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Abstract

A harmonic brain—body communication is fundamental to individual wellbeing and is the basis of human
cognition and behavior. In the last 2 decades, the interaction between the brain and body functioning has
become a central area of study for neurologists and neuroscientists in clinical and non-clinical contexts.
Indeed, brain—body axis dysfunctions occur in many psychiatric, neurological and neurodegenerative diseases.
This editorial will focus on recent advances and future therapeutic perspectives for studying brain—body
interactions in health and diseases.

Key words: psychiatric disorders, central nervous system, neurodegeneration, autonomic nervous system,
neurological disorders


https://www.doi.org/10.17219/acem/185689

322

The brain-body balance

Coordinated interactions between the brain and the body
are crucial for survival. The human body is a complex sys-
tem of interconnected structures and functions, each play-
ing a crucial role in maintaining brain—body homeostasis
and driving behavior and cognition. However, brain—body
balance disruption can lead to neurological or psychologi-
cal diseases. Indeed, several psychiatric, neurological and
neurodegenerative disorders present with dysregulations
of brain and body functioning.!~® In this context, the com-
bined assessment of brain and body functioning becomes
fundamental in clinical practice, as it offers valuable in-
sights into the relationship between brain function and
body regulation.*>

In this manuscript, we will delve into the profound inter-
play between the brain and the body, examining how dis-
ruptions in this dynamic relationship contribute to the on-
set and/or progression of debilitating conditions. Despite
extensive research on dysfunctional brain—body interac-
tions in neurological and psychiatric disorders, it is not
currently possible to establish causative and/or hierarchi-
cal links between dysfunctional brain—body interactions
and neuropsychiatric disease onset.

The onset and progression of many psychiatric and neu-
rological diseases often involve intricate molecular, cellular
and systemic changes that impact the central and autonomic
nervous systems.® Neuronal damage, inflammation and ab-
errant protein accumulation can disrupt the normal flow
of signals within brain networks. Such brain-level dysfunc-
tions are linked to a cascade of symptoms and dysregulation
of the autonomic nervous system while concurrently reveal-
ing the interplay between neural substrates and neuropsy-
chiatric diseases.® For instance, dysfunctional cardiac activ-
ity was linked to impaired cognitive functioning in healthy
and neurological populations,” and heart rate variability
(ie., a measure of cardiac functioning) was recently used
as a biomarker to differentiate Alzheimer’s disease from
Lewy body dementia in patients with mild cognitive im-
pairment.!® Moreover, the degeneration of dopaminergic
neurons in Parkinson’s disease results in motor fluctuations
and dyskinetic movements. However, relevant works have
also highlighted the role of the gut microbiome in the mal-
adaptive immune and inflammatory responses that acceler-
ate Parkinson’s pathogenesis.!"'? Crucially, preclinical and
clinical studies indicate that gut microbiome alterations may
be susceptibility factors for the progression of several neu-
rodegenerative disorders, including Alzheimer’s disease and
Parkinson’s disease, and major psychiatric disorders.!3-17
For instance, recent findings demonstrate a consistent de-
crease in microbial richness in bipolar disorder patients,
while differences in beta diversity were observed in major
depressive disorder, schizophrenia and psychosis, compared
with controls.® Similarly, liver diseases such as cirrhosis and
hepatic encephalopathy are closely related to neurological
symptoms through the liver—brain axis.!8%

F. Di Gregorio, S. Battaglia. Brain-body interaction

The immune system plays a crucial role in multiple
sclerosis (MS) etiology and progression.2%?! Specifically,
immunological mechanisms acting at the brain and body
levels can interact through multiple pathways?2-2* and,
in MS, chronic immunological dysregulations may reflect
a long-term stress response to homeostatic dysregulation
in the central nervous system, ultimately leading to neuro-
degeneration.?> However, the role of central and peripheral
immunological events in the early inflammatory phase
of MS is under debate. In particular, it is unclear whether
a primary immunological process occurs in the brain and
extends to the periphery or vice versa, where the immune
activation initiates in the periphery before transferring
to the as-yet unaffected central nervous system.?®*” Im-
portantly, peripheral and central inflammatory processes
likely play a crucial role in fatigue during MS.?”28

Recent advances in neuroscience and physiology have
shed light on the dynamic brain—body relationship in psy-
chiatric disorders, emphasizing the bidirectional com-
munication between the brain and various physiological
systems. Dysregulations of specific neural circuits and
neurotransmitter systems and structural and functional
brain changes contribute to the pathophysiology of vari-
ous psychiatric disorders.>?-32 For instance, dysfunction
in the prefrontal-limbic circuitry and alterations in neu-
rotransmitter systems such as dopamine and glutamate
are implicated in mood disorders and schizophrenia.?3-%”
Moreover, epigenetic and genetic influences shape sus-
ceptibility to neuropsychiatric disorders, with genome-
wide association studies identifying risk genes associated
with conditions such as bipolar disorder.31:3%3 Epigenetic
modifications, including DNA methylation and histone
modification, further regulate gene expression patterns
linked to psychiatric phenotypes.*04!

