cell cultures. Organoid models
are a promising alternative to traditional animal models for
LPRD research. Animal models have significant limita-
tions: quadruped-induced liquid reflux rather than the ty-
pical gaseous reflux pattern of bipedal humans, and show
considerable variability in molecular expression patterns
and tissue composition across laryngeal/hypopharyngeal
regions both between individual animals and in compar-
ison to humans.’®®” The microbiome is an additional part
of the peritumoral and tumoral environment, which is not
considered in the current literature and particularly in both
cell lines and animal model studies. The consideration of
microbiome in the development of L/HSCC in LPRD pa-
tients is strengthened by a recent study demonstrating
significant taxonomic-level alterations in alpha diversity
(reduced Shannon index at family and genus levels in
LPRD) and beta diversity (distinct community composi-
tion between LPRD and controls), with differential abun-
dance of key taxa, including modulated Streptococcus
species, elevated Actinomyces and Abiotrophia, and de-
pleted Oribacterium and Eubacterium nodatum group in
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LPRD patients compared with controls.”’ In this transla-
tional study, elastase, trypsin, and bile salts reported sig-
nificant association with relative abundance of some
bacteria, while the phylum DTBI20 (Candidatus Ferris-
tratum sp) was strongly associated with the total number of
pharyngeal reflux episodes. In a recent systematic review
investigating the involvement of the microbiome in the
development of LSCC, it has been found that Strepto-
coccus, which was depleted in the LPRD group,’” was si-
milarly depleted in patients with LSCC,”' and
oropharyngeal and hypopharyngeal squamous cell carci-
nomas.’” In summary, the current literature may suggest an
important role of microbiome in the development of L/
HSCC, with reflux as potential trigger of microbial al-
terations, and related impaired immune system modula-
tions.”’* The heterogeneity across studies for these
numerous points and the lack of translational large-cohort
studies are the primary limitations of the present review.

CONCLUSION

Pepsin and bile acids contribute to laryngeal and hypophar-
yngeal carcinogenesis, invasions, and metastatic progression by
disrupting defense mechanisms, cellular functions, and epige-
netics. Activation of the NF-kB pathway appears to be a key
mechanistic driver. Further studies considering patients with a
demonstrated LPRD diagnosis, and the investigation of all
digestive enzymes, are needed to elucidate the underlying me-
chanistic mechanisms.
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