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Abstract
Recently, the U.S. Food and Drug Administration (FDA) approved 2 anti-amyloid monoclonal antibodies, 
aducanumab (June 7, 2021) and lecanemab (July 6, 2023), for the treatment of Alzheimer’s disease (AD) 
patients, and will most likely also approve a 3rd one, donanemab, soon. While these antibodies have been 
shown to significantly reduce amyloid in the brain, there is little, if any, evidence that they provide clinically 
meaningful benefit for AD patients by slowing cognitive decline. I have said it before, and I say it again: 
the reported benefits of anti-amyloid antibodies observed in clinical trials are erroneous and based on mis-
interpretation of data and a trivial miscalculation. For example, Sims et al. (2023) reported in a phase III 
clinical trial that donanemab treatment of early symptomatic AD patients with amyloid and tau pathology 
provided 35% and 36% slowing of clinical progression and cognitive decline, respectively, as measured 
using the Integrated Alzheimer’s Disease Rating Scale (iADRS) and Clinical Dementia Rating-Sum of Boxes 
(CDR-SB) psychometric tests. Here, in this editorial, I show that 2.5% and 9.6% would be better estimates 
for less cognitive impairment with donanemab treatment.

Keywords: clinical trial, Alzheimer, amyloid, donanemab
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Introduction

The hypothesis that amyloid-beta (Aβ) peptides and 
amyloid formation in the brain drive the development and 
progression of Alzheimer’s disease (AD) is stronger than 
ever and back in the spotlight of AD research and clinical 
trials, as exemplified by the recent U.S. Food and Drug 
Administration (FDA) approval of the anti-Aβ monoclonal 
antibodies, aducanumab and lecanemab, for the treatment 
of patients with AD.1–3 However, these “transformative 
treatments that redefine AD therapeutics,”4 as Jeff Cum-
mings put it, are not supported by any experimental evi-
dence to show that anti-Aβ antibodies slow AD progres-
sion and reduce cognitive decline. While they do reduce 
amyloid in the brain, they can also cause serious health 
problems due to brain bleeding and swelling.5–9

What could be the reason for this apparent resurrection 
of the amyloid hypothesis? For one thing, it cannot be 
the reported benefits of aducanumab or lecanemab ob-
served in clinical trials.10,11 For example, as I have argued 
previously, the clinical benefit of  lecanemab treatment 
is 9.6% less cognitive decline compared to placebo, while 
the claimed 27% benefit is based on misinterpretation 
of data and a trivial miscalculation.1,2 Another example 
of misinterpretation of AD anti-amyloid therapy data, 
the topic of this editorial, is provided by the clinical trial 
of donanemab.3,12

Donanemab

Donanemab is an anti-Aβ monoclonal antibody that 
binds to pyroglutamate-modified Aβ peptide found only 
in amyloid plaques.13 Sims et al. (2023) reported that don-
anemab slowed disease progression by 35.1% compared 
to placebo in a phase III clinical trial of 1736 partici-
pants with early symptomatic AD and amyloid and tau 
pathology.3 The findings were estimated using the Inte-
grated Alzheimer’s Disease Rating Scale (iADRS), which 
measures cognition and function on a 144-point scale, 
with lower scores indicating worse performance. Here, 
from baseline to  76  weeks, iADRS score change was 
−6.02 in the donanemab group and −9.27 in the placebo 
group, a difference of 3.25, which the authors interpreted 
as a 35.1% (3.25/9.27) slowing of cognitive decline, or clini-
cal progression, as the authors called it.3 This is a mistake. 
A score of 9.27 is not a score of cognition (the ‘amount’ 
of cognition) in the placebo group but is a change in cog-
nition score calculated from the iADRS scores at base-
line and 76 weeks. In other words, the 35.1% calculation 
disregarded the  final iADRS scores at  the  conclusion 
of the 76-week trial to the effect that they would be ir-
relevant to cognition.

Obviously, it is not the score change but the final score 
that matters in cognition, which was 101.31 in the don-
anemab group and 98.88 in the placebo group.3 These 

are the scores that must be used when calculating the ef-
fect of donanemab treatment on cognition. Accordingly, 
I suggest the 101.31 − 98.88 = 2.43 difference, or 2.46% 
(2.43/98.88), is a better estimate for less AD progression 
and cognitive impairment with donanemab compared 
to placebo. Even in a trial as large as 1736 study partici-
pants, 2.46% is not a statistically significant difference. 
I also suggest, lest we forget, that the people living with 
AD, their family members and friends have the final say 
on donanemab, whether it provides 35% or 2.5% slower 
clinical progression. These numbers are different enough 
to make a difference. Subjective, yes, but that is what mat-
ters most in real life.14,15

Sims et al. (2023) also measured donanemab’s clinical 
benefit using other psychometric tests, such as the Clinical 
Dementia Rating-Sum of Boxes (CDR-SB), an 18-point scale, 
with higher scores indicating worse performance. They re-
ported that donanemab slowed disease progression by 36%. 
Here, the CDR-SB score change from baseline to 76 weeks 
was 1.20 in the donanemab group and 1.88 in the placebo 
group, a difference of −0.68, or 36% (0.68/1.88) of slow-
ing. Similar to the 35.1% benefit on iADRS, 36% is erro-
neous and due to a misunderstanding of the difference 
between cognition and change in cognition when calcu-
lating the clinical benefit of donanemab. The final score 
at the study conclusion was 4.64 with donanemab and 5.13 
with placebo, so I suggest the 5.13 − 4.64 = 0.49 differ-
ence, or 9.55% (0.49/5.13), is a better estimate for less AD 
progression and cognitive impairment with donanemab 
compared  to placebo.

Conclusions

Answers come and go, but the question remains: If amy-
loid drives AD, why have anti-amyloid therapies not yet 
slowed cognitive decline?16 But if amyloid does not drive 
AD, what is the question then? Therefore, in the spirit 
of “prevention is the only cure,” we have to do much more 
research on preventive therapies and increase public aware-
ness of the role of healthy lifestyles in delaying the onset 
of AD. It’s about time. It’s about the human mind.17–19
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Abstract
Background. Psychosis is a very common feature of Alzheimer’s disease (AD) that can emerge as the neuro-
degenerative disease progresses. The 5-hydroxytryptamine (5-HT2A) receptors are located postsynaptically 
to serotonergic neurons in the frontal cortex and mediate both excitatory and inhibitory neurotransmissions. 
However, the effectiveness and tolerance of negative modulators of 5-HT2A receptors in Alzheimer’s disease 
psychosis (ADP) are uncertain.

Objectives. To detect the negative modulators of the 5-HT2A receptor as a cure for ADP.

Materials and methods. The primary outcome indicator was the total Neuropsychiatric Inventory (NPI) 
score. Other prognostic indicators included Mini-Mental State Examination (MMSE), the Katz Index of Inde-
pendence in Activities of Daily Living (KATZ), the discontinuation rate, and adverse events.

Results. Compared to placebo, 5-HT2A inverse agonists significantly reduced the NPI total score, the KATZ 
and the MMSE score. The pooled odds ratio (OR) was 1.64 (95% confidence interval (95% CI): 1.01–2.65) 
and the heterogeneity variance was estimated at Tau2 = 0.52 with an I2 value of 90%, a χ2 value of 111.31, 
p = 0.04, and z-value of 2.01. The risk difference (RD) between the 5-HT2A receptor negative modulators and 
placebo groups was 0.12 (95% CI: 0.00–0.24) and the heterogeneity was estimated at Tau2 = 0.03, χ2 value 
of 127.23, degrees of freedom (df) value of 9, I2 value of 93%, z-value of 1.92, and p-value of 0.01 (<0.05).

Conclusions. Our results suggest that negative modulators of 5-HT2A receptors are beneficial and well-
tolerated in the treatment of ADP.

Key words: mirtazapine, trazodone, pimavanserin, Alzheimer’s disease psychosis (ADP), 5-hydroxy
tryptamine (5-HT2A) receptor
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Introduction

One of the most common illnesses affecting older people 
is dementia, which poses a significant challenge to global 
public healthcare. Nearly 47 million people worldwide 
were living with dementia in 2015 and, according to data 
from the  World Alzheimer Report 2015, that number 
is expected to nearly double every 20 years.1,2 A specific 
type of dementia, Alzheimer’s disease (AD), accounts for 
50–70% of all dementia cases.3,4 While AD is often thought 
of as a memory illness, behavioral and cognitive symptoms 
of dementia, including psychotic symptoms, are practically 
ubiquitous. During the course of the disease, more than 
half of affected people will suffer psychotic symptoms,5,6 
which frequently leads to the increased need of care, pa-
tient stress, institutionalization, and a reduction in quality 
of life.7–10

The presence of delusions, delusional misidentification 
and hallucinations characterizes psychosis. Although 
this appears to be comparable to functional psychoses 
like schizophrenia, the psychotic experience of dementia 
patients is considerably distinct, manifesting largely as de-
lusions and hallucinations. Approximately 35% of affected 
people have simple delusions; frequent symptoms include 
stealing, victimization, adultery, desertion, or the belief 
that a deceased relative is still alive.11,12 Other misidentifi-
cation-related delusions in AD include the conviction that 
one’s house is not their own, that a member of the family 
is somebody else, a copy or an impostor (Capgras delusion), 
or that some uknown person is residing in their home 
(phantom hostage delusion).13 Misinterpreting television 
images, mirror images or captured images for actual people 
or objects is a more typical symptom. With a median in-
cidence of 23% in studies, illusions are one of the most 
prevalent psychotic symptoms in AD.14

Antipsychotics are perhaps the most commonly pre-
scribed medicines for treating Alzheimer’s disease psycho-
sis (ADP). However, their effectiveness is limited at best, 
and the risk of major side effects remains a concern.15 For 
example, risperidone and olanzapine, while used to reduce 
aggression in AD, have both been linked to significant 
detrimental cerebrovascular occurrences (such as stroke) 
and extrapyramidal adverse effects16; although quetiap-
ine is frequently used, 2 meta-analyses showed no effect 
of quetiapine on neuropsychiatric symptoms (NPS).17,18 
Furthermore, all antipsychotics come with a warning label 
from the U.S. Food and Drug Administration (FDA) about 
increased mortality risk in Alzheimer’s patients (FDA, 
2005).19 For all these reasons, treatment of ADP requires 
safer and more effective medication.

The ideal therapeutic approach requires a better under-
standing of the underlying neurobiological mechanisms. 
The pathological processes underlying AD are thought 
to be influenced by changes in the serotonergic neurotrans-
mitter system. Studies showing deficiencies in serotoner-
gic neurotransmission and a loss of dopamine-producing 

neurons and serotonin receptors in AD provide evidence 
for the role of serotonin in AD.20–23 The 5-hydroxytryp-
taminergic system has long been implicated in the etiol-
ogy of psychiatric disorders. Previous research suggests 
that excessive 5-hydroxytryptamine receptor 2A (5-HT2A 
receptor) activation may be disrupted, generating apical 
dendritic ion channel malfunction and dementia-related 
psychosis (DRP) clinical symptoms.24 Furthermore, a post-
mortem analysis of cortical nerve cells obtained from AD 
patients revealed that Aβ plaques disrupt peri-somatic 
contact of 5-HT2A receptor-expressing parvalbumin-pos-
itive interneurons with γ-aminobutyric acid (GABA)ergic 
pyramidal neurons,25 potentially promoting hyperactivity 
of neurons in contact with plaques.

Negative allosteric modulators of 5-HT2A receptors have 
been considered a potential treatment strategy for ADP, 
and these compounds, called negative allosteric modula-
tors, have different inhibitory potencies ranging from al-
most neutral antagonists to full inverse agonists.26 Notably, 
5-HT2A receptors also have a powerful effect on cognitive 
activity in AD and, as an antipsychotic, 5-HT2A receptor 
inverse agonists and antagonists improve cognitive impair-
ment. Thus, suppressing 5-HT2A receptor activity with 
selective 5-HT2A inverse agonists or 5-HT2A receptor in-
verse agonists might potentially provide a novel treatment 
strategy for ADP. Through a meta-analysis of all relevant 
randomized controlled trials (RCTs), we examined whether 
a negative regulation of 5-HT2A receptors promotes ADP.

Differences in results may be explained by the small sam-
ple sizes. A meta-analysis is a statistical method that uses 
both weighted and combined statistics to compute a mean-
ingful statistic in aggregate and then uses the combined 
estimated statistics to perform tests and assessments.27,28 
By combining the results of many comparable individual 
studies, meta-analysis increases the strength of the ar-
gument for preliminary conclusions and the  strength 
of analytical assessment of effects. By meta-analyzing all 
relevant RCTs, we examined whether negative regulation 
of 5-HT2A receptors alleviates ADP.

Objectives

The  study aimed to  perform the  first meta-analysis 
of randomized, double-blind, placebo-controlled trials 
investigating negative modulators of the 5-HT2A recep-
tor as a cure for ADP.

Materials and methods

This study adhered to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines.29 We conducted a systematic literature search 
based on the PICO strategy (Patients: AD; Intervention: 
5-HT2A receptor negative modulator; Control: placebo; 
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Outcome: Neuropsychiatric Inventory (NPI) total score 
(primary outcome)). Other prognostic indicators included 
Mini-Mental State Examination (MMSE), the Katz Index 
of Independence in Activities of Daily Living (KATZ), rate 
of discontinuation, and adverse events.

Criteria for inclusion, search strategy, data 
extraction, and outcome measurement

Blinded and unblinded RCTs of 5-HT2A receptor-neg-
ative modulators (including 5-HT2A receptor antagonists 
and 5-HT2A receptor inverse agonists) in patients with 
ADP were included. Such drug combinations are essential 
to advance the development of antineuropsychiatric drugs 
as they treat the disease while avoiding many of the side 
effects caused by nonselective receptor interactions. To de-
termine all potentially relevant research, searched 5 dif-
ferent databases: PubMed, MEDLINE, Cochrane Library, 
Embase, and Web of Science. We considered all studies 
published up to 6 January 2022, without language restric-
tions. The following categories were included in the search: 
“serotonin 2A antagonist” OR “5-HT2A antagonist” OR 
“negative allosteric modulators of  5-HT2A receptors” 
OR “5-HT2A receptor antagonists” OR “5-HT2A recep-
tor inverse agonists” OR “ritanserin” OR “ketanserin” OR 
“mirtazapine” OR “nefazodone” OR “cyproheptadine” OR 
“trazodone” OR “eplivanserin” OR “pimavanserin” OR “vo-
linanserin”. For other applicable studies, we looked through 
the reference lists of pertinent papers.

The first 3 authors thoroughly examined the patient re-
quirements in the reviewed studies. If the required data 
were missing, we contacted the author for more informa-
tion. As a final step, the first 3 authors reviewed, extracted 
and entered the data into ReviewManager (RevMan) 5.3 
(Cochrane, London, UK) independently. The methodologi-
cal quality of the included articles was evaluated using 
Cochrane Risk Of Bias criteria (https://training.cochrane.
org/online-learning/core-software/revman) We utilized 
the Cochrane statistical tool, Review Manager 5 (RevMan 
2008; Cochrane), for quantitative tests.

Data synthesis and statistical analyses

Each reported outcome measure was assessed in the 10 in-
cluded studies. The primary outcome indicator of efficacy 
is the change in ADP symptoms measured using the NPI.30 
Secondary outcome indicators were changes in memory cog-
nition and daily living ability measured using the MMSE31 
and the KATZ.32 These outcomes were analyzed in terms 
of odds ratio (OR) and risk difference (RD).

RevMan v. 5.3 software was used for data analysis. Re-
ferring to the Cochrane Handbook for Systematic Evalu-
ation 5.1.0,33 RD was employed as the impact indicator 
for dichotomous variables, and it served as the effect in-
dicator for continuous variables. The effect indicators for 
the continuous variables were OR and RD. The estimates 

and 95% confidence intervals (95% CIs) are provided for 
each effect. Heterogeneity was determined with the χ2 test 
and the I2 test, and random effects model was used for 
the meta-analysis. The value of p < 0.05 was considered 
statistically significant.

Results

General information on the inclusion 
of the study

The database search identified a total of 375 papers, 
of which 270 were duplicates. After reading the article 
titles and abstracts, 45 studies were excluded due to being 
non-RCTs, as well as to study population, interventions 
and outcome indicators not meeting the inclusion criteria; 
also, more duplicates were eliminated.  During the full-text 
screening, we excluded a further 65 studies due to being 
review articles and to  inconsistencies in the statistical 
methods used. Ultimately, 10 RCTs were analyzed to evalu-
ate inverse activation of the 5-HT2A binding site in AD 
(Fig. 1).34–43

The characteristics of the trials included in this study are 
shown in Table 1. Ten RCTs included 1986 patients with 
ADP. Two studies lasted 6 weeks, 2 studies lasted 2 weeks, 
2 studies lasted 12 weeks, and there was 1 study lasting 
for each of the following periods: 13, 8, 24, and 26 weeks. 
The number of patients examined in the analyzed studies 
varied from 24 to 219 in total. The patients were, on av-
erage, 71 years old. The pharmaceutical industry sup-
ported 4 studies. Two studies were conducted in Brazil, 
3 in the USA and the remaining 5 in the UK. To assess 
the methodological quality of all studies, we used the Co-
chrane Risk of Bias criteria (Fig. 2,3). All 10 studies used 
a randomization method and accounted for the specific 
method of randomization. The methodological quality 
of the included studies was high and the risk of bias was 
low with the Begg’s test p-value equal to 0.376 for the OR 
and 0.473 for the risk ratio (RR) (Fig. 4).

Results of the meta-analysis

Among the  10  included studies, 2  assessed each 
of the outcomes, with the gain in psychiatric symptoms 
measured with the total NPI score as the main indica-
tor of efficacy. The MMSE scale was used for the exami-
nation of intellectual status and the KATZ was used for 
the examination of daily functioning. The ORs and RRs 
for the 10 included studies are summarized in Table 2.

Results of the meta-analysis for primary 
and secondary outcomes

The current study has a pooled OR of 1.64 (95% CI: 1.01–
2.65) with heterogeneity estimated at Tau2 = 0.52, χ2 value 

https://training.cochrane.org/online-learning/core-software/revman
https://training.cochrane.org/online-learning/core-software/revman
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of 111.31, degrees of freedom (df) of 9, I2 of 92%, z-value 
of 2.01, and p-value of 0.04 (<0.05) (Fig. 5). The pooled OR 
greater than 1 indicates that the positive outcomes are 
more likely and, therefore, that 5-HT2A receptor negative 
allosteric modulators are more effective in the treatment 
of  ADP compared to  placebo. Additionally, compared 
to placebo, 5-HT2A receptor antagonists significantly re-
duced the total NPI score, the MMSE score and the KATZ. 
The RD between the 5-HT2A receptor negative modulators 
and placebo groups was 0.12 (95% CI: 0.00–0.24) with het-
erogeneity of Tau2 = 0.03, χ2 value of 127.23, df value of 9, 

I2 value of 93%, z-value of 1.92, and p-value of 0.01 (<0.05). 
The pooled RD value of less than 1 indicates that an adverse 
outcome is less probable with 5-HT2A receptor negative 
allosteric modulators and that such modality is safe, when 
compared to placebo, for the treatment of ADP (Fig. 6). 
There were almost no statistically significant differences 
between the groups in the occurrence of side effects such 
as agitation, falls, aggression, anemia, urinary tract infec-
tion, contusion, blood urea increased, peripheral edema, 
cellulitis, anxiety, behavioral and psychiatric symptoms, 
blood potassium increase, and gastrointestinal issues.

Fig. 1. Preferred Reporting Items 
for Systematic Reviews and 
Meta-Analyses (PRISMA) flowchart 
of literature screening

Fig. 2. Risk of bias graph
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Discussion

To the best of our knowledge, this is the first comprehen-
sive meta-analysis of RCTs on the efficacy and tolerability 
of 5-HT2A receptor-negative modulators for the treatment 
of ADP. Of all the available 5-HT2A receptor-negative 
modulators, mirtazapine, trazodone, RG3487, donepezil, 
idalopirdine, masupirdine, and pimavanserin were studied 

Fig. 3. Risk of bias summary

Fig. 5. Forest plot for odds ratio

95% CI – 95% confidence interval; df – degrees of freedom.

Fig. 4. Funnel plot for publication bias

SE – standard error; OR – odds ratio; RR – risk ratio.
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in this meta-analysis. The main finding of our study was 
that the 5-HT2A receptor-negative modulators improved 
the overall NPI scores of ADP patients more than the pla-
cebo. There were notable variations in MMSE score, KATZ 
and incidence of adverse events between the 2 groups. 
Although the  effect size of  the  benefit for psychiatric 
symptoms was small, overall, this study adds to the evi-
dence base suggesting a potential benefit from this type 
of medication for people with ADP. Pimavanserin has a dif-
ferent mechanism of action and a different safety profile 
compared to the other 6 drugs, including a beneficial ef-
fect among AD patients who exhibited more severe psy-
chotic symptoms and, thus, providing a potentially unique 

advantage in this population. However, future longer and 
larger trials are needed to study the efficacy and safety 
of this class of drugs in treatment of ADP.

The total NPI score was the primary outcome indicator 
of our study. Compared to the placebo, the improved total 
NPI score in the treatment group of ADP patients suggests 
that the negative allosteric modulators of 5-HT2A recep-
tors studied here, namely mirtazapine, trazodone, RG3487, 
donepezil, idalopirdine, masupirdine, and pimavanserin, 
may alleviate NPS in AD patients. Their mechanism of ac-
tion may lie in the fact that, first, 5-HT2A receptors play 
a role in the secretion of amyloid precursor proteins, which 
may promote the formation of amyloid plaques in AD, 
such that the negative regulation of this receptor could 
influence the etiological basis of AD.44–48 Second, several 
genetic polymorphisms associated with AD symptoms 
(such as hallucinations and delusions, which are the most 
common NPS) have been discovered that link the uptake 
of  5-HT2A receptors to  the  therapeutic management 
of psychiatric serotonin disorders.44 Finally, the cerebral 
availability of the serotonin precursor plasma tryptophan 
level decreases along with the activation of the immune 
system, which is believed to be upregulated in AD.49,50 
However, between the  2  types of  negative modulators 
of 5-HT2A, the efficacy of mirtazapine for the treatment 
of ADP is likely to be marginal. Participants of the pima-
vanserin study had more severe psychotic symptoms and 
worse cognitive dysfunction than those in the mirtazapine 
study. This also suggests that the effect of pimavanserin 
was significantly higher in the prespecified subgroup with 
more severe psychotic symptoms.

More notably, the 2 RCTs reported in detail the effects 
of pimavanserin on NPI subdomain scores, although the re-
ported subdomains were not the same. One study showed 
a beneficial effect of pimavanserin on irritability/instability 
in the NPI subdomain, while the other showed a significant 
effect of pimavanserin on alleviating hallucinations and 
delusions in the Neuropsychiatric Inventory – Nursing 

Table 2. Statistical summary of the included studies

Study ID and year Odds ratio 
(95% CI)

Risk difference 
(95% CI)

Ballard et al.34

2018
1.23 (0.59–2.58) 0.05 (−0.13–0.24)

Banerjee et al.35

2011
1.32 (0.90–1.92) 0.07 (−0.02–0.16)

Scoralick et al.36

2017
4.00 (1.20–13.28) 0.33 (0.07–0.60)

Camargos et al.37

2014
1.00 (0.39–2.55) 0.00 (−0.23–0.23)

Banerjee et al.38

2021
1.08 (0.73–1.59) 0.02 (−0.08–0.12)

Ballard et al.39

2018
1.33 (0.88–2.02) 0.07 (−0.03–0.17)

Wilkinson et al.40

2014
1.34 (1.96–1.87) 0.07 (−0.01–0.15)

Fullerton et al.41

2018
1.74 (1.29–2.35) 0.14 (0.06–0.21)

Nirogi et al.42

2022
6.64 (5.07–8.69) 0.43 (0.38–0.49)

Umbricht et al.43

2014
1.04 (0.61–1.77) 0.01 (−0.12–0.14)

95% CI – 95% confidence interval.

Fig. 6. Forest plot of risk difference

95% CI – 95% confidence interval; df – degrees of freedom.
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Home Version (NPI-NH) subdomain. Inverse agonists/an-
tagonists of dopaminergic, muscarinic, histaminergic, and 
adrenergic receptors showed a minimal affinity for these 
receptors.51 The discovery that most antipsychotic drugs 
work by antagonizing the 5-HT2A receptor led to the de-
velopment of pimavanserin.52 In the future, it is reason-
able to assume that pimavanserin will be of greater value 
in the treatment of ADP. Furthermore, as the psychiatric 
symptomatology of ADP patients is diverse, future studies 
could examine the relationship between different symp-
tomatology and drug efficacy, rather than just limiting 
it to a few symptomatologies of NPI.

Cognitive impairment is  an  important determinant 
of functional impairment in AD. In addition, several stud-
ies have shown that people with AD are more likely to ex-
perience NPS.53,54 Cummings described the importance 
of appropriate interventions for psychiatric symptoms 
and hypothesized that reducing these symptoms might 
improve cognitive function in AD.55 The MMSE is one 
of the most common scales used for evaluating cogni-
tive dysfunction56; thus, we used this tool to investigate 
the effects of negative allosteric modulators of 5-HT2A 
receptors on the cognitive function of patients with ADP. 
In our study, negative allosteric modulators of 5-HT2A 
receptors did not affect cognitive function in patients 
with ADP compared to placebo. Cognitive function was 
only assessed using MMSE in the current studies related 
to negative allosteric modulators of 5-HT2A receptors, 
so we were unable to analyze this variable more closely. 
In addition, baseline factors may have an impact on the ef-
fect size of these drugs in the AD population. Therefore, 
future studies might attempt to  explore the  response 
of subgroups of participants with different MMSE baseline 
scores to these types of drugs and refine the ideal target 
group for ADP treatment.

The psychotic symptoms associated with AD can lead 
to excessive functional dependence. However, there are 
cognitive and behavioral predictors of progression rates 
in AD.57,58 Longitudinal studies have demonstrated that 
psychotic symptoms were associated with a  decline 
in the ability to execute tasks of daily living.59–62 Tran 
et al. showed that, over time, the higher the frequency 
of psychotic symptoms resulted in a more rapid decline 
of the activity of daily living (ADL).63,64 In light of previ-
ous studies, we chose the KATZ as an assessment tool for 
ADL and wanted to explore whether changes in psychiatric 
symptoms caused by this drug might affect the presenta-
tion of ADL. However, the KATZ did not reveal any sig-
nificant differences between the 2 groups, i.e., the effect 
of these drugs on improving psychiatric symptoms does 
not add to their benefit in treating AD patients’ ability 
to perform ADL. Although such medications do not im-
prove ADL in patients with ADP, a better understanding 
of the variables associated with functional deterioration 
may guide the combination of medications or the develop-
ment of new medications to promote independence and 

improve the quality of life in people with ADP and their 
caregivers.

Patients with AD should be cautious when taking anti-
psychotics, so we evaluated safety of this class of medica-
tion. Our findings showed no difference in the total num-
ber of adverse events between the 2 groups, with the most 
common adverse events being falls, urinary tract infec-
tions and agitation, suggesting that this medication may 
be a safe treatment for ADP. Additional studies are still 
needed to further elucidate the long-term safety of nega-
tive allosteric modulators of 5-HT2A receptors in patients 
with ADP and to assess tolerability related to aspects not 
included in this study.

To the best of our knowledge, this is the first complete 
meta-analysis of RCTs on the effect and tolerance of neg-
ative modulators of the 5-HT2A receptor for the treat-
ment of ADP. We included 7 widely used receptor inverse 
agonists (mirtazapine, trazodone, RG3487, donepezil, 
idalopirdine, masupirdine, and pimavanserin). In addi-
tion to mirtazapine, trazodone and pimavanserin for pa-
tients with ADP, we discovered no RCTs on other 5-HT2A 
receptor-negative modulators. The primary finding of this 
study was that 5-HT2A receptor-negative modulators en-
hanced the total NPI score for individuals with AD much 
more than placebo. There was no significant difference 
in the MMSE score and the KATZ for patients compared 
to placebo, i.e., we did not observe a negative modulator 
effect on ADL and cognitive function. In addition, there 
were no differences in individual adverse events between 
the  5-HT2A receptor-negative modulators group and 
the placebo group. Our findings suggest that this new class 
of antipsychotics is effective in managing ADP and has 
an acceptable safety and tolerability profile.

Two RCTs reported the effects of pimavanserin on NPI 
subdomain scores, but the subdomains measured were 
not the same, so only descriptive analyses were presented. 
Pimavanserin treatment was shown to be beneficial for 
irritability/unsteadiness, but not for other NPI domains; 
another study showed significant efficacy for pimavanserin 
in improving the NPI-NH subdomains of hallucinations 
and delusions. Together, this evidence suggests that pima-
vanserin may have greater potential efficacy in improving 
psychiatric symptoms than other 5-HT2A receptor an-
tagonists. In addition, the effects of other 5-HT2A receptor 
antagonists on the NPI subdomain will need to be reported 
in future trials. To better confirm the efficacy of 5-HT2A 
receptor antagonists on ADP, we suggest that future in-
vestigators rate NPS individually (e.g., the most common 
symptoms of hallucinations and delusions) or in multiple 
subdomains.

Limitations

The limited number of included studies resulted in a fun-
nel plot analysis being unable to detect publication bias. 
In addition, although the NPI-total effect is statistically 
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robust, the lack of pooled analysis of sub-domain results 
may diminish its clinical significance. The lack of overall 
ADL and MMSE benefits may be the result of scores from 
different patients with different clinical courses in vari-
ous trials. Finally, AD is a progressive neurodegenerative 
disease, which may also affect the results when all data 
are finally pooled.

Conclusions

Our findings show that negative allosteric modulators 
of 5-HT2A receptors (mirtazapine, trazodone, RG3487, 
donepezil, idalopirdine, masupirdine, and pimavanserin) 
have some benefits over placebo in the treatment of ADP. 
According to studies evaluating the drug, the most promis-
ing treatment for ADP seems to be pimavanserin. How-
ever, psychosis relief should be balanced against possible 
neurologic, metabolic and cardiovascular adverse effects. 
It is reasonable to consider negative allosteric modulators 
of 5-HT2A receptors as a possible treatment option given 
their safety and tolerability profiles. It is difficult, however, 
to draw any conclusions regarding the added value of us-
ing negative allosteric modulators of 5-HT2A receptors 
or other types of atypical antipsychotics. These drugs need 
to be evaluated for their efficacy and tolerability in ADP 
in greater detail. By doing so, we will be able to provide 
better guidance on how to use the medications in patients 
with APD.
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Abstract
Orthognathic surgery causes functional and aesthetic changes, which could affect patients’ quality of life 
(QOL). The current analysis assessed the impact of orthodontic-surgical treatment on the parameters af-
fecting the QOL using different scoring systems. The criteria for inclusion were studies written in various 
languages that compared the effects of the intervention on patients’ QOL before surgery and at various periods 
after surgery (3 weeks to several months), which resulted in including 19 studies into this meta-analysis. 
The outcomes of these studies underwent random-effect modeling to calculate the mean difference (MD) 
and 95% confidence intervals (95% CIs) of the impact of different surgical techniques on clinical parameters, 
and publication bias was analyzed with Begg’s test. According to the total score of the Orthognathic Quality 
of Life Questionnaire (OQLQ), surgery significantly affected patients’ QOL after 2 months or less (p = 0.049), 
up to 6 months (p < 0.001), and when comparing 2 months or less with up to 6 months (2–6 months) 
(p < 0.001). In addition, the total Oral Health Impact Profile-14 (OHIP-14) score showed a significant dif-
ference in the QOL after 6 months (p = 0.003) and up to 12 months (p = 0.002) after surgery. Therefore, 
orthodontic-surgical treatment significantly improves patients’ QOL after surgery compared to before surgery.

Key words: quality of life, OHIP-14, oral function, orthodontic surgery, OQLQ
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Introduction

Orthodontic surgery consisting of a combination of or-
thognathic surgery and orthodontic treatment is the op-
timal method for correcting dentofacial deformities,1–3 
and results in  the harmonization of  the  facial skeletal 
structure and anatomical–functional adjustments by re-
arranging the maxillary bones.4 Therefore, such treatment 
addresses biological, functional and aesthetic consider-
ations.5 The treatment consists of several phases, including 
the initial planning, orthodontic preparation, orthognathic 
surgical repositioning of the facial skeleton, postsurgical 
orthodontic refinement, and the containment phase that 
follows the removal of the fixed orthodontic appliance.3,6

The  World Health Organization (WHO) defines 
the quality of life (QOL) as “the individual’s perception 
of his or her position in life in the context of the culture 
and value system in which he lives and in relation to his 
goals, expectations, standards, and concerns.”7 However, 
this is a broad and comprehensive concept that is affected 
in a complex way by physical health, psychological state, 
social relationships, and environment.7 The assessment 
of QOL is a rapidly expanding research area in the fields 
of medicine and dentistry,8 which have widely investigated 
the impact of various conditions on patients.9 Orthog-
nathic surgery, by altering facial aesthetics, can affect 
personal attitudes, social attitudes and behaviors as it in-
volves changes in the patients’ functional and aesthetic 
aspects.10,11 These alterations may be associated with 
patient-reported changes in QOL levels.9

Dental problems can affect several factors, such as per-
sonal characteristics, personality traits12,13 and QOL.14–17 
For instance, malocclusion detrimentally affects QOL, 
social interaction, interpersonal relationships, and psycho-
logical health.14 In addition, malocclusion had an increased 
detrimental effect on social wellbeing.15 Furthermore, one 
study found a correlation between skeletal malocclusion 
and myofascial pain, major depression, and chronic pain.16 
Moreover, those with malocclusion may experience low 
self-esteem and social stigma.17

The term “body image” refers to a multi-faceted concept 
encompassing how a person perceives and conceptualizes 
their physical form.18 Dissatisfaction with personal physical 
appearance often stems from an inaccurate self-perception 
of physical characteristics. Among the validated numeri-
cal questionnaires assessing QOL is  the Orthognathic 
Quality of Life Questionnaire (OQLQ) and Oral Health 
Impact Profile-14 (OHIP-14). The OQLQ has 22 questions 
on a 5-point Likert scale ranging from “does not bother me 
at all” (score 0) to “bothers me a lot” (score 4). The possible 
total range of points is 0–88, with a lower score preferable.19 
Meanwhile, the responses for the OHIP-14 questionnaire 
use a 5-point Likert scale including 0 – never, 1 – hardly 
ever, 2 – occasionally, 3 – fairly often, and 4 – very often/
every day. Higher OHIP-14 scores indicate a worse QOL, 
and lower scores indicate a better QOL.20

Objectives

The current study aimed to assess the impact of orth-
odontic surgery on a patient’s QOL compared to pre-sur-
gery using numerical scores from validated questionnaires 
(OHIP-14 and OQLQ).

Materials and methods

Study design

This meta-analysis of  clinical trials was included 
in the epidemiological declaration and followed a predeter-
mined study design. Data collection and analysis encom-
passed the following databases: OVID, PubMed, Cochrane 
Library, Embase, and Google Scholar.

Data pooling

Studying the consequences and outcomes of surgery 
required the analysis of clinical investigations concen-
trating on assessing the influence of orthodontic surgery 
on  QOL indicators using validated numerical scoring 
systems to compare post-surgery and pre-surgery scores. 
Only human-related studies were included, regardless 
of language and sample size. However, noninterventional 
research, such as reviews, editorials and letters, was ex-
cluded. Figure 1 depicts the entire study identification 
process.

Eligibility and inclusion criteria

A summary was created by analyzing the impact of orth-
odontic surgery treatments on postoperative outcomes and 
QOL scores compared to preoperative scores.

Only studies describing the  impact of  interventions 
on the parameters related to oral function, social impact, 

Fig. 1. Flowchart of the study
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physical pain, and awareness, and those which used vali-
dated questionnaires were included in  the  sensitivity 
analysis.

The following criteria had to be met for an article to be 
considered for inclusion in the meta-analysis:

1.  Studies in which patients with dentofacial abnormali-
ties underwent orthodontic-surgical treatment;

2.  Studies that used validated questionnaires to assess 
the QOL of patients before and after surgery or compared 
such patients to a control group free from any dentofacial 
deformity;

3.  No restrictions were placed on the type of malocclusion, 
gender, age, ethnicity, study language, or publication date;

4.  The intervention regimen compared postoperative 
outcomes with preoperative QOL parameters using dif-
ferent scoring systems.

The exclusion criteria were:
1.  Studies that failed to use a numerical score to assess 

QOL based on different parameters;
2.  Studies on subjects suffering from syndromes, such 

as dentofacial malformations or orofacial neoplasia, and those 
with cleft palates or exclusively affected on the lip or palate;

3.  Studies on patients who did not undergo orthognathic 
surgery;

4.  Studies not reporting QOL-related parameters after 
surgery compared to before surgery.

Identification

The Population, Intervention, Comparison, Outcome, 
and Study Design (PICOS) principle was used to  out-
line a protocol of  search strategies for: P  (population) 
– orthodontic surgery subjects; I (intervention/exposure) 
–  orthodontic surgery; and C  (comparison) –  various 
QOL parameters scored numerically using questionnaires 
(OHIP-14 and OQLQ). Oral function, social, body and psy-
chological aspects, and awareness-related features are all 
study outcomes. Research design refers to whether or not 
clinical investigations were random.

A thorough search of the Cochrane Library, PubMed, 
OVID, Embase, and Google Scholar databases up until 
July 2022 was conducted using the keywords and related 
terms provided in Table 1. The titles and abstracts of all 
publications collated into a reference managing program 
were reviewed. Any research that did not establish a con-
nection between orthodontic surgeries and their impact 
on quality of life was excluded from the study. Two authors 
(XL and XZ) served as reviewers to find relevant papers.

Screening

The  following criteria were used to  narrow down 
the  data: study-related features in  a  standard format, 
the surname of the first author, the duration of the study, 
the year of publication, the country of the study, the de-
sign of the study, the population type recruited, the total 

number of subjects, demographic information, clinical 
and treatment characteristics, the  information source, 
and the outcome. Each study was checked for bias, and 
the methodological quality of the chosen studies was rated 
by 2 authors (WZ and YZ) in a blinded manner.

Statistical analyses

Data analysis employed Jamovi 2.3 software (https://
www.jamovi.org/download.html).21 The analysis utilized 
the standardized mean difference (MD) to measure out-
comes by subtracting preoperative values from postopera-
tive values and subtracting scores at 2 months from scores 
at 6 months post-surgery. Lower values indicated better 
QOL for both scoring systems. A random-effects model 
was fitted to the data, and the constrained maximum 
likelihood estimator calculated the level of heterogeneity 
(τ2). In addition to the τ2 estimate, the Q-test for hetero-
geneity and the I2 statistic are provided. Any level of het-
erogeneity identified (i.e., τ2 > 0 regardless of the Q-test 
findings) led to the calculation of a prediction interval for 
the true outcomes. Studentized residuals and Cook’s dis-
tances allowed to determine whether the studies may be 
outliers and their importance within the model. Studies 
with a studentized residual greater than 100 × (1 − 0.05/
(2 × kth)) percentile of a standard normal distribution 
were regarded as potential outliers (using the Bonferroni 
correction with two-sided α = 0.05 for included stud-
ies). Studies considered influential had a Cook’s distance 
greater than the median plus 6 times the interquartile 
range (IQR) of Cook’s distances. Utilizing the standard 
error of the observed results as a predictor, the rank cor-
relation test and the regression test examined the pos-
sibility of publication bias.

Table 1. Search strategy for each database

Database Search strategy

Cochrane 
Library

#1	 “orthodontic”: ti,ab,kw OR “surgery”: ti,ab,kw (word 
variations have been searched)

#2	 “quality of life”: ti,ab,kw OR “oral function”: ti,ab,kw 
(word variations have been searched)

#3	 #1 AND #2

PubMed

#1	 “orthodontic” [MeSH terms] OR “surgery” [all fields]
#2	 “quality of life” [MeSH terms] OR “oral function” [all 

fields]
#3	 #1 AND #2

OVID
#1	 “orthodontic” [all fields] OR “surgery” [all fields]
#2	 “quality of life” [all fields] OR “oral function” [all fields]
#3	 #1 AND #2

Google 
Scholar

#1	 “orthodontic” OR “surgery”
#2	 “quality of life” OR “oral function”
#3	 #1 AND #2

Embase
#1	 “orthodontic”/exp OR “surgery”
#2	 “quality of life”/exp OR “oral function”
#3	 #1 AND #2

MeSH – medical subject headings; ti,ab,kw – terms in either title 
or abstract or keyword fields; exp – exploded indexing term.

https://www.jamovi.org/download.html
https://www.jamovi.org/download.html


X. Li et al. Orthodontic surgery and quality of life1102

Results

After reviewing 902 relevant studies, 19 studies pub-
lished between 2008 and 2022 fit the  inclusion crite-
ria.7,22–39 Table 2 summarizes the review findings and in-
cludes study characteristics such as year, country, the total 
number of subjects, and the scoring system used.

Orthognathic Quality of Life Questionnaire

The analysis of studies assessing QOL with the OQLQ 
score involved 20 different subgroup analyses using 5 score 
parameters, with each parameter analyzed for 4 different 
comparisons. Most studies showed a significant impact 
of the intervention on QOL by demonstrating lower post-
operative OQLQ scores compared to preoperative scores, 
and lower scores after 6 months compared to 2 months. 
However, social aspects (up to 12 months), facial aesthet-
ics (up to 12 months), oral function (2 months or less and 
up to 12 months), awareness (2 months or  less and up 
to 12 months), and the total score (up to 12 months) were 
not significantly impacted by surgery, as shown in Table 3 
and Fig. 2–4.