Dysregulations of the neuroendocrine and immune sys-
tems have been reported in depression, anxiety and ele-
vated stress,*>*3 with a key role for the hypothalamus—pitu-
itary—adrenal axis (HPA).*#*> In particular, post-traumatic
stress disorder (PTSD) was related to abnormal dynamics
in HPA axis activation,*®*” which was responsible for in-
creased cortisol levels.?¥% This abnormal activity may lead
to impairments in cognitive functions like attention, mem-
ory and cognitive control,>*~°2 in PTSD patients. More-
over, dysfunctions in the heart rate, blood pressure and
respiratory rate have been observed in several psychiatric
disorders, including panic and generalized anxiety dis-
orders.>®~% The research framework highlighted the sig-
nificance of heart rate variability (HRV) in the context
of psychiatric disorders, adding a new dimension to our
understanding of the dynamic brain—body relationship.®”
Decreased HRV has been identified as a contributing fac-
tor in heart failure patients with psychiatric conditions;
furthermore, abnormal HRV has been reported in various
mental disorders, emphasizing the role of the autonomic
nervous system in these conditions.>®=%° Increased sym-
pathetic activity and reduced parasympathetic tone are
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common findings in psychiatric disorders, highlighting
the role of autonomic dysregulation in the manifestation
and progression of mental health conditions, as the au-
tonomic imbalance contributes to the resulting pro-in-
flammatory state of depression.#24+61-6* Finally, chronic
inflammation, characterized by elevated levels of pro-in-
flammatory cytokines, has also been linked to conditions
like schizophrenia.®>-¢7

Diagnostic and therapeutic
prospective

Integrating different markers from brain and body func-
tioning would enhance diagnostic and prognostic accuracy
across various clinical domains. Definitively, an integrative
brain—-body assessment approach may enable a more com-
prehensive understanding of the neurobiological mecha-
nisms and help guide treatment strategies, such as select-
ing appropriate medications or implementing targeted
interventions for personalized medical approaches.>%%
As such, recent studies highlighted how combining elec-
troencephalography (EEG) and cardiac activity may pro-
vide detailed information about the interaction between
neural activity and the autonomic nervous system during
cognitive processes’ and neurological and psychiatric
disorders.”* Specifically, EEG biomarkers, such as aber-
rant oscillatory patterns or reduced connectivity,>7%73 can
indicate early signs of cognitive decline, while cardiac mea-
sures may reflect autonomic dysfunction associated with
neurodegenerative processes.’®*>7+7> By integrating these
measures, it is possible to improve diagnostic accuracy
and track disease progression, facilitating the development
of personalized treatment plans.>76-80

Advancements in neuroscience and technology have
opened new frontiers for treating neurological and psy-
chiatric-related symptoms by integrating different ap-
proaches.®-8% Neurostimulation techniques, such as deep
brain stimulation, transcranial magnetic stimulation
(TMS), transcranial direct current stimulation (tDCS),
transcranial electrical stimulation, and vagus nerve stimu-
lation, are being explored as potential interventions for
various neurological disorders.34-%° These approaches aim
to modulate neural activity within large neural networks,
but the effects of these treatments on brain—body com-
munication are scarcely investigated.”®

Understanding the multifaceted interactions between
the brain and the body in neurological and psychiatric
diseases is essential for developing effective therapeutic
approaches.® Current treatments often focus on mitigat-
ing symptoms, slowing disease progression or modulat-
ing specific pathways. In Parkinson’s disease, for exam-
ple, medications aim to target the dopaminergic system
to alleviate motor symptoms.’! However, new therapeutic
approaches are becoming available for the wide range
of non-motor symptoms, which are often very disabling
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and include neuropsychiatric, autonomic, sleep, and
pain symptoms (for a review, see Foltynie et al. and Tajti
et al.).®"*2 In depression, the crosstalk between inflam-
mation, metabolic pathways and neural circuits can ul-
timately affect neural network activity, which is respon-
sible for regulating behavioral and emotional responses.®®
Accordingly, several studies reported the antidepressant
effects of anti-inflammatory treatments in patients with
depression.”®=%° Furthermore, recent advances in exercise
physiology have yielded crucial insights into the interplay
between the brain and body concerning the advantageous
effects of physical activity on cognition and mood in states
of health and disease.””7896-190 Finally, neurostimulation
techniques, including TMS and tDCS, have shown efficacy
in alleviating depressive symptoms when combined with
psychosocial intervention.!-1%% Thus, integrated multidis-
ciplinary approaches are generally recommended to holis-
tically address the disease-related symptoms and ensure
the best outcomes for individuals at brain and body levels.

Tip the scale

The synergistic utilization of brain and body functioning
measures in clinical practice offers a multidimensional
perspective on brain function and physiological regula-
tion.® This integrative approach holds promise for enhanc-
ing diagnostic accuracy, treatment selection and monitor-
ing of various neuropsychiatric and neurodegenerative
conditions, ultimately improving patient outcomes and ad-
vancing the field of clinical neuroscience.”1%* The brain—
body interaction in neurological and psychiatric diseases
is a complex and dynamic system that extends beyond
the traditional boundaries of the nervous system,'% in-
cluding disrupted communication pathways, the influ-
ence of the immune and endocrine systems, and the role
of the gut—brain axis, though our understanding of these
intricate connections continues to evolve. In conclusion,
unraveling dysfunctional brain—body interactions in neu-
rological and psychiatric diseases would be the basis for
innovative therapeutic interventions.>!%* The proposal
of synergistic approaches to investigating and treating
brain—body communication remains at the forefront of sci-
entific research and clinical exploration, with the potential
to transform the landscape of health care in years to come.
Indeed, a holistic and synergistic approach could enhance
diagnostic accuracy, treatment selection, and psychological
and neurological health monitoring across the lifespan.
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Abstract

Background. There are a variety of perspectives on the risk of osteoporotic fractures in inflammatory bowel
disease (IBD), and few thorough assessments that are pertinent.

Objectives. We conducted a meta-analysis to assess the risk of osteoporotic fractures in 1BD.

Materials and methods. A systematic literature search up to September 2022 was performed, and
1,158,982 subjects participated in the baseline trials of the selected studies. A total of 261,829 patients had
IBD, while 897,153 were controls. Odds ratio (OR) and mean difference (MD) with 95% confidence intervals
(959 Cls) were calculated to measure the risk of osteoporotic fractures in IBD patients using contentious and
dichotomous approaches with a random or fixed influence model.

Results. The presence of IBD resulted in significantly higher frequency of osteoporotic fractures (OR: 142,
95% (I: 1.21-1.66, p < 0.001) compared to controls. Nevertheless, no significant differences in terms
of osteoporotic fractures were found between ulcerative colitis (OR: 2.79, 95% CI: 0.88—8.87,p = 0.08) and
(rohn’s disease (OR: 1.84,95% (I: 0.81—4.18, p = 0.14) compared to controls.

Conclusions. This study found a strong correlation between the risk of osteoporotic fractures and inflam-
matory bowel disease. The small number of studies in certain comparisons requires care when analyzing
the results.

Key words: inflammatory bowel disease, osteoporotic fractures, Crohn’s disease, ulcerative colitis
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Introduction

The development of osteoporosis and osteoporotic frac-
tures is significantly influenced by inflammatory bowel
disease (IBD), particularly ulcerative colitis and Crohn’s
disease.! The probability of developing osteoporosis var-
ies from 17% to 41%.2 Patients with IBD have higher rates
of peripheral cortical and spinal trabecular osteoporosis.
Young, amenorrheic women have clinical osteoporosis that
is more severe.? Patients are more likely to sustain osteopo-
rotic fractures due to the increased chance of developing
osteoporosis. When compared to the general population,
IBD patients may have a 40% higher incidence of fractures,
which lowers their quality of life and increases their mor-
bidity.* The mechanism by which IBD increases a patient’s
risk of osteoporosis and osteoporotic fractures is complex.
Numerous studies examining glucocorticoid use have not
found a statistically significant increase in osteoporosis
in patients taking this medication.* Patients with IBD
are frequently prescribed steroids, and this can predis-
pose them to osteoporosis. Moreover, there seems to be
a process affecting bone metabolism in IBD patients, such
as a chronic inflammatory state that causes bone loss by ac-
tivating the tumor necrosis factor alpha (TNF-a)-mediated
RANK/RANKL/osteoprotegerin pathway, which encour-
ages osteoclastogenesis.* Secondary hyperparathyroidism,
which is frequently prevalent due to the decreased absorp-
tion of vital nutrients including calcium and vitamin D,
is another cause of osteoporosis.” The goal of this study was
to compile the most reliable data comparing IBD patients
with control patients in terms of likelihood of developing
osteoporotic fractures.

Objectives

The aim of the study was to determine the risk of osteo-
porotic fractures in patients with IBD.

Table 1. Search strategy for each database

L. Hao et al. Fractures in inflammatory bowel disease

Materials and methods

Information sources

The main goal of the current meta-analysis was to ap-
praise the risk of osteoporotic fractures in IBD. Every
selected study involved human research. Inclusion was
unaffected by study size or language. Commentaries, re-
view papers and papers that did not that did not provide
a measure of a relationship were excluded from the study.
The complete course of the study is presented in Fig. 1.
The following inclusion criteria had to be met for the pub-
lications to be selected for the meta-analysis:

1. The study was either a controlled trial, observational,
prospective, or retrospective study;

2. Subjects with osteoporotic fractures make up the in-
tended selected subjects for the meta-analysis;

3. The intervention program included IBD;

4. The study was about the risk of osteoporotic fractures
in IBD.

Studies that had no comparison of outcomes within its
protocol, research that did not examine IBD in subjects
with osteoporotic fractures, and studies in subjects with-
out osteoporotic fractures or without IBD were excluded
from the study.®

Search strategy

A protocol of search strategy followed the Population,
Intervention, Comparison, Outcomes and Study (PICOS)
concept, and was characterized as follows: “population”
comprised patients with osteoporotic fractures “interven-
tion” or “exposure” concerned IBD treatment, whereas
the “comparison” pertained IBD patients compared to con-
trols, osteoporotic fractures were the “outcomes”, and there
were no restrictions regarding the study’s design.”

We conducted a thorough search of the OVID, Embase,
Cochrane Library, PubMed, and Google Scholar databases
up until September 2022, using an arrangement of key-
words and terms correlated with IBD, Crohn’s disease,
osteoporotic fractures, and ulcerative colitis (cf. Table 1).
To identify studies that did not show a relationship between

Database | Search strategy
#1 “inflammatory bowel disease” (MeSH terms) OR “osteoporotic fractures” (all fields)
PubMed #2 “ulcerative colitis” (MeSH terms) OR “Crohn’s disease new” (all fields)
#3 #1 AND #2
#1 “inflammatory bowel disease"/exp OR “osteoporotic fractures”
Embase #2 "ulcerative colitis"/exp OR “Crohn’s disease”
#3  #1 AND #2
#1 “inflammatory bowel disease”: ti,ab,kw OR “osteoporotic fractures”: ti,ab,kw (word variations have been searched)
Cochrane Library #2 “ulcerative colitis”: ti,ab,kw OR“Crohn'’s disease”: ti,ab,kw (word variations have been searched)
#3 #1 AND #2

MeSH — medical subject headings; ti,ab,kw — terms in either title or abstract or keyword fields; exp — exploded indexing term.
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Fig. 1. Flowchart of the stud
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IBD patients and the controls regarding the risk of osteo-
porotic fractures, all retrieved papers were joined into
an EndNote file, duplicates were eliminated, and the titles
and abstracts were reviewed.