Oral Health Impact Profile-14

The evaluation of studies assessing QOL using the OHIP-
14 score included the analysis of 16 different subgroups 
using 8 score parameters, with each parameter compared 
at 2 recovery periods, as shown in Table 3. All 16 subgroup 
analyses showed significantly lower OHIP-14 scores post-
surgery and at 6 and 12 months, for all parameters (Fig. 5,6).

The heterogeneity of different analyses is  expressed 
in Table 3 as τ2, I2, Q-test, and Cook’s distances, the latter 
of which estimates the influence of a data point and indi-
cates the number of studies that could be considered overly 
influential. Most models showed significant heterogeneity 
for both scoring systems (OHIP-14 and OQLQ), while only 
5 analyses showed nonsignificant heterogeneity (Table 3). 
Variability of I2 values ranged from 7% to 99%.

Risk of bias

The risk of bias assessment used Egger’s regression and 
Begg’s test, as shown in Table 3. All parameters related 
to the OQLQ score, including social aspects, facial aes-
thetics, oral function, awareness, and the total score, and 
analyzed for differences at 2 months or less, 2–6 months, 
and up to 12 months showed nonsignificant publication 

Table 2. Characteristics of the included studies

Study Year Country Total number 
of subjects Scoring system

Göelzer et al.7 2014 Brazil 74 OHIP-14 score

Eslamipour et al.20 2017 Iran 43 OQLQ score

Alanko et al.22 2017 Finland 60 OQLQ score

Antoun et al.23 2015 New Zealand 29 OHIP-14 score

Baherimoghaddam et al.24 2016 Iran 75 OHIP-14 score

Chaurasia et al.25 2018 Nepal 14
OQLQ score

OHIP-14 score

Choi et al.26 2010 Hong Kong 32
OQLQ score

OHIP-14 score

Tabaie et al.27 2022 Iran 90 OHIP-14 score

Geramy et al.28 2019 Iran 29 OHIP-14 score

Ilic et al.29 2022 Bosna 40 OHIP-14 score

Kavin et al.30 2012 India 14 OQLQ score

Kiyak31 2008 USA 197 OQLQ score

Lancaster et al.32 2020 USA 71 OQLQ score

Lee et al.33 2008 Hong Kong 36
OQLQ score

OHIP-14 score

Murphy et al.34 2011 Ireland 52 OQLQ score

Rezaei et al.35 2019 Iran 112 OQLQ score

Silva et al.36 2016 Sweden 50
OQLQ score

OHIP-14 score

Soh et al.37 2015 India 66 OQLQ score

Sun et al.38 2018 China 85
OQLQ score

OHIP-14 score

OQLQ – Orthognathic Quality of Life Questionnaire; OHIP-14 – Oral Health Impact Profile-14.
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bias ranging from p = 0.06 to p = 0.99. On the other hand, 
the analysis of 8 parameters related to OHIP-14 score and 
analyzed at up to 6 and 12 months post-surgery showed 
different results, with significant publication bias in 12 pa-
rameters (p < 0.05). This included functional limitation (up 
to 12 months), physical pain (up to 6 and 12 months), psy-
chological discomfort (up to 6 months), physical disability 
(up to 12 months), psychological disability (up to 6 months), 
social disability (up to 6 months), handicap (up to 6 months), 
and the total OHIP-14 score itself (up to 6 and 12 months). 
The analysis of other OHIP-14-related parameters showed 
nonsignificant publication bias, as shown in Table 3.

Discussion

The current meta-analysis included 19 studies assess-
ing the impact of orthodontic-surgical treatment on QOL 

using the OQLQ and OHIP-14 scoring systems. Accord-
ing to the total OQLQ score, patients’ QOL significantly 
improved after surgery within 2 months or less (p = 0.049), 
up to 6 months (p < 0.001), and when comparing 2 months 
or less with 2–6 months (p < 0.001). In addition, the OHIP-
14 scores showed a significant difference in QOL post-
surgery at 6 months (p = 0.003) and up to 12 months 
(p = 0.002).

Quality of life is a vital indicator at any stage of surgi-
cal orthodontic treatment and is crucial when addressing 
the patient’s mental health.24 Functional constraints, 
decreased masticatory efficiency, discomfort, edema, 
sensorineural abnormalities, and morbidities specific 
to  the surgical process all contribute to a significant 
drop in QOL in the postoperative period, as reported 
by Choi et al.26 In contrast, research by Lee et al. dem-
onstrated that 6 weeks after surgery, patients experi-
enced a considerable improvement in QOL associated 

Fig. 2. Forest plot showing 
the impact of orthodontic-surgical 
treatment on quality of life according 
to Orthognathic Quality of Life 
Questionnaire (OQLQ) total score 
before surgery and after surgery 
at 2 months or less (A), 2–6 months 
(B), comparing 2 months with 
6 months (C), and up to 12 months (D)

RE – random effects.
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with cosmetic facial elements.33 The  current study, 
which obtained data through meta-analytical estima-
tion of  QOL in  patients 6  weeks after surgery using 
the OQLQ questionnaire, corroborates these findings 
by demonstrating that QOL for social aspects, functional 
aspects, awareness, and the total score did not change 
from the initial to final stages (without any treatment). 

The  results also demonstrated that facial aesthetics 
significantly improved 6 weeks post-surgery compared 
to pre-treatment levels. If the OQLQ questionnaire is di-
rectly related to dentofacial experiences, these results 
make sense, given that orthodontic-surgical treatment 
corrects the dentofacial abnormality. Compared to ques-
tionnaires that take a more generalized approach to oral 

Table 3. Results of statistical analyses, heterogeneity and publication bias assessment

Score Element Comparison Esti-
mate

Lower 
limit

Upper 
limit p-value τ2 I2 [%] Q-test

Cook’s distances 
(number 

of studies could 
be considered 

overly influential)

Egger’s 
regres-

sion

Begg and 
Mazumdar 

rank 
correlation

OQLQ 
Score

social aspects

2 months 
or less

0.3 −0.03 0.64 0.07 0.1 66 11.8* none 0.76 0.99

2–6 months 0.75 0.48 1.02 <0.001 0.09 73 19.7* none 0.13 0.56

2 months 
or less 

compared to 
2–6 months

0.56 0.25 0.87 <0.001 0.07 55 8.94 none 0.12 0.48

up 
to 12 months

2.1 −0.56 4.77 0.122 10.79 99 61.9* none 0.1 0.47

facial 
aesthetics

2 months 
or less

0.75 0.28 1.22 0.002 0.24 81 21.6* none 0.55 0.82

2–6 months 1.45 0.91 1.98 <0.001 0.48 92 100.6* none 0.65 0.77

2 months 
or less 

compared to 
2–6 months

0.6 0.22 0.98 0.002 0.13 69 13.1* none 0.07 0.08

up 
to 12 months

3.13 −0.269 6.53 0.07 17.5 99 64.2* 1 0.1 0.27

oral function

2 months 
or less

−0.170 −0.570 0.23 0.4 0.16 75 16.7* none 0.79 0.99

2–6 months 1.19 0.68 1.69 <0.001 0.41 91 77.3* 1 0.74 0.24

2 months 
or less 

compared to 
2–6 months

1.02 0.62 1.43 <0.001 0.15 70 14.2* none 0.14 0.82

up 
to 12 months

2.03 −0.65 4.7 0.137 10.9 99 66.5* 1 0.1 0.27

awareness

2 months 
or less

0.108 −0.095 0.31 0.30 0.003 7 4.1 none 0.41 0.82

2–6 months 0.705 0.203 1.207 0.006 0.34 88 35.6* 1 0.13 0.06

2 months 
or less 

compared to 
2–6 months

0.664 0.044 1.283 0.036 0.44 88 31.2* none 0.12 0.23

up 
to 12 months

1.28 −0.11 2.68 0.07 2.9 98 71.3* 1 0.051 0.06

total score

2 months 
or less

0.274 0.001 0.547 0.049 0.06 49 9.8 none 0.35 0.27

2–6 months 1.32 0.993 1.647 <0.001 0.13 68 21.1* none 0.94 0.99

2 months 
or less 

compared to 
2–6 months

0.951 0.538 1.365 <0.001 0.19 73 19.9* none 0.052 0.27

up 
to 12 months

3.28 −1.044 7.612 0.14 23.7 99 47.6* 1 0.2 0.083
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health, the  level of specificity increases the sensitivity 
with which QOL changes can be detected, even in their 
earliest stages.33

Many studies show a link between dentofacial abnor-
malities and psychological issues,40–42 and when compar-
ing patients with other types of malocclusion,40 those with 
class III malocclusion are more likely to experience feel-
ings of  insecurity, depression and psychological stress. 
Such issues arise due to the difficulty of hiding the skel-
etal discrepancy caused by the protrusion of the jaw and 
the concavity of the facial profile, both of which are viewed 
as unattractive. Patients with class III malocclusion have 
orthognathic surgery around 4 years earlier than patients 
with other abnormalities,40 suggesting that psychological 
factors play a role in the decision to undertake surgical 
treatment. Variations in emotional behavior, depression 
intensity and self-esteem are linked to gender, and there 

are more noticeable alterations to the female facial pro-
file.22,40,43,44 Moreover, as shown by Bortoluzzi et al., QOL 
has a greater effect on females and elicits diverse responses 
from patients of different ages who suffer from dentofacial 
deformities.22,45

Bias regarding the type of deformities and the number 
of patients between groups may influence the results due 
to the cross-sectional design of research and the inclu-
sion of multiple types of malocclusion in the same sam-
ple.46 Confounding factors such as gender, age, marital 
status, and type of malocclusion were taken into account 
in the review and data analysis in just 12 of the included 
studies. This could help account for the relatively high 
I2 value found in this meta-analysis. However, the direc-
tion of the impact in the individual results demonstrated 
the same effect tendency, even in meta-analyses that re-
ported considerable heterogeneity.

Score Element Comparison Esti-
mate

Lower 
limit

Upper 
limit p-value τ2 I2 [%] Q-test

Cook’s distances 
(number 

of studies could 
be considered 

overly influential)

Egger’s 
regres-

sion

Begg and 
Mazumdar 

rank 
correlation

OHIP-14

functional 
limitation

up 
to 6 months

0.662 0.425 0.900 <0.001 0.02 28 6.9 none 0.052 0.06

up 
to 12 months

1.13 0.316 1.954 0.007 1.1 96 74.8* none 0.001 0.01

physical pain

up 
to 6 months

0.785 0.487 1.084 <0.001 0.07 53 10.8 none 0.002 0.003

up 
to 12 months

1 0.363 1.639 0.002 0.7 93 47.5* none 0.001 0.03

psychological 
discomfort

up 
to 6 months

1.64 0.609 2.664 0.002 1.5 95 61.7* 1 0.001 0.003

up 
to 12 months

2.16 0.803 3.523 0.002 3.2 98 141.4* none 0.1 0.14

physical 
disability

up 
to 6 months

0.704 0.376 1.032 <0.001 0.1 61 13.6* none 0.052 0.06

up 
to 12 months

1.01 0.098 1.928 0.030 1.4 97 49.9* 1 0.01 0.03

psychological 
disability

up 
to 6 months

1.57 0.591 2.559 0.002 1.4 94 64.9* none 0.01 0.02

up 
to 12 months

1.80 0.636 2.971 0.002 2.4 97 1111.8* none 0.2 0.07

social 
disability

up 
to 6 months

0.979 0.496 1.463 <0.001 0.3 81 24.8* none 0.01 0.02

up 
to 12 months

0.904 0.357 1.452 0.001 0.5 91 64.7* none 0.61 0.38

handicap

up 
to 6 months

1.12 0.686 1.548 <0.001 0.2 75 20.2* none 0.01 0.02

up 
to 12 months

0.963 0.475 1.451 <0.001 0.4 88 54.5* none 0.6 0.56

total OHIP-14 
score

up 
to 6 months

2.16 0.730 3.584 0.003 3.1 97 105.9* 1 0.002 0.003

up 
to 12 months

2.66 0.983 4.337 0.002 5.6 98 147.8* none 0.01 0.03

OQLQ – Orthognathic Quality of Life Questionnaire; OHIP-14 – Oral Health Impact Profile-14; *significant heterogeneity.

Table 3. Results of statistical analysis, heterogeneity and publication bias assessment – cont.
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Limitations

Age, gender, type of malocclusion, and patient expecta-
tions of orthodontic-surgical treatment are confounding 
factors that are intrinsic to the issue and may alter the es-
timations if not controlled by adequate sampling and ran-
domization techniques. Since most of  the studies were 
uncontrolled and observational, they could not control 
the exposure factor or use random allocation methods. 
Also, some studies had a small sample size of less than 
20 subjects. In addition, not all studies measured the out-
comes at the same time after surgery, and many studies were 
excluded due to not stating the exact timing of the results.

Conclusions

Orthodontic-surgical treatment resulted in a significant 
enhancement in  patient QOL after surgery compared 
to before surgery. The OHIP-14 demonstrated significant 
improvement in all elements covered by this questionnaire, 
while the OQLQ showed varied findings that depended 
on the time after surgery. However, future multicenter 
clinical studies are required to  make more definitive 
conclusions.
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Abstract
Background. The expression of miR-127 has been reported to be decreased in the breast tissue of patients 
with breast cancer (BRC). However, the mechanism of miR-127 involvement in the pathogenesis of BRC is still 
unclear and requires urgent clarification.

Objectives. To explore the role of miR-127 in the pathogenesis of BRC.

Materials and methods. In this study, we measured the expression of miR-127 in blood samples of 60 BRC 
patients and 60 controls, investigated the influence of miR-127 on the viability and apoptosis of MCF-7 and 
MDA-231 cells, identified a miR-127 target gene, and determined the expression level of the target gene 
in the blood samples of BRC patients and controls.

Results. We found that miR-127 expression was significantly decreased in the plasma of BRC patients 
compared to controls. Additionally, the upregulation of miR-127 in MCF-7 and MDA-231 cells inhibited 
their proliferation and promoted their apoptosis. Conversely, the downregulation of miR-127 promoted cell 
proliferation and inhibited their apoptosis. The SPP1 was successively predicted and validated as a target gene 
of miR-127. Finally, the expression level of SPP1 was significantly increased in the plasma of BRC patients 
compared to controls.

Conclusions. Our study demonstrated that decreased miR-127 may promote BRC cell proliferation, inhibit 
apoptosis and promote the occurrence of BRC through increasing the SPP1 expression level.

Key words: pathogenesis, breast cancer, SPP1, miR-127
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Background

Cancer is a cause of a great economic burden and a se-
vere public health crisis.1 Among various kinds and types 
of cancers, breast cancer (BRC) is the most prevalent among 
females worldwide.2 Although the mortality rate of BRC 
dropped by 40% from 1989 to 2017 in the USA, the inci-
dence rate has still been rising by 0.3% per year.3 In China, 
BRC accounted for approx. 16.5% of new female cancer 
incidence and 7.82% of female cancer mortality in 2014.4 
Traditionally, high body mass index (BMI), advanced age, 
as well as high plasma glucose and alcohol consumption 
were considered to be related to the etiology of BRC.5,6 
In addition, similar to other cancers, the etiology of BRC 
was closely related to the aberrant expression of multiple 
genes, both coding7,8 and non-coding.9,10 Recently, the role 
of non-coding gene expression, in particular microRNAs 
(miRs), in the occurrence of BRC has gradually become 
a focus of research into the etiology of BRC.11,12 The miRs 
often consist of 18–25 nucleotides. They mainly regulate 
the translation of coding RNAs via biding to their 3’ un-
translated regions, and affect the functions of coding RNAs 
in various pathophysiological processes.13–15

The miR-127 is a miR located at the q32 region of chro-
mosome 1. The miR-127 gene encodes 2 kinds of mature 
miRs, namely miR-127-3p16,17 and miR-127-5p. In  this 
study, miR-127-5p was the object of our research. Accord-
ing to previous studies, miR-127 was involved in the patho-
genesis of several diseases such as osteoarthritis,18,19 se-
vere pneumonia20 and premature ovarian insufficiency,21 
among others. Regarding cancers, the expression of miR-
127 was found to be decreased in blood samples of patients 
suffering from endometrial adenocarcinoma22 and colon 
cancer,23 according to the data from next-generation se-
quencing. Moreover, miR-127 was reported to participate 
in the occurrence and progression of squamous cell car-
cinoma,24,25 gastric cancer,26 cervical cancer,27 and hepa-
tocellular carcinoma,28–30 through the regulation of dif-
ferent target genes such as ADCY7, CDC6, SORT1, and 
FOXD1. Recently, a decrease in miR-127 expression was 
also reported in the BRC tissues when compared to para-
carcinoma tissues, which may be caused by the hyper-
methylation of the miR-127 gene.31 Additionally, an RNA-
protein nanoplex including miR-127 was reported to be 
effective in the inhibition of tumor growth in a mouse 
model of BRC.32 Self-assembling nanoplexes were formed 
by mixing the CXCR4-scFv-protamine fusion protein 
with miR-127. Although the results of these studies ap-
pear promising for the development of diagnostic and 
therapeutic applications in BRC, the expression of miR-
127 in the breast tissues or blood samples of BRC patients 
has yet to be verified, and the mechanism of miR-127 
in the pathogenesis of BRC requires urgent clarification.

Herein, we measured the expression of miR-127 in blood 
samples of BRC patients from Guangxi region in China,  
investigated the influence of miR-127 on the viability and 

apoptosis of MCF-7 and MDA-231 cells, and identified 
the target gene of miR-127. Finally, we verified the expres-
sion level of the target gene in the blood samples of BRC 
patients and revealed a preliminary mechanism of miR-127 
involvement in the pathogenesis of BRC.

Objectives

This study aimed to  explore the  role of  miR-127 
in the pathogenesis of BRC and to identify a potential di-
agnostic or therapeutic biomarker for BRC.

Materials and methods

Study population

We performed a case-control study, with the approval 
from the Ethics Committee of Youjiang Medical University 
for Nationalities (approval No. 2020036688), and received 
written informed consent from all BRC patients and con-
trols examined. The BRC patients (n = 60) were recruited 
from the Department of Breast and Thyroid Surgery (Af-
filiated Hospital of Youjiang Medical University for Na-
tionalities, Baise, China) from January 2020 to June 2020. 
In the same period, data of age-matched controls (n = 60) 
were collected from the Department of Physical Examina-
tion of the same hospital. Clinical parameters, including 
age, progesterone receptor status, estrogen receptor status, 
and clinical stage were collected. Cases from families with 
a history of BRC, recurrent BRC or other types of can-
cers were removed from the study population. Controls 
whose family members suffered from cancer, breast lesions 
or mastitis, or other major human diseases such as stroke, 
were also removed from the study population.

qRT-PCR

A total RNA extraction kit (Qiagen, Hilden, Germany) 
was employed for extracting total RNA from the plasma 
of clinical samples or BRC cell lines. The extraction prod-
uct was immediately stored at −80°C. Following comple-
mentary DNA strand synthesis from total RNA, real-time 
quantitative reverse transcription polymerase chain reac-
tion (qRT-PCR) was performed on a PCR machine (Bio-
Rad, Hercules, USA) in triplicate, according to the manu-
facturer’s instructions (Qiagen). The primers for qRT-PCR 
were supplied by RiboBio (Guangzhou, China). The cel-
miR-39 was used as the internal control, and the relative 
miR-127 level was calculated using the 2−ΔΔCT method.

Cell transfection

Two typical BRC cell lines MCF-7 and MDA-231, were 
purchased from Guangdao Corporation (Shanghai, China). 
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The MCF-7 BRC cell line was isolated from the pleural effu-
sion of a 69-year-old Caucasian female patient with BRC and 
retained multiple characteristics of differentiated mam-
mary epithelium. The MDA-231 BRC cell line was isolated 
from the pleural effusion of a 51 year-old Caucasian female 
patient with BRC and barely expressed epidermal growth 
factor receptor and transforming growth factor-α recep-
tor. It could form poorly differentiated adenocarcinoma 
in nude mice and BALB/c mice treated with amyotrophic 
lateral sclerosis (ALS). Cells were cultured in Roswell Park 
Memorial Institute (RPMI)-1640 medium (Gibco, Carlsbad, 
USA), which was supplemented with 10% fetal bovine se-
rum (HyClone Laboratories, Logan, USA), 80 U/mL peni-
cillin (Gibco) and 100 μg/mL streptomycin (Gibco) under 
sterile conditions at 37°C and 5% CO2. The miR-127 mim-
ics (5’-UAGUCUCGGGAGACUCGAAGUC-3’), inhibitors 
(5’-GACUUCGAGUCUCCCGAGACUA-3’) and negative 
control (5’-UAGUCUCGGGAGACUCACUACC-3’) were 
supplied by RiboBio. Before the transfection, MCF-7 and 
MDA-231 cells were transferred to a 6-well plate with 3×105 
cells per well and cultured until 30% confluence. Subse-
quently, miR-127 mimics, inhibitors and negative control 
were transfected into MCF-7 and MDA-231 cells with Li-
pofectamine™ 3000, according to the manufacturer’s in-
structions. Finally, qRT-PCR was used to examine the effect 
of cell transfection.

Cell viability measurement

The viability of MCF-7 and MDA-231 cells was mea-
sured using Cell Counting Kit-8 (CCK-8) assay (TransGen 
Biotech, Beijing, China). Cells transfected with miR-127 
mimics, inhibitors and negative control were seeded into 
a 96-well plate with 4×103 cells per well, and were cultured 
under sterile conditions at 37°C and 5% CO2. At 0, 24, 48, 
and 72 h, 100 μL of CCK-8 solution was added into partial 
wells of the plate and then incubated at 37°C for 2 h. Finally, 
the absorbance was measured at 450 nm using an enzyme-
linked immunosorbent assay (ELISA) reader (Bio-Rad). Each 
experiment was performed in triplicate.

Cell apoptosis measurement

The apoptosis rates of MCF-7 and MDA-231 cells were 
measured with flow cytometry using Annexin-V-FITC/PI 
kit provided by Solarbio (Beijing, China). Cells transfected 
with miR-127 mimics, inhibitors and negative control were 
inoculated into a 96-well plate as above for 48 h, then col-
lected and washed twice with cold 1× phosphate-buffered 
saline (PBS) and adjusted to 1×106 cells/mL using 1× bind-
ing buffer. Subsequently, 5 μL of Annexin-V-FITC and 
5 μL of propidium iodide (PI) were successively added into 
100 μL of cell suspension. Then, the mixture was incubated 
at 25°C for 15 min in the dark. Finally, flow cytometry was 
used to analyze the apoptosis rate of cells. Each experiment 
was performed in triplicate.

Western blotting

A western blotting kit (Solarbio) was used to examine 
the expression of protein. The harvested cells were washed 
twice with cold 1× PBS. Then, cold 1× lysate solution con-
taining phenylmethylsulfonyl fluoride was added, and 
samples were kept on ice for 30 min. The samples were 
centrifuged (10,000 × g for 10 min at 4°C) and the concen-
tration of extracted proteins was determined using a bicin-
choninic acid assay (BCA). Then, proteins were separated 
with a 10% sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) assay and transferred to poly-
vinylidene fluoride (PVDF) membranes. The membranes 
were completely soaked in 1× PBS with 5% bovine serum 
albumin (BSA) and 0.1% Tween, and shaken gently at 4°C 
overnight. Afterward, the membranes were incubated 
in the primary antibodies, namely anti-Bcl-2, anti-BAX, 
anti-Cytochrome c (anti-Cyt-c), anti-cleaved caspase-3, 
anti-β-actin, and anti-SPP1 antibodies, which were di-
luted in 1× PBS with 5% BSA and 0.1% Tween at 4°C over-
night. After washing with 1× PBS and 0.1% Tween 5 times, 
the membranes were incubated in the secondary horserad-
ish peroxidase (HRP)-linked antibodies (1:5000 diluted) 
at 25°C for 60 min. After washing 5 times with 1× PBS and 
0.1% Tween, the bands on the membranes were detected 
with enhanced chemiluminescence and analyzed using 
ImageJ software (National Institutes of Health, Bethesda, 
USA). The β-actin was used as the internal control, and 
each experiment was performed in triplicate.

Dual-luciferase reporter assay

The SPP1 was predicted as the target gene of miR-127 
according to online bioinformatics software (TargetScan; 
https://www.targetscan.org) analysis and a search of pre-
vious literature.33 The DNA fragments including wild-
type and mutant binding sites of the 3’UTR of SPP1 were 
synthesized by Sangon Biotech (Shanghai, China) and 
then inserted into the psiCHECK-2 vector. Human em-
bryonic kidney 293 cells were inoculated in a 24-well plate 
and cultured under sterile conditions at 37°C and 5% CO2. 
After the cells reached 70% confluence, 500 ng of recom-
binant psiCHECK-2 vector and 5 pmol miR-127 mimics 
or negative control were transfected into human embry-
onic kidney 293 cells using Lipofectamine™ 3000 trans-
fection system (Invitrogen). After 48 h, firefly luciferase 
activity and Renilla luciferase activity were measured 
using the Dual-Luciferase Reporter Assay System (Pro-
mega, Madison, USA). Each experiment was performed 
in triplicate.

Enzyme-linked immunosorbent assay

An  ELISA kit (Shunran Biotechnology, Xinzheng, 
China) was utilized to measure SPP1 levels in the plasma 
of BRC patients and controls. Plasma was diluted 1:3 

https://www.targetscan.org
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in a dilution buffer and successively added into a 96-
well plate by a micropipette. The mixture was incubated 
at 37°C for 30 min and then discarded. The wells were 
washed 5 times with 1× washing buffer, then the HRP-
linked secondary antibody was added and incubated 
at 37°C for 30 min. After washing 5 times with 1× wash-
ing buffer, 50 μL of tetramethylbenzidine solution was 
added to  the  wells and incubated at  37°C for 15  min 
in the dark. Finally, 50 μL of terminating solution was 
added to the wells, and the absorbance was read at 450 nm 
with an ELISA reader (Bio-Rad).

Statistical analyses

The  IBM SPSS v.  21 software (IBM Corp., Armonk, 
USA) was used for statistical analysis. Data were presented 
as the mean ± standard deviation (M ±SD). The normality 
distribution and the homogeneity of variance were evalu-
ated using the Kolmogorov–Smirnov test and Levene’s 
test, respectively. Discrete variables including age and 
relative miR-127 level as well as SPP1 level of cases and 
controls were compared using the Student’s t-test, whereas 
continuous variables including the optical density (OD) 
450 nm values, the apoptosis rates, the relative luciferase 
activity, and the expression levels of Bcl-2, BAX, Cyt-c, 
cleaved caspase-3, and SPP1 were compared using one-way 
analysis of variance (ANOVA) followed by the Tukey’s post 
hoc analysis. A value of p < 0.05 was considered statisti-
cally significant. Clinical parameters of BRC patients and 
controls are presented in Table 1. The results of the nor-
mality distribution and the  homogeneity of  variance 
analyses are shown in Supplementary Table 1. The results 
of the ANOVA followed by the post hoc analysis are shown 
in Supplementary Table 2.

Results

Clinical parameters and relative  
miR-127 level of BRC patients and controls

The age of BRC patients was not significantly different 
from that of controls (Student’s t-test, t = 0.252, degrees 

of freedom (df) = 118, p = 0.824) (Table 1). The percent-
ages of BRC patients with positive estrogen receptor and 
progesterone receptor were 46.67% and 40.00%, respec-
tively. The BRC patients at clinical stage IV accounted for 
21.66% of cases. The relative miR-127 level was signifi-
cantly decreased in the plasma of BRC patients compared 
to controls (Student’s t-test, t = 3.061, df = 118, p = 0.006) 
(Fig. 1).

miR-127 inhibited viability and promoted 
apoptosis in MCF-7 and MDA-231 cells

As  demonstrated using the  ANOVA test, there 
was a  statistically significant effect of  the  treat-
ments on  the  relative miR-127 level in  both MCF-7 
(F  (3,8)  =  55.436, p  <  0.001) and MDA-231 cells 
(F  (3,8) = 75.642, p < 0.001) (Fig. 2A,B). When com-
pared with controls, the relative miR-127 level in MCF-7 
and MDA-231 cells was significantly upregulated after 
the cells were transfected with miR-127 mimics. How-
ever, the relative miR-127 level in MCF-7 and MDA-231 
cells was downregulated after the cells were transfected 
with miR-127 inhibitors.

The  treatment had a  statistically significant effect 
on both MCF-7 viability (24h-F (3,8) = 102.191, p < 0.001; 
48h-F (3,8) = 307.466, p < 0.001; 72h-F (3,8) = 256.069, 
p < 0.001) and MDA-231 (24h-F (3,8) = 208.510, p < 0.001; 
48h-F (3,8) = 222.030, p < 0.001; 72h-F (3,8) = 96.235, 

Fig. 1. Relative miR-127 level in the plasma of controls and breast cancer 
(BRC) patients. The relative miR-127 level was significantly decreased 
in the plasma of BRC patients compared to controls. The upper whisker 
represents the 95% confidence interval (95% CI) value

Table 1. Clinical parameters of BRC patients and controls

Variable Controls (n = 60) BRC (n = 60) p-value

Age [years] (M ±SD) 50.40 ±11.70 49.98 ±8.26 0.824#

Estrogen receptor (%)
positive – 28 (46.67) –

negative – 32 (53.33) –

Progesterone receptor (%)
positive – 24 (40.00) –

negative – 36 (60.00) –

Clinical stages (%)
I–III – 47 (78.34) –

IV – 13 (21.66) –

# t-test; M ±SD – mean ± standard deviation;  BRC – breast cancer.
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p  <  0.001) viability (Fig. 2C,D). When compared with 
controls, the viability of MCF-7 and MDA-231 cells was 
inhibited after the cells were transfected with miR-127 
mimics. Conversely, the viability of MCF-7 and MDA-231 
cells was promoted after the cells were transfected with 
miR-127 inhibitors.

Moreover, the  treatments had a  statistically sig-
nificant effect on  both the  MCF-7 apoptosis rate 
(F (3,8) = 169.603, p < 0.001) and the MDA-231 apoptosis 
rate (F (3,8) = 279.029, p < 0.001) (Fig. 3,4). When compared 
with controls, the apoptosis rate of MCF-7 and MDA-231 
cells was significantly increased after the cells were trans-
fected with miR-127 mimics. In contrast, the apoptosis rate 
of MCF-7 and MDA-231 cells was inhibited after the cells 
were transfected with inhibitors.

MiR-127 decreased the expression level 
of Bcl-2 and increased the expression 
levels of BAX, Cyt-c and cleaved caspase-3 
in MCF-7 and MDA-231 cells

The effect of the treatments on the expression levels 
of Bcl-2 (F (3,8) = 46.271, p < 0.001), BAX (F (3,8) = 255.628, 
p < 0.001), Cyt-c (F (3,8) = 137.014, p = 0.001), and cleaved 
caspase-3 (F (3,8) = 255.751, p < 0.001) in MCF-7 cells 
was statistically significant (Fig. 5). A similar effect was 
found in the expression levels of Bcl-2 (F (3,8) = 118.263, 
p  <  0.001), BAX (F  (3,8)  =  650.679, p  <  0.001), Cyt-c 
(F  (3,8)  =  209.512, p  <  0.001), and cleaved caspase-3 
(F (3,8) = 128.638, p < 0.001) in MDA-231 cells (Fig. 6).

When compared with controls, the expression of Bcl-2 
was significantly decreased, but the  expression levels 
of BAX, Cyt-c and cleaved caspase-3 were significantly 

Fig. 2. miR-127 inhibited viability in MCF-7 and MDA-231 cells. A. The relative miR-127 level in MCF-7 cells after transfection with miR-127 mimics 
or inhibitors; B. Relative miR-127 level in MDA-231 cells after transfection with miR-127 mimics or inhibitors; C. Viability of MCF-7 cells after transfection with 
miR-127 mimics or inhibitors; D. Viability of MDA-231 cells after transfection with miR-127 mimics or inhibitors. Whiskers represents the 95% confidence 
interval (95% CI) values

OD – optical density.
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Fig. 3. miR-127 promoted apoptosis in MCF-
7 cells. A. The apoptosis rate of MCF-7 cells 
after transfection with miR-127 mimics 
or inhibitors; B. The apoptosis rate of the control 
group; C. The apoptosis rate of the negative 
control group; D. The apoptosis rate 
of the group transfected with miR-127 mimics; 
E. The apoptosis rate of the miR-127 inhibitors 
group. The whiskers represent the 95% 
confidence interval (95% CI) values

Fig. 4. miR-127 promoted apoptosis in MDA-231 
cells. A. The apoptosis rate of MDA-231 cells after 
transfection with miR-127 mimics or inhibitors; 
B. The apoptosis rate of the control group; 
C. The apoptosis rate of the negative control 
group; D. The apoptosis rate of the miR-127 
mimics group; E. The apoptosis rate of the miR-
127 inhibitors group. Whiskers represent the 95% 
confidence interval (95% CI) values
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Fig. 6. miR-127 decreased the expression level 
of Bcl-2 and increased the expression levels 
of BAX, Cyt-c and cleaved caspase-3 in MDA-
231 cells. A. Western blotting result of MDA-231 
cells after transfection with miR-127 mimics 
or inhibitors; B. The expression level of Bcl-2 
in MDA-231 cells after transfection with miR-127 
mimics or inhibitors; C. The expression level 
of BAX in MDA-231 cells after transfection with 
miR-127 mimics or inhibitors; D. The expression 
level of Cyt-c in MDA-231 cells after 
transfection with miR-127 mimics or inhibitors; 
E. The expression level of cleaved caspase-3 
in MDA-231 cells after transfection with miR-127 
mimics or inhibitors. Whiskers represent the 95% 
confidence interval (95% CI) values

Fig. 5. miR-127 decreased the expression 
of Bcl-2 and increased the expression of BAX, 
Cyt-c and cleaved caspase-3 in MCF-7 cells. 
A. Western blotting result of MCF-7 cells after 
transfection with miR-127 mimics or inhibitors; 
B. The expression level of Bcl-2 in MCF-7 
cells after transfection with miR-127 mimics 
or inhibitors; C. The expression level of BAX 
in MCF-7 cells after transfection with miR-127 
mimics or inhibitors; D. The expression level 
of Cyt-c in MCF-7 cells after transfection with 
miR-127 mimics or inhibitors; E. The expression 
level of cleaved caspase-3 in MCF-7 cells after 
transfection with miR-127 mimics or inhibitors. 
Whiskers represent the 95% confidence interval 
(95% CI) values
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increased after MCF-7 and MDA-231 cells were transfected 
with miR-127 mimics. Conversely, the expression level 
of Bcl-2 was increased, but the expression levels of BAX, 
Cyt-c and cleaved caspase-3 were decreased after the cells 
were transfected with miR-127 inhibitors.

miR-127 inhibited SPP1 expression level 
through targeting 3’UTR of SPP1

With the help of online bioinformatic software (Tar-
getScan) analysis and previous literature,31 SPP1 was pre-
dicted as the target gene of miR-127. The predicted binding 
site between miR-127 and the 3’UTR of MTHFR is shown 
in Fig. 7. Subsequently, the relationship between miR-127 
and SPP1 was validated using dual-luciferase reporter as-
say. The results showed that miR-127 mimics significantly 

decreased the relative luciferase activity of SPP1-wild type 
instead of SPP1-mutant type compared to miR-127 inhibi-
tors (ANOVA, F (3,8) = 30.884, p = 0.001). Furthermore, 
miR-127 could inhibit SPP1 expression level by targeting 
the 3’ untranslated region of SPP1, making SPP1 a target 
gene of miR-127.

miR-127 decreased the relative SPP1 level 
in MCF-7 and MDA-231 cells and SPP1 was 
increased in the plasma of BRC patients 
and controls

A statistically significant effect of the treatments on both 
the relative SPP1 level in MCF-7 cells (F (3,8) = 165.636, 
p < 0.001) and MDA-231 cells (F (3,8) = 73.849, p < 0.001) 
was found (Fig. 8). When compared with controls, 

Fig. 8. miR-127 decreased 
the expression level of SPP1 in MCF-
7 and MDA-231 cells. A. Western 
blotting result of MCF-7 cells after 
transfection with  miR-127 mimics 
or inhibitors; B. The expression 
level of SPP1 in MCF-7 cells after 
transfection with miR-127 mimics 
or inhibitors; C. Western blotting 
result of MDA-231 cells after 
transfection with miR-127 mimics 
or inhibitors; D. The expression 
level of SPP1 in MDA-231 cells after 
transfection with miR-127 mimics 
or inhibitors. Whiskers represent 
the 95% confidence interval (95% 
CI) values

Fig. 7. miR-127 inhibited SPP1 expression level through targeting the 3’ untranslated region of SPP1. A. The predicted binding site between miR-127 and 
the 3’ untranslated region of MTHFR; B. Relative luciferase activity of the SSP1-wild type and miR-127 mimics group was significantly lower than in other 
groups. Whiskers represent the 95% confidence interval (95% CI) values
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the relative SPP1 level in MCF-7 and MDA-231 cells was 
significantly decreased after transfection with miR-127 
mimics. Conversely, the relative SPP1 level in MCF-7 and 
MDA-231 cells was increased after cells were transfected 
with miR-127 inhibitors. The SPP1 level was significantly 
increased in the plasma of BRC patients compared to con-
trols (Student’s t-test, t = 2.292, df = 118, p = 0.009) (Fig. 9).

Discussion

Breast cancer is the most prevalent cancer type among 
female adults in the whole world. According to previous 
studies, the aberrant expression of non-coding genes like 
microRNAs was closely related to  the etiology of BRC. 
The miR-127 was a  kind of microRNA firstly reported 
to arise from the region q32 of chromosome 1 and its distinc-
tive expression patterns might be associated with the karyo-
type of acute myeloid leukemia.34,35 Based on the evidence 
from previous studies, the aberrant expression of miR-127 
was correlated with various diseases, such as osteoarthritis. 
Recently, the expression level of miR-127 was also reported 
to be decreased in the BRC tissues compared to para-carci-
noma tissues. In our study, the expression level of miR-127 
in the blood samples of BRC patients from Guangxi, China 
was firstly measured. Similar to the study above, the rela-
tive miR-127 level was found to be significantly decreased 
in the plasma of BRC patients compared to controls, and 
the dysregulation of miR-127 in the pathogenesis of BRC 
was further verified. However, the effect of the dysregula-
tion of miR-127 in the pathogenesis of BRC was not clear.

According to research on esophageal squamous cell car-
cinoma and hepatocellular carcinoma, the upregulation 
of miR-127 could inhibit the proliferation of cancer cells. 
As for BRC, a designed RNA-protein nanoplex including 
miR-127 could effectively inhibit tumor growth in a BRC 
mouse model. In the current study, 2 typical BRC cell lines, 
MCF-7 and MDA-231, were chosen to investigate the influ-
ence of miR-127 on the viability and apoptosis of BRC cells. 

The miR-127 successfully inhibited cell viability and pro-
moted apoptosis in MCF-7 and MDA-231 cells. We further 
explored the influence of miR-127 on the expression levels 
of pro-proliferation factors such as Bcl-2, and pro-apoptosis 
factors such as BAX, Cyt-c and cleaved caspase-3 in MCF-7 
and MDA-231 cells. We  found that miR-127 decreased 
the expression of Bcl-2 and increased the levels of BAX, 
Cyt-c and cleaved caspase-3 in MCF-7 and MDA-231 cells. 
These data highlight that the upregulation of miR-127 
in MCF-7 and MDA-231 cells inhibited their proliferation 
and promoted their apoptosis, but the downregulation 
of miR-127 promoted their proliferation and inhibited their 
apoptosis. However, the mechanism of miR-127 in the regu-
lation of viability and apoptosis needs further clarification.

Previously, some studies reported that miR-127 might 
participate in the occurrence and progression of several 
kinds of cancer like squamous cell carcinoma via regulat-
ing some target genes like ADCY7. However, the target 
gene of miR-127 and its role in the pathogenesis of BRC 
have not been reported.  With the help of online bioinfor-
matic software analysis, previous literature33 and dual-
luciferase reporter assay, SPP1 was successfully predicted 
and validated as  a  target gene of  miR-127. To  further 
explore the influence of miR-127 on SPP1, we measured 
the expression of SPP1 in MCF-7 and MDA-231 cells af-
ter miR-127 was up- or downregulated. The miR-127 de-
creased the expression level of SPP1 in MCF-7 and MDA-
231 cells. The SPP1 is a gene located in the q22 region 
of chromosome 4 and has been investigated by numer-
ous groups regarding the pathogenesis of various can-
cers, including BRC. Qin et al. reported that SPP1 was 
upregulated in the blood samples of patients with naso-
pharyngeal carcinoma, and when upregulated in CEN-2Z 
cancer cells, it promoted their proliferation and suppressed 
their apoptosis.36 Similarly, Liu et al. mentioned that SPP1 
downregulation in human renal cancer cells inhibited their 
proliferation and increased their apoptosis.37 In addition, 
miR-181a was found to promote the apoptosis of cervi-
cal cancer cells by inhibiting the expression level of SPP1, 
and SPP1 could facilitate chemotherapy resistance of BRC 
cells by preventing the activation of caspase-3 into cleaved 
caspase-3.38 In our study, the expression level of SPP1 was 
significantly increased in the plasma of BRC patients com-
pared to controls. Based on the evidence above, we could 
make preliminary conclusions that the downregulation 
of miR-127 increased the expression level of SPP1, pro-
moted BRC cell proliferation, inhibited their apoptosis, 
and, finally, promoted the occurrence of BRC.