Selection process

The present study followed the meta-analysis of studies
in the epidemiology statement, which was performed fol-
lowing an established protocol.

Data collection process

The criteria used to gather the data included the last
name of the first author, country, population, the quanti-
tative and qualitative assessment technique, the informa-
tion source, the assessment of the results, and statistical
analysis.®

Data items

When there were disparate findings from a single study
on the risk of osteoporotic fractures in IBD, such data were
collected independently.

Risk of bias assessment

Two authors individually evaluated the methodology
of the designated articles to ascertain the possibility of bias
in each study. The procedural quality was assessed using
the “risk of bias instrument” from the Cochrane Handbook

for Systematic Reviews of Interventions Version 5.1.0
(https://handbook-5-1.cochrane.org/). Each study was
classified according to the appraisal criteria and was as-
signed with one of the 3 levels of the bias. A study was rated
as having a low risk of bias if all the quality standards were
met; if one or more requirements were not met or were
not taken into account in a given study, such study was
rated as having a moderate risk of bias. The study was
considered to have a high risk of bias when one or more
quality criteria were not met at all or were only partially
met. Any discrepancies were addressed through a reas-
sessment of a given analyzed article.

Effect measures

Only studies that reported and assessed the influence
of IBD in comparison to controls on the risk of osteo-
porotic fractures were subjected to sensitivity studies.
A sensitivity and subclass analysis was utilized to compare
the risk of osteoporotic fractures in IBD.

Synthesis methods

The current meta-analysis used a random-effects model
with dichotomous and continuous techniques to calculate
the odds ratio (OR) with a 95% confidence interval (95%
CI). Additionally, we decided to evaluate the I? index, with
arange of 0-100%. Meta-analyses use either a fixed-effect
or a random-effects statistical model. A fixed-effect meta-
analysis assumes that all studies are estimating the same
(fixed) treatment effect, whereas a random-effects
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meta-analysis allows for the differences in the treatment
effect from study to study. The choice of method affects
the interpretation of the summary estimates.’

Reporting bias assessment

Publication bias was measured both qualitatively and
statistically using funnel plots and the Egger’s regression
test that displays the logarithm of ORs or mean differences
(MDs) compared to their standard errors (publication bias
existed if the p-value was <0.05), if the number of selected
studies was bigger than 4. However, if the number of se-
lected studies for the comparison was 4 or less, the Begg’s
rank correlation test was used.!°

Certainty assessment

Two-tailed tests were used to analyze all p-values.
The graphs and statistical analysis were created using
Reviewer Manager v. 5.3 (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, Denmark).

Results

From the total of 2943 related research studies, 10 ar-
ticles published between 2000 and 2022 met the re-
quirements and were included in the meta-analysis.!1=2°
Table 2 presents the findings from these studies. A total
of 1,158,982 subjects participated in the baseline trials
of the selected studies, of which 261,829 had IBD, while
897,153 were controls. The number of controls ranged from
105 to 463,576. Ten studies presented data related to IBD,
3 studies presented data organized by ulcerative colitis,
and 4 studies presented data organized by Crohn’s disease.

The presence of IBD resulted in significantly higher
number of osteoporotic fractures (OR: 1.42, 95% CI:
1.21-1.66, p < 0.001) with high heterogeneity (I* = 81%)
compared to controls, as shown in Fig. 2. Nevertheless, no

Table 2. Characteristics of the studies selected for the meta-analysis
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significant differences were found amongst ulcerative coli-
tis patients (OR: 2.79, 95% CI: 0.88—8.87, p = 0.08) with high
heterogeneity (I? = 99%), and Crohn’s disease patients (OR:
1.84, 95% CI: 0.81-4.18, p = 0.14) with high heterogeneity
(I2 = 97%) compared to the control group for osteoporotic
fractures, as shown in Fig. 3 and Fig. 4.

Stratified models could not be utilized to examine
the influence of some factors on comparison outcomes,
such as gender, age and ethnicity, due to no available
data for these parameters. Quantitative evaluations us-
ing the Egger’s regression test for the 1% comparison and
Begg’s rank correlation test for the 2" and 3¢ compari-
sons, as well as visual inspection of the funnel plot were
conducted (Fig. 5-7). There was no evidence of publication
bias (p = 0.86). However, most of the included random-
ized controlled trials were found to have subpar method-
ological quality, no bias in selective reporting and scant
outcome data.

Discussion

A total of 1,158,982 subjects participated in the baseline
trials of the studies selected for this meta-analysis, of which
261,829 had IBD and 897,153 were controls.!'~2° Inflamma-
tory bowel disease resulted in significantly higher number
of osteoporotic fractures compared to controls. Neverthe-
less, no significant differences regarding osteoporotic frac-
tures were found between ulcerative colitis and Crohn’s
disease patients compared to controls. Particular attention
should be paid when evaluating the results due to the small
number of studies included in some comparisons, e.g., ul-
cerative colitis and Crohn’s disease.