Limitations

All the patients and controls in our study were enrolled 
in the Affiliated Hospital of Youjiang Medical University 
for Nationalities. However, the data collected from other 
research centers will be examined in the future by our 
team in cooperation with researchers in other countries. 

Fig. 9. SPP1 expression in the plasma of controls and breast cancer 
(BRC) patients. The SPP1 level was significantly increased in the plasma 
of BRC patients compared to controls. Upper whisker represents a 95% 
confidence interval (95% CI) value
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Second, due to limited funding and research resources, 
the role of miR-127 in the pathogenesis of BRC was ex-
plored in clinical samples and cellular models, but not 
in animal models, and the sample size was limited in our 
in vitro experiments. The data from animal models will be 
collected, and a larger sample size in the cellular experi-
ments will be further explored in future studies.

Conclusions

In summary, our study measured the expression of miR-127 
in blood samples of BRC patients from Guangxi, China, 
investigated the influence of miR-127 on the viability and 
apoptosis of BRC cell lines, and revealed a target gene 
of miR-127, potentially highlighting the mechanism involv-
ing miR-127 in the pathogenesis of BRC. These outcomes 
may provide critical information for a new explanation 
of BRC pathogenesis and a potential diagnostic or thera-
peutic biomarker.
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Abstract
Background. On March 11, 2020, coronavirus disease (COVID-19) was declared a global threat by the World 
Health Organization (WHO). It quickly became apparent that reducing inpatient mortality rates and early 
phase prediction of possible deterioration or severe disease course relied on finding more specific biomarkers.

Objectives. This retrospective study assessed initial clinical, laboratory and radiological features of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-infected patients and explored their impact on mor-
tality and the course of the disease. Such efforts aimed to facilitate the identification of high-risk patients 
and to improve the formulation of treatment plans for these individuals.

Materials and methods. The cohort comprised 111 consecutive adult inpatients diagnosed with COVID-19 
and hospitalized in the Internal Medicine Ward of the University Clinical Center of prof. K. Gibiński of the Medi-
cal University of Silesia in Katowice, Poland, a COVID-19 Treatment Unit, between November 16, 2020 and 
February 15, 2021. All available clinical, laboratory and radiological findings were extracted from electronic 
records and assessed as possible risk factors for poor prognosis.

Results. Clinicasl and radiological features with higher frequency in COVID-19 non-survivors included older 
age, history of smoking, concomitant cardiovascular diseases, low oxygen saturation (SpO2), and high infec-
tion risk assessed on admission as well as high opacity score, percentage of opacity and percentage of high 
opacity in computed tomography. Non-survivors had decreased serum lymphocytes, monocytes, calcium, 
magnesium, and hemoglobin oxygen saturation. They also had increased red cell distribution width (RDW), 
C-reactive protein (CRP), procalcitonin, alkaline phosphatase (ALP), creatinine, blood urea nitrogen (BUN), 
D-dimer, troponin, and N-terminal prohormone of brain natriuretic peptide (NT-proBNP) levels, as well 
as a base deficit.

Conclusions. This retrospective study identified several markers associated with a fatal course of COVID-19. 
The early assessment of SARS-CoV-2-infected inpatients should consider these markers.

Key words: COVID-19, SARS-CoV-2, markers of poor prognosis
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Background

A novel severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) emerged in China and caused coronavi-
rus disease (COVID-19), which became a health concern 
at the end of 2019. On March 11, 2020, the World Health 
Organization (WHO) declared COVID-19 a pandemic.1 
Epidemiological reports from the WHO, as of July 6, 2021, 
confirmed over 180 million COVID-19 diagnoses world-
wide, and more than 3.9 million infected patients died.2 
The constant spread of novel viral mutations, inadequate 
prophylactic methods and the lack of highly effective tar-
geted treatment caused a growing number of hospitaliza-
tions and the breakdown of the healthcare systems in many 
countries.

The most common symptoms of COVID-19 are fever, 
cough, fatigue, anorexia, shortness of breath, and muscle 
pain.3 According to the available data, typical changes 
in  laboratory tests include leukopenia with decreased 
lymphocyte count and elevated serum levels of C-reac-
tive protein (CRP), lactate dehydrogenase (LDH) and D-
dimers.4,5 Typical radiological manifestations presented 
in high-resolution computed tomography (HRCT) include 
ground-glass opacities (GGO), consolidations, crazy pav-
ing, and reticular patterns.6,7

Approximately 15% of patients suffer from severe CO-
VID-19 symptoms that require oxygen support, and 5% 
develop critical complications such as acute respiratory 
distress syndrome (ARDS), sepsis, multiple organ failure, 
and thromboembolism.8 There is a  link between older 
age (over 60 years), smoking, obesity, pregnancy, and con-
comitant diseases such as diabetes, hypertension, chronic 
diseases of the heart, lungs, and kidneys, and severe disease 
and death.8–10 Furthermore, high sequential organ failure 
assessment (SOFA) scores and D-dimer levels above 1 µg/
mL are associated with poor prognosis.11

The  treatment of  COVID-19  patients depends 
on the phase of the disease. According to the recommen-
dations of the Polish Association of Epidemiologists and 
Infectiologists, there are 4 clinical stages of COVID-19:

Stage 1. Asymptomatic or mildly symptomatic, oxy-
gen saturation (SpO2)  ≥  95%, and no hospitalization 
is necessary;

Stage 2. Fully symptomatic (viral multiplication), SpO2 
drops below 95%, usually during the 1st week after disease 
onset, and hospitalization is required;

Stage 3. Respiratory failure (cytokine storm), SpO2 < 90%, 
usually occurs in the 2nd week after disease onset, and hos-
pitalization is required;

Stage 4. ARDS, mechanical ventilation and intensive care 
unit treatment are required.12

According to  the  international guidelines of  conta-
gious disease associations, there is  some evidence for 
the efficacy of anti-inflammatory drugs (glucocorticoids 
(GKs) and tocilizumab), antiviral drugs (remdesivir), an-
ticoagulants (low-molecular-weight heparin), and oxygen 

(O2) supplementation, especially in patients with a severe 
condition.13

The  reduction of  COVID-19 mortality was one 
of the main objectives during the pandemic and relied 
on finding specific markers capable of predicting possi-
ble worsening or severe disease course (including death) 
at an early stage. Therefore, this retrospective study com-
pared the clinical, laboratory and imaging results of survi-
vors and non-survivors hospitalized for COVID-19 in or-
der to identify clinical features and early markers of poor 
prognosis. Clustering of the biomarkers should constitute 
a warning sign and may lead to the earlier introduction 
of a more aggressive therapy, which may improve patient 
outcomes.

Objectives

To identify potential biomarkers of severe SARS-CoV-2 
infection among clinical, laboratory and radiological fea-
tures at the beginning of the treatment process.

Materials and methods

Study design

This retrospective study included 111 adult inpatients 
diagnosed as  SARS-CoV-2 nucleic acid-positive using 
real-time polymerase chain reaction (PCR; 78 patients) 
or tested SARS-CoV-2 antigen-positive using antigen test 
(33 patients) between November 16, 2020 and February 
15, 2021. Patients were admitted to the Internal Medicine 
Ward of the University Clinical Center of prof. K. Gibiński 
of the Medical University of Silesia in Katowice, Poland, 
which was converted into a COVID-19 Treatment Unit.

A screening tool devised by Grzesiowski (Table 1) and 
modified for the initial assessment of all patients admitted 
to our hospital was used to estimate the risk of infection.14 
The screening tool estimated the probability of infectious 
complications in the hospitalized subjects, though it was 
not specifically devised or validated for use in research 
concerning SARS-CoV-2-like infections. A score of at least 
1 point designated a patient to  the high-risk infection 
group. Analyses at the central laboratory utilized com-
mercially available equipment: Sysmex XN-1000 (Sysmex 
Corporation, Kobe, Japan), ACL 500 (Werfen, Barcelona, 
Spain), Rapid Point 500 (Siemens Healthcare, Erlangen, 
Germany), and Cobas PRO (Roche Diagnostics GmbH, 
Mannheim, Germany).

A validated image processing plug-in package, Siemens 
Syngo.via® (Siemens Healthcare, Erlangen, Germany), was 
used for assessing HRCT scans with a VB50. Parenchy-
mal lung changes caused by SARS-CoV-2 and observed 
as an abnormal increase in lung density were measured 
in  Hounsfield units (HU) and defined as  opacities.15 
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A semi-quantitative scoring system devised by Pan et al.6 
classified the  opacity score by  assessing the  involve-
ment of each lobe as 0 (no involvement), 1 (<5% involve-
ment), 2 (6–25% involvement), 3 (26–49% involvement), 
4 (50–75% involvement), or 5 (>75% involvement). The total 
opacity score was the sum of the score of each lobe, and 
ranged from 0 (no involvement) to 25 (maximum involve-
ment). A HU threshold of −200 was applied by default for 
the high-density opacities. The approximate density de-
termined for healthy lung parenchyma was between −700 
and −600 HU.16

The  2  study groups included survivors (n  =  76) and 
non-survivors (n = 35). The definition of survivors was 
patients discharged without symptoms of COVID-19 after 
isolation. Non-survivors were patients who died during 
isolation. According to the Chief Sanitary Inspectorate 
Guidelines, the minimum isolation for symptomatic pa-
tients was 13 days from symptom occurrence, with at least 
3 symptom-free days. In cases of persistent clinical features 
of COVID-19, the isolation was prolonged.17

According to the Ethics Committee of the Medical Uni
versity of Silesia (Katowice, Poland), this retrospective 
study did not require the approval of the Ethics Commit
tee (statement No. PCN/0022/KB/62121).

Statistical analyses

All available data were collated in a Microsoft Excel 365 
spreadsheet (Microsoft Corp., Redmond, USA) and trans-
ferred to the Statistica software package v. 13.0 (StatSoft 
Inc., Tulsa, USA) and Plus Set v. 5.0 (TIBCO Software Inc., 
Palo Alto, USA). Data are presented in tables as mean with 

95% confidence interval (95% CI) for normal distribution 
or median with interquartile range (IQR) for non-normal 
distribution. The Shapiro–Wilk test and visual inspection 
of histograms assessed the distribution of continuous vari-
ables. Normally distributed data had the Shapiro–Wilk test 
p ≥ 0.05 and a dome-shaped histogram distribution, while 
data with a non-normal distribution had a value of p < 0.05. 
The Student’s t-test was used to compare means of con-
tinuous data between survivors and non-survivors, and 
the Mann–Whitney U test was used to evaluate medians 
of non-normal distributions. At the same time, the Fisher’s 
exact test was employed to compare categorical variables. 
A value of p < 0.05 indicated statistical significance.

Results

Clinical features

This retrospective study included a total of 111 inpa-
tients with a  mean age of  68.3 (65.9–71.3) years, with 
51 females and 60 males classified as survivors (n = 76) 
or non-survivors (n = 35). The mean age of non-survivors 
(73.2 (69.1–77.4) years) was significantly higher (p = 0.019) 
than that of survivors (66.1 (65.5–69.7) years). The medical 
history of non-survivors indicated a significantly greater 
incidence of cardiovascular and metabolic diseases such 
as hypertension, ischemic heart disease, heart failure, 
and type 2 diabetes (88.6% compared to 68.4%; p = 0.033). 
Meanwhile, non-survivors used nicotine more often (60% 
compared to 35.6%; p = 0.023) and had an increased risk 
of infection (62.9% compared to 38.2%; p = 0.033) on ad-
mission to the hospital (Table 2). However, treatment be-
fore the infection with angiotensin-converting-enzyme 
inhibitors (ACEIs), angiotensin-II-receptor antagonists 
(sartans), β-blockers, direct oral anticoagulants (DOACs), 
vitamin K antagonists (VKAs), mineralocorticoid receptor 
antagonists (MRAs), or antiplatelet drugs, did not signifi-
cantly differ between survivors and non-survivors.

One of the most vital elements for selecting high-risk 
patients was infection risk assessment on admission, based 
on data gathered during anamnesis (Table 1). It revealed 
a higher probability of COVID-19-related death in patients 
at an increased risk of infection due to clinical predispo-
sitions. Moreover, physical examination revealed signifi-
cantly lower peripheral capillary hemoglobin SpO2 values 
in survivors (94% (87%–97%) compared to 96% (93%–97%); 
p = 0.046).

Laboratory findings

Initial laboratory findings in non-survivors revealed sig-
nificantly lower lymphocyte (0.76×109/L (0.48–1.33) com-
pared to 1.15×109/L (0.69–1.57); p = 0.031) and monocyte 
(0.39 ×109/L (0.28–0.75) compared to 0.6×109/L (0.45–0.835); 
p = 0.021) counts, significantly higher red cell distribu-
tion width (RDW) (47.05 (43–50)  fL compared to  43.7 

Table 1. Risk factors for infection on admission to hospital

Risk factors for infection on admission to hospital Points

Age >75 years 0/1

Transfer from other ward or hospitalization in the last 
6 months

0/1

Surgery/invasive test in the last 6 months 0/1

Alert pathogen colonization 0/1

Presence of catheters 0/1

Skin injury 0/1

Unconsciousness/aspiration/sudden cardiac arrest/
immobilization

0/1

Antimicrobial therapy in the last 3 months 0/1

Current immunosuppressive therapy/radiotherapy/
chemotherapy 

0/1

Metabolic disease (i.e., diabetes, obesity, uremia) 0/1

Malnutrition 0/1

Current neoplastic disease 0/1

COPD/asthma/respiratory failure 0/1

Total 0–13

Low infection risk = 0; high infection risk ≥1; COPD – chronic obstructive 
pulmonary disease.
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(39.8–50.4) fL; p = 0.021), and significantly higher serum 
levels of CRP (80.3 (40.5–128) ng/mL compared to 45.7 (9.6–
88.8) mg/L; p = 0.003), procalcitonin (0.39 (0.199–1.04) ng/mL 
compared to  0.17 (0.068–0.347)  ng/mL; p  =  0.001) and 
D-dimers (2409 (1170–11,412) ng/mL compared to 1410.5 
(867–2849) ng/mL; p = 0.026) than those in survivors.

Disturbances in plasma electrolytes manifested in non-
survivors as  lower levels of  total serum calcium (8.32 
(8.02–8.62) mmol/L compared to 8.66 (8.47–8.83) mmol/L; 
p = 0.043) and magnesium (1.69 (1.61–1.92) mmol/L com-
pared to 1.94 (1.73–2.09) mmol/L; p = 0.037). Other labo-
ratory findings reflecting internal organ function in non-
survivors included significant elevations in serum alkaline 
phosphatase (ALP) activity (97 (78–145) U/L compared 
to  68 (55–102)  U/L; p  =  0.027), creatinine concentra-
tion (1.19 (0.85–1.83)  mg/dL compared to  0.99 (0.75–
1.21) mg/dL; p = 0.012), blood urea nitrogen (BUN) (28.4 
(17.4–59.4) mg/dL  compared to 15.84 (12.2–24.7) mg/dL; 
p = 0.012), troponin (43.25 (27.6–78.6) ng/L compared 
to  22.7 (10.2–36.3)  ng/L; p  =  0.001), and N-terminal 
pro-B-type natriuretic peptide (NT-proBNP) (3734.5 
(740–12,080) pg/mL compared to 792 (154–1952) pg/mL; 
p = 0.003). Furthermore, acid-base balance assessment 
of arterial blood samples revealed significantly lower he-
moglobin SpO2 (88.85% (77.8–93.5%) compared to 94.2% 
(89.4–95.7%); p = 0.039) and higher base excess in non-
survivors (5 (2.45–9.25) mmol/L compared to 2.6 (0.8–3.1) 
mmol/L; p = 0.022), as compared with survivors (Table 3).

Computed tomography findings

Initial inpatient computer tomography (CT) records 
(n = 83) (61 from survivors and 22 from non-survivors) 
provided opacity scores and their derivatives. The group 
of non-survivors had a significantly higher opacity score (7 
(4–11) compared to 4 (2–7); p = 0.004), percentage of opac-
ity (16.0% (6.4–41.4%) compared to  7.9% (1.3–19.1%); 
p = 0.001) and volume of opacity (609.9 (259.1–1209.2) mL 
compared to 279.6 (41.3–685.9) mL; p = 0.011), as well 
as a higher percentage of high opacity (5.3% (1.5–17.2%) 
compared to  1.6% (0.1–5.2%); p  =  0.003) and volume 

of high opacity (200.8 (61.1–548.8) mL compared to 43.3 
(3.2–163.5) mL; p = 0.002) than survivors (Table 4).

Therapeutic interventions

Intravenous drug use (GKs, including 4 mg of dexa-
methasone daily and 200 mg remdesivir on day 1, fol-
lowed by a maintenance dose of 100 mg for 4 days) and O2 
therapy in the study group followed the recommendations 
of the Polish Association of Epidemiologists and Infectiolo-
gists. In detail, GKs are indicated for SARS-CoV-2-infected 
patients at stages 2, 3 and 4, whereas remdesivir is indi-
cated for stage 2.12 Remdesivir was used to a similar extent 
in both groups (28.8% compared to 34.4%; p = 0.647), while 
dexamethasone was used much more often in non-sur-
vivors (90.6% compared to 49.3%; p < 0.001). The passive 
O2 supply used a facial mask with O2 flow up to 15 L/min 
and was more frequent in non-survivors (88.6% compared 
to 53.3%; p < 0.001), as was mechanical ventilation (31.4% 
compared to 2.7%; p < 0.001). Breathing support methods 
were not evaluated due to the limited access to high-flow 
O2 therapy and noninvasive ventilation devices during 
the first stages of the pandemic.

Discussion

This retrospective analysis described the clinical, labo-
ratory and radiological parameters of COVID-19 patients 
and aimed to identify differences that may affect the course 
of the disease in survivors and non-survivors. Our observa-
tions appear to confirm prior reports on the COVID-19 risk 
factors for severe disease or death, including older age, history 
of smoking and concomitant cardiovascular diseases.8,9,18 
On the other hand, obesity was not a risk factor for a poor 
prognosis. However, this may be due to insufficient number 
of participants with a body mass index (BMI) >30 (15%).

Taking into consideration the ability of SARS-CoV-2 
to  induce silent hypoxemia, measuring SpO2 using 
a pulse oximeter is  indispensable to physical examina-
tion.19 In the current study, pulse oximetry demonstrated 

Table 2. Clinical features of coronavirus disease (COVID-19) patients

Clinical feature Survivors 
(n = 76)

Non-survivors 
(n = 35) test value df p-value Statistical test

Age [years] (mean and 95% CI)
66.1 (62.5–

69.7)
73.2 (69.1–77.4)

−2.382 
(t value)

109 0.019 Student’s t-test

Cardiovascular and metabolic diseases 
(hypertension or coronary artery disease or heart 
failure or type 2 diabetes)

52/76 (68.4%) 31/35 (88.6%) – 1 0.033

Fisher’s test
Nicotine use 27/76 (35.6%) 21/35 (60.0%) – 1 0.023

High risk for infection 29/76 (38.2%) 22/35 (62.9%) – 1 0.033

SpO2 [%] (median and 25%–75% Q) 96 (93–97) 94 (87–97)
1.999 

(U value)
N/A 0.046

Mann–Whitney 
U test

SpO2 – oxygen saturation; 95% CI – 95% confidence interval; df – degrees of freedom; N/A – not applicable.
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significantly lower hypoxemia in non-survivors, and arte-
rial blood gas analysis confirmed this finding. These obser-
vations highlight the necessity of early evaluation of arte-
rial blood gases in severely ill patients and support using 
pulse oximeters as a readily available patient screening tool. 
Despite the limitations of this method among patients with 
peripheral circulation disturbances or varnished nails, 
it appears to be the simplest and fastest way to predict 
a severe course of COVID-19.20–22 However, identifying 
the exact SpO2 cutoff point for determining the severity 
of the prognosis requires further investigations.

In earlier studies, typical changes in peripheral blood 
cell counts associated with the severity of COVID-19 in-
cluded increased leukocyte and neutrophil counts with 
concomitant lymphopenia.23,24 Leukocytosis and neutro-
philia indicate an increased inflammatory status in pa-
tients with severe disease. Both groups had similar white 
blood count (WBC), though non-survivors had signifi-
cantly lower lymphocyte levels.18 Lymphopenia is the most 

characteristic blood cell change associated with COVID-19 
severity. It is caused by multiple factors, including direct 
attachment of the virus to lymphocytes with subsequent 
impairment of their immune functioning or inflammatory 
mediator-induced injury.24

Non-survivors had significantly lower peripheral blood 
monocyte counts than survivors. Monocytes and macro-
phages are attracted to the alveolar spaces of the lungs, are 
the first cells to respond to viruses, and are responsible 
for the local antiviral response. The SARS-CoV-2 infects 
monocytes and macrophages in an angiotensin-converting 
enzyme 2 (ACE2)-dependent or -independent manner and 
inactivates them, allowing viruses to spread through dif-
ferent tissues.25 A detailed explanation of antiviral immune 
responses could simplify the development of an effective 
COVID-19 treatment method.

The widespread distribution of red blood cells in non-
survivors was the only significant disturbance in erythroid 
lineage, which is consistent with previous observations 

Table 3. Laboratory findings of coronavirus disease (COVID-19) patients

Laboratory markers Reference 
range Survivors (n = 76) Non-survivors 

(n = 35) test value df p-value Statistical 
test

Lymphocyte count [×109/L] 1.5–3.5 1.15 (0.69–1.57) 0.76 (0.48–1.33) 786.0 N/A 0.031

 Mann–
Whitney 

U test

Monocyte count [×109/L] 0.2–0.8 0.6 (0.45–0.835) 0.39 (0.28–0.75) 765.0 N/A 0.021

RDW-SD [fL] 36.3–47.3 43.7 (39.8–50.4) 47.05 (43–50) 921.5 N/A 0.021

C-reactive protein [mg/L] <5 45.7 (9.6–88.8) 80.3 (40.5–128) 856.0 N/A 0.003

Procalcitonin [ng/mL] <0.5 0.17 (0.068–0.347) 0.39 (0.199–1.04) 468.0 N/A 0.001

ALP [U/L] 40–129 68 (55–102) 97 (78–145) 488.0 N/A 0.027

Creatinine [mg/dL] 0.67–1.17 0.99 (0.75–1.21) 1.19 (0.85–1.83) 854.0 N/A 0.012

BUN [mg/dL] 44081.00 15.84 (12.2–24.67) 28.365 (17.41–59.35) 238.5 N/A 0.012

D-dimer [ng/mL] <500 1410.5 (867–2849) 2409 (1170–11,412) 735.0 N/A 0.026

Magnesium [mg/dL] 1.6–2.4 1.94 (1.73–2.09) 1.69 (1.61–1.92) 292.0 N/A 0.037

Calcium [mg/dL] 8.8–10.2 8.66 (8.47–8.83) 8.32 (8.02–8.62) 2.064 109 0.043 t-test

Troponin [ng/L] <14.5 22.7 (10.2–36.3) 43.25 (27.6–78.6) 429.5 N/A 0.001

 Mann–
Whitney 

U test

NT-proBNP [pg/mL] <125 792 (154–1952) 3734.5 (740–12,080) 282.0 N/A 0.003

Hemoglobin oxygen saturation, 
%

>96 94.2 (89.4–95.7) 88.85 (77.8–93.5) 87.5 N/A 0.039

Base excess [mmol/L] (−2.0)–3.0 2.6 (0.8–3.1) 5 (2.45–9.25) 81.0 N/A 0.022

ALP – alkaline phosphatase; BUN – blood urea nitrogen; NT-proBNP – N-terminal pro B-type natriuretic peptide; RDW-SD – red blood cell distribution width 
standard deviation; df – degrees of freedom; N/A – not applicable.

Table 4. Computed tomography findings of coronavirus disease (COVID-19) patients

CT findings Survivors (n = 61) Non-survivors (n = 22) U value p-value Statistical test

Opacity score 4 (2–7) 7 (4–11) −2.88 0.004

Mann–Whitney 
U test

Volume of opacity [mL] 279.6 (41.3–685.9) 609.9 (259.1–1209.2) −2.53 0.011

Opacity [%] 7.9 (1.3–19.1) 16.0 (6.4–41.4) −2.62 0.001

Volume of high opacity [mL] 43.3 (3.2–163.5) 200.8 (61.1–548.8) −3.14 0.002

High opacity [%] 1.6 (0.1–5.2) 5.3 (1.5–17.2) −2.97 0.003

Mean HU total  −742.8 (−803.2–−683.9) −675.1 (−753.1–−556.7) −2.52 0.012

Mean HU of opacity −486.6 (−551.4–−375.1) −396.4 (−493.4–−310.8) −2.15 0.031

CT – computed tomography; HU – Hounsfield units.
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associated with impaired synthesis of mature red blood 
cells due to hypoxia.26

The  COVID-19-infected inpatients, both survivors 
and non-survivors, had elevated serum levels of CRP and 
procalcitonin, which is consistent with previous stud-
ies.23 These simple parameters are examples of cytokine 
storm indicators that are useful for monitoring the course 
of the disease.27

The SARS-CoV-2-induced coagulopathy, revealed in lab-
oratory tests as increased serum levels of D-dimers, results 
in an increased thromboembolic risk and complications, 
such as pulmonary embolism.18 The significantly higher 
serum D-dimer levels in non-survivors on admission, their 
potential use as markers of poor prognosis, and the correla-
tion between their level and disease severity are consistent 
with previous studies.11,28

Hyponatremia, hypokalemia and hypocalcemia are 
the  most common electrolyte disturbances in  CO-
VID-19 patients.29 The current study revealed lower serum 
levels of calcium and magnesium in non-survivors. Pos-
sible explanations for these electrolyte imbalances include 
gastrointestinal and renal loss due to SARS-CoV-2 inva-
sion, hypoxic damage to the central nervous system, and 
the actions of pro-inflammatory cytokines.29

Liver injury in the course of SARS-CoV-2 infection, man-
ifested by elevated serum levels of alanine transaminase 
(ALT), aspartate aminotransferase (AST), ALP, gamma-
glutamyl transpeptidase (GGTP), LDH, and total bilirubin, 
is frequently observed and its risk and severity are related 
to the condition of infected patients.30–32 Moreover, serum 
levels of LDH are one of the most valuable factors for pre-
dicting mortality.33 In the current study, non-survivors had 
higher serum levels of LDH, though the difference was non-
significant (p < 0.08), and significantly higher ALP (p < 0.03). 
The causes of liver damage are still unclear but are mainly 
related to general hypoxia, direct viral cytotoxicity through 
ACE2 receptors on the surface of hepatic cells, and a hepato-
cyte cell membrane dysfunction-induced cytokine storm.34,35

Concomitant kidney disease is another risk factor for 
death during SARS-CoV-2 infection,36 with acute kidney 
injury (AKI) observed in up to 46% of patients hospitalized 
for COVID-19.37 This study demonstrated significantly 
higher serum creatinine levels and BUN in non-survivors. 
Other studies observed pathological changes in tubular 
kidney regions and urine samples.38,39

Despite the fact that the heart contains ACE2 receptors, 
direct myocardial SARS-CoV-2 infection data are limited.40 
Elevated levels of heart damage and overload enzymes, 
including troponin and NT-proBNP, may be secondary 
to the general condition, circulating cytokines and endo-
toxin levels of patients with severe disease.41 Moreover, 
significantly higher levels of troponin and NT-proBNP 
in non-survivors suggest their association with COVID-19 
severity and mortality.42

In our study, the results of CT examinations of hospital-
ized patients are consistent with previous reports. A higher 

opacity score and percentage of opacity correlate with dis-
ease severity and poor prognosis.43 Therefore, we recom-
mend HRCT as a simple imaging test for infected patients.

Data from the current study suggest that no single abnor-
mality demonstrates a strong relationship with the course 
of the disease and that numerous factors are responsible for 
multiple organ damage. Future studies should seek to de-
velop a prospective prediction model for fatal COVID-19.

The delay between symptom onset and hospital ad-
mission in  the group of non-survivors might explain 
no difference in remdesivir use between survivors and 
non-survivors. The early stage of the disease was consis-
tent with the signs and symptoms of pneumonia, which 
justified the use of remdesivir. Most patients received 
GK treatment, which may reflect the more severe clini-
cal condition and the  development of  a  systemic in-
f lammatory response (tocilizumab was unavailable). 
The increased frequency of O2 support and mechanical 
ventilation use in non-survivors confirmed the severity 
of the disease.

Limitations

Limitations to consider when interpreting the results 
include the retrospective design of the study, which meant 
that the groups were not homogenous in terms of clinical 
features. Furthermore, not all laboratory and imaging tests 
were available for every patient. There were also slight 
differences between the onset of symptoms and the day 
of admission to the hospital.

Conclusions

This retrospective study aimed to find the most use-
ful biomarkers for predicting the severity and poor prog-
nosis of COVID-19 inpatients using medical parameters 
assessed on  admission to  the  hospital. In  this regard, 
the most valuable parameters appear to be advanced age, 
a history of cardiovascular disease, nicotine addiction, 
low peripheral SpO2, low lymphocyte count, low mono-
cyte count, and high CRP, PCT, D-dimer, ALP, creatinine, 
magnesium, calcium, troponin, NT-proBNP, and oxyhe-
moglobin levels, as well as a high opacity score in CT. 
The deterioration of organ functions observed during 
clinical examination, laboratory tests and radiological 
scans at the beginning of infection do not predict a se-
vere course of the disease with certainty. Nevertheless, 
combining biomarkers and symptoms increases the risk 
of a fatal COVID-19 outcome. However, a full explanation 
of COVID-19 pathogenesis should facilitate the search for 
novel early biomarkers of severe disease. Further prospec-
tive studies are required to develop a predictive outcome 
model based on data collected on admission. Such an at-
tempt would require cumulative analysis of numerous 
reports, similar to this study.
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Supplementary material

The Supplementary files are available at https://doi.org/ 
10.5281/zenodo.7693350. The package contains the fol-
lowing files:

Supplementary Table 1. Data concerning laboratory 
findings in COVID-19 patients with and without statisti-
cal significance.

Supplementary Table 2. Data concerning statistical as-
sesment of the equality of variances in clinical and labora-
tory parameters of COVID-19 patients.
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Abstract
Background. The esophageal cancer treatment strategy depends on the tumor stage according to the tumor, 
node and metastasis (TNM) classification. One of the methods recommended for esophageal cancer assess-
ment is computed tomography (CT). The CT imaging is especially important for patients with contraindications 
for gastroscopy, which is the primary method used for assessing esophageal diseases.

Objectives. The aim of this retrospective study was to evaluate the inter-rater reliability of low-dose hydro-
CT with a sinogram-affirmed iterative reconstruction algorithm (SAFIRE) used for the staging of esophageal 
cancer by 2 independent radiologists. We also evaluated the application of this method for the diagnosis 
of esophageal cancer.

Materials and methods. Low-dose hydro-CT was performed in 65 patients, and the raw data were recon-
structed with SAFIRE. Obtained images were retrospectively interpreted by 2 independent and experienced 
radiologists. Histopathological results were used as the reference standard. Sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV) in the diagnosis of esophageal cancer were cal-
culated for hydro-CT. The examination of the inter-rater reliability level in the assessment of the esophageal 
cancer stage in the TNM classification was performed by calculating Cohen’s kappa coefficient (κ) with square 
weights and standard errors (SEs) for kappa. Independence tests were also performed (Fisher’s exact test 
– two-tailed, and Pearson’s χ2 test).

Results. For the diagnosis of esophageal cancer with hydro-CT, a sensitivity of 93%, a specificity of 100%, 
a PPV of 100%, and a NPV of 88% were observed. In the statistical analyses for the T, N and M stages, κ values 
greater than 0.90 and significance levels of p < 0.001 were obtained.

Conclusions. Hydro-CT using low-dose techniques may be a valuable diagnostic method for staging and 
diagnosis of esophageal cancer, especially in patients with contraindications for invasive procedures.

Key words: multi-detector computed tomography, esophageal diseases, esophageal neoplasms, TNM 
staging
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Background

The development of multi-detector computed tomog-
raphy (MDCT) imaging in recent years has enabled high-
resolution images to be obtained with a very short scan 
time. As a result, we have been given new, wide-ranging 
imaging capabilities for the gastrointestinal tract, includ-
ing the esophagus.1–3

According to the GLOBOCAN 2018 statistics, esopha-
geal cancer ranks 7th on the list of the most common can-
cers in the world, and the MDCT study is one of the most 
important tools indicated for its evaluation.4 The use 
of water in MDCT hydrography (hydro-CT) as an oral 
neutral contrast agent allows for optimal distension 
of  the  esophageal walls and facilitates the  diagnosis 
of small tumor lesions. It also improves the visual dif-
ferentiation of pathological tumor tissues from the nor-
mal walls of the esophagus and surrounding structures 
in CT examinations with intravascular iodine contrast 
agents.1,2

Due to the increasing use of MDCT in clinical practice, 
it was necessary to reduce radiation doses in accordance 
with the ALARA (as low as reasonably achievable) prin-
ciple.5,6 Low-dose CT protocols are also used in hydro-CT 
studies. Obtaining high-quality images despite reduced 
radiation doses is possible thanks in part to improved raw 
data processing techniques (e.g., iterative reconstruction 
algorithms).7 Reducing exposure to  ionizing radiation 
is particularly important for patients undergoing mul-
tiple CT scans and for patients undergoing radiotherapy.4 
In patients with esophageal cancer, radiotherapy may be 
an important element of therapy, and CT examinations 
may be useful in the initial staging assessment and then 
during the follow-up.8,9

Although endoscopic biopsy is  the  gold standard 
in esophageal cancer diagnosis,10 there is a group of pa-
tients with contraindications for endoscopy, including 
endoscopic ultrasound (EUS; uncooperative patients), 
or for biopsy (in the case of active bleeding, coagulopa-
thy or patient instability). In  these patients, low-dose 
hydro-CT with the use of iterative image reconstruction 
may be an alternative method for esophageal cancer 
diagnostics.

Objectives

The aim of  this retrospective study was to evaluate 
the  inter-rater reliability for the staging of esophageal 
cancer according to  the  tumor, node and metastasis 
(TNM) classification performed by 2 independent radi-
ologists based on low-dose hydro-CT. We also evaluated 
the application of this method in the diagnosis of esopha-
geal cancer.

Materials and methods

Study design

Low-dose hydro-CT was performed in  65  patients 
(44 men and 21 women, mean age: 64.3 years). The main 
indications for hydro-CT were the evaluation of benign 
lesions found in endoscopy or the staging of esophageal 
cancer in patients before treatment or after neoadjuvant 
radiotherapy. In our study, all endoscopies were performed 
by 3 different surgeons experienced in esophagoscopy 
(>8 years of experience) at our institution. In all cases, 
during the endoscopy, multiple biopsies (5–10 per pro-
cedure) were performed. Written informed consent was 
obtained from all patients, and this study was approved 
by the Bioethical Committee of Wroclaw Medical Uni-
versity (Wrocław, Poland).

CT protocol and image analysis

All images were obtained with patients in the supine posi-
tion using a 128-slice CT scanner (SOMATOM Definition 
AS+; Siemens Healthcare, Erlangen, Germany). The CT 
parameters were as  follows: tube potential of  120  kV, 
tube current modulation (Care Dose 4D), collimation 
of 128 × 0.6 mm, a pitch of 0.8, and a gantry rotation time 
of 0.5 s. Raw data were reconstructed with a sinogram-af-
firmed iterative reconstruction algorithm (SAFIRE; Siemens 
Healthcare) and a strength setting of 3 using a high spatial 
resolution kernel (I30). The scan range covered the area 
of the thorax and the upper part of the abdominal cavity.

Before CT scanning, all patients ingested water orally 
in a volume of 0.75–1.0 L (within 10 min before starting 
the scanning), followed by 0.25 L (immediately before scan-
ning) to distend the esophagus and gastroesophageal junc-
tion walls. They were also administered 20 mg of butylsco-
polamine intravenously (10 min before scanning) to reduce 
gastrointestinal tract motility. The ionic contrast medium 
(Ultravist 370; Bayer Healthcare, Leverkusen, Germany) was 
administered intravenously at a dose of 1.5 mL/kg of body 
weight, at a rate of 3.0–3.5 mL/s. Dynamic enhanced phases 
were then performed with scan delay times of 25 s and 50 s.

The obtained images were retrospectively interpreted 
by 2 independent and experienced (5 and 10 years of ex-
perience) radiologists who were blinded to the endoscopy 
results. They used a diagnostic workstation (Syngo.via; 
Siemens Healthcare) and maximum intensity projection 
reconstructions or multiplanar reconstructions for coro-
nal, sagittal and axial images.

Statistical analyses

The results of the esophageal biopsy were treated as a stan-
dard of reference. Sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV) in the di-
agnosis of esophageal cancer were calculated for hydro-CT 
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(the calculations take into account the results obtained 
by the more experienced of the 2 radiologists). Additionally, 
we evaluated the compatibility level of the 2 independent 
radiologists in assessing the stage of esophageal cancers 
according to the TNM classification (presented in Table 1) 
using Cohen’s kappa coefficient (κ) and independence tests 
(two-tailed Fisher’s exact test and Pearson’s χ2 test). A value 
of p < 0.05 was considered statistically significant. The ra-
diation dose was estimated using the volume CT dose index 
(CTDIvol). CTDI is a standardized measure of radiation dose 
output of a CT scanner which allows the user to compare 
radiation output of different CT scanners. Calculations 
and statistical analysis of the results were performed us-
ing Microsoft Excel 2019 (Microsoft, Redmond, USA) and 
Statistica v. 13 (StatSoft Inc., Tulsa, USA).

Results

The  diagnosis of  esophageal cancer was confirmed 
in a histopathological examination in 43 (66.2%) patients. 
In the remaining 22 cases (33.8%), benign lesions were di-
agnosed with endoscopy (7 cases of hernia hiatus esophagi, 
2 cases of achalasia, 1 benign polyp, and 12 cases of esopha-
gitis). In 40 cases (93%), a correct diagnosis of esopha-
geal cancer was made using hydro-CT. For the diagnosis 
of esophageal cancer with hydro-CT, a sensitivity of 93%, 
a specificity of 100%, a PPV of 100%, and a NPV of 88% 
were observed.

In the statistical analyses for the T stage, κ = 0.966 and 
a significance level of p < 0.0001 (in Pearson’s χ2 indepen-
dence test) were obtained. These results indicate the com-
patibility of the opinion of the 2 radiologists in the assess-
ment of the T stage of esophageal cancer (Table 2). For 
the evaluation of enlarged lymph nodes (N stage), a sta-
tistically significant, very strong relationship was also ob-
served between readers 1 and 2. In this case, κ = 0.952 and 
a significance level of p < 0.001 (two-tailed Fisher’s exact 
test) were obtained (Table 3). In 100% of cases, the readers 
agreed in their assessment of distant metastases (M stage).

The CTDIvol was in the range of 3.32–7.08 mGy per scan.

Discussion

The main objective of the present study was to estimate 
the level of compatibility between 2 radiologists (inter-rater 
reliability) in the classification of the stage of esophageal 
cancer according to the TNM system. For this purpose, 
κ value was calculated. In the test materials for categories 
T, N and M, κ values of 0.90 were obtained, indicating 
very good compatibility between the 2 readers (Fig. 1–3). 
This result indicates the possibility of unambiguous assess-
ments of the local stage of esophageal cancer in a hydro-CT 
study. Importantly, these results suggest that it is possible 
to accurately assess the stage of esophageal cancer, which 
is crucial in deciding on the proper therapeutic procedure.

Confirmation of  these conclusions can be found 
in other studies. Ba-Ssalamah et al. evaluated the useful-
ness of MDCT hydrography in the assessment of category 
T in esophageal cancer.1 In this study, images obtained 

Table 1. Computed tomography (CT) criteria for tumor, node and metastasis (TNM) staging of esophageal cancer used in the study

Stage Characteristics

T stage

T0 no visible changes in the wall of the esophagus; surrounding adipose tissue unchanged

T1/2
esophageal wall thickening and transmural contrast enhancement with smooth external outlines; surrounding adipose tissue 

unchanged or visible desmoplastic reaction; no or slight stenosis of the esophagus

T3
usually large tumor with contrast enhancement and significant thickening of the esophageal wall with irregular outer border; 

infiltration of the surrounding adipose tissue; moderate or severe stenosis

T4 infiltration of surrounding organs

N stage
N0 no enlarged lymph nodes have been found (short-axis diameter of imaged lymph nodes less than 1 cm)

N1 enlarged lymph nodes present (cervical, mediastinal, epigastric; short-axis diameter of lymph nodes at least 1 cm)

M stage
M0 no evidence of metastases

M1 distant metastases present

The criteria are based on the studies by Ba-Ssalamah et al.3 and Prokop and Galanski.11

Table 2. Number classifications of tumor size (T stage) observed by the 2 
radiologists and the estimated value of Cohen’s kappa coefficient (κ) with 
square weights and standard errors (SEs)

Reader 1
Reader 2

T0 T1/2 T3 T4

T0 3 0 0 0

T1/2 2 17 0 0

T3 0 0 13 0

T4 0 0 0 8

n = 43; Cohen’s kappa coefficient κ = 0.966; SE = 0.022; p < 0.0001.

Table 3. Number of classifications of the enlarged lymph nodes (N stage) 
observed by the 2 radiologists and the estimated value of Cohen’s kappa 
coefficient (κ) with square weights and standard errors (SEs)

Reader 2
Reader 1

N0 N1

N0 25 0

N1 1 17

n = 43; Cohen’s kappa coefficient κ = 0.952; SE = 0.048; p < 0.001. 
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using hydro-CT performed before and after surgery 
in 131 patients were evaluated by 2 independent radiolo-
gists and compared with the results of a histopathological 
examination of the material removed during the operation. 
Very good compatibility was achieved between the readers, 
with a weighted κ ratio of 0.93 and κ unbalanced at 0.89. 
The results obtained by both readers showed a high sensi-
tivity for hydro-CT (95%) and a high PPV (96%) in the as-
sessment of the T stage. Staging was properly assessed 
in 76.3% and 68.7% of patients by investigators 1 and 2, 
respectively.

In this study, we also evaluated the application of low-
dose hydro-CT using SAFIRE in the diagnosis of esophageal 
cancer. Our results suggest a high utility for this imaging 
modality. However, it should be noted that the assessment 
of the T stage and diagnosis of esophageal cancer using 
hydro-CT may have some limitations.3,12 One of  them 
is the poor contrast of the different layers of the esopha-
geal wall, which makes it difficult to identify early forms 
of esophageal tumors and differentiate them from benign 
esophagitis. Due to this limitation, endoscopy with biopsy 
should be performed in each patient, and hydro-CT may be 
considered a useful method in the diagnosis of esophageal 
cancer only for patients with a contraindication to endos-
copy or biopsy.

The  latest, 8th edition of  the  American Joint Com-
mittee on Cancer/International Union Against Cancer 
(AJCC/UICC) guidelines recommends EUS as a method 

Fig. 3. Hydro-computed tomography (CT) image of the esophagus 
in axial reconstruction in a patient with a T4 stage of esophageal 
cancer and a large esophageal diverticulum filled with content located 
supravascularly on the right side. The tumor causes a concentric 
thickening of the esophageal wall at the level of the tracheal bifurcation 
with proximal dilatation of the esophagus, with a broad contact with 
the thoracic aorta and the Th8 vertebra, and with infiltration of the right 
intermediate bronchus (causing atelectasis in the right lower lobe), 
the pericardium and the outflow of the pulmonary veins

Fig. 2. Hydro-computed tomography (CT) image of the esophagus 
in coronal reconstruction shows an irregular, circumferential wall 
thickening up to 11 mm in depth in the proximal and middle third 
of the esophagus, with inhomogeneous enhancement and blurred outer 
borders in terms of the T3 tumor

Fig. 1. Hydro-computed tomography (CT) image in sagittal 
reconstructions in a patient with T1/2 esophageal cancer shows 
the esophageal wall thickening 10 mm in depth with a smooth outer 
border in the thoracic part of the esophagus
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of choice for the clinical evaluation of the T stage.13 Shim 
et al. presented a comparison of the accuracy of EUS and 
CT examinations in the assessment of esophageal cancer 
advancement.14 In the conclusions of their report, they 
suggest that EUS examination is not superior to chest CT 
for diagnosing the T stage in esophageal cancers. Other 
authors report that EUS is less accurate in staging can-
cer after radiotherapy and chemotherapy. It is also lim-
ited by the inability to assess lumen-occluding tumors 
in the esophagus.15–17 At the same time, the advantage 
of hydro-CT in detecting distant metastases, such as lung 
or liver metastases (stage M), should be emphasized. Thus, 
it allows for a complete assessment of esophageal cancer 
advancement according to the TNM system.

According to the AJCC/UICC guidelines, EUS, MDCT 
and fluorodeoxyglucose positron emission tomography are 
basic imaging techniques that do not differ significantly 
in accuracy, sensitivity or specificity in the assessment of re-
gional lymph nodes in patients with esophageal cancer.12

It  is  commonly accepted that hydro-CT scans are 
performed in  the supine or prone position, depending 
on the location of the lesion, on the dependent side.1,18 
Our experience shows that the supine position for scan-
ning is better tolerated and more comfortable for patients 
whose stomach is bloated with a large amount of water. 
Some authors claim that there is no need to use the prone 
position for scanning in clinical practice.11,19–21 Therefore, 
in our study, the scanning was performed only in the su-
pine position.

Limitations

Our study has some limitations. These include the in-
ability to compare the results obtained from hydro-CT 
with the intraoperative and postoperative histopathologi-
cal evaluation of tumor tissues. The patient group was 
heterogeneous and some patients were treated only with 
radiotherapy.

The  study group was relatively small and consisted 
mainly of patients with advanced cancer lesions, as esopha-
geal cancer screening is not performed in our population. 
Therefore, it  should be noted that our results confirm 
the usefulness of hydro-CT in the diagnosis and evalua-
tion of esophageal cancer, usually only in advanced cases.

In this study, we used the low-dose scanning technique, 
which in some cases may reduce the quality of the obtained 
images and affect the evaluation of the primary tumor and 
metastatic lesions, especially in the liver. Some authors, 
based on objective and subjective analyses of image quality, 
suggest that a combination of Care Dose 4D and SAFIRE 
reduces the radiation dose by an average of 74.85% while 
maintaining image quality.7 However, they noted the un-
clear impact of different imaging conditions and the use 
of post-processing techniques on the accuracy of the diag-
nosis, which led them to believe that research into the use 
of this method should be continued.

Conclusions

In conclusion, hydro-CT using low-dose techniques may 
be a valuable diagnostic method for staging and diagno-
sis of esophageal cancer, especially for patients with con-
traindications to invasive procedures (endoscopy, biopsy 
or EUS). Conducting studies on a larger group of patients 
using the latest low-dose techniques and iterative algo-
rithms (third-generation CT scanners) may contribute 
to the wider use of MDCT for the evaluation of esophageal 
cancer in the future.
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Abstract
Background. Despite G-protein-coupled receptor kinase-interacting protein-1 (GIT1) being recognized 
as a new promoter gene in some types of cancer, its effect on human pan-cancers and liver hepatocellular 
carcinoma (LIHC) remains unclear.

Objectives. To elucidate the molecular mechanisms of GIT1 in pan-cancer and LIHC.

Materials and methods. Various bioinformatics approaches were utilized to elucidate the oncogenic 
effects of GIT1 on human pan-cancers.

Results. The GIT1 was aberrantly expressed in pan-cancers and associated with the clinical stage. More-
over, the upregulation of GIT1 expression was indicative of poor overall survival (OS) in patients with LIHC, 
skin cutaneous melanoma (SKCM) and uterine corpus endometrial carcinoma (UCEC), as well as of poor 
disease-free survival (DFS) in patients with LIHC and UCEC. Furthermore, GIT1 levels were correlated with 
cancer-associated fibroblasts (CAFs) in adrenocortical carcinoma (ACC), cervical squamous cell carcinoma 
(CESC) and LIHC. The analysis of single-cell sequencing data revealed an association of GIT1 levels with 
apoptosis, cell cycle and DNA damage. In addition, multivariate Cox analysis indicated that high GIT1 levels 
were an independent risk factor for shorter OS in patients with LIHC. Finally, the gene set enrichment analysis 
revealed INFLAMMATORY_RESPONSE pathway and IL2_STAT5_SIGNALING to be the most enriched in LIHC.

Conclusions. Our data demonstrate the oncogenic effects of GIT1 on various cancers. We believe that GIT1 
can serve as a biomarker for LIHC.

Key words: pan-cancer analysis, GIT1, oncogene, liver hepatocellular carcinoma
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Background

Liver cancers are associated with elevated mortality rates 
across the world,1–3 and while significant advancements 
have been made in surgical techniques, chemotherapy 
and other treatment approaches, the 5-year survival rate 
remains far from satisfactory.4–6 Moreover, liver cancer 
is the most common type of cancer in China. Specifically, 
cancer recurrence at the intermediate or advanced stage 
occurs in approx. half of the patients. Considering the in-
crease in the incidence and mortality rates of liver cancer, 
it is crucial to identify new prognostic biomarkers.

G-protein-coupled receptor kinase-interacting protein-1 
(GIT1) has been shown to repress the β2-adrenergic re-
ceptor pathway and stimulate receptor phosphorylation. 
Many proteins interact with GIT1 via its various domains. 
Notably, GIT1 is essential for focal cell migration, adhe-
sion and the development of lamellipodia. The principal 
roles of GIT1 include focal adhesion remodeling,7 recep-
tor internalization and transmission of cellular signals.8 
The GIT1 is widely expressed in the brain, liver, lungs, 
nerves, and blood vessels.9,10 The expression of GIT1 is up-
regulated in breast cancer, while its downregulation has 
been found to regulate the cell progression of breast can-
cer.11 The GIT1 can stimulate tumor development by ac-
tivating extracellular signal-regulated kinase signaling 
in hepatocellular carcinoma.12,13 Moreover, GIT1 partici-
pates in epithelial–mesenchymal transition and promotes 
the invasion of oral squamous cell carcinoma.14 Interest-
ingly, this protein is involved in a number of varied cel-
lular processes, including enhancing neurite and spine 
maturation,15 mediating vascular intima and pulmonary 
vasculature development,16 as well as cell migration and 
adhesion.17 While the overexpression of GIT1 has been 
shown to regulate chondrocyte proliferation and apoptosis 
via integrin-β1, it also increases autophagy via disrup-
tion of the Beclin-1 and Bcl-2 interaction in osteoclast. 
Mechanistically, GIT1 achieves these outcomes by altering 
ERK1/2, AKT, NF-κB, and Notch expression, and acceler-
ating lung cancer cell migration and metastasis via Rac1/
Cdc42 signal, which further validates its participation 
in cancer occurrence and development.18–21 A previous 
study found that the suppression of GIT1 inhibits breast 
cancer cell invasion and metastasis via the upregulation 
of miR-149.22 Recently, a report demonstrated that GIT1 
is reduced in ER(−) breast cancer when compared to ER(+) 
cancer, and that higher GIT1 expression implied a better 
prognosis in ER(−) breast cancer patients.11 Thus, GIT1 
appears to  have distinct functions in  the  growth and 
migration of breast cancer cells. However, its roles and 
mechanisms in pan-cancer demand further investigations.

Herein, we investigated various cancers for GIT1 expres-
sion and patient survival data. To elucidate the mechanisms 
of GIT1 and the associated proteins, we performed Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway 

analysis and Gene Set Enrichment Analysis (GSEA). Fur-
thermore, we evaluated the association between GIT1 lev-
els and immune infiltration. Finally, single-cell sequencing 
results were assessed to examine the GIT1 expression in 
cells in related tumors.

Objectives

This study aimed to measure the expression of GIT1 
in various cancers and the association between GIT1 levels 
and immune infiltration.

Materials and methods

Pattern of GIT1 expression based 
on the pan‑cancer study

The GIT1 level patterns in cancer and corresponding 
samples were obtained using ONCOMINE (http://www.
oncomine.org/resource/login.html) and TIMER2.0 (http://
timer.comp-genomics.org/). For ONCOMINE, the pa-
rameters were set as p = 0.001, fold change: 2.0 and gene 
ranking: top 10%. The GIT1 level patterns in different can-
cer stages were acquired using the “Stage plots” module 
of GEPIA2 (http://gepia2.cancer-pku.cn/#index).

Survival and prognosis

Both overall survival (OS) and disease-free survival (DFS) 
results were obtained through the GEPIA website.22 High 
and low GIT1 expression groups were established based 
on the median level of GIT1. The association between GIT1 
levels and pan-cancer survival outcome was detected using 
the log-rank test. Furthermore, Cox regression examining 
GIT1 levels and the clinical variables was used to detect 
the effects of GIT1 on the prognostic value of liver hepato-
cellular carcinoma (LIHC) patients. Calibration curves and 
the concordance index (C-index) were evaluated by com-
paring predicted probabilities with the observed events.

GIT1‑associated functional enrichment

Proteins interacting with GIT1 were analyzed using 
the STRING tool (http://string.embl.de/)23 under the set-
ting of no more than 100 interactors and low confidence 
(0.150) to obtain the potent GIT1-binding proteins. Fur-
thermore, the top 100 genes demonstrating an expression 
profile similar to that of GIT1 in various cancers were ana-
lyzed with the GEPIA2 tool. Then, Gene Ontology (GO) 
and KEGG pathway enrichment analyses were performed 
using proteins interacting with GIT1, together with the top 
100 genes, using the DAVID software. A p-value of <0.01 
was considered statistically significant.

http://www.oncomine.org/resource/login.html
http://www.oncomine.org/resource/login.html
http://timer.comp-genomics.org/
http://timer.comp-genomics.org/
http://gepia2.cancer-pku.cn/#index
http://string.embl.de/
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Immune infiltration

The relationship between GIT1 expression, immune 
infiltration and cancer-associated fibroblasts (CAFs) 
was analyzed with TIMER24 using Spearman’s correla-
tion based on the ranked values. The p-values and partial 
correlation values were measured employing the purity-
adjusted Spearman’s rank correlation test, and data were 
visualized with heat maps and scatter plots. Furthermore, 
the relationship between GIT1 levels and various tumor 
immune subtypes was investigated through the TISDB 
tool (http://cis.hku.hk/TISIDB/index), and the distribution 
of the 6 immune subtypes was determined. The TISDB 
is an online tool for cross-linking studies of tumors and 
immunity, which contains data from PubMed, The Cancer 
Genome Atlas (TCGA) and other public databases.25,26

Single-cell sequencing results

The distinct functional states of various cancer cells 
at single-cell level,27 and the association of GIT1 levels 
and pan-cancer functional status were obtained through 
the “correlation plot” module of CancerSEA (http://biocc.
hrbmu.edu.cn/CancerSEA).28 The threshold for the asso-
ciation between GIT1 and cancer functional states was set 
as a correlation strength >0.3 and a p-value <0.05.

GSEA

The GSEA is a method to demonstrate that the expres-
sion of a given gene set is overrepresented. The GSEA was 
employed to evaluate distinct functions among the high- 
and low-risk score subgroups, using the hallmark gene set 
h.all.v7.0.symbols.gmt. Gene sets with |normalized enrich-
ment score (NES)| > 1, nominal (NOM) p < 0.01 and false 
discovery rate (FDR) q < 0.25 were considered significant.

Statistical analyses

To assess the different levels of GIT1 in normal and pan-
cancer samples, we used Wilcoxon rank-sum test. Cancer pa-
tient survival was detected with the Kaplan–Meier curve, and 
Spearman’s rank correlation coefficient was used to measure 
the correlation between the 2 groups. The statistical analysis 
was performed using R software v. 3.6.3  (R Foundation for 
Statistical Computing, Vienna, Austria) and the ‘edgeR’ pack-
age. A value of p < 0.05 was considered statistically significant.

Results

Abnormal expression of GIT1  
in different cancers

The GIT1 expression patterns were evaluated in pan-
cancer through TIMER2.0, which includes data about gene 

expression patterns in normal and pan-cancer samples. 
We found that GIT1 expression levels were significantly 
upregulated in various cancers, including LIHC and lung 
adenocarcinoma (LUAD), among others (Fig. 1A).

Next, we used GEPIA2 to investigate the correlation 
between GIT1 levels and clinical stage. An association 
between GIT1 levels and clinical stage for glioblastoma 
multiforme, head and neck squamous cell carcinoma, kid-
ney chromophobe (KICH), LIHC, lung squamous cell car-
cinoma, and others was found (Fig. 1B). Collectively, these 
data indicate that GIT1 expression is upregulated in pan-
cancer and that GIT1 can be a promotor of pan-cancers.

Based on the above data, it became evident that GIT1 
is involved in both pan-cancer and LIHC development and 
can thus serve as a potential biomarker.

Relationship between GIT1 levels  
and patient prognosis

To study the correlation between GIT1 levels and patient 
prognosis, we used GEPIA2 to conduct a survival investi-
gation. The obtained data showed that the overexpression 
of GIT1 was indicative of poor OS in patients with LIHC 
(p = 0.002), skin cutaneous melanoma (SKCM) (p = 0.026) 
and uterine corpus endometrial carcinoma (UCEC) 
(p = 0.006). Conversely, better OS was found in patients 
with kidney renal clear cell carcinoma (KIRC) (p = 0.011) 
and glioma (p < 0.001) (Fig. 2A). Furthermore, the overex-
pression of GIT1 was associated with poor DFS in patients 
with LIHC and UCEC, and improved DFS in those with 
KIRC, SKCM and glioma (Fig. 2B). These data indicate 
that there is a close association of GIT1 overexpression 
with poor survival outcomes in some types of cancers, 
including LIHC.

Protein–protein interaction  
and enrichment pathway analyses

Unfortunately, the mechanism underlying GIT1-medi-
ated oncogenesis remains unknown. To examine the pro-
tein–protein interaction (PPI) network and enrichment 
signal of GIT1, proteins that bind GIT1 were obtained 
from the STRING database, and the database was veri-
fied using the experimental setup. Eleven proteins were 
found to interact with GIT1, namely ADRBK1, ARHGEF6, 
ARHGEF7, CAMK4, ERC2, LPXN, PAK1, PAK2, PPFIA1, 
PTK2, and PXN (Fig. 3A).

Then, the top 100 proteins that closely interacted with 
GIT1 were found using GEPIA2, with PXN found to be 
common to both methods. Furthermore, GO and KEGG 
pathway enrichment analyses indicated that the above 
genes were involved in several cellular processes, includ-
ing regulation of GTPase activity, microtubule polymer-
ization/depolymerization, protein kinase activator activ-
ity, and Ras GTPase binding, among others (Fig. 3B,C). 
In addition, KEGG data revealed that GIT1 participated 

http://biocc.hrbmu.edu.cn/CancerSEA
http://biocc.hrbmu.edu.cn/CancerSEA
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Fig. 1. Abnormal G-protein-coupled receptor kinase-interacting protein-1 (GIT1) expression patterns in various cancers. A. GIT1 levels in various cancers 
were presented as box plots using The Cancer Genome Atlas (TCGA) database via TIMER using R v. 3.6.3 software (Wilcoxon rank-sum test). Data in the box 
plot are shown as the median. The box and whisker plots were used to gain an in-depth understanding of the GIT1 level patterns in pan-cancer; B. Analysis 
of GIT1 levels in different clinical stages of various cancers using GEPIA2, according to TCGA data

Fig. 2. Prognostic value of G-protein-coupled receptor kinase-interacting protein-1 (GIT1) expression in different tumors based on The Cancer Genome 
Atlas (TCGA) database. Correlations of GIT1 expression and overall survival (OS) (A) and disease-free survival (DFS) (B) were analyzed using the Kaplan–Meier 
plotter via GEPIA. The median expression of GIT1 was used to separate the high and low GIT1 expression groups

high – high-GIT1 expression group; low – low-GIT1 expression group; KIRC – kidney renal clear cell carcinoma; LIHC – liver hepatocellular carcinoma; SKCM 
– skin cutaneous melanoma; UCEC – uterine corpus endometrial carcinoma.
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in  tumorigenesis of  renal cell carcinoma, regulation 
of the actin cytoskeleton, focal adhesion, and other sig-
naling pathways (Fig. 3B,C). Thus, these data found that 
GIT1 together with its closely interacting partner proteins 
correlated with focal adhesion and regulation of the ac-
tin cytoskeleton, which implied an increased complexity 
of the GIT1-mediated signal network.

Relationship between GIT1 levels  
and tumor microenvironment

To explain the effect of GIT1 expression on the immune 
microenvironment, TIMER was applied to study the asso-
ciation between GIT1 levels and tumor microenvironment 
(TME) characteristics in various cancers. We found that 
GIT1 levels were correlated with CAFs in adrenocorti-
cal carcinoma (ACC), cervical squamous cell carcinoma 
(CESC) and LIHC (Fig. 4A).

To further explore the relationship between GIT1 levels 
and CAFs, we examined biomarkers of CAF levels in differ-
ent cancers and found that GIT1 expression was associated 
with the C1–C6 immune subtypes (Fig. 4B). Interestingly, 
the GIT1 levels were also connected with those immune 
subtypes in LIHC.

GIT1 expression pattern at the single-cell 
level and its relationship with biological 
functions

We validated GIT1 expression at the single-cell level across 
pan-cancers and determined its association with biological 
functions. The GIT1 levels were found to be positively cor-
related with acute lymphocytic leukemia (ALL), LUAD and 
ovarian serous cystadenocarcinoma (OV) apoptosis. Spe-
cifically, GIT1 expression was correlated with the LUAD cell 
cycle and retinoblastoma DNA damage (Fig. 5A).

There was an association between GIT1 levels and pro-
liferation, epithelial–mesenchymal transition and metas-
tasis in ALL (Fig. 5B). Moreover, t-distributed stochastic 
neighbor embedding (t-SNE) diagrams revealed GIT1 ex-
pression patterns in single cells in ALL, colorectal cancer 
(CRC), LUAD, and glioma (Fig. 5C). Collectively, these 
data suggest that GIT1 participates in mediating cancer 
development.

Cox regression study

A nomogram was developed for internal validation, 
and a predictive model was prepared (Fig. 6A). We found 

Fig. 3. Protein–protein interaction (PPI) and enrichment signal pathway study of G-protein-coupled receptor kinase-interacting protein-1 (GIT1). 
A. The combining genes of GIT1 were measured using the STRING website by setting the parameter of “no more than 100 interactors” via the STRING tool; 
B,C. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis based on GIT1-combining proteins and cooperating genes

MF – molecular function; bp – biological process; CC – cell component; SWI/SNF – yeast mating-type switching/sucrose non-fermenting.
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that the C-index of the nomogram was 0.669 (95% confi-
dence interval (95% CI): 0.637–0.701), and the calibration 
curve displayed the nomogram’s desirable prediction 
for 1–5-year clinical consequences (Fig. 6B). Altogether, 
these data indicate that GIT1 may be a potent biomarker 
for LIHC.

GSEA

The GSEA revealed that the INFLAMMATORY_RE-
SPONSE pathway and IL2_STAT5_SIGNALING were 
the most enriched in LIHC (Fig. 6C,D). Taken together, 
obtained data revealed that GIT1 expression was associated 
with specific gene signatures of these key pathways in LIHC.

Fig. 4. The association between G-protein-coupled receptor kinase-interacting protein-1 (GIT1) expression and cancer-associated fibroblasts (CAFs). 
A. Different algorithms (EPIC, MCPCOUNTER, XCELL, and TIDE) were applied to confirm any potential correlation. The association between GIT1 levels 
and CAFs was obtained from TIMER. The p-values and the correlation values were acquired using the partial Spearman’s correlation test with the “purity 
adjustment” option; B. GIT1 expression in various cancer immune subtypes was obtained from TISDB

ACC – adrenocortical carcinoma; LIHC – liver hepatocellular carcinoma; CESC – cervical squamous cell carcinoma.
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Discussion

Previous studies have reported a  close relationship 
between aberrant gene expression and the development 
of pan-cancers. Investigations into pan-cancer provide 
deep insights into the  molecular mechanism underly-
ing different malignancies and are useful to identify new 
therapeutic markers for cancer treatment.29 Therefore, 
we investigated the expression and predictive significance 
of GIT1 in different tumors.

Firstly, we  found that GIT1 is  aberrantly expressed 
in different cancers, including LIHC. To further examine 
the prognostic value of GIT1, a Kaplan–Meier survival 
study was performed, which revealed an association be-
tween high GIT1 levels and the poor outcomes associ-
ated with pan-cancers, including LIHC. Thus, we found 
that the overexpression of GIT1 could be an independent 
indicator of poor prognosis in patients with LIHC and 
other cancers. Moreover, Cox regression analysis verified 
that GIT1 overexpression may be a risk factor for LIHC. 
Thus, our data suggested that GIT1 is a pro-oncogene 
in pan-cancers.

Recently, Chen et al. described a prognostic model for 
OS which included age and other factors for pan-cancer 
based on  GIT1 expression.30 In  accordance with that 
model, we developed a prognostic nomogram model in-
cluding clinical stage and GIT1 levels, which may increase 

Fig. 6. Formation and verification of a nomogram for liver hepatocellular 
carcinoma (LIHC) based on G-protein-coupled receptor kinase-interacting 
protein-1 (GIT1) levels and the Gene Set Enrichment Analysis (GSEA) 
data. A. Nomogram for calculating the possibility of 1–5-year overall 
survival (OS) in LIHC; B. Calibration plots confirming the effectiveness 
of nomograms for OS in LIHC patients. Calibration curve for the OS 
nomogram model; C,D. The GSEA results presented the relevant 
enrichment signal. Gene sets with |NES| > 1, NOM p < 0.01 and FDR 
q < 0.25 were regarded as significant

NES – normalized enrichment score; NOM – nominal; FDR – false 
discovery rate.

Fig. 5. Level of G-protein-coupled receptor kinase-interacting protein-1 (GIT1) in single-cell data and the association of GIT1 with cancer function. 
A. The association of GIT1 levels and pan-cancer function was shown using the CancerSEA database. Red plots indicated a positive association, whereas 
blue plots indicated a negative correlation; B. The association between GIT1 level and the different functions obtained from CancerSEA; C. T-distributed 
stochastic neighbor embedding (t-SNE) diagrams highlighted GIT1 levels in single cancer cells

EMT – epithelial–mesenchymal transition.
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the accuracy of classifying high-risk cases. This model 
further assessed the relationship between clinical features 
and GIT1 levels in cases of LIHC, and demonstrated that 
increased GIT1 levels were associated with the clinical 
stage. The results revealed that GIT1 could act as a potent 
biomarker for different cancers, especially LIHC.

Additionally, the  enrichment analyses revealed that 
GIT1 may impact cancer development through the regu-
lation of focal adhesions and the actin cytoskeleton, to-
gether with their associated pathways. Chen et al. have 
shown that these signals have a key role in the development 
of pan-cancers.31

The TME has been shown to promote crosstalk be-
tween cancer cells and other cell types. In  fact, CAFs 
have been reported to have a functional role in stimu-
lating tumorigenesis. Thus, the signature of pan-CAF 
is associated with poor survival in cancer. Interestingly, 
other studies have suggested that CAFs inhibit cancer 
development, which implies that they have an antitumor 
effect.32–34 Our results indicated an association between 
GIT1 levels and CAFs in different cancers, and therefore 
we believe that GIT1 mediates the development of pan-
cancers. However, the molecular mechanism regarding 
how GIT1 modulates CAFs warrants further investiga-
tion. The well-defined immune subtype in various can-
cers could improve the effectiveness of targeted immune 
treatment. We found that GIT1 is aberrantly expressed 
in various immune subtypes of pan-cancer, which poten-
tially makes it an important target in immune therapies 
aimed at various cancers.

Considering the complex nature of cancer cells, the uti-
lization of single-cell transcriptomic data is a valuable 
method of examining various types of cancers. To elu-
cidate the  effect of  GIT1 on  pan-cancer progression, 
the CancerSEA website was used. The GIT1 expression 
was found to be positively associated with ALL, LUAD 
and OV apoptosis, and specifically positively associated 
with the LUAD cell cycle. Furthermore, an association 
was found between GIT1 levels and cell proliferation, epi-
thelial–mesenchymal transition, and metastasis in ALL. 
However, the mechanism underlying GIT1 in pan-cancer 
warrants further investigation.

Finally, GSEA results indicated that GIT1 was associ-
ated with the inflammatory response pathway and IL2/
STAT5 signaling in LIHC. These signals have been shown 
to be actively involved in the development of pan-cancers, 
including LIHC.

Recently, advances in the prediction abilities of com-
putational biology began to  offer new understanding 
of biomarkers and non-coding RNAs connected to pan-
cancers, including ceRNA network prediction. A previ-
ous report presented data highlighting that GIT1 was 
involved in the ceRNA network, and, consequently, more 
research is  necessary to  investigate the  role of  GIT1 
in ceRNA interaction.

Limitations

Our findings were mostly obtained from online tools, 
and more results based on clinical cases are needed to fur-
ther authenticate our findings. Furthermore, in vitro and 
in vivo analyses should be performed to confirm the role 
of GIT in LIHC progression.

Conclusions

We comprehensively investigated the effects of GIT1 
on various cancers. Our findings revealed that GIT1 was 
overexpressed in different cancers, including LIHC, which 
was in turn associated with a poor prognosis. Furthermore, 
GIT1 was shown to  mediate pan-cancer development, 
namely LIHC progression, through the regulation of focal 
adhesion and the actin cytoskeleton, inflammatory response 
pathways, and IL2/STAT5 signaling. Further studies are 
needed to elucidate the molecular mechanisms underlying 
GIT1, which appears valuable for cancer-targeted therapy.

Availability of data and materials

The datasets generated and/or analyzed in this study 
are available in the TCGA database (https://portal.gdc.
cancer.gov/).
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Abstract
Background. There is no consensus regarding the standard treatment method for anorectal abscesses 
accompanied by anal fistulas and complex anal fistulas. Simultaneous surgical treatment of the underlying 
anal fistula with anorectal abscess drainage is controversial due to incontinence problems.

Objectives. We aimed to investigate the effectiveness of the loose seton method for the treatment of chronic 
anal fistulas and acute anorectal abscesses accompanied by anal fistula.

Materials and methods. In this retrospective study, 114 patients who were operated on in our clinic due 
to chronic anal fistulas and anorectal abscesses with an applied loose seton between 2020 and 2022 were 
included in the study. The patients were divided into 2 groups: those with chronic complex anal fistula and 
those with anorectal abscess accompanied by anal fistula. The groups were compared in terms of their conti-
nence status, rate of recurrence, recurrent abscess formation, postoperative pain scores, duration of operation, 
and demographic characteristics.

Results. Of the patients included in the study, 78 had a complex chronic anal fistula, and 36 had an anorectal 
abscess accompanied by an anal fistula. There were no differences between the demographic characteristics 
of the 2 groups. The mean seton dissociation time was 6.8 (3–19) months. Gas or stool leakage was not 
observed in patients during the mean follow-up period of 18 (6–30) months. There was no difference 
in postoperative continence levels between the 2 groups. No recurrent fistulas were observed in patients 
during the follow-up period. Recurrent abscesses were observed in 5 (13.9%) patients in the anorectal abscess 
group. Abscesses due to insufficient drainage were observed in 2 (2.6%) patients in the chronic fistula group. 
There was no significant difference in operation time between the 2 groups.

Conclusions. A loose seton can be a safe and effective method for the treatment of abscesses. It is a painless 
surgical method that produces good results in the treatment of all types of abscesses.

Key words: fecal incontinence, anorectal abscess, anal fistula, loose seton
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Background

Anal fistulas are tracts that usually develop due to cryp-
toglandular abscesses that extend from the anal canal 
or distal rectum to the skin.1 Patients with anal fistulas 
present with complaints of intermittent perianal discharge, 
contamination, pain, and swelling. These fistulas occur 
at a rate of 1.2–2.8/10,000.2 In addition to physical ex-
aminations, endoanal ultrasonography (USG) and pelvic 
magnetic resonance imaging (MRI) are used for diagnosis. 
Contrast-enhanced MRIs are accepted as the gold stan-
dard, as they allow for detailed visualization of the anal 
sphincter anatomy and fistula map.3 Based on the normal 
muscular anatomy of the pelvic floor, fistulas are classified 
as  intersphincteric, transsphincteric, suprasphincteric, 
or extrasphincteric.4

Loose setons are routinely used in surgical operations. 
The probability of regeneration after seton loss is high. 
Notably, the incidence of seton loss in patients is unknown. 
However, it has been reported that the rate of seton loss 
is high in patients with complex anal fistulas.5 In a pilot 
study, the clinical advantages of using loose setons to pre-
vent the recurrence of acute anorectal abscesses were dem-
onstrated.6 However, the treatment of patients with high 
anal fistulas remains challenging.

Short- and long-term benefits have been observed with 
the use of loose setons.7 It has been reported that loose se-
ton use is beneficial in patients with transsphincteric anal 
fistulas. The preservation of an anatomical loss of the ex-
ternal sphincter function is  important with this tech-
nique.8 In a study comparing the effectiveness of the tra-
ditional seton cutting method with the loose combined 
cutting method, it was reported that the loose combined 
cutting technique produced more successful and reliable 
results in the treatment of suprasphincteric anal fistulas.9 
The treatment of loosely located anal fistulas over a 3-year 
period has also been investigated retrospectively, and 
it was reported that this technique is the most appropriate, 
as it is both reliable and less costly.10 The impact of the use 
of chronic loose and non-cutting seton types on the quality 
of life in patients with fistulized perianal Crohn’s disease 
has also been investigated.11 It has been reported that pa-
tients with this condition respond well to a seton technique 
combined with infliximab therapy, and outcomes are good 
no matter if early or late application is used.12 Similarly, se-
ton drainage in combination with infliximab treatment was 
observed to be an effective method for the closure of a fis-
tula in 75% of patients with Crohn’s disease.13

In surgical practice, fistulas are categorized as simple 
or  complex based on  their relationship with the  anal 
sphincter complex. Fistulas where fistulotomy can safely 
be performed without the risk of incontinence are classi-
fied as simple fistulas, while others are classified as com-
plex.5 Complex anal fistulas include transsphincteric 
fistulas involving more than 30% of  the  external anal 
sphincter, suprasphincteric fistulas, extrasphincteric 

fistulas, horseshoe fistulas, fistulas with multiple tracts, 
and fistulas coexisting with an abscess.14 Notably, 15–40% 
of complex anal fistulas are associated with abscesses.15,16 
Anal abscesses occur when an infection in the anal glands 
in the intersphincteric space spreads to the surrounding 
spaces,1 and 40% of these turn into anal fistulas. Abscesses 
and fistulas should be considered acute and chronic stages 
of the same disease because of their pathophysiological, 
etiological and anatomical relationships.17 Therefore, treat-
ment strategies for these conditions should be evaluated 
similarly. In both diseases, the goal is to reduce the recur-
rence rate without affecting continence, while eliminating 
the painful condition and improving the quality of life.18

To date, many surgical methods have been described for 
both diseases. However, the reported success rates for most 
methods are controversial. Moreover, there is currently no 
standard treatment modality.19

Objectives

We aimed to investigate the surgical results of the loose 
seton method for the treatment of acute anorectal abscesses 
accompanied by anal fistulas and chronic anal fistulas.

Materials and methods

Patient follow-up

A total of 114 patients who were operated on in our clinic 
for complex chronic anal fistulas and anorectal abscesses 
with the loose seton application between 2020 and 2022 
were included in the study. Patient data were examined ret-
rospectively using patient files. Of the 114 patients, 78 had 
a complex chronic anal fistula, and 36 had an anorectal 
abscess accompanied by an anal fistula. With the excep-
tion of 12 patients who were operated on for anorectal 
abscesses under emergency conditions, all patients were 
evaluated using contrast-enhanced pelvic MRI, in addi-
tion to a physical examination in the preoperative period. 
Patients with abscesses who underwent only incision and 
drainage for an anorectal abscess or those whose internal 
fistula os could not be detected during the operation were 
excluded from the study. Of the patients with complex 
fistulas included in the study, 3 were suprasphincteric, 
2 were extrasphincteric, 2 were horseshoe fistulas, and 
the remaining were transsphincteric. Patients who under-
went fistulotomy due to intersphincteric and anocutane-
ous fistulas in chronic anal fistula cases and patients with 
a history of inflammatory bowel disease were not included 
in the study.

A signed consent form was obtained from all patients. 
Our study was approved by the Ethics Committee of Me-
morial Şişli Hospital (Istanbul, Turkey) (approval No. July 
5, 2022/004).
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Classification of fistulas

Fistulas are typically classified as described by Parks 
et al.,4 Standard Practice Task Force (2005), St. James’s 
University Hospital (2000), and Garg et al.20 These clas-
sifications are summarized in Table 1. In the current study, 
the  oldest and most widely used classification system 
(Parks et al.4) was utilized.

Surgical technique

With the  exception of  12  patients who were oper-
ated on for anal abscesses under emergency conditions, 
all patients were operated on under elective conditions. 
In the elective patients, a preoperative rectal enema was 
performed and bowel cleansing was achieved. Five patients 
were operated on under general anesthesia and the remain-
ing patients were operated on under spinal anesthesia. 
Patients were operated on in the jackknife or lithotomy 
position, depending upon the location of the fistula.

In patients with a chronic fistula, diluted methylene blue 
was administered via the fistula tracts. After the internal 
os was detected, the fistula tract was passed with the help 
of a stylet. The external fistula os was excised all around 
up to the external sphincter border and the material was 
sent to the pathology laboratory. The loose seton was at-
tached to the internal end of the stylet and passed through 
the tract. It was tied with silk sutures so that the sphincter 
was not compressed.

In patients with an anorectal abscess, an anoscope was 
inserted into the anal canal to check whether there was 
spontaneous abscess drainage from the internal os. With 
the help of electrocautery, an incision was made on the ab-
scess pouch and the purulent fluid and debris were drained. 
Subsequently, an attempt was made to find the internal 
os by applying diluted hydrogen peroxide to the abscess 
pouch. In patients whose internal os could not be detected, 
the procedure was terminated and no additional proce-
dures were performed. These patients were excluded from 

the study. In patients where the internal os could be found, 
it was passed with the help of a stylet. The same procedure 
was applied in fistula patients.

In addition to the vein strap used as a seton material, 
in several patients, a circular piece cut from the thickest 
part of a surgical glove sleeve was used. When adequate 
progression could not be observed, the vascular slings were 
replaced with the material prepared from surgical latex 
gloves. A seton was also applied in cases of  low trans-
sphincteric fistulas. Fistulotomy was not performed on any 
patient operated on for an anorectal abscess. Patients who 
underwent fistulotomy due to intersphincteric, subcutane-
ous-mucosal fistulas were excluded from the study. A seton 
was applied in all patients with an anorectal abscess who 
had an internal os to facilitate drainage of the abscess. 
Operation time was recorded for each patient.

Postoperative patient follow-up

In the postoperative period, the patients received monthly 
follow-ups subsequent to 1st- and 2nd-week follow-ups. Dur-
ing the monthly follow-ups, seton materials that had loosened 
and sagged excessively were tied with silk sutures and short-
ened to prevent compression of the sphincter. Weakened 
seton materials were replaced end-to-end with new materials.

In patients whose setons had progressed to the anocu-
taneous level during follow-up, the seton was removed 
by  fistulotomy under local anesthesia in an outpatient 
setting. In 8 patients, the seton spontaneously ruptured 
at  the anocutaneous level. No interventions were per-
formed on these patients. Patients were asked about their 
continence levels during follow-up. Postoperative conti-
nence levels were evaluated after the seton dissociation 
process was completed, using the Wexner incontinence 
score. This scoring system cross-tabulates frequencies 
and different anal incontinence presentations (solid/liq-
uid/gas/wears pad/need for lifestyle alterations) and sums 
the returned score for a total of 0–20 (where 0 = perfect 
continence and 20 = complete incontinence; Table 2).21

Table 1. Classification of fistulas

Classifications Parks St James’s University Hospital Garg Standard Practice Task Force

Grade I intersphincteric simple (linear) intersphincteric
LOW – linear intersphincteric 

or transsphincteric
simple (in which fistulotomy 

is possible without risk 
of incontinence), with 

fistulas involving less than 
1/3 of sphincter

Grade II transsphincteric
complex intersphincteric 

(intersphincteric with abscess, 
multiple tracts, or horseshoe tract)

LOW – intersphincteric or transsphincteric 
with abscess, multiple tracts or horseshoe 

tract

Grade III suprasphincteric simple (linear) transsphincteric

HIGH – linear transsphincteric – anterior 
fistula in female patients or fistula with 

associated comorbidities (Crohn’s disease, 
sphincter injury, post-radiation exposure)

complex (in which fistulotomy 
has high risk of incontinence); 

these include high fistula, 
supralevator fistula, fistula with 

horseshoe tracts, multiple tracts, 
anterior fistula in a female patient, 

fistula with associated abscess, 
existing continence disturbance, 
Crohn’s disease, and malignancy

Grade IV extrasphincteric
complex transsphincteric 

(transsphincteric with abscess 
or multiple tracts)

HIGH – transsphincteric fistula with 
multiple tracts, associated abscess 

or horseshoe tract

Grade V – extrasphincteric or supralevator
extrasphincteric, suprasphincteric 

or supralevator



C. Durgun, A. Tüzün. Surgical evaluation of loose seton use1152

The patients were assessed for recurrence during follow-
up. Postoperative pain was assessed using the visual ana-
logue scale (VAS) 24 h after the operation. On this scale, 
a score of 0 indicates no pain and a score of 10 indicates 
very severe pain. Scores <3 were interpreted as mild pain, 
3–6 were considered to  indicate mild–moderate pain, 
and >6 indicated severe pain (Fig. 1).

Statistical analyses

The SPSS v. 11.5 (SPSS Inc., Chicago, USA) was used for 
data analyses. Mean ± standard deviation (M ±SD) and 
median (minimum–maximum) are used as descriptors 
for quantitative variables, and the number of patients (per-
centage) is presented for qualitative variables. The differ-
ences in quantitative variables between the 2 categories 
were examined using the Mann–Whitney U test because 
the assumption of a normal distribution was not met. 
Fisher’s exact tests were used to examine the relationships 
between 2 qualitative variables. Results were considered 
statistically significant if the p-value was <0.05.

Results

There was no statistically significant difference in pa-
tient gender between the 2 groups (χ2 = 1.380, p = 0.334). 
Mean age and operation times were significantly higher 

in the anorectal abscess group (z = −2.471, p = 0.013 and 
z = −3.224, p = 0.001, respectively; Table 3).