Numerous pieces of information have been gathered
to evaluate the connection between IBD and osteoporosis;
the latter is characterized by decreased bone mineral den-
sity. The only related outcome that has considerable mor-
bidity, mortality and healthcare expense is the probability
of suffering bone fractures.!! These findings demonstrate

Study, year, reference Country Inflammatory bowel disease Control
Bernstein et al. (2000)" Canada 66,297 6027 60,270
Loftus et al. (2002)'? USA 476 238 238
van Staa et al. (2003)3 UK 463,576 231,788 231,788
Targownik et al. (2013)' Canada 46,404 1230 45,174
Tsai et al. (2015)' China 15,705 3141 12,564
Bartko et al. (2020)'¢ Austria 350,078 531 349,547
Lo et al. (2020)"7 Denmark 11,080 513 10,567
Soare et al. (2021)'® Romania 162 81 81
Soare et al. (2022)" Romania 105 52 53
Ahn et al. (2022)2° South Korea 205,099 18,228 186,871
Total 1,158,982 261,829 897,153




Inflammatory bowel disease Control 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H,Random, 95% CI Year M-H, Random, 95% CI
Bernstein, 2000 405 6027 2872 60270 16.8% 1.44[1.29,1.60) 2000 b
Loftus Jr, 2002 86 238 76 238 9.0% 1.21[0.82, 1.76) 2002 T
van Staa, 2003 1134 231788 896 231788 17.2% 1.27[1.16,1.38) 2003 u
Targownik, 2013 140 1230 4281 45174 14.8% 1.23[1.03,1.47) 2013 il
Tsai, 2015 11 34 21 12564 3.8% 210[1.01, 4.36) 2015 [
Bartko, 2020 280 531 122352 349547 151% 2.23[1.88, 2.69) 2020 -
Lo, 2020 16 513 37 10567 6.4% 1.04 [0.62,1.73 2020 =~
Soare, 2021 8 81 1 81 0.6% 8.77[1.07,71.80] 2021
Ahn, 2022 236 18228 2000 186871 16.1% 1.21[1.06, 1.39 2022 ud
Soare, 2022 2 52 0 53 0.3% 5.30[0.25, 113.04] 2022
Total (95% CI) 261829 897153 100.0% 1.42[1.21, 1.66] )
Total events 2328 132816
Heterogeneity: Tau®= 0.04; Chi*= 46.48, df= 9 (P < 0.00001); F= 81% t t t
Test for overall effect: Z=4.26 (P < 0.0001) am 0.1 u 11
Fig. 2. Forest plot showing the impact of inflammatory bowel disease compared to controls on osteoporotic fractures
95% Cl — 95% confidence interval; df — degrees of freedom.
Ulcerative colitis Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% C| Year M-H, Random, 95% CI
van Staa, 2003 282 10000 896 231788 33.4% 7.48[6.53, 8.56] 2003 -
Bartko, 2020 170 335 56651 170204 33.2% 2.07 [1.67, 2.56) 2020 -
Ahn, 2022 180 12011 2000 186871 33.4% 1.41[1.21, 1.64 2022 -
Total (95% Cl) 22346 588863 100.0% 2.79[0.88, 8.87] e ———
Total events 632 59547
oo 2 . 2 - 2= } } + + + :
Heterogeneity: Tau = 1.04; Chi*= 298.29, df = 2 (P < 0.00001); I*=99% 01 02 05 1 3 : 0
Test for averall effect. Z=1.74 (P = 0.08)
Fig. 3. Forest plot showing the impact of ulcerative colitis compared to controls on osteoporotic fractures
95% Cl — 95% confidence interval; df — degrees of freedom.
Crohn’s disease Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events  Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Loftus Jr, 2002 86 238 76 238 24.4% 1.21[0.82,1.76] 2002 =
van Staa, 2003 156 10000 896 231788 25.5% 4.08 [3.44, 4.85) 2003 b
Bartko, 2020 120 196 65701 179343 25.0% 2.73[2.05 3.64 2020 -
Ahn, 2022 56 6217 2000 186871 25.1% 0.84 [0.64,1.10) 2022 el
Total (95% CI) 16651 598240 100.0% 1.84 [0.81, 4.18] -t
Total events 418 68673
Heterogeneity: Tau®= 0.68; Chi*= 117.77, df = 3 (P < 0.00001); I*= 97% '0 01 051 150 1005
Test for averall effect Z=1.46 P =0.14) ’ :
Fig. 4. Forest plot showing the impact of Crohn'’s disease compared to controls on osteoporotic fractures
95% Cl - 95% confidence interval; df — degrees of freedom.
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Fig. 5. Funnel plot showing the impact of inflammatory bowel
disease compared to controls on osteoporotic fractures (Egger’s test

p-value = 0.88)
SE — standard error; OR

- odds ratio.