Of the 114 patients included in the study, 78 had com-
plex chronic anal fistulas, and 36 had anorectal abscesses 
accompanied by anal fistulas. As a result of the MRIs per-
formed in the anorectal abscess group, perianal abscesses 
were detected in 14 (58%) patients (Fig. 2A,B), ischiorectal 
abscesses in 6 (25%) patients (Fig. 3A,B) and intersphinc-
teric abscesses in 4 (17%) patients (Fig. 4). Suprasphincteric 
fistulas were observed in 3 patients, extrasphincteric fistu-
las were found in 2 patients, horseshoe fistulas were present 
in 2 patients (Fig. 5A,B), and transsphincteric fistulas were 
observed in the remaining patients with complex fistulas. 
Thirteen patients had 2 external fistula ora and 4 patients 
had 3 external fistula ora. Eight patients in the fistula group 
had an abscess pouch associated with the fistula tract. 
These findings are consistent with the literature.

The mean time to seton removal was 6.8 (3–19) months. 
In patients whose setons progressed to the anocutane-
ous level during the follow-up period, the seton was re-
moved by performing a fistulotomy under local anesthesia 
at the outpatient clinic. In 8 patients, the seton sponta-
neously ruptured and fell to the anocutaneous level. No 
interventions were performed on these patients.

In the early postoperative period, liquid stool and gas 
leakage from the seton area were observed in 3 patients. 
In these patients, continence improved in the 3rd month 
of follow-up after the fistula tract matured. Neither gas nor 

Table 2. Wexner continence score

Type of incontinence Never Rarely Sometimes Usually Always

Solid 0 1 2 3 4

Liquid 0 1 2 3 4

Gas 0 1 2 3 4

Wears pad 0 1 2 3 4

Lifestyle alteration 0 1 2 3 4

Rarely <1/month; sometimes <1/week; usually <1/day; always 1/day; 0 = perfect continence; 20 = complete incontinence.

Fig. 1. The universal 
pain assessment 
tool (the pain 
assessment tool 
is intended to help 
patient care 
providers assess 
pain according 
to individual patient 
needs; a scale from 
0 to 10 is used for 
patients’ self-
assessment)
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stool leakage was observed in any patient in the chronic fis-
tula or anorectal abscess groups on the course of long-term 
follow-up after seton removal. There were no statistically 
significant differences in postoperative continence levels 
between the groups.

In our study, the median follow-up period was 24 (1–
41) months. No fistula recurrence was observed in either 
the chronic fistula group or  the abscess group during 
the follow-up period. Recurrent abscesses were observed 
in  5 (13.9%) patients in  the  anorectal abscess group. 
In addition, abscesses were observed in 2 (2.6%) patients 
in the chronic fistula group. These results were statistically 
significant (χ2 = 1.380, p = 0.031). Setons were renewed 
by applying drainage in these patients.

The anorectal abscess group had statistically signifi-
cantly higher pain scores 24 h after the surgery (z = −8.235, 
p < 0.001). These findings are summarized in Table 3.

There was no significant difference in pre- and post-
operative Wexner continence scores between the anorectal 
abscess and chronic anal fistula groups (0.03 ±0.17 and 
0.03 ±0.16, respectively, p = 0.947). In the preoperative 
evaluation, a Wexner continence score above 0 was rarely 
seen, with only 1 (2.8%) patient with a gas leak in the ano-
rectal abscess group and only 2 (2.6%) patients with gas 
leaks in the chronic anal fistula group. Postoperative evalu-
ation results were the same as the preoperative evaluation 
results (Table 3).

Fig. 3. A. Ischiorectal abscesses (axial section); B. Ischiorectal abscesses 
(sagittal section)

Fig. 2. A. Perianal abscess (axial section); B. Perianal abscess (sagittal 
section)
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Discussion

The most important factor for reducing recurrence is re-
vealing the internal os. In the case of an anorectal abscess, 
it may be difficult to locate the internal os due to edema 
and debris in the tissues. It has been reported that the in-
ternal fistula os can be found in 83% of anorectal abscess 

Table 3. Comparisons of the patient characteristics and clinical parameters of both groups

Variables Anorectal abscess group 
(n = 36)

Chronic anal fistula group 
(n = 78) p-value Test statistic

Gender, n (%)
male 34 (94.4) 68 (87.2)

0.334a χ2 = 1.380
df = 1female 2 (5.6) 10 (12.8)

Age [years]
M ±SD 45.92 ±13.25 39.87 ±10.55

0.013b* Z = −2.471median
(min–max)

43.00
(17.00–84.00)

39.00
(17.00–73.00)

Mean operation time 
[min]

M ±SD 19.44 ±2.97 17.44 ±2.47
0.001b* Z = −3.224median

(min–max)
20.00

(16.00–25.00)
17.50

(13.00–21.00)

Visual analogue scale 
M ±SD 5.25 ±1.46 2.14 ±0.78

<0.001b Z = −8.235median
(min–max)

6.00
(3.00–7.00)

2.00
(1.00–3.00)

Recurrent abscesses, 
n (%)

yes 5 (13.9) 2 (2.6) 0.031b*
χ2 = 1.380

df = 1

Preop Wexner
M ±SD 0.03 ±0.17 0.03 ±0.16

0.947b Z = −0.066median
(min–max)

0.00
(0.00–1.00)

0.00
(0.00–1.00)

Postop Wexner
M ±SD 0.03 ±0.17 0.03 ±0.16

0.947b Z = −0.066median
(min–max)

0.00
(0.00–1.00)

0.00
(0.00–1.00)

*statistically significant if the p-value <0.05. M ±SD – mean ± standard deviation; df – degrees of freedom; a Fisher’s exact test; b Mann–Whitney U test; 
Preop Wexner – preoperative Wexner´s incontinence score; Postop Wexner – postoperative Wexner´s incontinence score.

Fig. 5. A. Horseshoe fistula (axial section); B. Horseshoe fistula (sagittal 
section)

Fig. 4. Intersphincteric abscesses (axial section)
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cases.22 In our sample, the internal os was found in 45% 
of patients with anal abscesses. Patients in whom the in-
ternal os had not been found were excluded from the cur-
rent study. Simultaneous fistula treatment carries a risk 
of incontinence at different rates depending on the surgical 
method chosen. The coexistence of anal fistulas is seen 
in approx. 1/3 of anorectal abscess cases.23

Garg et al. reported that an inaccurate identification 
of or an inability to find the internal opening is the most 
important cause of  fistula recurrence.24 An  inability 
to determine the exact position of the internal os com-
plicates the management of fistulas. A protocol to local-
ize the internal os in patients where it cannot be clearly 
found was recently described by Garg et al.24 According 
to this protocol, attempts are made to localize the inter-
nal os with preoperative clinical examination (maximum 
hardening point), MRI evaluation, intraoperative exami-
nation under anesthesia, and injection of povidone-iodine 
solution through the external opening. If the internal os 
of the fistula cannot be clearly found, a 3-step protocol 
is followed. First, MR images are re-evaluated by the sur-
gical team. Second, it is assumed that the internal opening 
is at the location where the fistula is closest to the inter-
nal sphincter. Third, if there is a horseshoe fistula and 
the internal opening cannot be clearly found, the internal 
opening is assumed to be on the midline. If the horseshoe 
fistula is located posteriorly, the internal opening is as-
sumed to be on the posterior midline, while in anterior 
horseshoe fistulas, it  is assumed to be on the anterior 
midline, and it  is recommended to manage fistulas ac-
cordingly.25 Thus, the Garg protocol effectively helps 
to find the internal os of fistulas.

In patients receiving only incision and drainage of the ab-
scess, the procedure can result in insufficient drainage 
in high abscesses, resulting in a recurrence rate of 44% 
and the formation of anal fistulas.26 Along with drainage 
of the anorectal abscess, simultaneous surgery for the fis-
tula is useful in preventing recurrent abscess formation 
and subsequent fistula surgery. Meta-analyses have shown 
that anal fistula surgery during abscess drainage reduces 
the presence of persistent abscesses and fistulas, recur-
rence, and repetitive surgery.27 In our study, abscess recur-
rence was observed in 5 (13.38%) patients in the anorectal 
abscess group and 2 (2.56%) patients in the chronic fistula 
group. It seems that the recurrence was due to the insuf-
ficient drainage of deep abscesses. Setons were renewed 
by applying drainage to these patients. A low recurrence 
rate suggests that a seton is effective in reducing the rate 
of recurrent abscesses.

The 2017 German S3 guidelines recommend primary 
fistulotomy for superficial fistulas involving a small por-
tion of the anal sphincter. The same guidelines recom-
mend postponing definitive surgery to a later date in pa-
tients with high fistulas or fistulas where it is not clear how 
much of the sphincter is involved.28 In contrast, in a meta-
analysis that included 479 patients who had only abscess 

drainage or fistula surgery with abscess drainage, there 
was no statistically significant difference in incontinence 
in patients who underwent fistula surgery performed si-
multaneously with abscess drainage.29 However, results 
vary according to  the chosen surgical method. Recent 
studies have shown that even in fistulas with a high acute 
anorectal abscess, definitive fistula surgery can be carried 
out with excellent results by performing sphincter-sparing 
procedures.30

Many methods have been developed to  prevent in-
continence in patients with complex fistulas. In a study 
by Garg et al., in a series of 1250 patients, 4 different surgi-
cal techniques were applied and a 98.6% recovery rate was 
reported for simple fistulas that underwent fistulotomy 
without affecting continence. The healing rate was re-
ported to be 90.6% in fistulas accompanied by abscess 
and 94.5% in  fistulas without abscess, and the differ-
ence was not statistically significant (p = 0.057).31 In this 
study, the  same sphincter-sparing surgery (transanal 
opening of the intersphincteric space (TROPIS)) was ap-
plied to high fistulas with accompanying anorectal ab-
scesses and chronic complex fistulas without abscesses. 
In  the  TROPIS procedure, the  intersphincteric space 
is opened from the anal canal. The  internal sphincter 
and mucosa are incised and the internal os of the fistula 
is deroofed. Thus, in this procedure, infected crypt glands 
and the internal opening of the fistula are destroyed and 
left open for secondary healing. Moreover, the external 
sphincter is preserved, minimizing the risk of  inconti-
nence. Healing rates in the acute anorectal abscess and 
chronic fistula groups were 87% (100 of 115) and 88% 
(168 of 191), respectively; thus, there was no difference 
in healing rate between the groups. However, the author 
emphasized that long-term results and a  larger patient 
series are needed.32

In our surgical method, we used a loose seton in patients 
with a complex fistula or an anorectal abscess accompa-
nied by a complex fistula. It is thought that setons facilitate 
the drainage of the associated abscess and create a local 
inflammatory reaction to provide resolution of the fistula 
pathway.32 Setons used in the treatment of complex anal 
fistulas are divided into cutting and loose setons. Cutting 
setons create compression necrosis as periodic tightening 
is applied. Due to the painful tightening process, cutting 
setons have disadvantages, such as patient incompatibility 
and continence problems.33,34

In the literature, solid stool incontinence, liquid stool 
incontinence and gas incontinence were reported in 2.3%, 
8.5% and 36% of patients, respectively, who underwent cut-
ting seton due to complex fistulas.35 Due to the disadvan-
tages mentioned above, loose setons are often used instead 
of cutting setons. Loose setons also provide more effective 
drainage, facilitating drainage of the associated abscess 
and promoting resolution of the fistula tract by creating 
a local inflammatory reaction without causing compres-
sion necrosis.36 Many materials are used as loose seton 
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material. Vascular slings, Penrose drains, rubber bands, 
or latex gloves are most commonly used.37 In our study, 
we used a seton prepared by cutting a thick strip from 
the arm of a latex surgical glove. The prepared seton was 
formed by passing the material through the fistula area 
in a single layer, ensuring that the seton was not tight, 
and tying it with silk sutures. Using a similar material, 
Mentes et al. reported a 100% recovery rate after 3 months. 
In their study, incontinence worsening of 20% was re-
ported in patients treated with an elastic seton compared 
to the initial scores, but this difference was not statistically 
significant.37

Seton application in  a  similar fashion has been re-
ported in the literature but gas and stool incontinence 
was not monitored in any patient.38 Similarly, in the study 
by Vrzgula et al., a loose seton was used in 14 out of 99 pa-
tients who were operated on for anal abscesses. In this 
study, no relapses were observed, and no solid or liquid 
stool leakage was reported in any patient.39

During the follow-up period, we did not observe gas 
or stool leakage in any of  the patients in either group. 
The absence of clinical solid and liquid stool incontinence 
in any of the patients during the follow-up period in our 
series indicates that elastic seton application significantly 
contributes to the preservation of continence. However, 
a recurrent abscess was observed in 5 (13.9%) patients 
in the anorectal abscess group during the follow-up period. 
In addition, an abscess was observed in 2 (2.6%) patients 
in the chronic fistula group due to insufficient drainage. 
Drainage was applied to these patients and their setons 
were renewed.

We  evaluated the  patients’ pre- and postoperative 
continence levels with the Wexner incontinence score. 
Gas or  stool leakage was not observed in  any patient 
in the chronic fistula or anorectal abscess groups dur-
ing the follow-up period. There was no difference in pre- 
or postoperative continence scores between the groups. 
Our findings provide evidence that the  seton method 
is a safe treatment option that can be used in both com-
plex anal fistulas and perianal abscesses, providing a high 
recovery rate without affecting continence.

Limitations

The current study has a number of  limitations. First, 
the number of cases included in the study is relatively lim-
ited. In addition, this is a single-center study. The Wexner 
continence scale was used to  evaluate incontinence. 
The definitive method for assessing the anal sphincter 
complex is to take preoperative and postoperative anal 
manometry measurements. However, preoperative anal 
manometry measurement is not possible in patients with 
acute anal abscess due to pain. Therefore, manometry was 
not used in our study. Despite these limitations, the results 
obtained in our study show that the loose seton method 
is safe.

Conclusions

It is emerging that acute anorectal abscessed fistulas, 
including high complex fistulas, can be definitely treated 
by performing sphincter-sparing procedures at the initial 
surgery. We believe that using a loose seton is a safe and 
effective method for abscess treatment because, during 
patient follow-up, we observed a painless and continuous 
process with good results in the treatment of all types 
of abscesses.
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Abstract
Background. Patients with cardiovascular disease (CVD) have an increased need for medical care and a high 
risk of hospitalization. It is necessary to improve the integration between healthcare, long-term care and 
social care for these individuals, as poor integration limits the full potential of care. 

Objectives. This study aims to identify effective indicators of CVD management, including variables that 
promote the horizontal and vertical integration of planned interventions.

Materials and methods. Patients with chronic CVD managed by a general practitioner (GP) or a primary 
care cardiologist will be enrolled in the study. The study will use the World Health Organization Quality of Life 
Questionnaire (WHOQOL)-BREF, the Health Behavior Inventory (HBI) questionnaire, the Camberwell Assess-
ment of Need (CAN) Short Appraisal Schedule, the Hospital Anxiety and Depression Scale-Modified Version 
(HADS-M), a Self-Description Questionnaire, and the authors’ self-prepared questionnaire to collect data.

Results. The main results will allow for the identification of the variables that influence the effectiveness 
of healthcare (understood as the synergy of high quality of life, intensification of health behaviors and high 
satisfaction of needs) for patients with CVD. In addition, an examination of the relationships between qual-
ity of life and health behaviors, assessment of needs (health and social), level of religiosity and spirituality, 
expectations, and variables affecting anxiety and depressive symptoms will allow for the  identification 
of indicators that favor the integration of care both horizontally and vertically.

Conclusions. The results of this study will support the development of systems aimed at identifying CVD 
patients at risk for lower effectiveness of care in integrated care. In addition, the results may help to develop 
clinical information and decision support systems aimed at designing personalized care models for patients 
with CVD. They may also help to develop coordinated care plans and patient education programs, and obtain 
data useful for implementing system changes.

Key words: patients, cardiovascular disease, primary healthcare, integrated care
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Introduction

Research has identified poor coordination between 
healthcare, long-term care and social care, and has shown 
that such a weak integration limits the full capacity of pa-
tient care.1 With a paradigm change in service delivery, 
healthcare systems will be more consistent and poten-
tially even more financially efficient and cost-effective. 
As  a  result, the  integration of  various health services 
is increasingly seen to provide more coordinated care and 
stem the rapid cost inflation that the treatment sector 
is causing.2,3

It has been pointed out that healthcare systems should 
be more people-centered and able to provide integrated, 
high-quality care.4,5 Interventions to ensure coordination 
and continuity of care when people move from one place 
to another or from one level of care to another in the same 
location are advisable for particular patient groups, such 
as the elderly.3,6

The growing emphasis on population health and chronic 
disease management requires the intervention of many 
providers within a continuum of care.5 Horizontal and ver-
tical integration is the answer to this challenge. Horizontal 
integration relates to tactics that combine similar levels 
of care and address the provision of varied complementary 
health services to meet the diverse health needs of patients. 
Vertical integration, on the other hand, refers to strategies 
that combine different levels of care (from primary care 
clinics to general tertiary hospitals).5,3 The call for inte-
grated care has already been taken up in many countries, 
resulting in several experimental programs and innova-
tions in health policy.3,5,7–11

Undoubtedly, patients with cardiovascular disease 
(CVD) have a high risk of hospitalization and an elevated 
need for medical care.12 As a result, they often require mul-
tiple contacts with different healthcare providers, increas-
ing the likelihood of receiving poor and fragmented care.4 
Given the expected incidence of CVD and demographic 
changes, a more effective and targeted model of care for 
patients with chronic CVD needs to be developed.2,12–15 
In addition, the Polish healthcare system is characterized 
by fragmented healthcare administration (which signifi-
cantly complicates coordination at the systemic level) and 
relatively low healthcare spending.16 These features make 
it necessary to study the requirements, practices and chal-
lenges of integrating care for people with CVD in the coun-
try. Improving the integration of CVD care will effectively 
impact patient functioning, and reduce maintenance costs 
and needless hospitalizations.12

It should be noted that, in recent years, there has been 
a return to the promotion of holistic care, defined as a car-
ing approach that is more concerned about the patient and 
takes into account all of their needs, goals and values.12–15 
In addition, available research emphasizes that integration 
of care should focus on a comprehensive approach to care 
and multidisciplinary collaboration.3,17 There is  also 

evidence that the social dimension needs to be integrated 
into health service delivery to meet the population health 
needs. Community support and interpersonal ties are key 
to health and wellbeing.3

Cardiovascular disease is known to negatively affect 
mental and physical health, social components of life ac-
tivities, and emotional state. All of the above consequences 
associated with CVD can be measured and detected by as-
sessing patients’ quality of life indicators.15,18 Significantly, 
assessing the quality of life affects the efficiency of medi-
cal treatment and makes therapeutic options more ac-
cessible and acceptable to patients. Quality of life is also 
perceived as an indicator of the effectiveness of current 
political and social support systems.15,18–21 A correlation 
between the quality of life in patients with CVD and point 
of healthcare has been demonstrated.15

Another critical topic is the health-promoting behaviors 
of CVD patients. Lifestyle, including health-promoting 
behaviors, is an important determinant of health.22 Un-
healthy behaviors lead to, for example,  an increased in-
cidence of heart failure, poorer survival rates, an aging 
population, and an obesity epidemic.23,24 Health behaviors 
are considered a key element in the prevention of CVD. 
Notably, lower levels of health-promoting behaviors have 
been shown to  increase the  risk of  anxiety disorders 
in patients with CVD.14 Health-promoting behaviors also 
delay patient disability and thus the need for social sup-
port.25,26 Data analyses have shown that older people with 
healthier lifestyles can expect to spend about 1.7 years less 
with disability at the end of their lives compared to their 
peers with unhealthy lifestyles.27 The possibility of delay-
ing death by fostering health-promoting behaviors has 
also been demonstrated.27–29 Health behavior assessment 
of patients with CVD is a significant indicator of health 
care effectiveness.14 The cost-effectiveness of encourag-
ing health-promoting behaviors has also been confirmed. 
For example, behavioral change has been shown to reduce 
both direct and indirect medical costs.30,31 It has also been 
noted that health-promoting behaviors should be fostered, 
particularly at the primary care level. Identifying risk fac-
tors for CVD and education about these factors should be 
a regular part of primary care visits.12,32,33

However, the issue of health still needs to be addressed 
in primary health care (PHC) analyses of the CVD delivery 
system. Health needs are seen as the product of a specific 
clinical condition, resulting in health behaviors, quality 
of life and the evaluation of health services. The PHC de-
sign is premised on identifying patients’ individual bio-
psychosocial needs. This also facilitates the determina-
tion of further clinical management and patient care.34 
It  is  considered that identifying a  need is  equivalent 
to specifying a problem and allows for appropriate inter-
vention.34,35 It has also been stressed that the identification 
of needs, especially unmet needs, is essential, as they are 
related to health conditions and, thus, to quality of life and 
medical costs. The identification of needs is an explanatory 
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variable that has a greater impact on quality of life than 
clinical or sociodemographic factors and, in addition, is in-
directly related to the level of quality of care. It has also 
been found that, when comparing patients’ and health 
professionals’ assessments of needs, patients’ estimates 
are more accurate, and the extent of unmet needs remains 
related to patients’ level of functioning.35

Spiritual beliefs and religious practices affect cop-
ing mechanisms for various chronic diseases, including 
CVD.36–39 For many CVD patients, religious practices and 
beliefs are highly personal and noteworthy features of their 
disease, and provide critical management strategies.40 Car-
diovascular disease impairs mobility and limits social ac-
tivities and work, thus becoming a cause of isolation for 
patients. The condition can lead to chronic anxiety and 
a depressed mood, resulting in the development or exac-
erbation of anxiety-depression syndrome. As mental state 
significantly affects prognosis and treatment, the necessity 
for better detection tactics is becoming more recognized. 
Mental disorders should be treated accordingly and de-
tected earlier.14 In addition, a PHC efficacy study indicates 
that future research should also consider the relationships 
between spirituality and religiosity, quality of  life, and 
anxiety and depression in patients with CVD.12

In sum, the basis of person-centered care is a holistic 
understanding of an individual’s health and wellbeing, 
the ability and capacity to care for themselves, and their 
needs, preferences and environment.41 It has also been 
noted that self-care should be tailored to a person’s base-
line condition.12 In addition, the patient’s motivation and 
knowledge are essential for effective self-management.42 
Therefore, when it comes to the need for care integration, 
it is essential that healthcare providers have a holistic un-
derstanding of the frail patient in order to individually 
assess self-care options and provide support and encour-
agement as needed.6,12 In addition, some studies suggest 
that the disappointing results observed in many existing 
integration models are often due to an inadequate assess-
ment of patients’ needs and preferences,6 and an underes-
timation of community-based care.6

Regarding the integrated care of CVD patients, there 
is still little research on this topic.12–15 There are some 
studies, but they focus on clinically homogeneous popula-
tions.40,43,44 The central role of PHC is evident in almost all 
integration models studied so far.3 Given the role that PHC 
plays in improving the healthcare system, it is essential 
to identify indicators that can be used to assess the process 
maturity of integrated CVD care.

Objectives

In light of these considerations, this study aims to iden-
tify effective indicators of healthcare delivery in patients 
with CVD, including variables that promote the horizontal 
and vertical integration of planned interventions.

Materials and methods

Study design and setting

This observational and cross-sectional project will be 
conducted with the approval of the University of Opole 
Research Ethics Committee and will be carried out in ac-
cordance with the requirements of the 1975 Declaration 
of Helsinki (as amended in 2000). The project will be per-
formed among Polish patients with CVD in Opole (Poland)
who are receiving outpatient care. The PHC physicians 
and cardiologists will follow these patients to determine 
specific indicators of integrated care.

Participants

An invitation to participate will be sent to the chief ex-
ecutive officer (CEO) of the company which comprises 
the 4 municipal primary care clinics. Patients will be se-
lected by general practitioners (GPs)/cardiologists in ac-
cordance with the inclusion criteria. Chronic CVD will 
be defined on the basis of primary medical history (di-
agnosis by the GP). Patients with CVD under the care 
of a GP (group A) and, to identify variables specific to am-
bulatory care, patients with CVD under the supervision 
of a cardiologist (group B) will be invited to participate. 
They will be encouraged to take part in the study by their 
GP/cardiologist during scheduled PHC visits. The doctor 
will interview the patient to outline the aim and methods 
of the study and to obtain preliminary verbal consent. Pa-
tients will receive a set of questionnaires and an informed 
consent form to participate in the study. The inclusion 
criteria are being over 18 years of age, a diagnosis of CVD 
(International Classification of Diseases 10th Revision 
(ICD-10) codes) at least 1 year before the start of the study, 
and receiving care from a GP/cardiologist at a primary 
care center. The criteria for exclusion are cognitive dis-
orders and other severe mental illnesses and/or other dif-
ficulties that prevent active participation. Participation 
in the study will be voluntary and anonymous. Before 
taking part in the study, each patient will be informed 
of the purpose, methods and the possibility of withdrawal 
at any stage of the study. As mentioned above, the purpose 
and procedures will be explained at the selection stage, 
and only those who voluntarily consent will be accepted. 
Candidates will complete the questionnaire in person 
(paper-and-pencil method) at the PHC.

Variables and data collection

WHOQOL-BREF

Numerous studies have shown that the  assessment 
of the quality of life is as important as physical, laboratory 
or clinical findings in the CVD patient population.15 Al-
though current treatment strategies for patients with CVD 
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aim to reduce morbidity and prolong survival, integrated 
treatment should also focus on improving the patient’s 
quality of  life by reducing symptoms, optimizing daily 
living and improving overall wellbeing.15

With this in mind, the current study will assess vari-
ables related to the quality of  life in people with CVD 
using a short version of the World Health Organization 
Quality of Life Questionnaire (WHOQOL).45 Aspects 
of quality of life assessed through this questionnaire in-
clude physical status (mobility and independence), emo-
tional status (depressive symptoms, anxiety, anger, mood 
swings, feelings of shame, helplessness, and future expec-
tations), social relationships (social, sexual and family 
activities, marital satisfaction), economic status (income 
and employment), intellectual abilities (memory, ability 
to concentrate, ability to  learn), and a self-assessment 
of health status (self-assessment of the severity of symp-
toms and degree of disability).46,47 This questionnaire 
assesses the quality of life of people with CVD in 4 main 
domains: physical health, psychological health, social 
relationships, and environment. The test also includes 
scored questions on individual perception of quality of life 
(question 1) and health status (question 2). Responses 
are recorded on a 5-point Likert scale. The reliability 
of the Polish version of WHOQOL-BREF was checked 
using the Cronbach’s α coefficient, which was 0.81 for 
physicality, 0.78 for psychology, 0.69 for social relation-
ships, and 0.77 for the environment. The internal consis-
tency for the whole questionnaire was 0.90.46,47

Health Behavior Inventory questionnaire

Another critical issue is the health-promoting behav-
iors of CVD patients, which are considered an essential 
component of CVD prevention.14 Assessing the degree 
of health-promoting behaviors allows for the identification 
of CVD patients who may need stimulation of these be-
haviors. With this in mind, we will assess the overall level 
of health-promoting behaviors and 4 categories of these 
behaviors in people with CVD, including proper eating 
habits, preventive measures and appropriate health atti-
tude practices. The measurement of proper eating habits 
will involve an assessment of the types of foods consumed 
(e.g., whole grain breads, vegetables and fruits). Statements 
describing preventative behaviors will refer to following 
health recommendations and obtaining information about 
health and disease. Assessed healthy habits will include 
physical activity, and daily sleep and rest habits. The posi-
tive mental attitude category will assess the extent of avoid-
ance of excessive emotions, tension and stress, depressing 
situations, and positive perceptions.48

The Juczyński Health Behavior Inventory (HBI) ques-
tionnaire will be used to assess the level of health-seeking 
behaviors in CVD patients. This questionnaire consists 
of 24 statements that consider the categories outlined 
above. Respondents rate each statement on a scale from 

1  to 5, where 1  represents almost never, 2  represents 
rarely, 3 represents sometimes, 4 represents often, and 
5 represents most often/almost always. The scores are 
then added to calculate the overall intensity of health 
activities, ranging from 24  to 120 points. The higher 
the score, the higher the intensity of health-promoting 
behaviors. In addition, the intensity of each category is as-
sessed separately.48

Camberwell Assessment of Need Short Appraisal 
Schedule

The poor performance of many existing integration 
models may be due to a lack of or inadequate assessment 
of patient needs and preferences.6 Therefore, the modi-
fied Camberwell Assessment of Need (CAN), which fo-
cuses on 22 problem areas (Table 1) and can be used with 
chronically ill patients, will be utilized for this study.35 
A comprehensive identification of needs allows integrated 
care to identify the problem and take appropriate action 
to eliminate or reduce the need, including in the social 
dimension.15

For the  current study, the  Camberwell Needs Index 
will be calculated. This calculation involves determin-
ing the number (N) of satisfied (1) and unmet (0) needs 
of the patient based on 24 questions. In turn, the number 
(M) of satisfied needs (1) is determined within the number 
(N) of needs indicated by the respondent. The M/N for-
mula is used to calculate the Camberwell Index. The above 
method also allows for a calculation of the Camberwell 
Index for unmet needs according to the formula: 1 − M/N. 
The consistency of the modified version of the CAN ques-
tionnaire was 0.82 (Cronbach’s α).35

Table 1.  CAN problem areas40

CAN problem areas

1.  Housing conditions
2.  Ability to prepare meals and do the shopping themselves
3.  Ability to take care of the home
4.  Self-care – ability to maintain hygiene
5.  Daily activities
6.  Physical health
7.  Mental health
8.  Health information and treatment
9.  Psychological stress

10.  Drinking alcohol and related problems (health, work, family)
11.  Drug use
12.  Taking medication not recommended by a doctor
13.  Social contacts
14.  Need for intimate relationships
15.  Satisfaction with intimate relationships
16.  Satisfaction with sex life
17.  Need for children
18.  Satisfaction with relationships with children
19.  Ability to communicate by telephone
20.  Ability to use public transport
21.  Ability to manage own money
22.  Receiving all money due (benefits)

CAN – Camberwell Assessment of Need.
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Hospital Anxiety  
and Depression Scale-Modified Version

Studies have shown that the prevalence of anxiety disor-
ders and depression in patients with CVD is twice as high 
as in the general population and leads to a worse medical 
prognosis for these patients. Moreover, anxiety and de-
pression symptoms reduce the motivation to change one’s 
lifestyle and seek social interaction, and can cause patients 
to even psychologically disengage from central problems. 
Therefore, anxiety and depressive disorders should be rec-
ognized as early as possible and treated accordingly. Pa-
tients with anxiety and depression without social support 
whose symptoms do not progress may have an unfavorable 
attitude toward the disease and a sense of helplessness.14

Given this, in the context of examining integrated care 
in the outpatient setting, it is crucial to carefully determine 
the epidemiology of anxiety and depressive disorders and 
their risk factors in patients with CVD. A modified version 
of the Hospital Anxiety and Depression Scale (HADS) ques-
tionnaire, the HADS-M, will be used to assess anxiety and 
depression. This instrument uses 7 items to measure anxi-
ety, 7 items to evaluate the level of depression and 2 items 
to measure nervousness and aggression. The questionnaire 
is helpful in assessing anxiety, depression and aggression 
in both inpatients and outpatients. It contains 16 test ques-
tions scored from 0 to 3. The test score is the sum of all 
scores in each category. The maximum score for anxiety 
and depression is 21 and for aggression it is 6. The subscales 
for anxiety and depression are interpreted as follows: scores 
of 0–7 correspond to normal behavior, 8–10 are borderline 
and indicate mild anxiety, and 11–21 are pathological and 
indicate an anxiety syndrome/disorder. Validation studies 
of the original and modified versions of the HADS scale 
demonstrate its reliability and accuracy.49,50

Self-Description Questionnaire

Studies have shown that higher levels of religiosity and 
spirituality may be associated with a better quality of life 
in CVD patients.36 Moreover, further research in this area 
is suggested.12 With this in mind, we decided to investigate 
this aspect and use it in the context of integrated care. The in-
strument used to examine the level of spirituality in CVD 
patients is the Self-Description Questionnaire by Heszen-
Niejodek, Gruszczyńska and Metlak. It consists of 20 state-
ments that the respondent is asked to rate on a 5-point scale. 
The instrument contains 3 subscales with a Cronbach’s 
α between 0.90 and 0.81: religiosity – 7 statements, ethi-
cal sensitivity – 7 statements, and harmony – 6 statements. 
The reliability of the questionnaire, differentiated by gender, 
age and education was 0.88 for the total index, 0.94 for reli-
gious attitudes, 0.77 for ethical sensitivity, and 0.80 for har-
mony. The results are obtained by summing the scale choices 
within each factor and, finally, the total index of spirituality 
is obtained from the sum of the sub-factors.51

Authors’ self-prepared questionnaire

A self-prepared interview questionnaire will also be used 
to collect data on relevant sociodemographic characteris-
tics (gender, age, marital status, educational level, financial 
circumstances, place of residence) and the number and 
type of healthcare services provided (number of hospi-
talizations in the last 3 years, number of visits to GP and 
cardiology clinic in the last 12 months, among others).

Statistical analyses

For quantitative variables, the arithmetic mean, standard 
deviation, 1st quartile (Q.25%), median (Q.50%), 3rd quartile 
(Q.75%), minimum, and maximum will be calculated. For 
nominal variables, the frequency (i.e., percentage) will be 
determined. The normality of the distribution of the vari-
ables will be checked using the Shapiro–Wilk test. For 
numerical variables with a normal distribution, the Stu-
dent’s t-test and Pearson’s correlation will be used. For nu-
merical variables that deviate from a normal distribution, 
the Wilcoxon test and Spearman’s rank correlation will 
be used. Relationships between categorical variables will 
be analyzed using the χ2 test or Fisher’s exact test (when 
the subclass size is small). An α value of p ≤ 0.05 will be 
considered statistically significant.

Analysis of the obtained results

The main results obtained in this study will relate to in-
dicators of healthcare effectiveness, namely the quality 
of  life, health behaviors, and health and social needs. 
To identify variables specific to health behaviors, ambu-
latory care, quality of life, and needs assessment will be 
compared between CVD patients under the supervision 
of a GP (group A) and those under the care of a cardiolo-
gist (group B).

Several additional analyses will be included to flesh out 
indicators favoring integration of care (both horizontally 
and vertically), including whether there is an association 
between CVD patients’ health-related quality of life and 
their health behaviors, needs, levels of religiosity and spiri-
tuality, expectations, and whether there are variables af-
fecting anxiety and depressive symptoms in this patient 
group. Groups A and B will be compared with each other 
in regard to the number of GP visits and cardiology out-
patient clinic visits over the past year. Additional tests will 
include any relevant variables, such as, for example, comor-
bidities and length of hospitalization for CVD in the previ-
ous 12 months.

Based on data on higher levels of healthcare effective-
ness (understood as a synergy of high quality of life, in-
tensification of health behaviors and high levels of needs 
met), we will select a group of patients from those who 
we believe will most likely experience poorer healthcare 
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effectiveness. The analysis of  the  results will allow us 
to isolate the variables that determine the greatest extent 
of the improvement of healthcare efficiency in people with 
CVD, including variables that favor the horizontal and 
vertical integration of the planned interventions. The re-
sults obtained in this study will also be compared with 
those obtained in earlier studies on healthcare effective-
ness in CVD patients.12–15

Advantages and limitations 
of the study

The strength of this study is that it will undoubtedly be 
the first to identify indicators of healthcare effectiveness 
favoring the horizontal and vertical integration of planned 
interventions in  Polish CVD patients. Furthermore, 
the obtained results can be used in the future, allowing 
for the monitoring of changes regarding the efficiency 
of care within integrated care (nationally and internation-
ally). The study will also have the advantage of being con-
ducted in different groups (patients under the supervision 
of a GP and patients under the care of a cardiologist), in-
creasing the study’s reliability and objectivity. A limitation 
of the study is that the sample size is relatively small and 
the number of centers from which patients will be drawn 
is too few. In the future, it  is recommended to conduct 
a similar study with a greater number of patients at a larger 
number of centers and to compare the results obtained 
in Poland with those obtained at foreign research centers.

Clinical implications

The fragmentation of healthcare services poses a sig-
nificant challenge to implementing comprehensive, co-
ordinated and continuous care.3 This is especially impor-
tant for the growing population of people with CVD, who 
typically have complex medical and non-medical needs. 
The results of our study may help overcome the barriers 
created by the roles and characteristics of primary and 
specialty healthcare, so that all providers can collaborate 
to provide seamless services for CVD patients. In addition, 
it has been suggested that taking a holistic approach is es-
sential for integrated care.3,6,17 The results of the present 
study can provide valuable information about the holistic 
health picture of patients with CVD. In addition, care teams 
and coordinators can use the findings to develop systems 
aimed at identifying groups at risk for lower effectiveness 
of care in integrated care system (both vertically and hori-
zontally), because there is evidence that intensive follow-up, 
the involvement of informal caregivers and shared decision-
making increase the success of transitional care in particu-
lar patient populations, such as the elderly.52 The results 
of our study may also be useful in developing transitional 
care systems for patients with CVD. In addition, our results 

can be used to create online databases containing all docu-
mented patient information to support professional com-
munication and the care process.

The results of the present study can be a valuable source 
of data that can be used to focus on the full spectrum 
of healthcare services for people with CVD, including pre-
vention, treatment, promotion, and rehabilitation. In addi-
tion, they may be helpful in developing coordinated care 
plans, creating patient education programs and developing 
strategies to help implement systemic changes in order 
to recognize individuals and support families who care 
for patients with CVD.

Because integrated care services should be monitored, 
regularly evaluated and improved,6 the results of our study 
may help create clinical information and decision sup-
port systems for designing personalized care models for 
patients with CVD. Moreover, the obtained results can 
provide information for the development of tools to as-
sess the quality of care in CVD patients by analyzing their 
psychological, somatic, environmental, and social needs 
and expectations.
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Abstract
Acute severe asthma describes serious asthmatic attacks, which remain a major treatment challenge and 
a significant source of morbidity in adults. It places the patient in danger of developing respiratory failure, 
a condition known as status asthmaticus. It is often fatal if not recognized and treated early. Many patients 
are at risk for numerous reasons; thus, the key issues are early detection, assessment and management. 
A multidisciplinary and collaborative approach is needed to effectively treat acute respiratory failure (ARF). 
Considerable research has investigated the range of opportunities available for treating asthma. Current 
treatment options include conventional agents, such as inhalational corticosteroids, β-agonists, leukot-
riene modulators, monoclonal antibodies, and oral corticosteroids (OCS). Nurses are in a perfect position 
to assess patients’ risk of developing respiratory failure, monitor them, evaluate their care, and coordinate 
a multidisciplinary approach. In this review, we discuss acute asthma and the role of the nursing officer (NO) 
in the management of the illness. The review will also emphasize various current treatment approaches 
available for the NO that can effectively target and prevent respiratory failure. This review provides nurses 
and other healthcare workers with updated information on timely, effective and safe supportive manage-
ment of patients with asthma.

Key words: assessment, drugs, nursing officer, status asthmaticus, therapeutic management
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Introduction

Asthma is a common and serious inflammatory illness 
of  the airways characterized by  fluctuating expiratory 
flow, respiratory symptoms and exacerbations (flare-ups) 
that can lead to hospitalization and even death.1 In con-
trast to  other respiratory conditions, airway obstruc-
tion in  asthma is  usually reversible.2 An  exacerbation 
is a change in the patient’s prior state, which involves di-
minished respiratory function and a gradual rise in other 
related symptoms associated with an asthma episode. 
Asthma has significant morbidity, mortality and financial 
impact. It  is generally a chronic condition; understand-
ing the typical development and recurrence of symptoms 
in the past is critical.3 The history of current illness and 
complications show a recurrent pattern of wheezing, chest 
tightness, dyspnea, and cough. Symptoms of asthma are 
mostly aggravated during nighttime, after the awaken-
ing or due to  the exposure to various asthma triggers 
(Fig. 1). Asthma is a complicated genetic condition ac-
cording to both family-based and twin research. A vari-
ety of genetic and environmental variables influence how 
the condition manifests clinically, including the pheno-
types of bronchial hyperresponsiveness, atopy and elevated 
immunoglobin E (IgE). Most experts agree that gene–
environment interactions play a role in the development 
of asthma. Several well-known risk factors for developing 
asthma include pollution, obesity, microbial exposure, 
occupation, nutritional factors, genetic predisposition, 
and stress.4,5

Airway inflammation is the primary issue in asthma. 
Multiple inf lammatory cells, mediators and tissues 
in the airways interact intricately to trigger asthma (Fig. 2). 
Most cases of asthma that become clinically noticeable are 
treated either outside hospitals or in emergency depart-
ments (EDs). Asthma exacerbations can also be severe 
enough to  require hospital admission. Approximately 
25,000–50,000 of  the  2 million adult asthma patients 
treated in EDs require intensive care unit (ICU) treatment; 
however, the majority do not require intubation or me-
chanical ventilation.6

Objectives

This study aimed to provide a report on the clinical ap-
proaches and therapeutic management of nursing inter-
ventions in alleviating acute asthma. This review also gath-
ered information regarding various pharmacotherapeutic 
agents that have been used to control asthma episodes. 
Moreover, the article focuses on the role of nursing officers 
(NOs) in the management of asthma.

Methodology

Data for this review were collected from different elec-
tronic scientific databases, including PubMed, Scopus, Sci-
ence Direct, and Google Scholar. Various recent research 
and review papers were studied in order to gain insight into 
the therapeutic management of asthma and the role of NOs 
regarding various aspects of acute asthma management, 
such as intensive care providers and educators in self-man-
agement, as well as inhaler use during an asthmatic episode. 
After rigorous and thorough study, we identified signifi-
cant information regarding various triggers, assessments, 
therapeutic agents, and role of NOs in the management 
of asthma. The gathered data were divided into several 
sections in accordance with the paper’s objective. To find 
relevant articles, various keywords, including “nursing of-
ficer”, “acute asthma”, “status asthmaticus”, “respiratory 
failure”, “drugs”, and “asthma management” were used. Of 
all 94 studies, 25 focused on the introduction, assessment, 
diagnosis, and benefits of NOs as educators. Forty-five 
studies presented a brief introduction to the management 
of asthma, 7 studies highlighted the role of NOs in the ICU 
and in asthma self-management, and 17 studies investi-
gated the role of NOs in inhaler education. The method-
ology adopted for conducting the structured literature 
review is presented in Fig. 3.

Fig. 1. Common triggers of asthma

Fig. 2. Various inflammatory mediators, tissues and cell interactions 
in the airways
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Assessment

The Global Initiative for Asthma (GINA) has established 
various guidelines for assessing, preventing and managing 
asthma attacks.7 According to these recommendations, 
a patient with well-controlled asthma should not have any 
activity restrictions, no nocturnal or early-morning symp-
toms, and only sometimes require relief medication (less 
than twice per week). Inquiries on symptom frequency and 
intensity, exacerbation episodes, oral corticosteroid usage, 
and emergency room visits should be straightforward and 
precise. The Asthma Control Test (ACT) (QualityMetric/
GlaxoSmithKline) and Asthma Control Questionnaire 
(www.qoltech.co.uk/acq.html) are validated questionnaires 
that are readily available and easy for patients to complete. 
They offer a useful framework that is objective and can 
be utilized to gauge therapy response over time.8 Asthma 
control refers to the extent to which asthma symptoms 
in a patient are observed, have decreased or been eradi-
cated as a result of treatment.8 Before starting treatment, 
nurses must assess whether the patient’s asthma is con-
trolled (Fig. 4).

Diagnosis of asthma

In order to accurately diagnose asthma in teenagers and 
determine the severity of their condition, it is necessary 
to combine rigorous history-taking, clinical examination, 

objective measurements of airway obstruction, airway hy-
perresponsiveness, and atopy. Basic diagnostic assessments 
include clinical history and examination, lung function 
tests (spirometry), exhaled nitric oxide tests (to assess air-
way inflammation), assessments of airway hyperrespon-
siveness, sputum eosinophil levels, blood eosinophil levels, 
and chest X-rays.9

Spirometry may be the most accessible test that can 
be performed to confirm an asthma diagnosis. Asthma 

Fig. 4. Assessment of asthma
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is consistent with an obstructive picture, a forced expira-
tory volume in 1 s/forced vital capacity (FEV1/FVC) ratio 
of less than 70%, and related reversibility after bronchodi-
lator treatment. This test is included as a “must perform” 
objective test in  the National Institute for Health and 
Care Excellence (NICE) recommendations, which were 
released in the UK for all patients over the age of 5 years 
with a probable diagnosis of asthma (https://www.nice.org.
uk/guidance/ng80). All individuals aged ≥17 years should 
undergo a bronchodilator reversibility test if an obstruc-
tive spirometry result is present; an improvement of ≥12% 
in FEV1 and an elevation of ≥200 mL is considered positive 
of reversible airflow obstruction. However, one of the main 
problems with using spirometry to diagnose asthma is that 
it must always be used and interpreted correctly.10 If this 
is not accomplished, there is a significant risk of both 
underdiagnosis and overdiagnosis.11 Lack of consistency 
in terms of the definitions for the lower limit of “normal” 
can cause the interpretation of spirometry findings to vary 
even among specialized lung function laboratories.12 
The fact that the values may be normal when measured 
in the clinic during stable illness has an impact on how spi-
rometry results are interpreted in the context of an asthma 
diagnosis. Adults who are examined in primary care often 
have minimal illness and well-preserved lung function.13

The exhaled nitric oxide test is another diagnostic test 
for asthma. This test is used to assess airway inflamma-
tion in asthma patients. Exhaled air can be used to track 
elevations in nitric oxide caused by inflammatory cyto-
kines in the central and peripheral airways. This test for 
an increased percentage of exhaled nitric oxide (FeNO) 
reflects relatively good steroid responsiveness and pos-
sibly eosinophilic-mediated inflammatory pathways 
in asthma.14 The FeNO testing is considered a supplement 
to measurements of lung function as an indirect marker 
of airway inflammation, since the core pathophysiology 
underlying asthma includes eosinophilic airway inflam-
mation as well as reversible airflow restriction. However, 
other variables, such as atopy, smoking and current steroid 
therapy, affect FeNO assessment. As a result, although 
considered helpful in assisting with an asthma diagnosis, 
it is clear that its clinical value and accuracy are highest for 
individuals who have never used steroids and who do not 
smoke. It is important to keep in mind that even though 
a high level is supportive of an asthma diagnosis, a level 
below 40 ppb does not eliminate the possibility of asthma 
because of the unpredictability of FeNO.15

Currently, measuring airway eosinophils is not neces-
sary to diagnose mild to moderate asthma. Patients who 
are believed to have severe illness are more likely to ben-
efit from induced sputum inflammation.16 The time and 
skill needed for the induction, processing and analysis 
of the sample make the use of sputum eosinophil levels 
to diagnose asthma difficult to put into practice. This 
is why it is preferable to utilize less intrusive biomarkers 
that might indicate airway eosinophilia.17 Since a blood 

test is easier and can be conducted frequently in all clinical 
settings, it is more appealing to use peripheral eosinophils 
to diagnose asthma in both adults and children compared 
to airway eosinophils.18

For the usual evaluation or diagnosis of asthma, chest 
X-rays are not advised. An X-ray of the chest is often un-
remarkable or may only show hyperinflation, and is only 
advised when other illnesses beyond asthma, such as car-
diovascular disorders in older persons, are suspected.19

The benefits of nursing officers 
as educators

Being on  the  front lines of  patient care, NOs have 
a unique opportunity to examine patients at risk and pro-
vide them with additional care and knowledge.20 Nursing 
officers have been recognized as important care provid-
ers and educators in the supervision of chronic illnesses, 
including asthma.21 The management of chronic illnesses 
is in the hands of nurses, who are frequently primary care-
givers. In the majority of care programs for patients with 
asthma, both expert and nonspecialist NOs play a criti-
cal role in the delivery of care at the primary, secondary 
and tertiary levels. In certain contexts, prescribing nurses 
also make treatment choices and adjustments.21 Accord-
ing to a cross-sectional study, more than half of the pa-
tients favored nurse practitioners over general practitio-
ners for the educational aspects of their treatment and 
were happy with the NO for the supportive components 
of care for themselves and their families.22 On the other 
hand, the patients preferred that their physician handle 
the medical aspects of their care. According to a qualita-
tive interview study, specialist nurses’ input aided practice 
nurses in identifying, monitoring and auditing the care 
of high-risk asthma patients.23 Pediatric NOs have been 
found to be good care supervisors and educators in the in-
patient setting. These results highlight the positive skill 
set provided when NOs and physicians collaborate for 
the benefit of their patients, demonstrating that this strat-
egy may better address the desires of patients than the care 
provided by a physician alone. Consistent asthma manage-
ment necessitates strong cooperation between the patient 
and the NO.24 The NO can forge an active partnership 
with patients by fostering open communication, identi-
fying and addressing patient and family concerns about 
asthma and asthma treatment, creating treatment objec-
tives, choosing medications in conjunction with the patient, 
the patient’s family and the patient’s doctor, and promoting 
self-monitoring and treatment. It has been proven that self-
management education in particular improves the status 
and quality of life of asthma patients.25 A hospital-based 
investigation revealed that asthma-related discussions, spe-
cifically with an expert NO, increased patient self-manage-
ment activities, which resulted in fewer symptoms, better 
lung function and fewer missed workdays.24

https://www.nice.org.uk/guidance/ng80
https://www.nice.org.uk/guidance/ng80
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Therapeutic management

The major goals in treating asthma patients are to al-
leviate symptoms, prevent exacerbations and allow them 
to continue their daily activities.26 Nurses play a critical 
role in managing the course of asthma, and they should 
broaden their knowledge and abilities in order to provide 
appropriate treatment advice. Nurses’ responsibilities in-
clude diagnosing asthma, managing acute exacerbations, 
supervising self-management programs, discontinuing 
therapy, adjusting medication dosage, and educating 
patients on inhaler technique.27 The GINA established 
a number of guidelines for the diagnosis, prevention and 
treatment of asthma. Asthma control refers to how well 
a patient’s asthma symptoms are controlled and whether 
they are visible or have been reduced or eliminated as a re-
sult of treatment.

The principal aim of asthma management is to control 
the disease (Fig. 5). By initiating treatment at the level most 
likely to produce peak flow, the stepwise strategy seeks 
to eliminate symptoms as quickly as possible. Patients 
should begin the treatment at the step that corresponds 
to  the  severity of  their asthma. The goal is  to achieve 
early control and maintain it by increasing medications 
as needed and decreasing treatment when control is sat-
isfactory.28 The most common classes of medications used 
to treat asthma are discussed below.

β2-adrenergic receptor agonists

Bronchodilators, especially short-acting beta agonists 
(SABAs), such as salbutamol (albuterol), terbutaline, leval-
buterol, and pirbuterol, are the first-line medications and 
the cornerstone of acute asthma medications. The SABAs 
should be given repeatedly or continuously to people with 
acute severe asthma. The β2-adrenoreceptors (β2-ARs), 

which are predominantly found on smooth airway muscle 
cells but also on certain airway cells, including inflamma-
tory cells, are activated by these substances. Their most 
distinguishing feature is that they begin to work quickly 
while still being easily tolerated, even at  large doses. 
The β2-AR agonists have been known for decades, but there 
is still much that can be done to improve their selectiv-
ity, so that they can have the desired impact with fewer 
side effects. All current asthma recommendations sup-
port SABAs as first-line therapy for acute severe asthma. 
Patients are encouraged to optimize their use as required 
in the early stages of increasing therapy during an exacer-
bation. Additionally, in the primary care environment and 
in the emergency room, it is recommended that SABAs be 
repeatedly provided by inhalation. In studies comparing 
the efficacy of nebulizers compared to metered-dose in-
halers (MDIs), nebulized administration was shown to be 
ineffective. In a recent study, nebulized delivery had no 
effect on hospital admission, ED length of stay or pulmo-
nary function.29 The GINA 2021 states that a pressurized 
MDI (pMDI) with a spacer is the preferred mode of ad-
ministration, with solid evidence (evidence A).30 When 
discussing severe and nearly deadly cases of asthma, this 
evidence becomes less compelling. Several trials and meta-
analyses have been unsuccessful in providing significant 
research in favor of continuous use of nebulized SABAs for 
acute asthma, despite the fact that it was initially a highly 
promising approach. There was no change in respiratory 
function evaluated in the first hours of administration 
or the risk of hospital admissions, according to a system-
atic review and meta-analysis.31 A Cochrane systematic 
review on the subject, which included a few more studies, 
found a remarkable variation equally in respiratory func-
tion and hospital admissions in favor of  long-term use 
of SABAs, as well as demonstrated a high level of toler-
ance among patients who had no adverse effects with this 

Fig. 5. The aims 
of asthma control
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technique of administration.32 Salbutamol (i.e., albuterol) 
is the most often prescribed SABA, with an onset of action 
of less than 10 min and a duration of approx. 6 h. Leval-
buterol is a relatively new addition to the list of SABAs, 
having the advantage of a lower dose that has a similar 
effect to salbutamol. There is currently no confirmation 
of its potential in treating acute severe asthma as an inter-
mittent regimen; however, there is evidence of its useful-
ness as a continuous nebulization method.33,34 Another 
alternative for treatment, particularly for those who did 
not benefit from considerable bronchodilation, has been 
continuous intravenous infusions of β2-agonists. The use 
of intravenous β2-agonists35,36 or the technique of continu-
ous subcutaneous infusions of terbutaline is not supported 
by any data.37 Epinephrine has been considered in subcu-
taneous, nebulized, intravenous, and intramuscular forms, 
but its usage is now limited to acute asthma, according 
to current guidelines.

Anticholinergics

Anticholinergic drugs block acetylcholine from bind-
ing to the muscarinic cholinergic receptor. As a result, 
they suppress parasympathetic nerve impulses and cause 
airway smooth muscle relaxation, which is advantageous 
in acute asthma. Furthermore, they prolong the broncho-
dilator action of  β2-agonist-mediated bronchodilation 
through intracellular mechanisms.38 Ipratropium bromide 
is the most commonly used anticholinergic drug because 
of its specificity for airway smooth muscle receptors, which 
minimizes systemic side effects. According to current rec-
ommendations, patients with moderate to severe acute 
and critical asthma, as well as those who did not respond 
well to SABA therapy, should use anticholinergics.39 How-
ever, they are not suggested as the sole treatment for acute 
asthma. Adding inhaled ipratropium bromide to SABA 
treatment has been proven to  improve hospitalization 
rates and lung function while reducing relapse rates.40,41 
The benefit of combination treatment is stronger for people 
with acute asthma who are at greater risk of hospitaliza-
tion. A rise in the number of mild adverse effects, such 
as tremor and mouth dryness, has been observed.

Corticosteroids

Inhaled corticosteroids (ICS) have been shown to de-
crease the rates of hospitalization and mortality in asthma 
patients.42 Beclomethasone, prednisone, fluticasone, mo-
metasone, and formoterol are some of the commonly used 
ICS. Current recommendations suggest that large dosages 
of ICS administered during the first hour of a patient’s 
presentation to the ED lower the probability of hospital 
admissions for patients who are not receiving systemic 
corticosteroid therapy.30 Recent research concerning 
the rate of hospitalization or changes in  lung function 
without the use of systemic corticosteroids appears to be 

contradictory.43 Owing to their potent anti-inflamma-
tory effects, systemic corticosteroids play a vital function 
in the treatment of acute asthma, mainly in patients who 
are experiencing exacerbations while taking oral cortico-
steroids (OCS) or those having a history of exacerbations 
requiring OCS. They are also indicated for people who 
have not had a long-term response to SABA therapy. They 
appear to control the activity and migration of eosinophils 
and other inflammatory cells, as well as increase the num-
ber and sensitivity of β-ARs, in addition to their role in pre-
venting asthma-related inflammation. On the other hand, 
their lack of bronchodilatory effects precludes their usage 
as monotherapy for acute asthma.44 Despite the unambigu-
ous recommendations of current guidelines, a recent mul-
ticenter study found that a significant number of patients 
who are admitted to hospitals do not receive systemic 
corticosteroids.45 In terms of the route of administration, 
intravenous injection does not appear to be more effec-
tive than oral medication.46 In reducing the risk of recur-
rence, intramuscular regimens are equally effective as oral 
ones.47 Because it is faster and less expensive, the oral route 
is more accepted and favored. Intravenous administration 
must be explored for individuals who are not able to swal-
low because of dyspnea, or who cannot absorb medication 
adequately due to gastrointestinal problems, such as vom-
iting, according to guidelines.30

Magnesium sulfate

Magnesium sulfate (MS) has been found to be a key co-
factor in enzymatic activities, and alterations in its con-
tent can cause smooth muscles to  respond differently. 
Hypomagnesemia can produce smooth muscle contrac-
tion, whereas hypermagnesemia can cause smooth muscle 
relaxation and bronchodilation, presumably by inhibiting 
the influx of calcium into the muscles. Magnesium sulfate 
has recently been suggested as a second-line therapy for 
acute severe asthma exacerbations at a dosage of 2 g over 
20 min.48 It has been demonstrated to lower the hospi-
talization rate in patients with an FEV1 of 25–30% upon 
presentation, as well as in those who are refractory to early 
treatment. It is also correlated with improved lung func-
tion.49 Its administration has not been linked to serious side 
effects; however, it is contraindicated in patients with hy-
permagnesemia and renal insufficiency. Magnesium sulfate 
has also been tested in a nebulized form for cases of asthma 
exacerbation, although there is little evidence to support 
it. A recent systematic evaluation of the effectiveness and 
safety of magnesium inhalation found that while safe, 
it does not provide remarkable benefits when evaluated 
in comparison to first-line inhaled medications; hence, 
it is not regularly recommended.50 The existing literature 
is hesitant to completely support the usage of magnesium, 
owing to the wide range of severity in asthma episodes seen 
in trials, particularly in the setting of optimal first-line 
therapy with corticosteroids and β2-agonists.51
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Methylxanthines

Aminophylline and theophylline (methylxanthines) are 
key therapies used for acute asthma because of their anti-
inflammatory characteristics. They have been excluded 
from current guidelines due to their reduced safety pro-
file, which comprises considerable harmful effects, as well 
as their failure to demonstrate improved results, in terms 
of pulmonary function or hospitalization rates, when be-
ing used for severe acute asthma.51 However, a  review 
and meta-analysis found data to support the effectiveness 
of aminophylline when used in conjunction with other 
bronchodilators, but additional research is required in this 
area.52,53

Leukotriene modulators

Leukotrienes are naturally occurring inflammatory sub-
stances that tighten airway muscles and produce mucus. 
Leukotriene modifiers help regulate asthma by inhibiting 
leukotrienes. According to a previous study, these drugs 
improve airflow and reduce asthma symptoms.55 Mon-
telukast, zafirlukast and zileuton are some of the widely 
used leukotriene modulators. Although leukotriene recep-
tor antagonists are used to evaluate asthma treatment, 
research on the efficacy of antileukotriene medications 
given intravenously or orally in acute asthma is limited. 
Zafirlukast and montelukast have been examined in cases 
of patients with acute asthma and have been shown to im-
prove lung function.54,55

Oxygen supply

Although severe hypoxemia is not frequently associated 
with asthma exacerbations, arterial PO2 derangements 
are ordinary in acute severe asthma because of a substan-
tial ventilation/perfusion (V/Q) mismatch. Oxygen should 
be delivered using a nasal cannula or mask, with a target 
arterial oxygen saturation of 93–95%, or to patients who 
do not have access to saturation monitoring.29 Although 
not all guidelines agree on the desired target saturation 
level, various studies have revealed that in severe acute 
asthma, treatment with controlled low-flow oxygen ad-
ministration and a target SpO2 is associated with better 
outcomes than high-flow 100% oxygen delivery, as it has 
been linked to  increases in PaCO2 and lower peak ex-
piratory flow (PEF) values.56,57 Because of  the pulmo-
nary vasodilation caused by β2-agonists, which causes 
an increased perfusion of poorly ventilated areas, there 
is  some evidence that using oxygen-driven nebuliza-
tion with SABAs can worsen V/Q mismatches.58 A V/Q 
mismatch occurs when part of the lung receives oxygen 
without blood flow or blood flow without oxygen. This 
occurs because of an obstructed airway or obstructed 
blood vessels in the lung.

Heliox

Heliox gas is composed of helium (70–80%) and oxygen 
(20–30%). It can be utilized to treat severe asthma exac-
erbations resistant to normal treatment or in individu-
als who have blockages in the upper airways. Heliox has 
a lower density than air, and its Reynolds number is lower, 
which means that it is less resistant to airflow in turbulent 
flow. This impact has the potential to reduce breathing 
effort and increase ventilation. Heliox will not enhance 
airflow in smaller airways, which are most impacted dur-
ing an asthma episode, since they are frequently laminar 
and dependent on gas viscosity rather than density. Despite 
its potential advantages, some studies have recommended 
that it may help with acute asthma; however, no human 
trials have shown that it is superior to normal oxygen ther-
apy. Heliox has not shown consistent efficacy in asthma 
exacerbations, either with or without intubation.59 It has 
been demonstrated to be the most effective in reducing 
symptoms when utilized as a nebulizing gas for β2-agonist 
medications. The benefits of therapy are usually visible 
within minutes.60 According to another study that applied 
a mechanical model, using heliox as a carrier gas increased 
gas delivery by up to 50% for both MDIs and nebulizers. 
Because its efficacy is dependent on the percentage of he-
lium present, it should not be given to patients who require 
FiO2 levels greater than 40%.61

Ketamine

Ketamine is  a  well-recognized medication that has 
been used in the USA since the 1960s. It is a dissociative 
anesthetic that can have a variety of effects, depending 
on the dosage. Ketamine can act as a strong analgesic and 
anesthetic drug, but also as a bronchodilator. In asthma 
patients undergoing rapid sequence intubation, a dosage 
of 1–2 mg/kg has been shown to be an inductive agent.61 
It has no sedative effects at dosages lower than this, but 
it can produce laryngospasm and apnea at greater doses. Its 
psychotropic properties make it even less popular as a rec-
reational drug. There are no large randomized studies 
to investigate its effects on asthma patients. There is some 
indication of  its bronchodilatory action, particularly 
in mild and moderate asthma exacerbations and at dos-
ages lower than 1 mg/kg, but larger studies are needed 
to confirm its role in asthma.62,63

Antibiotics

Unless the clinical evaluation and patient history suggest 
that there is an infection, there is no evidence to support 
the use of antibiotics for severe acute asthma. In a retro-
spective cohort analysis, it was discovered that antibiotic 
usage was related to longer hospital stay and greater hos-
pital expenses in patients hospitalized with acute asthma 
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and receiving OCS, despite a similar probability of therapy 
failure.64 In prior research conducted in the USA, 60% 
of patients brought to the hospital with asthma exacerba-
tions were given antibiotics without any explanation.65 
Current recommendations advise against antibiotic use 
and recommend that they be used only when all treat-
ment options have been exhausted and there is definitive 
evidence of infection.

Add-on therapies

Three distinct monoclonal antibodies, omalizumab 
(an anti-IgE antibody), mepolizumab (an  interleukin 5 
(IL-5) antagonist monoclonal antibody (IgG1 kappa)), and 
reslizumab (an IL-5 antagonist monoclonal antibody (IgG4 
kappa)), are additional treatments for uncontrolled severe 
asthma. Due to the need for injections and the possibility 
of major side effects, these medications are usually only 
used by experts. Some common side effects of the drugs66,67 
used in asthma treatment are mentioned in Table 1.

Noninvasive ventilation in asthma

Noninvasive ventilation (NIV) is a well-established treat-
ment for acute respiratory failure (ARF), congestive heart 
failure and immunocompromised individuals to avoid in-
tubation. The goal of mechanical NIV is to reduce the ef-
fort required to breathe. If clinical improvement is not 
seen with conservative therapy, endotracheal intubation 
and mechanical ventilation should not be postponed. Ac-
cording to a new study, NIV can be used quite safely in cer-
tain patients with asthma exacerbations who are being 
well-monitored in order to shorten their hospital stays and 
avoid the difficulties that come with invasive mechanical 
breathing.68,69 According to research, younger individu-
als with asthma exacerbations are more likely than older 
patients to require invasive mechanical breathing. Patients 
receiving NIV treatment had considerably shorter hospital 
stay than patients who did not receive it.70

Role of nursing officers in guiding 
self-management of asthma

Nursing staff can help patients control their asthma 
on  their own. Effective self-management, according 
to the GINA recommendations, can significantly reduce 
asthma mortality. Self-monitoring of symptoms, a writ-
ten asthma action plan (WAAP) to detect symptoms and 
respond to them, as well as frequent assessment of asthma 
control and treatment by healthcare practitioners are con-
sidered critical components of  asthma management.71 
Without any take-home booklets, patient education is in-
effective; therefore, the absence of a WAAP is even less 
helpful. To  assist in  reducing symptoms, each WAAP 
should increase communication between helthcare pro-
fessionals and patients.72 Patients with chronic illnesses 
who use smartphones or tablets have reported an improve-
ment in their quality of life as this technology can provide 
clearer, visual explanations.73 Consequently, Thammasat 
University’s Center of Excellence for Allergy, Asthma and 
Pulmonary Diseases created the Asthma Care Application 
(ACA). An asthma action plan with videos demonstrating 
inhaler device use, emergency numbers for ambulances, 
basic asthma knowledge, the ACT, a record of exacerba-
tions, reminders for inhaler usage/medications, and future 
appointments are the main features of this application. 
In a recent study, Hirunyanitiwattana et al. discovered that, 
when compared to the present WAAP, ACA has a high 
potential for enhancing a patient’s asthma knowledge and 
plan satisfaction.74

Role of nursing officers 
in the management of asthma 
patients admitted to the ICU

The level of care required must be carefully determined 
when a patient having an asthma exacerbation is admit-
ted to the hospital. Patients should be hospitalized for 

Table 1. Drugs used in asthma – indications and side effects

Medication Side effects

β-agonist
headache, tremor, nausea, increased insomnia and nervousness in children, bronchospasm, pain, dizziness, cough, 

allergic reaction, dry mouth, fever, chills, sweating, dyspepsia

Inhaled corticosteroids
nasopharyngitis, pharyngitis, bronchitis, respiratory tract infection, sinusitis, influenza, oropharyngeal pain, back 

pain, viral gastroenteritis, abdominal pain, oropharyngeal candidiasis, dysphonia, rhinitis

Magnesium sulphate respiratory failure, epigastric warmth, pain at the site of infusion, numbness and tingling

Methylxanthine seizure, skeletal muscle tremors, urinary retention, tachycardia, myocardial infarction, cardiac flutter

Leukotriene modulators
dyspepsia, cholestatic hepatitis, urticaria, allergic granulomatous angiitis, eczema, dizziness, bronchitis, sinusitis and 

rarely aggressive behavior

Omalizumab
upper respiratory tract infection, dermatitis, pyrexia, streptococcal pharyngitis, alopecia, bronchitis, arthralgia, 

sinusitis, pain, otitis, pharyngitis, fatigue and nasopharyngitis

Mepolizumab
injection site reactions, eczema, headache, systemic allergic reactions, fatigue, systemic hypersensitivity reactions, 

influenza, muscle spasms, upper abdominal pain, pruritus, urinary tract infection
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examination and additional therapy if  their pretreat-
ment FEV or PEF is below 25% of anticipated or personal 
best, or if their post-treatment values are below 40% after 
ED treatment, according to recommendations. Patients 
should be admitted to the ICU if they have a poor response 
to treatment (10% increases in PEF/FEV), chronic or un-
responsive hypercapnia, altered mental status, hypoten-
sion, or major concomitant diseases (myocardial ischemia, 
tachyarrhythmias or pneumonia). High levels of inspired 
oxygen, constant nebulization of β-agonists, intravenous 
corticosteroids, and respiratory support should all be 
included in the ICU management of poorly responding 
asthmatic patients.75 Clinicians must be aware of the need 
to maintain optimal oxygenation while avoiding dehydra-
tion and hypokalemia. In contrast to patients with chronic 
obstructive pulmonary disease who require regulated 
limiting oxygen, unrestricted high quantities of oxygen 
(60–100%) must be provided to  overcome hypoxemia. 
Hypokalemia is common, and fluid resuscitation as well 
as the use of β-agonist bronchodilators can exacerbate it. 
Potassium chloride infusions may be necessary on a reg-
ular basis, with careful monitoring of serum levels and 
continuous electrocardiogram (ECG) monitoring. On ad-
mission to the ICU, a fast assessment of previous asthma 
therapy should be performed to identify aspects that may 
be intensified or deficiencies corrected. The β-blockers, 
aspirin, nonsteroidal anti-inflammatory medications, and 
adenosine are all contraindicated in asthma.76,77

Role of nursing officers in inhaler 
education

The mainstay of asthma treatment, inhalers, deliver in-
haled medication directly to the lungs during asthma ex-
acerbations with minimal adverse systemic effects.78 This 
method can be used to deliver all of the most frequently 
used treatments, including corticosteroids, anticholiner-
gic medications, and short- and long-acting β2-agonists. 
The efficacy of therapy and medical outcomes, however, 
are contingent on a patient’s ability to follow their dose 
regimen and use the device correctly.79 The most popular 
devices on the market can be grouped into 4 categories: 
pMDIs, dry-powder inhalers (DPIs), nebulizers, and soft 
mist inhalers, each of which have its own set of benefits. 
There are some typical mistakes made by patients when 
using these products.80,81 Preparation, preinhalation, ex-
piration, speed and/or depth of inhalation, and postinha-
lation breath hold are all common faults with the major-
ity of prescribed inhalers.82,83 The pMDIs are the most 
commonly recommended devices for asthma, but they 
can be challenging to operate because of the high level 
of harmonization needed to activate the device while in-
haling slowly and deeply.84 A study in almost 3,000 patients 
found that more than half of those tested made at least 
one mistake when using their inhaler.83 Spacers, valved 

holding chambers and nebulizers are commonly utilized 
for young children who are unable to self-manage their 
inhaler use. However, the practicality of these systems 
and convenience difficulties limit their attractiveness 
to a wider range of patients. Some inhalers are linked 
to a high number of patient mistakes. For many patients, 
it is difficult to breathe deeply and forcefully, which is a key 
requirement of  the  DPI procedure and has an  impact 
on particle size, which affects deposition of the drug and 
its usefulness.80 Patient mistakes can lead to poor disease 
control.85 Despite advances in inhaler manufacturing and 
instructions, the high frequency of erroneous inhaler tech-
niques has remained consistent over the last 40 years.83 
Care should be given in matching each unique patient with 
the appropriate medicine for efficient asthma manage-
ment. The 3 critical components of this decision – patient, 
device and medication – form a triangle, and it is criti-
cal that they all work together. Each patient should be 
given the best prescription, be knowledgeable about how 
to use their device properly to enhance its efficiency, and 
be satisfied with using it.80 Finding the right inhaler for 
a patient, whether a toddler or an adult, is difficult, and 
many criteria must be taken into account, including age, 
physical dexterity, cognitive disability, personal choice, 
convenience of use, inspiratory flow rate, and medication 
drug required.86 The 3W-H strategy, suggested by Dekhui-
jzen et al., is an extremely useful way for prescribing inhal-
ers. It evaluates 4 simple questions: Who? What? Where? 
How?87 The comorbidities and inspiratory ability that may 
impair medication administration, as well as obtaining 
the correct diagnosis and determining illness severity are 
crucial patient factors to consider. Furthermore, the type 
of drug and the location in the lungs where it should have 
its effect must be determined. When choosing the device 
and delivery method to utilize for each patient, the answers 
to these questions can be applied. These questions should 
be revisited on a regular basis, as the answers could change 
over time, and drugs may need to be adjusted. The admin-
istration strategy for optimal inhaler choice for treatment 
of adult asthma patients was recently devised by a special-
ist panel that included a respiratory specialist, a general 
practitioner, a nurse, and a pharmacist. This dual-action 
approach includes determining a patient’s inspiratory ca-
pability, which can help select a suitable device, as well 
as successful patient involvement, which includes observ-
ing inhaler technique closely.88 If a patient’s prescription 
is altered, it is important to realize that not all inhalers are 
created equal, and devices are not interchangeable, neces-
sitating additional teaching.89 Nurses are in a unique posi-
tion to better supervise asthma patients due to frequent 
nurse/patient/caregiver communication at various phases 
of disease management. They can identify patients who are 
unsuitable for a given medication or inhaler by following 
the steps indicated above. Furthermore, nurse-led inhaler 
instructions for patients or caregivers can have a favorable 
impact on the decision triangle’s critical “technique” part.90 
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In asthma, nurse-led patient evaluation and inhaler teach-
ing are linked to better technique, adherence and patient 
confidence, with long-term effects.91 A comprehensive 
review of randomized controlled trials in asthma found 
that nurse-led educational interventions significantly im-
proved self-management and self-efficacy.92 Research has 
found that nurse-led patient education remarkably im-
proved inhaler proficiency and reduced noncompliance 
behaviors in asthma patients.93 Such advancements should 
improve clinical results while also lowering morbidity and 
healthcare utilization. The patient’s inhaler technique 
must be observed regularly, since poor habits and tech-
nique can develop over time, necessitating a review and 
adjustment of technique at each visit, and anytime a new 
inhaler is implemented. The guidelines also indicate that 
inhaler technique should be observed whenever asthma 
control deteriorates, particularly after an asthma episode 
and whenever a patient needs a check-up.94,95

Limitations

This review article provides information regarding clini-
cal approaches and therapeutic management of nursing 
interventions in  alleviating acute asthma by  studying 
various reviews and research articles. Due to the inability 
to examine electronic records, the authors were unable 
to include recommendations for patients given by NOs 
for self-management of asthma. Due to prevailing pan-
demic conditions, we were also unable to visit the hospital 
and conduct personal interviews with patients and NOs 
to make this article more informative.

Conclusions

Health education by nurses can significantly improve 
a patient’s physical activity and efficiency. Practice nurses 
and respiratory nurse specialists play a significant role 
in the care of asthma patients, and they are ideally po-
sitioned to  identify and assist people who have severe 
asthma. To reduce the risk of disease exacerbation, the NO 
should counsel the patient on the techniques of eliminat-
ing allergens from their environment and educate them 
about stress management, as these are 2 main problems 
that can lead to exacerbations. Aside from OCS, a variety 
of specialty treatments are available exclusively through 
specialist asthma services; thus, prompt referral is critical 
for all patients with poorly controlled asthma. This en-
sures that patients receive the best therapy available, with 
guidance from clinical trials, in order to reduce the num-
ber of acute deadly and near-fatal exacerbations, enhance 
symptom management, and improve the patient’s qual-
ity of life. The nurse monitors and controls the patient’s 
medication intake frequency as part of their treatment 
responsibilities. The goal of this task is to guarantee that 
the therapy has the best possible results.
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Abstract
Rhabdomyosarcoma (RMS) is the most common soft tissue sarcoma in children and represents a high-
grade neoplasm of skeletal myoblast-like cells. About 40% of all registered soft tissue tumors are RMSs. 
This paper describes our current understanding of the RMS subtypes (alveolar (ARMS), embryonic (ERMS), 
pleomorphic (PRMS), and spindle cell/sclerosing (s/scRMS)), diagnostic methods, molecular bases, and 
characteristics. We also present the currently used treatment methods and the potential use of natural 
substances in the treatment of this type of cancer. Natural cytotoxic substances are compounds that have 
been the subject of numerous studies and discussions in recent years. Since anti-cancer therapies are often 
limited by a low therapeutic index and cancer resistance to pharmacotherapy, it is very important to search 
for new, effective compounds. Additionally, compounds of a natural origin are usually readily available and 
have a reduced cytotoxicity. Thus, the undiscovered potential of natural anti-cancer compounds makes this 
field of research a very important area. The introduction of model species into research examining the use 
of natural cytostatic therapies for RMS will allow for further assessment of the effects of these compounds 
on cancerous and healthy tissues.
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Introduction

Rhabdomyosarcomas (RMSs) are a heterogeneous group 
of malignant myogenous tumors. They are one of the most 
common soft tissue sarcomas considered a “childhood 
disease.” Soft tissue sarcoma in children represents a large 
group of  malignant tumors, including RMS (approx. 
40%).1–4 The importance of the problem is manifested 
by the establishment of global organizations that deal with 
rare diseases of soft tissue sarcomas, mainly in children. 
The 2 organizations in North America – the Intergroup 
Rhabdomyosarcoma Study Group (IRSG) and the Chil-
dren’s Oncology Group (COG) – and the International 
Society for Pediatric Oncology (SIOP) in Europe strive 
to improve and support RMS treatment.2,5–7 They have de-
veloped a risk stratification system based on the primary 
localization of the tumor, pathology staging (occurrence 
of tumor-node-metastasis and anatomical localization), 
disease status after tumor resection, and histological 
assessment. These factors facilitate grouping cases into 
several subgroups, including low, standard, high, and very 
high-risk groups, and finally enable the selection of ad-
equate treatment.7–9 According to  the  literature, RMS 
can develop in children with no family cancer history. 
However, the  incidence of  RMS is  higher in  children 
with parents or siblings who have had cancer, especially 
at a young age. Nevertheless, RMS is not considered a he-
reditary disease.10

Four main RMS subtypes are distinguished: alveolar 
(ARMS), embryonic (ERMS), pleomorphic (PRMS), and 
spindle cell/sclerosing (s/scRMS; Table 19,11–31). Based 
on microscopic observations, each RMS subtype is char-
acterized by specific features. However, some researchers 
have suggested the use of a new molecular rather than his-
topathological RMS classification based on PAX3/FOXO1 
fusion oncogene expression. According to this system, 
RMSs can be classified as fusion-positive (FPRMS) and 
fusion-negative (FNRMS) tumors.11 There are no genomic 
markers currently available (except PAX/FOXO1 fusion) 
that can be used in RMS risk stratification. However, mu-
tant MYOD1 and TP53 genes have recently been nomi-
nated as indicators of poor prognosis in FNRMS.12

The most frequent histological types of RMS observed 
in children and young people are ERMS and ARMS.13 
Changes in ERMS patients are observed in the head and 
neck region, and in the genitourinary system. In contrast, 
ARMS occurs in  the  large muscles of  the  trunk, arms 
and legs, and has a high capacity for invasive growth and 
metastasis during the  early stages of  the  disease.9,13,14 
The PRMS is a rare tumor with aggressive behavior that 
occurs mainly in adulthood and very rarely in children. 
The most common primary sites of PRMS are the extremi-
ties, trunk wall and the genitourinary system. The PRMS 
may also give rise to cardiac metastasis.15 Clinical studies 
have also revealed PRMS in the liver with a hepatic cyst 
and in the pancreas.16,17 The s/scRMSs have a predilection 

for paratesticular, head, neck, and limb sites in children 
and adults (Table 1).18,19

Recent studies have revealed some genetic factors (age 
and biological sex) that can increase the risk for RMS. 
Studies have shown differences in the incidence of RMS 
by age, with peaks occurring during early childhood (chil-
dren aged ≤4 years).20 Additionally, a 2nd peak has been 
noticed during adolescence. 10 It has also been shown that 
RMS is predominant in males; however, this discrepancy 
is consistent with most other pediatric cancers.21,22 More 
than half of RMS cases occur before 10 years of age, which 
indicates that in utero and early-life environmental ex-
posures may play a large role in RMS etiology.20 Martin-
Giacalone et al. reviewed non-genetic factors increasing 
the risk of RMS, including parental age, recreational drug 
use by parents, prenatal diagnostic radiation, birth weight, 
allergies, hives, incomplete immunization, and breastfeed-
ing for less than 12 months.10

Currently used cytostatics (i.e., doxorubicin, vinorelbine, 
vincristine, dactinomycin, or cyclophosphamide) cause nu-
merous side effects. Therefore, it is important to find novel 
solutions to improve patient comfort. Natural origin com-
pounds are shown to be as effective as standard cytostatics; 
however, they do not cause severe side effects. In this paper, 
we summarize the current knowledge on natural cytostatic 
compounds used in the treatment of RMS.

Signaling pathways in RMS

The effects of RMS therapies have been investigated 
in numerous areas of tumor cell activity considering vari-
ous targets, including receptor tyrosine kinases (RTKs) 
and associated downstream signaling pathways, such 
as the Hedgehog (HH) signaling pathway, apoptosis, DNA 
damage response (DDR), cell cycle regulation, fusion pro-
teins, and epigenetic modifications.23

RTK signaling

Receptor tyrosine kinases are membrane-bound proteins 
involved in several physiological (e.g., embryonic develop-
ment and wound healing) and pathological (signal trans-
duction to tumor cells) processes.23,24 Since cancer cells 
produce and use growth factors, several RTKs, such as in-
sulin-like growth factors (IGFs) and vascular endothelial 
growth factors (VEGFs), have been proposed as potential 
targets to treat RMS.23,25

The IGFs 1 and 2 and insulin play crucial roles dur-
ing skeletal muscle growth and differentiation, and act 
through the IGF 1 receptor (IGF1R). Furthermore, they are 
involved in the maintenance of adult muscle homeostasis. 
It has been found that IGF1R and its potent ligand IGF2 
are widely overexpressed in childhood sarcomas, includ-
ing RMS.26–31 The activity of IGF1R can be inhibited (via 
blocking its phosphorylation and downstream signaling) 
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by picropodophyllin (PPP), which is a cyclolignan isolated 
from Podophyllum species.32,33 In vitro studies have re-
vealed that PPP significantly blocks ERMS cell activity, 
especially migration and proliferation. Furthermore, RMSs 
increase their sensitivity to chemotherapy (e.g., vincristine 
and cisplatin) after PPP exposure. Additionally, the volume 
of the tumor is decreased after 2 weeks of PPP treatment 
in the human RMS xenograft model.34 Importantly, PPP 
does not interfere with the insulin receptor (which is char-
acterized by a high similarity to RTK) or RTKs.35 Another 
advantage of PPP treatment is that it induces apoptosis and 
tumor regression, and interferes with microtubule assem-
bly.33,35 The main side effect of vincristine is neurotoxicity. 