Fig. 6. Funnel plot showing the impact of ulcerative colitis compared
to controls on osteoporaotic fractures (Egger’s test p-value = 0.85)

SE — standard error; OR - odds ratio.
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Fig. 7. Funnel plot showing the impact of Crohn's disease compared
to controls on osteoporotic fractures (Egger’s test p-value = 0.83)

SE - standard error; OR — odds ratio.

that the risk of osteoporotic fractures increases with age
and that even people with IBD often do not exhibit ac-
celerated bone disease symptoms until the disease has
significantly advanced.?® The use of corticosteroids
in the data utilized for this meta-analysis was matched.
Patients who took steroids alone were more likely to suf-
fer from fractures. The biggest impact of steroids on bone
health is the reduction of osteoblastic activity, which de-
creases bone growth. The reduction in osteoblast produc-
tion is a result of both a decline in the generation of new
osteoblasts and an increase in the mortality of mature
osteoblasts. Glucocorticoids also suppress the production
of insulin-like growth factor 1, which reduces the function
of the remaining osteoblasts, both directly and indirectly.??
Since most IBD patients are currently using or have pre-
viously used steroids, this could be a confounding issue.
For this confounder, direct standardization was utilized
as an adjustment. After accounting for the usage of this
medicine, the decrease in bone mass and the increased
number of bone fractures confirmed that an inflamma-
tory condition is sufficient to alter bone metabolism. Since
early detection, risk factor modification and treatment can
reduce the risk of bone mass loss and improve morbidity
in this particular demographic, further research is needed
to determine the risk of developing fractures in the pedi-
atric population.

This meta-analysis assesses the risk of osteoporotic
fractures in IBD. More investigation is needed to clarify
probable associations of the consequences under discus-
sion. Larger and more homogeneous samples are obligatory
for this investigation.?3-28 This was likewise emphasized
in a previous work that employed a related meta-analysis
technique and reported similar advantageous outcomes for
IBD on osteoporotic fractures.??-32 Since our meta-analysis
was incapable of defining whether differences in gender,
age and ethnicity are connected to the outcomes, well con-
ducted randomized controlled trials are required to evalu-
ate these factors and the mixture of variables such as gen-
der, ethnicity, age, and other variants of subjects.

L. Hao et al. Fractures in inflammatory bowel disease

Limitations

Since several studies identified during this systemic re-
view were not encompassed in the meta-analysis, there
might have been a selection bias. The removed publica-
tions, nevertheless, did not meet the necessary inclusion
criteria for this systemic review. Furthermore, we were
incapable to determine whether factors such as age, gen-
der or ethnicity affected the outcomes. The study aimed
to compare the results regarding osteoporotic fractures
between a control group and an IBD group. The incorpora-
tion of data from earlier studies could have added bias due
to incomplete or inaccurate data. Potential sources of bias
included the nutritional status of the participants as well
as their age and gender characteristics. Regrettably, some
unpublished papers and missing data can bias the study
outcomes.

Conclusions

Inflammatory bowel disease resulted in significantly
higher osteoporotic fractures compared to controls.
Nevertheless, no significant differences regarding osteo-
porotic fractures were found between ulcerative colitis
patients and Crohn’s disease patients compared to con-
trols. Particular attention should be paid when evaluating
the results due to the small number of studies included
in some comparisons, e.g., ulcerative colitis and Crohn’s
disease.
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Abstract

Background. Age-related macular degeneration (AMD) is considered one of the most common causes
of irreversible blindness among elderly patients. Neovascular AMD, which accounts for 10% of all AMD cases,
can cause devastating vision loss due to choroidal neovascularization (CNV). The clinical effects and safety
ofintravitreal injection of conbercept in patients suffering from neovascular AMD have not been fully evaluated.

Objectives. The aim of the study was to evaluate the efficacy and safety of intravitreal injection of conbercept
in patients with neovascular AMD with different levels of inflammation.

Materials and methods. A total of 120 consecutive patients with neovascular AMD who underwent
intravitreal injection of conbercept (3 injections per month + pro re nata (3 + PRN)) were included and
stratified based on the intraocular level of high-sensitivity C-reactive protein (hs-CRP). The level of inflam-
mation was defined as low, medium or high, based on the concentration of hs-CRP prior to injection. Before
and after conbercept injections, best-corrected visual acuity (BCVA) and central retinal thickness (CRT) were
compared, respectively. Moreover, cytokine markers as well as the frequency of injections and adverse events
(AEs) were measured.

Results. There were significant differences in BCVA and CRT between low, medium and high tertiles.
Compared to the baseline, improved BCVA was observed, and CRT declined significantly after operation.
Adverse events were most observed in high tertiles. A significant decrease in vascular endothelial growth
factor (VEGF), interleukin (IL)-6 and IL-8 was observed after 1 year.

Conclusions. The effectiveness of conbercept on neovascular AMD varies depending on the level of in-
flammation, which could be achieved by administering different injection frequencies at different levels
of inflammation. Furthermore, conbercept is associated with the reduction of inflammatory factor (IL-6 and
IL-8) levels after intravitreal injection, which suggests that suppressing inflammatory response might con-
tribute to the clinical efficacy of anti-VEGF treatment. Our results provide a novel mechanism for conbercept
in patients with neovascular AMD.

Key words: inflammation, age-related macular degeneration, hs-CRP, intravitreal injection, conbercept
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Introduction

Elderly patients in developing countries commonly suf-
fer from age-related macular degeneration (AMD), one
of the leading causes of irreversible blindness.! As a result
of choroidal neovascularization (CNV), 10% of AMD cases
can cause devastating vision loss.? Studies have shown that
numerous cytokine pathways are involved in CNV forma-
tion and leakage. Several treatments have been developed
for CNV, including transpupillary thermotherapy, focal
laser therapy, verteporfin ocular photodynamic therapy,
intravitreal steroids, and surgical removal of the choroi-
dal neovascular membranes.? Nonetheless, adverse re-
actions and low cure rates persisted. However, advanced
anti-vascular endothelial growth factor (VEGF) therapy
has eliminated these problems completely.* Intravitreal
anti-VEGF injections are the first-line treatment for neo-
vascular AMD.?