Other side effects include a syndrome of inappropriate 
anti-diuretic hormone secretion, myelosuppression and 
alopecia.36

The RAS/MEK/ERK and PI3K/AKT are signaling path-
ways promoting transcription, cell growth, motility, me-
tabolism, and invasion. It has been shown that in RMSs, 
both pathways are characterized by abnormally increased 
activity. Therefore, they are frequent targets in ERMS 
treatment using doxorubicin, irinotecan, temozolomide, 
vinblastine, cyclophosphamide, or  topotecan.23,35,37,38 
Some in vitro studies have revealed positive effects when 
combining ERMS therapy with buparlisib (PI3K inhibi-
tor), AEW541 (IGF1R inhibitor) and rapamycin (mTOR 

Table 1. Comparison of 4 rhabdomyosarcoma subtypes: embryonic (ERMS), alveolar (ARMS), pleomorphic (PRMS), and spindle cell/sclerosing (s/scRMS)

RMS 
subtype Characteristic features

Localization 
of neoplastic 

changes
Diagnosis methods Molecular basis Patients’ 

age References

ERMS

composed of primitive 
mesenchymal cells that show 

variable degrees of skeletal muscle 
differentiation; they are moderately 

cellular but in the typical pattern 
often contain both hypo- and 

hypercellular areas with a loose, 
myxoid stroma;

perivascular condensations 
of tumor cells in the less cellular 

regions are common; sheets 
of small, stellate, spindled, 

or round cells with scant or deeply 
eosinophilic cytoplasm and 

eccentric, small oval nuclei with 
a light chromatin pattern and 

inconspicuous nucleoli

head and neck 
region including 

the nasal and 
oral cavities, 

as well 
as the middle 

ear and 
genitourinary 

system

immunodetection 
of MyoG; genotyping; 

vimentin in all cells 
(even most primitive); 

actin, myoglobin, 
myosin, and creatine 

kinase M staining 
in more differentiated 

cells

trisomy of chromosome 8 
and loss of heterozygosity 
in the 11p15 chromosome 

region; inactivating mutations 
of TP53 and CDKN2A and 

activating mutations of RAS 
family genes

adoles-
cents

9, 12,  
18, 19,  
20, 21

ARMS

cells form aggregates interrupted 
by fibrovascular septa that 

resemble alveoli of the lung with 
numerous aggregates and small, 

round scant in the cytoplasm 
of undifferentiated cells; nuclei 

of the cells are round with normal, 
dull, chromatin structures

large muscles 
of the trunk, 

arms and legs; 
genitourinary 

system

immunodetection 
of MyoG (>75% tumor 
cells), AP2β and NOS1; 
genotyping; strong IHC 

staining

fusion in frame between 
undisrupted PAX3 or PAX7 
gene on chromosome 2 

or FOXO1 on chromosome 13; 
chromosomal translocations, 
including a frequent t(2;13)
(q35;q14) or a variant t(1;13)

(p36;q14); N-myc amplification 
is seen in 50% of cases (more 

aggressive cases)

children
9, 12,  

18, 22,  
23

PRMS
polymorphic, spindle-shaped, 

multinucleated, large cells with 
acidophilic cytoplasm

limbs, trunk wall, 
genitourinary 
system, cysts 

in the liver and 
pancreas, cardiac 

metastasis

positive 
immunocytochemical 

reaction for myoglobin, 
MyoD1, MyoG, fast 

skeletal muscle myosin, 
desmin; MSA and SMA

amplification of oncogenes 
JUN, MYC, CCND1, INT2, 

MDM2, and MALT; CGH reveals 
8 highly amplified regions 
at 1p36.1-p36.2, 1p31-p32, 
1q21-q31, 8q12-q21, 8q24-
qter, 11q12-q13, 12q13-q14 

and 18q12-q22

adults, 
very 

rarely 
in chil-
dren

13, 14, 15, 
18, 24, 25, 

26, 27

s/scRMS

cells situated in sclerotic 
submucosa can be ribbon-shaped; 
neoplastic cells are arranged into 

microalveoli or lobules

head, neck, 
limbs

immunohistochemical 
diagnosis demonstrates 

positivity for desmin 
and vimentin; 

expression 
of myogenin (Myf-
4), MyoD1 (Myf-3), 

myoglobin, SMA, and 
MSA

PAX fusion negative; recurrent 
MyoD1 mutations; specific 

MDM2/HMGA2 amplification 
at 12q13-15; loss of 10q22, loss 

of chromosome Y and gain 
of 18; in an adult cases: gain 
of chromosome 11 and loss 

of chromosome 22

children, 
adults

11, 16, 17, 
18, 28, 29, 

30, 31

MyoG – MoD1 myogenin; MSA – muscle-specific actin; SMA – smooth muscle actin; CGH – comparative genomic in situ hybridization; 
IHC – immunohistochemistry.
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inhibitor).38 Similar effects have been observed for ERMS 
treatment with multiple PI3K/mTOR and MEK inhibitors 
(either trametinib or selumetinib).39–41 The combination 
of mTOR inhibitors and chemotherapy seems to be prom-
ising because it is well tolerated by pediatric, adolescent 
and young adult patients suffering from RMS.35,37

HH signaling

The HH pathway is considered a key regulator of em-
bryonic development and plays a crucial role in the adult 
organism in stem cell maintenance and tissue repair/re-
generation.42 In humans, 3 HH proteins have been identi-
fied: Sonic (SHH), Indian (IHH) and Desert (DHH).43 All 
of these proteins are ligands of Patched receptors (PTCH1, 
PTCH2). The binding between PTCH receptors and one 
of its ligands leads to the activation of smoothened (SMO) 
and prevents proteomic processing of GLI family zinc fin-
ger proteins (GLI1, GLI2 and GLI3). As a result, GLIs trans-
locate to the nucleus, where they can act as transcription 
factors.44 The HH signaling is necessary for many tumors, 
including ERMS, for their self-renewal and initiation. Gene 
mutation or deregulation results in alterations in this path-
way.44–47 Since the HH pathway is constitutively activated 
in ERMS, blocking this pathway seems to have therapeutic 
potential. The inhibition of GLI1/GLI2 by GANT-61 causes 
a significant reduction in cell growth in RMS xenograft 
models, and this effect is increased by combined therapy 
with temsirolimus, rapamycin or vincristine.42,48

Cell cycle and DDR

As inhibition of the cell cycle and DDR affects cell vi-
ability, targeted therapies could have potential anti-RMS 
applications.

Cell cycle

The cell cycle is a process strictly regulated by kinases. 
For example, cyclin-dependent kinases (CDKs), polo-
like kinase 1 (PLK1) and Wee1 kinase are all involved 
in the regulation of cell cycle.49

The CDKs play a crucial role during the whole cell cycle, 
and their activation is necessary for the progression of this 
process. Induced by Wee1 kinase, CDK1 phosphorylation 
leads to G2/M phase arrest and DNA repair. Therefore, 
CDK inhibitors may be useful in the treatment of RMSs 
when combined with other therapeutic agents. Indeed, 
promising results for ARMS have been observed with 
combined therapy using CDK, IGF1R or Wee1 inhibitors. 
However, combined treatment with palbociclib and doxo-
rubicin has shown antagonistic effects in ERMS cells.50,51

The PLK1 is involved in the G2/M phase transition. Since 
Wee1 kinase negatively regulates entry to the M phase, 
PLK1 is  responsible for its phosphorylation leading 
to Wee1 degradation. Therefore, PLK1 inhibition can lead 

to mitotic arrest and induce cell death.49 In RMS cells, 
a higher level of PLK1 is observed, and ERMS is sensitive 
to PLK1 inhibition because it is involved in the activation 
of PAX3/FOXO1 expression.52–54 Interestingly, positive 
effects in RMS therapy have been observed with PLK1 
inhibitors combined with anti-microtubule agents. Ad-
ditionally, polo-box domain (a PLK1 catalytic domain) 
inhibitors combined with vincristine show a positive ef-
fect. However, the observed anti-cancer effects were less 
pronounced compared with monotherapies.52,54

As mentioned above, Wee1 kinase is  responsible for 
CDK1 phosphorylation leading to DNA repair. In vitro 
studies have shown that AZD1775 (Wee1 inhibitor)-com-
bined therapy with cabozantinib or bortezomib is char-
acterized by the highest efficiency in ERMS.55 Moreover, 
patient-derived xenograft RMS models show a sensitivity 
to AZD1775 therapy, especially when combined with iri-
notecan and vincristine.56

DDR

Poly (ADP-ribose) polymerase 1 (PARP1) is  involved 
in  single-strand break repair and is  crucial for DNA 
protection.57,58 The PARP1 binds to damaged DNA, and 
this binding leads to the synthesis of poly (ADP-ribose) 
(pADPr) chains and recruits repair proteins. Since pADPr 
is involved in the release of PARP1 from DNA, the repair 
proteins can be attached (e.g., tyrosyl-DNA phosphodies-
terase (TPD1)) to form a DNA repair complex with PARP. 
In  vitro studies have revealed that olaparib treatment 
(PARP1 inhibitor) affects ERMS; however, this impact 
is  indirect. On the other hand, combined therapy with 
irinotecan, melphalan, doxorubicin, and temozolomide 
increases the mortality of cancer cells.35,59,60 Addition-
ally, irinotecan or rucaparib (PARP1 inhibitor) therapy 
combined with TDP1 knockdown shows enhanced anti-
cancer effects.59

Apoptosis pathway

In anti-cancer treatment, therapies are mostly focused 
on inducing apoptosis, which leads to cell death. Some 
treatments are designed to activate apoptosis by extrinsic 
(through the death receptor) or intrinsic (through mito-
chondria) pathways. Apoptosis is induced by the caspase 
cascade activation that occurs after membrane-bound 
tumor necrosis factor (TNF)-related apoptosis-inducing 
ligand receptors (TRAILR1 or TRAILR2) connect with 
their ligands, namely TRAIL. The intrinsic mitochondrial 
pathway requires the release of mitochondrial cytochrome 
c and Smac to the cytoplasm. Released cytochrome c in-
duces caspase-9 activation. On the other hand, Smac an-
tagonizes survivin, which is one of the inhibitors of apop-
tosis protein (IAP).61

In vitro studies have revealed that TRAIL1 agonistic 
antibodies used in monotherapy or in combination with 
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IAP inhibitors do not affect RMS cells. However, TRAIL2 
monotherapy shows dose-dependent cell viability. This 
treatment is  more effective in  combination with IAP 
inhibitors in ERMS cells.61 Additionally, ERMS in vitro 
therapy with YM155 (survivin inhibitor) reduces cell vi-
ability. Similarly, combined in vitro and in vivo therapies 
with cisplatin influence ERMS cells.62

Current RMS therapies

Over 90% of patients with low-risk localized disease can 
be cured with multi-modal therapy, but the overall survival 
rates of patients with metastatic or recurrent disease re-
main dismal at 21% and 30%, respectively.63,64 There is no 
evidence of an improvement in the survival outcomes for 
metastatic or recurrent RMS in the past 30 years. There-
fore, there is a need to develop new treatment strategies.

Currently, all RMS risk groups are treated in a multi-
modal method, with the use of chemotherapy, surgical re-
section and/or radiation therapy (RT). In North American 
countries, chemotherapy includes treatment with natural 
origin substances such as vincristine, actinomycin D and 
cyclophosphamide (VAC).65–67

Vincristine belongs to  a  group of  drugs known 
as  the  vinca alkaloids. The  source of  these alkaloids 
is the Madagascar periwinkle (Catharanthus roseus). Vin-
cristine acts by binding tubulin and inhibiting the for-
mation of microtubules. Vinca alkaloids depolymerize 
microtubules and disrupt mitotic spindles, leading to cell 
cycle arrest.68 Another mechanism of action of vincristine 
includes interfering with nucleic acid and protein synthesis 
by blocking glutamic acid utilization.69

Actinomycin D is one of the oldest anti-cancer drugs 
and the first antibiotic to show anti-cancer activity.70 It was 
isolated from Actinomyces species bacteria. This substance 
can inhibit transcription by binding DNA at  the tran-
scription initiation complex and preventing elongation 
of the RNA chain by the polymerase.71

In European countries, chemotherapy is  carried out 
with the use of ifosfamide, vincristine and actinomycin 
D (IVA).72 The mechanism of action of ifosfamide is based 
on its reaction with DNA, with which it forms cross-links. 
This reaction leads to a blockage of the cell cycle. For this 
to occur, the biologically inactive form of ifosfamide must 
be metabolized into the active alkylating drug. This is done 
with the help of oxidases contained in the liver’s cyto-
chrome P-450.73

Current research has shown that children with low-risk 
ERMS treated with multi-modal therapy have very promis-
ing results (90% of patients do not have relapses).74 Primary 
tumor elimination is accomplished by surgery and/or RT 
with chemotherapy. Radiation therapy is part of the first-
line treatment of virtually all ERMS patients.75 According 
to the European Pediatric Soft Tissue Sarcoma Study Group 
(EpSSG), in patients with high-risk ERMS, the use of cy-
clophosphamide/vinorelbine (maintenance chemotherapy) 

improves overall survival.76 Since the EpSSG publication 
on treatment, maintenance chemotherapy has become 
the standard treatment for high-risk ERMS patients.76 
The long-term use of RT may cause toxicity.75 The ap-
proach used to reduce toxicity proposes to include inten-
sity-modulated RT (IMRT) or proton beam RT. In addition, 
it is recommended to use brachytherapy in areas that are 
assumed to reduce late toxicity (skeletal muscles, soft tis-
sues), such as the vagina or bladder.77–80

In the case of patients with ERMS metastatic disease, 
treatment with the multi-modal method does not tend 
to bring about the expected results. This method does not 
consider local therapy in the treatment of metastatic sites, 
such as in bone marrow. It has also been shown that high-
dose chemotherapy, characterized by using very high doses 
of cytostatic drugs, does not improve patient outcomes 
in the same way as standard chemotherapy.81 Patients with 
low-risk ERMS who have relapsed are treated with chemo-
therapy drugs such as vincristine or irinotecan.82

The identification and targeting of pathways responsible 
for ERMS invasion and metastasis are crucial for effec-
tive therapy. Our current knowledge on ERMS treatment 
failures caused by either metastatic disease, inadequate 
treatment or local tumor invasion forced us to plan differ-
ent therapies. Given the limited number of patients with 
this disease, it is important to prioritize treatments that 
will bring about the greatest clinical benefits. The marked 
differences between RMS subtypes require more per-
sonalized treatments. In this context, one can mention 
the PAX3/FOXO1 oncogene, which is associated with en-
hanced FPRMSs metastasis, as an example.83,84 It has been 
shown that PAX3/FOXO1 fusion oncogene expression can 
be decreased by siRNA-mediated gene silencing.85 Cur-
rently, preclinical and clinical trials are focused on small 
molecule inhibitors such as JQ1, which selectively disrupt 
the interaction between PAX3/FOXO1 and BRD4, disin-
tegrating the fusion gene.86 This approach has allowed 
for clinical success in some types of cancers, including 
lung carcinoma (inhibition of EML4-ALK1) or leukemia 
(inhibition of BCR-ABL).87,88 Another approach is to tar-
get the regulatory networks of PAX3/FOXO1 by targeting 
the regulatory kinases that are responsible for the stability 
or activity of the fusion protein. A recent study has high-
lighted RTKs as the target for small molecule inhibitors 
or immunotherapy, such as mAb CAR-T. A multi-track 
approach for RTK inhibition has proven to be an efficient 
strategy for refractory RMS.89 A combination of ganitumab 
(an IGF1R monoclonal antibody) and dasatinib (a SRC 
family kinase inhibitor) is effective in blocking pathway 
substitutions and reducing tumor progression.90,91 A pow-
erful but still limited treatment method is cancer vaccines 
based on human cytotoxic lymphocytes T that are capable 
of lysing HLA-B7+ RMS tumor cells.92 Biomarkers must 
be identified so that the most effective treatment method 
can be selected for each patient. One such factor could 
be miR-486-5p, which is increased in exosomes derived 
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from FPRMS patients.93 Another interesting candidate 
as a possible therapeutic target is CD147, which is con-
sidered a cancer metastasis indicator expressed within 
FPRMS- and FNRMS-derived exosomes.94–96

Limitations in current 
RMS treatment

As  outlined above, the  standard treatment for RMS 
is a combination of chemotherapy, radiotherapy and surgi-
cal resection of the tumor, adjusted to the stage of the dis-
ease. Commonly used drugs (e.g., vinca alkaloids) cause 
alkylation, leading to single- or double-stranded breaks 
in the DNA helix, preventing the cell from correct rep-
lication. However, the activity of alkylating compounds 
is not related to the cell cycle. Alkylating drugs target can-
cer cells that divide more often compared to other cells. 
As a result, the target of these substances is also normal 
cells that are characterized by frequent division (e.g., bone 
marrow).97–99 The other group of anti-cancer chemicals, 
antimetabolite drugs, are highly toxic to cancer cells, but 
also to normal cells. These drugs can damage the bone 
marrow and gastrointestinal mucosa and, in high doses, 
can be nephrotoxic and neurotoxic.100

Although anti-cancer agents and RT have demonstrated 
many benefits in patients, these therapies in RMSs have 
many disadvantages, including the induction of multidrug 
resistance protein activity and the appearance of toxic side 
effects. It is also noteworthy that almost all anti-cancer 
agents affect not only cancer but also healthy cells.89,101 
Moreover, most cytostatic compounds are only approved 
for the treatment of adults and not for pediatric cancers. 
Despite this, chemotherapy is still one of the most widely 
used treatments for all kinds of RMS at every stage of can-
cer progression.102

Natural cytostatic substances 
in cancer therapies

Natural cytostatic substances are a group of compounds 
that have been under intense research for many years. 
The sources of anti-cancer natural compounds are ar-
thropods, marine invertebrates, higher vertebrates, plants, 
and fungi. Numerous natural products exhibit anti-cancer 
activities, including anti-proliferative, pro-apoptotic, anti-
metastatic, and anti-angiogenic effects, and also regulate 
autophagy, balance immunity, and enhance chemotherapy 
both in vitro and in vivo.103,104 Since anti-cancer therapies 
are often limited by a low therapeutic index and cancer re-
sistance to pharmacotherapy, it is very important to search 
for new, effective compounds. The most common mech-
anisms for the anti-cancer activity of these compounds 
include, but are not limited to, migration, proliferation 
and cell death pathways, such as apoptosis and autophagy. 

Their influences on the embryonic developmental signal-
ing pathways (Notch, Wnt and HH) are especially advan-
tageous for childhood cancers, such as ERMS.105,106 More 
than half of the anti-cancer drugs in use today have their 
origins in natural substances. In addition, naturally oc-
curring chemicals and molecules often serve as a model 
for designing more active or more specific synthetic ana-
logs.107,108 In many cases, a natural compound’s absorption, 
distribution, metabolism, and excretion parameters can 
be improved by additional chemical modifications. Natu-
ral products, such as phytochemicals, minerals and vita-
mins, are also used in combination with anti-cancer drugs 
to facilitate treatment efficiency and minimize side ef-
fects.105,106,108–111 Moreover, natural compounds are usually 
easily accessible and have a reduced cytotoxicity (Table 2). 
The use of natural resources also offers a chance to find 
multi-target active compounds, allowing for a more effec-
tive way to treat cancer. The potential existing in as yet 
undiscovered natural anti-cancer compounds makes this 
field of research a very important area.

Tubulin-binding agents

An important group of natural anti-cancer therapeu-
tics is  comprised of  tubulin-binding agents. Tubulin 
is the building block of microtubules, an essential part 
of the cytoskeleton that plays a vital role in the cell cycle. 
The mechanism of action of these chemicals is based on in-
terference of the mitosis process and influence on the in-
terphase, directing cells to  the  apoptotic pathway.112 
The main classes of drugs influencing the microtubules 
include the vinca alkaloids and taxanes.110

Alkaloids, such as vincristine, vinblastine and vindesine, 
are commonly used to treat hematological and lymphatic 
neoplasms, as  well as  several solid tumors. Structural 
modifications of these compounds led to the synthesis 
of vinorelbine, which is used to treat several cancers.113 
The vinca alkaloids are effective drugs; however, they 
cause some side effects, such as myelosuppression and 
neurotoxicity.110,114

The most common taxanes, paclitaxel and docetaxel, 
are obtained through semi-synthesis of a chemical com-
pound (10-deacetylbaccatin III) obtained from the nee-
dles of the European yew tree (Taxus baccata). Several 
new drugs with improved toxicity and efficiency profiles 
have been tested (e.g., abazitaxel, paclitaxel poliglumex, 
paclitaxel+endotag, and polymeric-micellar paclitaxel).115 
Taxanes are used in the treatment of metastatic breast 
cancer and as an adjuvant in chemotherapy.116

Other microtubule-destabilizing agents acquired from 
different natural sources, such as cyanobacteria (cryp-
tophycins), marine mollusks (dolastatins) and Japanese 
sponge (halicondrins), have also been characterized. 
Their modified derivatives are undergoing clinical tri-
als, and some of them show promising anti-cancer po-
tential and good safety profiles.117 On the other hand, 



Table 2. List of drugs/drug candidates (at different stages of development) used/assessed (in alphabetical order) for the use in the treatment for 
rhabdomyosarcoma and mentioned in the article

Drug Origin Mode of action Compound 
ID number

Actinomycin D antibiotic from Streptomyces parvulus spp.
DNA helix intercalating 

agent
457193

AEW541 pyrrolo[2,3-d]pyrimidine IGF1R inhibitor 11476171

AZD1775 (adavosertib) piperazine Wee1 inhibitor 24856436

Beta-lapachone benzochromenone from pink lapacho (Handroanthus impetiginosus) redox disrupting agent 3885

Buparlisib synthesis, aminopyridine PI3K inhibitor 16654980

Camptothecin alkaloid from the Chinese tree (Camptotheca acuminata) topoisomerase inhibitor 24360

Cisplatin synthesis, platinum coordination complex alkylating agent 5460033

Combretastatin A4 combretastatin from the South African bushwillow tree (Combretum caffrum) tubulin-binding agent 5351344

Cyclophosphamide synthesis, nitrogen mustard-originated compound alkylating agent 2907

Daunorubicin anthracycline antibiotic from the bacterium Streptomyces peucetius var. caesius topoisomerase inhibitor 30323

Docetaxel tetracyclic diterpenoid from Pacific yew tree (Taxus brevifolia) tubulin-binding agent 148124

Doxorubicin anthracycline antibiotic from the bacterium Streptomyces peucetius var. caesius
DNA helix intercalating 

agent
31703

Epipodophyllotoxin lignan from the Indian wild mandrake plant (Podophyllum peltatum) topoisomerase inhibitor 105111

Etoposide
derivative of podophyllotoxin from the wild mandrake plant 

(Podophyllum peltatum)
topoisomerase inhibitor 36462

Exatecan mesylate agent related to camptothecin (Camptotheca acuminata) topoisomerase inhibitor 6918249

Flavopiridol flavonoid from the pithraj tree (Aphanamixis polystachya) CDK inhibitor 5287969

GANT-61 hexahydropyrimidine GLI1/GLI2 inhibitor 421610

Geldanamycin rapamycin analogue (macrolide lactam from Streptomyces hygroscopicus spp.) mTOR inhibitor 5288382

Gimatecan analogue of camptothecin (Camptotheca acuminata) topoisomerase inhibitor 9577124

Homoharringtonine
cephalotaxine-derived alkaloid from Japanese plum yew (Cephalotaxus 

harringtonia)
80S ribosome-binding 

agent
285033

Irinotecan
pyranoindolizinoquinoline (carbamate ester) from camptothecin (Camptotheca 

acuminata)
topoisomerase inhibitor 60838

Isofasfamide synthesis, nitrogen mustard-originated compound alkylating agent 3690

Karenitecin agent related to camptothecin (Camptotheca acuminata) topoisomerase inhibitor 148202

Lurtotecan analogue of camptothecin (Camptotheca acuminata) topoisomerase inhibitor 60956

Paclitaxel tetracyclic diterpenoid from Pacific yew tree (Taxus brevifolia) tubulin-binding agent 36314

Palbociclib synthesis, pyridopyrimidine CDK inhibitor 5330286

Picropodophyllin (PPP) cyclolignan alkaloid from mayapple plant family (Podophyllum peltatum) IGF1R inhibitor 72435

Rapamycin macrolide lactam from Streptomyces hygroscopicus spp. mTOR inhibitor 5284616

Rucaparib synthesis, tricyclic indole PARP1 inhibitor 9931954

Selumetinib synthesis, 1-methyl-1H-benzimidazole
PI3K/mTOR and MEK 

inhibitor
10127622

Temozolomide synthesis, triazene analog of dacarbazine alkylating agent 5394

Temsirolimus
ester analog of rapamycin (macrolide lactam from Streptomyces hygroscopicus 

spp.)
mTOR inhibitor 6918289

Teniposide
derivative of podophyllotoxin from the Indian podophyllum plant (Podophyllum 

peltatum)
topoisomerase inhibitor 452548

Topotecan quinoline-based alkaloid extracted from the Asian tree (Camptotheca acuminata) topoisomerase inhibitor 60700

Trametinib synthesis, pyridopyrimidine MEK inhibitor 11707110

Vinblastine vinca alkaloid from Madagascar periwinkle (Catharanthus roseus) tubulin-binding agent 13342

Vincristine vinca alkaloid from Madagascar periwinkle (Catharanthus roseus) tubulin-binding agent 5978

Vindesine vinca alkaloid from Madagascar periwinkle (Catharanthus roseus) tubulin-binding agent 40839

Vinflunine semisynthetic vinca alkaloid from Madagascar periwinkle (Catharanthus roseus) tubulin-binding agent 10629256

Vinorelbine semisynthetic vinca alkaloid from Madagascar periwinkle (Catharanthus roseus) tubulin-binding agent 5311497

YM155 (sepantronium 
bromide)

synthesis, organic bromide salt surviving inhibitor 11178236

CDK – cyclin-dependent kinase. The table includes compound identifiers (CIDs) to facilitate access to the chemical molecule database, PubChem  
(https://pubchem.ncbi.nlm.nih.gov), which provides information on the structure and characteristics of the compounds.

https://pubchem.ncbi.nlm.nih.gov
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microtubule-stabilizing compounds can also be effective 
against cancer. Some substances obtained from natural 
sources can bind microtubules and preserve them from 
dynamic reorganization. One example is epothilones ob-
tained from myxobacterium (Sorangium cellulosum) and 
their chemical derivatives, such as ixabepilone.110,118

Topoisomerase inhibitors

A 2nd group of important, natural anti-cancer chemicals 
are the topoisomerase inhibitors. Topoisomerase is a nu-
clear enzyme responsible for proper DNA replication and 
cell division. Its activity is highly increased in intensively 
dividing cancer cells. The DNA topoisomerases are well-
known targets for anti-cancer therapies relying on enzyme 
poisoning. Such an approach leads to replication arrest and 
double-strand break formation. This mechanism of action 
is potentially dangerous since it brings the risk of therapy-
related cancer and cardiotoxicity.119 Among the topoisom-
erase inhibitors, we can distinguish the camptothecins 
and their synthetic analogs. Camptothecin is an active 
compound present in an extract from the Chinese tree 
Camptotheca acuminata, and its derivatives include lur-
totecan, exatecan mesylate, karenitecin, and gimatecan. 
These compounds are currently undergoing different 
phases of clinical trials.107,120

A 2nd important group of topoisomerase inhibitors are 
the epipodophyllotoxins extracted from the wild man-
drake plant (Podophyllum peltatum). Among the synthetic 
chemical derivatives, 2 compounds have been found to be 
active, namely etoposide and teniposide. Several side ef-
fects of both etoposide and teniposide have been observed, 
including hypersensitivity. However, some of these side 
effects have resulted from the use of adjuvants.107

The 3rd prominent group of inhibitors specific to topoi-
somerase includes the anthracyclines. These compounds 
are derived from the Streptomyces peucetius bacterium. 
The most commonly used anthracyclines in clinical prac-
tice are doxorubicin and daunorubicin. This class of com-
pounds exhibits a wide spectrum of anti-tumor activity, 
but at the same time, severe toxic side effects, such as car-
diomyopathy and the induction of secondary cancers, can 
occur. The mentioned drugs and their analogs are effec-
tively used in approaches combining immunotherapy and 
chemotherapy. The anthracyclines have been shown to in-
duce immunological response.107,121

Other natural anti-cancer compounds

Other natural anti-cancer compounds include active sub-
stances found in plants, microorganisms and marine organ-
isms. At present, traditional plant-based medicines (e.g., 
flavopiridol, homoharringtonine, β-lapachone, and com-
bretastatin A4) are still prevalently used as medical treat-
ments around the world. These compounds exhibit a wide 
range of mechanisms of action. For example, flavopiridol 

is a cyclin-dependent kinase inhibitor, homoharringtonine 
inhibits protein synthesis and blocks cell cycle progression, 
β-lapachone is a DNA topoisomerase I inhibitor, and com-
bretastatin A4 inhibits tumor blood vessel growth. Other 
plant secondary metabolites, such as alkaloids, diterpenes, 
triterpenes, and polyphenolic type compounds, also exhibit 
great anti-cancer potential.110,122,123

Microorganisms that thrive in diverse environments are 
also sources of novel anti-cancer compounds, such as ra-
pamycin and geldanamycin. Rapamycin possesses immu-
nosuppressing and anti-neoplastic activity. Geldanamycin, 
a rapamycin analog, has the ability to suppress the pro-
tein kinase activity of mTOR. Its chemical derivatives also 
show a potential to prevent cancer cell line proliferation.124 
The tumor-inhibitory features of the bacterial enzyme 
L-asparaginase are wildly known. Since L-asparaginase 
inhibits protein biosynthesis in lymphoblasts, it  is used 
to treat acute lymphoblastic leukemia.125

Marine organisms, including plants, algae, bacteria, 
actinomycetes, fungi, sponges, and soft corals, are also 
sources of many chemical products. The most important 
compounds with the anti-cancer activity that have been 
isolated from marine organisms include peptides, poly-
phenols, polysaccharides, and alkaloids.126

Natural cytostatic substances  
in RMS therapy

A standard treatment scheme based on chemo- and ra-
diotherapy with tumor resection is still the most common 
for patients with RMS. However, high tumor malignancy 
combined with the young age of the patients limits suc-
cessful application of  the  current treatment methods. 
The genetic and molecular pathways activated in RMS 
oncogenesis may constitute an efficient target for novel 
and effective tumor therapy development.89 Flavonoids, 
which are phytochemicals produced in fruits, nuts and veg-
etables, exhibit anti-oxidant activities and protect against 
cancer development. It has been shown that flavonoids 
inhibit cancer cell growth and migration. In RMS, the fu-
sion oncogene PAX3/FOXO1 transcription factor and G9a1 
(a histone methyltransferase) are believed to be highly pro-
oncogenic factors. Expression of both genes is regulated 
by  the  NR4A1 nuclear receptor.127 A  study conducted 
by Shrestha et al. revealed that the flavonoids kaempferol 
and quercetin bind to the ligand binding domain of NR4A1 
and act as its antagonists in RMS cells.128 These flavonoids 
also inhibit the expression of G9a, PAX3/FOXO1 and other 
pro-oncogenic NR4A1-regulated genes/pathways. Comple-
mentary results both in vitro and in vivo have demon-
strated that kaempferol and quercetin are NR4A1 ligands 
acting as antagonists in RMS cells and mimic the effects 
of NR4A1 knockdown by RNAi. The authors suggested 
that NR4A1-active flavonoids can be repurposed for clini-
cal applications in the treatment of RMS or other cancers 
where NR4A1 is a potential drug target.
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The well-known Mediterranean herb Rosmarinus offici-
nalis, commonly known as rosemary, also has therapeutic 
properties. Rosemary extract has been well-studied in ani-
mal models and has been shown to have anti-mutagenic 
and nontoxic properties.129 Extracts from the leaves of R. 
officinalis possess a variety of bioactivities, including anti-
oxidant, anti-tumor, anti-inflammatory, and anti-human 
immunodeficiency virus (HIV) properties.130 Rosmarinus 
officinalis leaves contain numerous bioactive compounds, 
such as flavonoids, phenolic diterpenes, triterpenes, and 
caffeic acid esters.131 The RMS anti-cancer therapy can 
include doxorubicin or vinblastine separately, or a combi-
nation of these chemotherapeutics, with rosemary extracts. 
Research has shown that the use of rosemary combined 
with doxorubicin or vinblastine in anti-cancer therapy 
reduced their toxic effects.131 However, Kakouri et al. re-
vealed the cytotoxic effects of R. officinalis extract on RMS 
cell lines.132 The rosemary extract used in the experiment 
contained a high phenolic content and showed strong anti-
oxidant activity. According to the authors, R. officinalis 
extract is a potential alternative source of bioactive com-
pounds which could be used in the future against RMS.

An extract from ginger (Zingiber zerumbet) also has 
promising therapeutic effects in the treatment of pediatric 
RMS cells. Zerumbone, a substance obtained from ginger, 
exhibits anti-tumor and anti-inflammatory properties. 
Evidence obtained so far indicates also that zerumbone has 
chemoprotective and chemotherapeutic effects on various 
cancers. Interestingly, it has been shown that the exposure 
of RMS cells to zerumbone results in cell growth inhibi-
tion, decreased proliferation and induction of apoptosis. 
The authors also showed that the treatment of pediatric 
RMS cell lines with zerumbone extract induces strong 
inhibitory and apoptotic effects through increased caspase 
3/7 activity and increased reactive oxygen species (ROS) 
production, as well as through modulation of the nuclear 
factor kappa B (NF-κB) pathway.133

Curcumin, derived from the rhizomes of the turmeric 
Curcuma longa, also exhibits anti-tumor effects on pe-
diatric RMS. Extracts from this plant induce apoptosis, 
inhibit cell proliferation and efficiently act on signaling 
pathways influencing tumor development. Studies carried 
out by Sorg et al. showed that curcumin decreases cell 
viability in RMS cell lines in a concentration-dependent 
manner, and enhances the effects of the cytotoxic drugs 
vincristine and dactinomycin, leading to reduced migra-
tion and increased cell apoptosis.134

The in vitro cytotoxic activity of various plant extracts 
on RMS human cell lines (RD) was assessed by Maqsood 
et al.135 The authors collected plant material from 6 plant 
species. The results showed that all of the plant extracts 
had a cytotoxic tendency towards RD cells after 48 h of in-
cubation. Additionally, every plant extract showed more 
efficient cell-killing activity compared to 10 µM cisplatine.

It has also been demonstrated that the natural isoquino-
line alkaloid berberine exhibits anti-tumor activity in RMS 

cell lines. Berberine is present in various medicinal plants, 
such as the Amur cork tree (Phellodendron amurense), 
which has been used as a traditional Chinese herb. Be-
sides berberine, these plants synthesize a series of pro-
toberberine-type alkaloids, such as palmatine, coptisine 
and jatrorrhizine. All of these compounds are believed 
to have anti-bacterial, anti-diabetic, anti-inflammatory, 
anti-oxidative, cardiovascular protective, and neuropro-
tective effects. The anti-tumor effects of berberine and 
palmatine have been studied on 3 human embryonal RMS 
cell lines: ERMS1, KYM1 and RD. It was observed that 
the intracellular incorporation of berberine in every RMS 
cell line was relatively higher than that for palmatine. 
Berberine significantly inhibited the cell cycle of all RMS 
cells at the G1 phase, whereas palmatine only suppressed 
the growth of RD cells.136

The RMS is a highly malignant cancer most frequently 
found in children, accounting for 5% of all pediatric tu-
mors. In the past decades, the survival rates for high-risk 
patients have not improved. At present, standard treat-
ments, including chemotherapy, radiotherapy and surgical 
removal of the tumor, do not bring about the expected 
results and are often insufficient to avoid cancer develop-
ment.137 Therefore, the use of natural origin cytostatics 
may bring many benefits in RMS anti-cancer treatment. 
It  is noteworthy that natural products can be obtained 
from 4 main sources: plants, animals, marine organisms, 
and microorganisms.138 According to  Mushtaq et  al., 
natural substances are the foundation of novel therapeu-
tic compounds with minimal side effects.139 This is be-
cause of the presence of tremendous biodiversity among 
plants, animals, marine organisms, and microorgan-
isms. The process of drug discovery from natural sources 
is slow and monotonous, and is associated with uncertain 
results. However, with the help of recent advancements, 
such as proteomics, genomics, transcriptomics and ge-
netic modification, natural products can be screened for 
their bioactivity, which may contribute to  future drug 
development.

Perspectives

There have been a lot of studies on natural compounds 
for RMS treatment and, in recent years, interest in these 
agents has increased. Most studies have been conducted 
in vitro and there are only scant results from the use of ani-
mal models. In vitro tests have their limitations and do 
not reflect the processes taking place in a living organism. 
Thus, the introduction of model species into RMS anti-
cancer studies using natural cytostatic compounds will 
allow for a further assessment of their effects on cancerous 
and healthy tissues.

Among the vertebrates, zebrafish (Danio rerio) are a very 
good and commonly used model in cancer research.140–144 
The  zebrafish model is  characterized by  conserved 
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physiology and anatomy with mammals. A large number 
of progeny, rapid ex vivo development and transparent 
larvae allowing for real-time imaging of all developmental 
stages are the most valuable advantages of using this model 
organism.145 The zebrafish model is also convenient for 
cancer research due to time- and cost-efficient genetic ma-
nipulations. Additionally, cancer tumors developed in ze-
brafish show a high histological and molecular similarity 
to human ones.146

It is worth emphasizing that numerous mutant and trans-
genic zebrafish have been generated for studies of human 
cancers. One of them is the casper mutant, a transparent 
organism (because of a lack of melanocyte and iridophore 
cell populations) that allows for the investigation of  la-
beled cancer cell growth in embryos or adult individuals.147 
In contrast to the mouse model, the transplantation of hu-
man tumor cells into zebrafish larvae does not require 
immunosuppressive drugs because the D. rerio adaptive 
immune system only becomes fully functional at 3 weeks 
post-fertilization.148 The xenotransplantation of human 
cancer cells into zebrafish is a widely used method to ana-
lyze tumor biology and has enormous potential for the fur-
ther evaluation of cancer progression and drug discov-
ery. The xenotransplantation zebrafish model provides 
a unique opportunity to monitor cancer proliferation, tu-
mor angiogenesis, metastasis, cancer stem cell self-renewal, 
and in vivo drug responses in real time.149 Thus, zebraf-
ish may be a valuable and efficient tool to evaluate novel 
therapeutic strategies for cancer and can contribute to new 
insights into tumor biology and cancer drug development.
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Abstract
Background. Headaches (HAs) and temporomandibular joint dysfunction (TMD) are common comor-
bidities, and the presence of one of them in a patient increases the incidence of the other. The relationship 
between these 2 conditions may involve common pathophysiological processes. Considering the topicality 
of the problem, it is justified to conduct research in this field. In this study, we assessed HA type and severity 
in people with TMD.

Objectives. The aim of the study was to conduct qualitative and quantitative assessments of HAs in people 
with temporomandibular joint (TMJ) disorders.

Materials and methods. The study group consisted of 51 subjects of both sexes with a TMD diagnosed 
using the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) test. A self-report 
questionnaire was utilized to self-assess the presence of TMD symptoms, while the standardized Short-Form 
of the McGill Pain Questionnaire was used to qualitatively and quantitatively assess HAs.

Results. People with TMD were significantly more likely to report HA occurrences (p < 0.001). Pain intensity 
was statistically significantly higher among individuals with TMD compared to those without TMD symptoms 
(p < 0.001). Most often, the HA was associated with a pressing pain (r = 0.82) and least often, it was de-
scribed as cutting (r = 0.30). Neck and shoulder girdle pain (p = 0.059; 82.9%) and clenching and/or grinding 
of teeth (p = 0.021; 92.7%) were significantly more common among patients who declared HAs than among 
those without HAs. The results obtained so far may indicate a significant relationship between HA and TMD.

Conclusions. We have described the relationship between the occurrence of HAs and TMD. Headaches are 
more frequent and more severe in people with TMD.

Key words: pain, temporomandibular joint, headache, dysfunction, craniofacial pain
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Background

According to the World Health Organization (WHO) 
report, temporomandibular joint disorders (TMDs) are 
the 3rd most common dental disease after tooth decay and 
periodontal disease.1 Schiffman et al. states that TMD can 
affect between 5% and 12% of the world population.2 Some 
studies have shown a higher prevalence of up to 25% and 
33–40% in the general population.3–5

A study by  Chisnoiu et  al. indicates that 60–70% 
of the general population have at least 1 sign of TMD, but 
only 1 in 4 people with TMD symptoms are referred to spe-
cialists.6 In the USA, between 40% and 75% of adults have 
at least 1 sign of TMD.7 In Korea, the percentage of people 
with TMD is 3.1% of the adult population, among whom 
10.5% had more than 1 symptom related to the presence 
of this dysfunction.8

Patients with TMD symptoms span a wide age range; 
however, the peak occurrence is between the ages of 20 
and 40.9 Temporomandibular joint disorders affect women 
1.5–2.5 times more often than men.9

The etiopathology of TMD is multifactorial and under 
constant investigation by researchers and clinicians. Ge-
netic conditions, factors located inside the oral cavity, and 
environmental determinants, with a particular emphasis 
on psycho-emotional factors, are mentioned as etiological 
factors.10–12 The most common symptoms of TMD include, 
among others, temporomandibular joint (TMJ) mobility 
disorder, pain in the masticatory muscles and/or TMJ, 
headaches (HAs), and/or cervical spine pain.13,14

According to the literature, there is a high rate of comor-
bidities in patients with multiple chronic pain conditions, 
including fibromyalgia and HAs.15,16

The International Classification of Headache Disorders 
(ICHD-3) published by The International Headache Soci-
ety (HIS) states that within the facial region of the skull, 
TMD HAs are the second most common symptom after 
toothache.17

Headaches have been shown to occur more frequently 
in patients with TMD symptoms (27.4% compared to 15.2%) 
and can be divided into 2 main types: primary HAs (mi-
graine and tension-type HA (TTH)) and secondary HAs 
(e.g., pain attributed to TMD, cervicogenic HA).18,19 Un-
like primary HAs, HAs attributed to TMD have a known 
cause of pain, which is TMD. The underlying condition 
of TMD needs to be treated in order to reduce HAs attrib-
uted to TMD. There is also a strong correlation between 
cervical HA and TMD, as patients with TMD often report 
cervical spine dysfunction, and patients with cervical HA 
often report TMD symptoms.20,21

Other studies have shown that TMD patients report HAs 
more frequently (68–85%) than the  general population 
(50%).22–24 Aggarwal et al. stated that HAs are more common 
in patients with TMD symptoms (27.4% compared to 15.2%).25 
Other studies have reported that approx. 70% of TMD pa-
tients complain of HAs.26 In the study by Ballegaard et al., 

the incidence of TMD and HA was 56.1%.27 Franco et al. ex-
amined 226 patients, and according to their study, TMD and 
HAs coexist more often compared to a control group without 
TMD (85.5% compared to 45.6%).28 Reiter et al. observed that 
the HA attributed to TMD in painful TMD may be related 
to a central sensitization process.29 In contrast, other studies 
have found that people with TMD are more likely to suffer 
from a migraine and episodic TTH.30

Also, Magnusson and Carlsson observed that TMD pa-
tients, especially women, suffered from migraines more 
often than the control group.31 The correlation between 
TMD and HA was also studied by Gonçalves et al., who 
confirmed a higher frequency of TMD in the migraine and 
chronic migraine groups than in the control group.32 This 
relationship may be associated with increased mastica-
tory muscle tone, which generates nociceptive impulses 
in the central nervous system, increasing the likelihood 
of a migraine.32 According to previous scientific studies, 
migraines are associated with the activation and sensi-
tization of the trigeminal vascular system.32 This leads 
to the release of several pro-inflammatory neuropeptides 
and neurotransmitters, and causes a cascade of inflam-
matory tissue responses, including vasodilation, plasma 
extravasation secondary to capillary leakage, edema, and 
mast cell degranulation. It is now believed that neurogenic 
inflammation contributes to the development of a mi-
graine attack.33,34 Other researchers have also described 
a link between HAs and TMD.35–38

Currently, numerous scientific studies are being car-
ried out in  search of  innovative methods of HA treat-
ment.39–42 Also, in the context of TMD, there is more and 
more new scientific evidence confirming the effectiveness 
of pharmacological treatment as well as splint therapy and 
physiotherapy.43,44

Therefore, it can be assumed with great caution that 
the coexistence of TMD and HAs may suggest a common 
pathogenesis, causation, or common confounding factor, al-
though this issue is not fully understood and may seem con-
troversial.45 Therefore, further research on this topic seems 
justified. In this study, the authors set themselves the goal 
of assessing the nature of the HAs, their frequency and 
severity in people with diagnosed disorders of the TMJs.