Age-related macular degeneration is characterized
by complement activation, inflammation, and choroidal
endothelial cell loss. Additionally, researchers have sug-
gested that C-reactive protein (CRP), a prototypical acute
phase reactant, plays a role in AMD pathogenesis.® Markers
of inflammation, namely interleukin (IL)-6 and IL-8, have
also been associated with AMD.” Inflammatory ophthal-
mopathy can result in neovascularization, which is simi-
lar to the most debilitating form of neovascularization
in AMD.8

The interaction between VEGF and inflammation
in the clinical setting has not been extensively studied.
Additionally, researchers do not know in what way the de-
gree of inflammation affects the levels of VEGF and high-
sensitivity CRP (hs-CRP). In this study, the clinical effect
and safety of intravitreal injection of conbercept were
evaluated in patients with neovascular AMD with differ-
ent levels of inflammation.

Objectives

The aim of this study was to determine whether in-
travitreal injection of conbercept was effective and safe
in patients with neovascular AMD with different levels
of inflammation.

Materials and methods
Study design and participants

We enrolled 120 consecutive patients diagnosed with
neovascular AMD who underwent anti-VEGF therapy
at the Fourth People’s Hospital of Shenyang (Shenyang,
China) from September 2020 to January 2022. The in-
clusion criteria were as follows: 1) patients over 50 years
old; 2) any type of fundus fluorescein angiography (FFA)

X. Zhang et al. Conbercept neovascular AMD

—diagnosing CNV induced by AMD under or near the fo-
vea; and 3) treatment in accordance with the treatment
plan. The following criteria were used for exclusion:
1) previous treatment with intravitreal anti-VEGF or la-
ser photocoagulation; 2) history of ophthalmic surgery
except for cataracts; 3) CNV due to a reason other than
AMD; 4) CNV with diseases of the retina such as diabetic
retinopathy; 5) diseases that affect intravitreal injections
in a severe manner; and 6) no clear indication of the sever-
ity of refractive effects of the stromal.

The study protocol adhered to the ethical guidelines
of the 1975 Declaration of Helsinki and its subsequent
amendments. The ethics committee of the First Affiliated
Hospital of China Medical University and the Institutional
Review Board of Fourth People’s Hospital of Shenyang ap-
proved the study (approval No. KY2020-105). Each patient
gave informed consent to participate in the study, and for
their data to be collected and analyzed for research purposes.

Settings

Based on the hs-CRP levels, the patients were grouped into
3 tertiles: high, medium and low. The cut-off hs-CRP levels
between the low, medium and high tertiles were 1.99 and
10.22 mg/L, respectively. All patients received the following
tests: a measurement of best-corrected visual acuity (BCVA),
intraocular pressure, color fundus photography, optical co-
herence tomography (OCT), and a FFA (Fig. 1). The BCVA
was determined by using an international standard loga-
rithmic visual acuity chart, and letter scores were collected
from participants. Intraocular pressure measurements were
performed using a tonometer without contact (Huvitz HNT-
7000; Huvitz, Seoul, South Korea). Color fundus photography
and the FFA were performed using a Topcon Fundus Camera
(Topcon TRC-50X; Topcon, Tokyo, Japan). Spectral domain
OCT products were used to perform the OCT test (Heidel-
berg Engineering, Heidelberg, Germany).

Data collection

The patient’s eyeball was anesthetized, and the eye-
lid was opened. Next, the anterior chamber was punc-
tured using a 0.45-mm needle, which was then inserted
at the limbus and advanced to the middle of the anterior
chamber. The eyeball was gently pressed to make approx.
0.1 mL of aqueous humor enter into a disposable syringe
via the needle. The obtained aqueous humor samples were
kept in a freezer at —76°C until analysis. The IL-6, IL-8
and VEGEF levels were analyzed by performing an enzyme-
linked immunosorbent assay (ELISA) at the Biochemistry
Laboratory of China Medical University, Shenyang, China.

Measurement of cytokine levels

Inflammatory levels were determined by using a com-
mercially available immunonephelometric kinetic assay



Adv Clin Exp Med. 2024;33(4):335-342

T Y

Baseline

Month 1 §

Month 6

Month 12

Fig. 1. Fundus fluorescein angiography (FFA) (A) and horizontal (up) and vertical (down) optical coherence tomography (OCT) scans (B) at baseline and
up to 12-month follow-up, conducted after 6 conbercept injections over 12 months in an eye with neovascular age-related macular degeneration (AMD)
characterized as retinal angiomatous proliferation
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(BN ProSpec; Siemens, Tarrytown, USA), and hs-CRP lev-
els were determined using CardioPhase (Siemens). In this
study, cytokine-specific ELISA kits were used to measure
plasma and supernatant cytokine levels (Abcam, Cam-
bridge, UK). A 0.025-mL sample of aqueous humor was used
for each measurement. Absorbances were read at 450 nm
using a microplate reader (ELx800; BioTek Instruments
Inc., Winooski, USA). The assay ranges for VEGF, IL-6 and
IL-8 were 15.6—-1000, 2-250 and 2—-300 pg/mL, respectively.