Objectives

The aim of the study was to conduct qualitative and 
quantitative assessments of  HAs in  people with TMJ 
disorders.

Materials and methods

As described above, HA is a common symptom in peo-
ple with TMD. The diagnosis of TMD can be difficult, 
with some controversy regarding the relative importance 
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of clinical and radiological evidence.46 Therefore, it is rec-
ommended to  use the  diagnostic criteria developed 
by the International Research Diagnostic Criteria for Tem-
poromandibular Disorders (RDC/TMD) Consortium Net-
work and the Orofacial Pain Special Interest Group.46–49

Our pilot study was conducted between April and Sep-
tember 2022 at the Department of Rehabilitation Muscu-
loskeletal System of the Pomeranian Medical University 
in Szczecin, Poland. The study group consisted of 51 in-
dividuals of both sexes (women: n = 45, 85.5%; men: n = 6, 
14.5%), aged 18–35  years, with TMD diagnosed using 
the RDC/TMD (n = 51, 82.3%).

The  inclusion criteria were consent to  participate 
in the study and the absence of neurological, autoimmune, 
hormonal, and degenerative joint diseases. The exclusion 
criteria were orthodontic, prosthetic and implant treat-
ment, history of head trauma, condition after head and 
neck surgery, and pregnancy.

A study involved completing an anonymous question-
naire consisting of 2 parts:

1.  An original 17-question survey. The first question 
– personal data – concerned the gender and age of the re-
spondents. The next questions were related to  the oc-
currence of TMJ symptoms (HA, pain in the neck and 
shoulder girdle, pain in the masticatory muscles, ear pain, 
pain in the TMJ, clenching/grinding of teeth, excessive 
or limited mobility of the jaw, acoustic symptoms, and 
feeling of increased tension in the masticatory muscles);

2.  McGill Pain Questionnaire – Short-Form50–52 – ques-
tions related to the quantitative and qualitative pain assess-
ment. The questionnaire contains 15 adjectives, divided 
into 2 categories: sensory (adjectives 1–11) and affective 
(adjectives 12–15), each rated on a 4-point scale of pain 
severity (pain quality: 0 – not at all; 3 – very much). Fur-
thermore, it includes a visual analog scale (ranging from no 

pain to the worst possible pain) and an index of the severity 
of the currently experienced pain (0 – no pain, 10 – un-
bearable pain). The  higher the  score, the  more severe 
the patient’s pain.

Statistical analyses

The analysis was performed using the IBM SPSS v. 24 soft-
ware (IBM Corp., Armonk, USA). Tests included the χ2 tests 
of independence for comparison of response proportions 
and one-sample Wilcoxon tests for comparison of pain 
severity to a null value. If the expected value criterion 
was not met in  the  contingency tables, Fisher’s exact 
test and the Fisher–Freeman–Halton test were applied. 
Due to the observation of distributions deviating from 
the  normal distribution based on  the  Shapiro–Wilk 
test as well as skewness and kurtosis indices, analyses 
were performed using non-parametric statistical meth-
ods.53,54 Variable statistics are presented in Supplemen-
tary Table 1. A threshold of α = 0.05 was used as the level 
of significance.

Results

The χ2 test was used to compare the proportion of pa-
tients with HAs to those who reported no pain. Statistically 
significant differences have been observed (χ2 = 18.84, de-
grees of freedom (df) = 1, p < 0.001). Patients with TMD 
had significantly more HAs, which is confirmed by 80% 
of respondents (Fig. 1).

The type of HA was verified using a one-sample Wil-
coxon test due to the fact that patients who declared no 
HAs at  the  same time declared a  HA frequency of  0. 
Thus, it was decided to compare the 41 people with HAs 

Table 1. The average severity of the headache and type of headache

Dependent variable
Control group (Mdn = 0)

W Z p-value r
Mdn IQR

Exacerbation of headaches 3.00 1.00 820.00 5.60 <0.001 0.87

Type of pain

pricking 0.00 1.00 171.00 3.94 <0.001 0.62

rushing 0.00 0.00 36.00 2.59 0.010 0.41

pressing 2.00 1.00 595.00 5.18 <0.001 0.82

breaking 0.00 1.75 91.00 3.24 0.001 0.51

cutting 0.00 0.00 10.00 1.89 0.059 0.30

persistent 1.00 1.00 231.00 4.16 <0.001 0.66

blunt 0.00 1.00 91.00 3.24 0.001 0.51

dimmed 0.00 1.00 153.00 3.76 <0.001 0.59

continuous 0.00 1.00 78.00 3.11 0.002 0.49

intermittent 0.00 0.00 45.00 2.89 0.004 0.46

momentary 0.00 1.00 120.00 3.77 <0.001 0.60

W – Wilcoxon test value; Z – standardized test value; r – effect size index of the difference between the obtained value and the null value; 
IQR – interquartile range; Mdn – median.
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to the null value (declared by people with no HAs). The re-
sults are presented in Table 1.

Pain severity is statistically significantly higher among 
individuals with TMD compared to the value of 0, which 

indicates no pain. Furthermore, almost every type of pain 
was statistically significantly more frequent compared 
to  the  null value, with the  exception of  cutting pain 
(p = 0.059), where the average score was close to the value 
indicating no pain. The obtained difference results (com-
pared to the null value) were moderate for rushing, con-
tinuous and intermittent pain (r ≥ 0.30), and strong for 
other types of pain (r ≥ 0.50, Table 1).

Table 2 shows the results of Fisher’s exact test for the 2×2 
tables and the Fisher–Freeman–Halton exact test for larger 
contingency tables on the comparison of TMD and HA 
symptom prevalence.

When analyzing the results, it was found that neck and 
shoulder girdle pain, masticatory muscle pain, ear pain, 
and TMJ hypermobility, as well as limited mandibular mo-
bility, a feeling of tension in the masticatory muscles, and 
acoustic complaints, were not differentiated by the percep-
tion of a HA. However, TMJ joint blocking was significantly 

Table 2. The relationship between the occurrence of pain and symptoms of temporomandibular joint dysfunction

Current symptom
Control group Headache

p-value φ/V
n % n %

Neck and shoulder girdle pain

I don’t know 0 0.0 1 2.4

0.059 0.34no 5 50.0 6 14.6

yes 5 50.0 34 82.9

Masticatory muscle pain

I don’t know 0 0.0 2 4.9

0.096 0.32no 5 50.0 7 17.1

yes 5 50.0 32 78.0

Ear pain

I don’t know 0 0.0 4 9.8

0.332 0.25no 6 60.0 30 73.2

yes 4 40.0 7 17.1

TMJ pain

I don’t know 0 0.0 2 4.9

1.000 0.10no 3 30.0 12 29.3

yes 7 70.0 27 65.9

TMJ joint blocking

I don’t know 0 0.0 3 7.3

0.034 0.39no 3 30.0 10 24.4

yes 7 70.0 28 68.3

TMJ hypermobility

I don’t know 1 10.0 7 17.1

0.590 0.14no 6 60.0 27 65.9

yes 3 30.0 7 17.1

Clenching and/or grinding of teeth

I don’t know 1 10.0 1 2.4

0.021 0.38no 3 30.0 2 4.9

yes 6 60.0 38 92.7

Limited mandibular mobility

I don’t know 0 0.0 3 7.3

1.000 0.13no 5 50.0 21 51.2

yes 5 50.0 17 41.5

Acoustic symptoms
no 2 20.0 8 19.5

1.000 0.00
yes 8 80.0 33 80.5

Masticatory muscle tension
no 3 30.0 8 19.5

0.669 0.10
yes 7 70.0 33 80.5

TMJ – temporomandibular joint.

Fig. 1. The occurrence of headaches in the patients (n = 51)
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less common among individuals with HAs (68.3%) com-
pared to the group without HAs. In addition, clenching 
and/or grinding of teeth occurred significantly more fre-
quently among patients with HAs (92.7%, Table 2) com-
pared to the controls.

Discussion

The study performed the quantitative and qualitative as-
sessment of HAs in people with TMD, and did not examine 
the basis of their occurrence. Patients with TMD declared 
the presence of HAs significantly more often, which was 
confirmed by 80% of the respondents. The obtained dif-
ference results (compared to the null value) were moderate 
for continuous (r = 0.49), intermittent (r = 0.46), rushing 
(r = 0.41), and cutting (r = 0. 30) pain, and were strong for 
pressing (r = 0.82), persistent (r = 0.66), pickling (r = 0.62), 
momentary (r = 0.60), dimmed (r = 0.59), blunt (r = 0.51), 
and breaking pain (r = 0.51).

According to the  literature, patients diagnosed with 
TTH more often described the type of HA they expe-
rience as  pressing.55,56 Therefore, at  the  initial stage 
of the conducted research, it could have been assumed 
with great caution that the oppressive type of pain re-
ported by patients with TMD would indicate the presence 
of TTH, which should be taken into account in future 
research.

Previous epidemiological studies have shown an asso-
ciation between TMD pain and TTH.55 Clinically, pain 
associated with TMD and TTH share a combination of dis-
tinct head and face signs and symptoms, i.e., tenderness 
of the masticatory muscles for TMD and pericranial mus-
cle tenderness for TTH in the active phase of both condi-
tions.57 Other clinical intersections between TMD and 
TTH include the age of subjects in terms of peak incidence, 
pain severity, pharmacotherapy, and even non-pharmaco-
logical treatment.58–60 A recent study also showed a high 
prevalence of  active myofascial trigger points in TTH 
patients.61 This finding may support the hypothesis that 
peripheral muscle mechanisms are involved in the patho-
physiology of TTH.

Current research indicates an important role of central 
sensitization in the pathogenesis of chronic TTH.62 Con-
tinuous episodes of pain involving the pericranial muscles 
(such as the temporalis muscle) can hypersensitize the cen-
tral nervous system, activating higher brain centers, which 
can lead to chronic TTH transformation.63 Despite some 
clinical similarities and overlaps, both TMD HAs and pri-
mary TTH HAs are distinct entities.

Other studies have reported that TMD symptoms are 
more common in  individuals with primary HAs com-
pared to those without HAs.64 This relationship is bidi-
rectional, and several studies have shown that most TMD 
patients report HAs.65 One prospective study claimed that 
the presence of TMD predicted future HAs.66 In addition, 

the onset of TMD was followed by an increased incidence 
of HAs.67 Several randomized controlled trials have shown 
a beneficial effect of treating the masticatory muscles for 
HAs.68,69

The conducted research shows that pain in the masti-
catory muscles, ear pain, TMJ pain and hypermobility, 
as well as limited TMJ mobility, the feeling of mastica-
tory muscle tension, and acoustic complaints are not 
differentiated by the sensation of a HA presence. Pain 
in the neck and shoulder girdle (82.9%, p = 0.059) as well 
as clenching and/or grinding of teeth (92.7%, p = 0.021) 
are significantly more common among patients with both 
TMD and HAs, which has been confirmed by previous 
studies. On the other hand, blocking TMJ occurred less 
frequently in people with HAs than in those without pain. 
Studies by other authors showed a significant relationship 
between HAs, TMJ pain and acoustic symptoms. However, 
in the study by Melo et al., masticatory muscle pain and 
TMJ pain were found to be more common in patients with 
HAs. In addition, TMD seems to be more severe in patients 
with HAs.70 Temporomandibular joint dysfunction is more 
common in people with HAs than in the pain-free group.71

Limitations

Our preliminary research has some limitations. 
The main limitation is the small research group, the lack 
of a neurological examination of patients with HAs, and 
the lack of additional imaging diagnostics of the TMJs, 
which should be taken into account when continuing 
these studies in the future. Further research is needed 
on the correct diagnosis and causative treatment of pa-
tients suffering from HAs resulting from TMD. Patients 
with suspected primary or secondary HAs due to TMD 
should be referred to a dental practitioner to ensure ef-
fective causative treatment.

Conclusions

According to the conducted pilot studies, HAs are a se-
rious health problem in people with TMD. At the initial 
stage of the research, it was assumed that TMD patients 
were more likely to  experience a  tension  HA. Subse-
quently, it  was observed that people with HAs were 
more likely to have pain in the neck and shoulder girdle, 
as well as parafunctions such as clenching and/or teeth 
grinding. In contrast, TMJ blocking occurred signifi-
cantly less frequently. Therefore, while continuing the re-
search, it is necessary to differentiate TMJ diseases into 
those of joint and muscle origin. According to research, 
the treatment of patients with TMD and HAs may require 
close interdisciplinary cooperation between specialties 
(dentistry and neurology). Vigilance should be exercised 
in the differentiation of these 2 disease entities during 
their treatment.
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Supplementary data

The supplementary materials are available at https://
doi.org/10.5281/zenodo.8272638. The package contains 
the following files:

Supplementary Table 1. Descriptive statistics of indica-
tors of tested variables.
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Abstract
Background. Despite the wide range of diagnostic and therapeutic methods, breast cancer is responsible 
for many deaths each year. One of the original and novel cancer therapeutic approaches is gene therapy based 
on recombinant adeno-associated viral vectors. Among the molecular factors with the potential to become 
useful diagnostic biomarkers, microRNA (miRNA) molecules are being considered for personalized therapies.

Objectives. The aim of the study was to examine the utility of miRNA profiling in the design of personalized 
recombinant adeno-associated virus (rAAV)-based gene therapy for breast cancer patients.

Materials and methods. The analysis of 754 miRNAs in 7 breast cancer samples and control samples was 
performed using real-time polymerase chain reaction (PCR) based on TaqMan® Low-density Array (TLDA) 
cards. Online repositories were used to explore the relationship between miRNAs and genes encoding rAAV 
receptors (KIAA0319L, HSPG2, FGFR1, c-MET, PDGFRA, ITGB5, and RPSA). Then, we performed a comparative 
analysis of the results to examine the possibility of using miRNA profiling in the design of rAAV-based 
therapeutic protocols.

Results. Fifty-two percent of tested miRNAs were noted in at least 1 analyzed breast cancer and control 
tissue. Thirteen miRNAs were selected due to being outliers in the tested samples. In total, 155 miRNAs tar-
geted genes encoding rAAV receptors in the tested samples (29 miRNAs for KIAA0319L, 60 miRNAs for c-MET, 
31 miRNAs for HSPG2, 43 miRNAs for FGFR1, 36 miRNAs for PDGFRA, 18 miRNAs for RPSA, and 25 miRNAs for 
ITGB5). The expression of the selected miRNAs was not homogeneous across the 7 samples.

Conclusions. Profiling of microRNA could be a significant factor in the design of rAAV-based personalized 
gene therapy for breast cancer patients.

Key words: breast cancer, microRNA, gene therapy, rAAV
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Background

As of 2020, breast cancer has become the most diagnosed 
cancer worldwide. Despite the development of anticancer 
treatments, the number of cases is still estimated to be 
approx. 2.26 million, causing more than 680,000 deaths 
in 2020.1,2 Undoubtedly, an important factor in the treat-
ment of the disease is effective oncological therapy, which 
depends on the selection of the therapeutic protocol.3–5 
Molecular diagnostics could be an extremely valuable tool 
in the treatment of breast cancer, which not only enables 
the detection of tumors but can also contribute to the se-
lection of an appropriate oncological treatment proto-
col.6–8 A novel approach in the selection of a therapeutic 
protocol for breast cancer could be the profiling of mi-
croRNAs (miRNAs).8–12 MicroRNAs constitute small, sin-
gle-stranded RNA molecules of 14–22 nucleotides, whose 
biological role is to inhibit gene expression at the level 
of translation.13,14 In addition, miRNAs are characterized 
by their stability and tissue or cell specificity.15 Because 
of  these characteristics, they represent an  interesting 
diagnostic solution with a great potential for the detec-
tion of organ injury (e.g., miRNA-208 in the diagnosis 
of cardiac injury16,17), determining the nature of the on-
going disease process (e.g., miRNA-21 as a biomarker for 
breast cancer18–20) or detecting congenital malformations 
of the fetus.21–23 Moreover, miRNAs are involved in nu-
merous physiological and pathophysiological processes, 
including tumorigenesis, which gives them the potential 
as a tool to personalize treatment, including oncological 
treatments, e.g., for breast cancer.15,24,25

The anticancer treatments that have been proposed for 
the treatment of breast cancer do not provide satisfac-
tory results.5,26,27 One of the novel therapeutic approaches 
could be gene therapy using recombinant adeno-associ-
ated virus (rAAV) vectors. The rAAV vectors are small, 
non-pathogenic, characterized by cell tropism, and dis-
play high transduction efficiency to selected cell types. 
Therefore, rAAV vectors are favorable candidates for 
the treatment of diseases, including cancer.28–30 The use 
of rAAV vectors in oncology treatment could be asso-
ciated with an  increased survival rate of patients.31–33 
However, the transduction efficiency using rAAV vec-
tors can be limited due to antigen-presenting cells, which 
stimulate the patient’s immune system against trans-
gene products that are expressed after the introduction 
of the rAAV vectors. This effect has the potential to re-
duce the effectiveness of gene therapy.34–37 Furthermore, 
the effectiveness of gene therapy based on the use of viral 
vectors depends on the delivery of the therapeutic gene 
into the cell. This effect is related to the efficient binding 
of the viral vector to target cell surface receptors.34–39 
It is well known that miRNAs are involved in the regula-
tion of gene expression.13,14 Using the miRNA profile, 
gene therapy with the use of rAAV vectors could be per-
sonalized, resulting in increased transduction efficiency 

of cells in, e.g., breast cancer. The miRNA profiling could 
be used to develop safe and effective anticancer therapies 
for breast cancer.28–30

Objectives

The study aimed to examine the utility of the miRNA 
profiling in the design of personalized rAAV-based gene 
therapy for breast cancer patients. In  breast cancer, 
the presence of miRNAs targeting silencing of mRNAs 
encoding receptors for rAAV that condition rAAV vector 
transduction may result in ineffectiveness of rAAV vector-
based anti-cancer therapy. Knowing the patient-specific 
miRNA signature could help select the best rAAV-based 
viral vector to guarantee the effectiveness of gene therapy.

Materials and methods

Breast cancer and control samples

Breast cancer tissue samples were collected from 7 pa-
tients diagnosed with breast cancer (age: 70.1 ±8.8 years). 
Normal breast tissue samples adjacent to the tumor were 
collected from 3 enrolled patients (age: 73 ±6.7 years). 
The experiment was performed after obtaining the ap-
proval of the Medical University of Warsaw (WUM) Bio-
ethical Committee, Poland (approval No. KB/62/2017).

Isolation of miRNAs

Samples were stored at −80°C in RNAlater™ Stabiliza-
tion Solution (Invitrogen, Waltham, USA) until the isola-
tion of RNA. Total RNA containing the miRNA fraction 
was isolated from samples using the mirVana™ miRNA 
Isolation Kit (Ambion; Thermo Fisher Scientific, Waltham, 
USA), according to the manufacturer’s protocol. The RNA 
quality and quantity were assessed using spectrophoto-
metric measurement (Q3000; Quawell Technology, San 
Jose, USA) and RNA integrity testing (Agilent 2100, RNA 
6000 Nano Kit; Agilent Technologies, Santa Clara, USA), 
with the assessment of miRNA quantity (Agilent 2100; 
Small RNA Kit; Agilent Technologies).

Assessment of miRNA profiles in breast 
cancer/control samples

The miRNA profiling was performed using microflu-
idic cards with lyophilized TaqMan Molecular Probes 
(TaqMan® Low-density Array (TLDA) cards), namely 
TaqMan® Human MicroRNA Array A (Applied Biosys-
tem, Foster City, USA) and TaqMan® Human MicroRNA 
Array B v3.0 (Applied Biosystem), to detect 754 different 
miRNAs and non-coding RNA molecules, known as en-
dogenous controls (RNU44 (assay ID: 001094), RNU48 
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(assay ID: 001006) and U6 snRNA (assay ID: 001973). 
First, cDNA of all tested miRNAs and non-coding RNA 
was synthesized using the TaqMan® MicroRNA Reverse 
Transcription (RT) Kit (Applied Biosystems), according 
to the manufacturer’s protocol. An RT reaction was car-
ried out under thermal conditions according to the man-
ufacturer’s protocol. Then, a real-time polymerase chain 
reaction (PCR) reaction was performed. The obtained 
reaction mixture was dispersed into each port included 
in the TLDA card. The PCR reaction was carried out 
using a ViiA™ 7 Real-Time PCR thermocycler (Applied 
Biosystems), according to the thermal profile as recom-
mended by the manufacturer. The PCR reaction was per-
formed in duplicate for each analyzed sample. The results 
were examined with the use of ExpressionSuite Software 
v. 1.0.3 (Thermo Fisher Scientific). A manual threshold 
was set at 0.2 for all samples. The miRNAs whose copy 
threshold (Ct) values were found to be <35 in at least one 
of the analyzed samples, including the control sample, 
were included in  the  in  silico analysis.40 The miRNA 
level was presented as an ΔCt value, which expresses 
the normalized Ct value relative to the endogenous con-
trol. In this study, RNU48 (assay ID: 001006) was used 
as  the endogenous control, having the  least variation 
within the tested samples. The results are presented us-
ing the 2−ΔCt method.

Bioinformatic analysis

Online repositories were used to perform the association 
analysis between breast cancer miRNAs and selected genes 
encoding receptors for rAAV-based vectors: miRTarBase 
v. 7.0 (https://mirtarbase.cuhk.edu.cn/~miRTarBase/miR-
TarBase_2022/php/index.php); miRDB v. 5.0 (http://www.
mirdb.org/), miRanda (https://bioweb.pasteur.fr/packages/
pack@miRanda@3.3a), and TarBase v. 7.0 (http://diana.imis.
athena-innovation.gr/DianaTools/index.php?r=tarbase/
index). The following genes encoding receptors for AAV-
based vectors were selected for the analysis: KIAA0319L 
(NM_024874), HSPG2 (NM_005529), FGFR1 (NM_013439), 
c-MET (NM_000245), PDGFRA (NM_006206), ITGB5 
(NM_002213), and RPSA (NM_002295).

Statistical analyses

The results are shown as mean and 95% confidence inter-
vals (95% CIs). The one-way analysis of variance (ANOVA) 
was used to compare samples in relation to ΔCt. Tukey’s 
post-hoc test was performed to estimate statistically sig-
nificant differences between the test groups. Grubbs test 
was used to analyze ΔCt outliers within the study samples. 
The results are shown with a significance level of p < 0.05 
(see Supplementary Table 1 for details of statistical test 
assumptions). The statistical analysis was performed us-
ing Statistica v. 13.3 software (StatSoft Polska Sp. z o.o., 
Kraków, Poland).

Results

Profiling miRNAs in breast cancer patients

The miRNA profiling assay indicated that 52% of all 
miRNAs tested (representing 395  miRNAs) satisfied 
the sensitivity criteria of the method, i.e., showed Ct val-
ues <35 in at least one of the analyzed breast cancer and 
control tissues. A list of miRNAs present in breast can-
cer is available from the corresponding author. We found 
that the miRNA profile was found to be diversified across 
the 7 breast cancer samples (Fig. 1). The analysis of the ΔCt 
values in  the  samples showed significant differences 
amongst themselves and when compared to the controls. 
The visualization of miRNA expression in breast cancer 
using the heatmap (Fig. 1A) demonstrated heterogeneous 
levels of miRNAs, as shown for the p3 sample. It was char-
acterized by the largest number of miRNA molecules with 
the highest levels of expression (highest 2−ΔCt value) and 
was statistically different from most of the analyzed sam-
ples (Fig. 1B).

Analysis of the most significant miRNAs 
in breast cancer

The statistical analysis (Grubbs test) was used to distin-
guish 13 miRNAs which were the most outliers among all 

Table 1. miRNA with the potential to silence more than 1 gene encoding receptors for recombinant adeno-associated virus (rAAV)

Number of simultaneously silenced 
rAAV receptor genes (n = 6) miRNA

5 hsa-miR-22-3p, hsa-miR-34a-5p

4 hsa-let-7a-5p, hsa-let-7b-5p, hsa-miR-130a-3p, hsa-miR-218-5p, hsa-miR-335-5p, hsa-miR-449a, hsa-miR-455-3p

3
hsa-let-7e-5p, hsa-let-7f-5p, hsa-let-7g-5p, hsa-miR-141-3p, hsa-miR-15a-5p, hsa-miR-16-5p, hsa-miR-200a-3p, 

hsa-miR-27b-3p, hsa-miR-34c-5p, hsa-miR-532-3p, hsa-miR-543

2

hsa-miR-101-3p, hsa-miR-125a-5p, hsa-miR-125b-5p, hsa-miR-130b-3p, hsa-miR-137, hsa-miR-146b-5p, 
hsa-miR-150-5p, hsa-miR-155-5p, hsa-miR-15b-5p, hsa-miR-17-5p, hsa-miR-181a-5p, hsa-miR-185-5p, 
hsa-miR-195-5p, hsa-miR-199a-3p, hsa-miR-20a-3p, hsa-miR-21-3p, hsa-miR-214-3p, hsa-miR-26b-5p, 
hsa-miR-27a-3p, hsa-miR-29a-3p, hsa-miR-29b-3p, hsa-miR-320a, hsa-miR-330-3p, hsa-miR-362-3p, 

hsa-miR-424-5p, hsa-miR-425-5p, hsa-miR-449b-5p, hsa-miR-450b-5p, hsa-miR-454-3p, hsa-miR-484, 
hsa-miR-486-3p, hsa-miR-486-5p, hsa-miR-345-5p

https://mirtarbase.cuhk.edu.cn/~miRTarBase/miRTarBase_2022/php/index.php
https://mirtarbase.cuhk.edu.cn/~miRTarBase/miRTarBase_2022/php/index.php
http://www.mirdb.org
http://www.mirdb.org
https://bioweb.pasteur.fr/packages/pack@miRanda@3.3a
https://bioweb.pasteur.fr/packages/pack@miRanda@3.3a
http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=tarbase/index
http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=tarbase/index
http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=tarbase/index
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the miRNAs studied in breast cancer: let-7c-5p (p = 0.0475), 
miRNA-1290 (p  =  0.040), miRNA-187-3p (p  =  0.029), 
miRNA-224-5p (p = 0.024), miRNA-30d-3p (p = 0.036), 
miRNA-425-3p (p = 0.047), miRNA-454-3p (p = 0.038), 
miRNA-454-5p (p = 0.043), miRNA-501-5p (p = 0.034), 
miRNA-766-3p (p = 0.032), miRNA-770-5p (p = 0.047), 
miRNA-885-5p (p = 0.026), and miRNA-99b-3p (p = 0.042). 
These were not characterized by  homogeneous levels 
or even presence defined as a Ct value <35 in the tested 
samples. Specifically, miRNA-187-3p and miRNA-766-3p 
were considered absent in 28.6% of  the samples, while 
miRNA-454-5p and miRNA-770-5p failed to meet the cri-
terion of Ct value <35 in 71.4% and 57.1% of breast cancer 
samples, respectively (Fig. 2A,B).

Analysis of the miRNA profile in breast 
cancer showed genes encoding rAAV 
vector receptors

Four online repositories were analyzed to  explore 
the potential of miRNAs to silence receptor gene expres-
sion in breast cancer. The miRNAs were selected to poten-
tially silence the expression of any of the tested mRNAs, 

namely genes encoding receptors for rAAV-mediated cell 
transduction (KIAA0319L, c-MET, HSPG2, FGFR1, PDG-
FRA, RPSA, and ITGB5). The in silico analysis identified 
155 miRNAs that could influence the mRNA expression 
of these cellular receptors for rAAV. Notably, heterogene-
ity was observed in miRNA levels between breast cancer 
samples. In addition, there were significant differences 
in the ΔCt values of miRNAs capable of regulating rAAV 
receptor expression between the control and 2 breast can-
cer samples (p3 and p4; Fig. 3A,B). 

miRNAs with the potential to inhibit 
the expression of particular rAAV receptors

Our studies have shown that all analyzed genes can be 
regulated by miRNAs identified in this study. The profile 
of the selected miRNAs was not homogeneous in the sam-
ples. However, there were no significant differences 
in the levels of miRNAs specific to any separately tested 
gene among breast cancer samples (Fig. 3). Interestingly, 
the selected miRNAs with the potential to silence genes 
encoding receptors for rAAV had not been present un-
equivocally in the tested samples (Table 1).

Fig. 1. miRNA present in breast cancer and control samples. A. Heatmap shows the differential expression of miRNAs between breast cancer patients and 
controls (2−ΔCt) (red color stands for the highest value of 2−ΔCt, and blue color indicates the lowest value of 2−ΔCt); B. The results are presented as a mean 
of ΔCt ±0.95 confidence interval. The statistical significance is shown (analysis of variance (ANOVA): F(7;3152) = 7.154; p < 0.0001; Tukey’s post-hoc test)

p1–p7 – breast cancer samples; k – control.
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We  found that 36.8% of  the  selected miRNAs are 
complementary to  more than one mRNA of  the  ana-
lyzed genes. It  is particularly evident for miRNA-22-3p 
and miRNA-34a-5p, which have the potential to silence 

as many as 5 genes encoding rAAV receptors (c-MET, 
HSPG2, FGFR1, RPSA, ITGB5, and c-MET, FGFR1, RPSA, 
ITGB5, PDGFRA, respectively) (Table 1).

Fig. 3. miRNAs potentially inhibit 7 genes encoding receptors for recombinant adeno-associated virus (rAAV). A. Heatmap shows the differential expression 
of miRNAs between breast cancer patients and controls (2−ΔCt). Red color stands for the highest value of 2−ΔCt, and blue color indicates the lowest value 
of 2−ΔCt; B. The results are presented as mean of ΔCt ±0.95 confidence interval. The statistical significance is presented (analysis of variance (ANOVA): 
F(7;1232) = 3.008; p = 0.004; post-hoc Tukey’s test)

p1–p7 – breast cancer samples; k – control.

Fig. 2. The most outlier miRNAs in breast cancer sample (n = 7). A. Heatmap (red color stands for the highest value of 2−ΔCt, blue color indicates the lowest 
value of 2−ΔCt); B. The graph presents miRNA outliers for individual patients (p1–p7), the line indicates copy threshold (Ct) =35
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KIAA0319L, c-MET and HSPG2 genes

Among the analyzed miRNAs, 29 demonstrated a probabil-
ity of silencing the KIAA0319L gene (Fig. 4A), 60 could silence 
the c-MET gene (Fig. 4C), and 31 could silence the HSPG2 gene 
(Fig. 4E). The variation of miRNA levels was visualized using 
a heatmap, and cluster analysis was performed for the breast 
cancer samples (Fig. 4A,C,E, respectively). The miRNA pro-
file of the p3 sample is distinguished in the range of 2−ΔCt 
values (Fig. 4A,C,E). Furthermore, ANOVA showed no sta-
tistical significance between the ΔCt values among the breast 
cancer samples tested for the KIAA0319L gene (Fig. 4B) and 
HSPG2 gene (Fig. 4F). However, it demonstrated significant 

differences between the ΔCt values of miRNAs in the p3 
sample and control tissue (k) for the c-MET gene (Fig. 4D).

FGFR1, PDGFRA, RPSA, and ITGB5 genes

The current study found 43 miRNAs capable of silencing 
the FGFR1 gene (Fig. 5A), 36 miRNAs that could silence 
the PDGFRA gene (Fig. 5C), 18 for the RPSA gene (Fig. 5E), 
and 25 for the ITGB5 gene (Fig. 5G). These miRNAs could 
all potentially silence the expression of the genes encoding 
receptors necessary for the entry of rAAV. No significant 
differences were observed in the ΔCt of either the breast 
cancer or control samples (Fig. 5B,D,F,H).

Fig. 5. A,C,E,G. Heatmap showing the differential expression of miRNAs between breast cancer patients and controls (2−ΔCt) for FGFR1 (A), PDGFRA (C), 
RPSA (E), and ITGB5 (G) genes; B. The results are presented as mean, and the outcomes of the analysis of variance (ANOVA) for FGFR1 (B), PDGFRA (D), RPSA (F), 
and ITGB5 (H) genes are displayed. The statistical analysis is shown (ANOVA: F(7;336) = 0.818; p = 0.573 (B), F(7;280) = 0.825; p = 0.567 (D), F(7;136) = 0.510; 
p = 0.826 (F), F(7;192) = 0.303; p = 0.952 (H)). Red color stands for the highest value of 2−ΔCt, and blue color indicates the lowest value of 2−ΔCt

p1–p7 – breast cancer samples; k – control.
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Discussion

Breast cancer is the most common cancer diagnosed 
globally in female patients,1,2,41,42 thus various innovative 
treatment options and diagnostics continue to be devel-
oped.5,6,27,43–45 Certainly, one of the novel treatment ap-
proaches could be gene therapy.46,47 In this regard, the most 
frequently utilized gene carriers are viral vectors.48,49 
The  rAAV vectors are of  particular interest because 
of their unique features.28–32 The synthesis of the corre-
sponding protein is influenced by several factors, including 
miRNAs. Interestingly, previous studies demonstrated that 
the expression of up to 60% of human genes is regulated 
by miRNAs, which have the potential to inhibit the forma-
tion of correct protein. Therefore, miRNAs are extremely 
important in the design of gene therapy, including breast 
cancer therapy, in which personalization is the goal, and 
where the most ideal viral vector needs to be selected.35,39 
The purpose of this study was to highlight whether endog-
enous miRNAs can act as potential biomarkers in the per-
sonalization of rAAV vector-based gene therapy for breast 
cancer. We analyzed the miRNA profile in breast cancer 
samples, which were obtained from 7 patients using quan-
titative (q)PCR TLDA cards. The study demonstrated that 
52% of miRNA molecules, representing 395 of the 754 mol-
ecules, were positive in at  least 1 of the tested samples 
(Fig. 1A). The paper also examined the diversity of levels 
of all included miRNAs. The level expressed as ΔCt was 
found to vary over the range of tested samples (Fig. 1B). 
It is noteworthy that the p3 sample shows a high degree 
of variability and is significantly different from the other 
breast cancer and control samples (Fig. 1A). Moreover, 
the miRNA profile for the individual probes varies, which 
has the potential to be a consequence of the molecular sub-
type of breast cancer. Blenkiron et al. showed that the pro-
file of miRNA is variable and characteristic, depending 
on the molecular subtype of breast cancer.50 In addition, 
a cluster analysis of the breast cancer samples conducted 
by Blenkiron et al. presented a high degree of miRNA di-
versity. The authors suggested it to be a result of miRNA 
deregulation in cancer cells. Furthermore, Tsai et al. de-
picted the varying expression of miRNAs in breast can-
cer.51 The researchers demonstrated a heterogeneous pro-
file of miRNA molecules that depend on the age of patients, 
the tumor lesion and the hormone receptor profile. Similar 
studies indicating the presence of miRNA heterogene-
ity in breast cancer were conducted by Sempere et al.52 
In this study, the levels of miRNA heterogeneity were ana-
lyzed. In breast cancer samples tested herein, the levels 
of miRNA varied the most for the molecules presented 
in Fig. 2. A distinguishing property of miRNAs is that 
they can function both as molecules that promote or in-
hibit the neoplastic process within the same tumor.53,54 
Fluctuations in the level of miRNAs observed herein sug-
gest the individualism of the studied sample, which was 
also shown in the study by Galka-Marciniak et al.55 In this 

work, miRNAs in neoplastic tissue were analyzed in as-
sociation with genes that are involved in the formation 
of protein surface receptors of cells targeted by rAAV vec-
tors. These vectors are increasingly used in clinical trials 
of gene therapy, including anticancer therapy. More impor-
tantly, several drugs based on rAAV have been registered, 
including Zolgensma (U.S. Food and Drug Administration 
(FDA)), Luxturna (European Medicines Agency (EMA)) 
and Glybera (EMA). The in silico analysis showed that 
the expression of each of the selected genes could be regu-
lated by dozens of miRNAs. Moreover, a single miRNA can 
influence the regulation of several genes encoding recep-
tor proteins that target viral vectors. Examples include 
miR-22-3p and miR-34a-5p, both of which can silence 5 
of the 7 genes tested in the rAAV vector (e.g., miR-22-3p 
inhibits the expression of c-MET, HSPG2, FGFR1, RPSA, 
and ITGB5) (Table 1). The  significant variance across 
miRNA levels between the tested samples can influence 
the expression of receptor proteins, which are essential 
for the introduction of viral vectors into target cells. For 
instance, miRNA-224-5p is a molecular target of the PDG-
FRA gene, whose protein is a co-receptor for rAAV5. Con-
versely, miR-766-3p can potentially be involved in inhibit-
ing the expression of the hspg2 protein, which is a receptor 
for the majority of rAAV vectors.38,39 By identifying these 
miRNAs for individual patients, it is entirely appropriate 
to propose a gene therapy based on a particular targeted 
rAAV or to exclude it completely. It  is also interesting 
to observe that out of the 754 miRNAs indicated in our 
breast cancer samples, 395  were identified with PCR, 
of which just 155 could potentially inhibit the expression 
of rAAV receptors (Fig. 3A). These findings highlight that 
designing an appropriate vector for gene therapy of breast 
cancer could prove to be a significant achievement. Among 
the most aberrant miRNAs in the tested breast cancer 
samples (Fig. 2A), 5 participated in the potential regulation 
of receptor protein expression for rAAV vectors. They were 
determinable for all samples except miR-766-3p, which 
was not determined in the p1 probe. Based on the results, 
the differences in ΔCt of miRNA levels for the p3 and p4 
samples were observed (Fig. 3A). The ΔCt levels were lower 
in p3 and p4 samples, indicating higher miRNA levels com-
pared to other samples. This higher level of miRNAs could 
directly influence the expression of genes they control. 
Based on the patient’s susceptibility to a specific rAAV 
serotype, it was determined that the miRNA profile could 
be useful in determining the efficacy of gene therapy using 
viral vectors. Significant differences in miRNA expres-
sion can be observed in the investigated samples (Fig. 1). 
These differences could indicate that miRNA profiling 
is a useful step in the development and implementation 
of the selected gene therapy protocol. Concerning rAAV 
receptors, for example, in the p5 sample, 22.6% of the to-
tal miRNA was undetected (data not shown). In contrast, 
only 7.1% of miRNA molecules in the p4 sample were not 
detected (data not shown). Based on these results, it could 
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be concluded that the sample with the  lowest number 
of undetectable miRNAs could be predisposed to gene 
therapy based on the rAAV vectors. Conversely, the sample 
with the highest number of miRNAs is less likely to be 
transduced by viral vectors. Among the miRNAs tested 
in the study, those not determined in association with si-
lencing of the rAAV vector receptor genes made up a small 
percentage. The group of examined samples showed dif-
ferences in the detection of 155 miRNAs, which were iden-
tified in this study as molecules that recognize receptor 
genes exploited by rAAVs.

Limitations

The limitation of the study is the relatively small number 
of tested breast cancer samples and insufficient knowl-
edge of medical history and sample collection. However, 
a major advantage of the study is the broad examination 
of miRNAs.

Conclusions

In summary, the obtained results demonstrate that per-
sonalized gene therapy for breast cancer could be designed 
using rAAV vectors. According to the selected miRNA 
molecules in the performed studies, it would have been 
possible to estimate the presence of the receptor protein 
indirectly in a particular breast cancer patient. This novel 
approach could be of considerable clinical relevance and 
could indicate whether rAAVs are the ideal vectors for 
gene therapy in a particular patient. The main purpose 
of the work was to thoroughly investigate the molecular 
signature of breast cancer, which would be a prerequisite 
for personalized gene therapy.
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