Drug treatment

As described previously, the same senior physician admin-
istered intravitreal injections of conbercept (0.5 mg/0.05 mL
solution was obtained from Chengdu Kanghong Biotechnol-
ogy Co., Ltd., Chengdu, China) to all patients’ eyes.” Three
days before the injection, a dose of 5 pg (2 drops) of 0.5%
levofloxacin was administered 4 times daily to the patient’s
eye. A three-month course of intravitreal injections of con-
bercept was administered. The pro re nata (PRN) adminis-
tration was retracted in the presence of any of the following
changes: OCT scan revealing a persistent or recurrent intra-
retinal or subretinal fluid, new hemorrhage of the macula,
new leakage or onset of classic CN'V on FFA, a loss of vision
greater than 1 line, or a decrease in conscious vision.>1
The eyes were bandaged with tobramycin—dexamethasone
ointment after injecting conbercept into the conjunctival
sacs. For 3 days after the surgery, eye drops were applied
4 times a day using 0.5% levofloxacin.

Follow-up

The patients were followed up for 12 months. Optical
coherence tomography examinations and visual acuity
tests were performed on a monthly basis. Every third
monthly exam was conducted using FFA. The BCVA and
central retinal thickness (CRT), as well as the leakage area
of CNV were measured before and after the treatment
in all patients. In addition, the adverse events (AEs) and
cytokine markers (VEGE, IL-6 and IL-8) were recorded

Table 1. Baseline demographic characteristics of the patients

Characteristic eClY = 2 gL

2 mg/L < hs-CRP < 10 mg/L
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at admission and at 12-month follow-up. The trial was
conducted according to the Technical Guidelines for
Clinical Research of Drugs for Treatment of Age-Related
Macular Degeneration (Center for Drug Evaluation, Na-
tional Medical Products Administration, Beijing, China).

Statistical analyses

Mean value + standard deviation was used for data with
a normal distribution, and median (interquartile range)
was used for data with a non-normal distribution. The Sha-
piro—Wilk test was utilized to check the normal distri-
bution of data. One-way analysis of variance (ANOVA)
tests were used to assess the differences between mul-
tiple sets of data. The Mann—Whitney U tests were con-
ducted to compare sets of non-normally distributed data.
The Wilcoxon test for matched pairs was performed to test
the differences between baseline and follow-up for each
cytokine in all hs-CRP groups. Categorical variables were
compared using the x2 or Fisher’s exact tests, as appropri-
ate. A two-sided p-value <0.05 was considered statistically
significant. The study utilized SPSS v. 22.0 software (IBM
Corp., Armonk, USA) for all statistical analyses.

Results
Baseline data

A total of 120 consecutive patients suffering from neo-
vascular AMD who underwent injection of intravitreal
conbercept (3 + PRN) were included in the study. The par-
ticipants were stratified based on the concentrations of hs-
CRP in the intraocular fluid. As a result of pre-injection
hs-CRP concentrations, patients’ inflammation levels were
set as high, medium and low. The baseline demographic
characteristics and ophthalmoscopic examination results
of the 3 groups are shown in Table 1 and Supplementary
Table 1. There were no significant differences observed
in the basic characteristics of the patients.

hs-CRP = 10 mg/L ‘

(n =40) (n=40) (n=40)

Male, n (%) 26 (65.00) 25 (62.50) 23(57.50) 0494 0781
Age [years] 66.30 (64.53-68.07) 66.33 (64.68-69.97) 66.68 (65.52-68.13) 0068 0935
Right eye, n (%) 14 (35.00) 9(22.50) 15 (37.50) 2388 0303
Mean BCVA, letter score 48,10 (45.24-5096) 47.15 (44.52-4978) 46,50 (43.97-49.03) 0370 0692
CRT [um] 42650 (40672-44628) | 42850 (40557-45143) | 44130 (42065-46195) = 0589 0556

extrafoveal 13(3250) 10 (25.00) 14 (35.00) 1016 0602
E'?O/VO >'°Ca“0”' juxtafoveal 16 (40.00) 15 (37.50) 18 (45.00) - -

subfoveal 11 (27.50) 15 (37.50) 8 (2000) - -

Mean values (95% confidence intervals (95% Cls)) and n (%) were reported for variables, respectively. hs-CRP — hypersensitive C-reactive protein;
BCVA - best-corrected visual acuity; CRT — central retinal thickness; CNV - choroidal neovascularization. Categorical variables were compared using
the x? test. One-way analysis of variance (ANOVA) was used to assess the differences between 3 groups.
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Visual acuity

As depicted in Fig. 2 and Supplementary Tables 2 and
3, BCVA letter scores improved on average in all post-
baseline assessments. The BCVA letter scores significantly
improved between the 3 groups after 1 month of treat-
ment (p < 0.001), which averaged increments of 5.92 +1.19,
5.85+1.12 and 6.25 +1.01, respectively. The improvements
in BCVA continued up to 3 months and were maintained
for 6 months, which averaged increments of 12.68 +1.94,
11.20 +1.95 and 10.10 +1.13 at 3 months, respectively. There
were no significant differences in BCVA letter scores be-
tween the 3 groups at 7, 10 and 12 months.

154 - hs-CRP< 2

* - 2 <hs-CRP <10
=+~ hs-CRP> 10

104

visual acuity (BCVA)

Mean change in best-corrected

01 2 3 45 6 7 8 9 10 11 12
Month
Fig. 2. Mean change in best-corrected visual acuity (BCVA)

hs-CRP - hypersensitive C-reactive protein; *p < 0.0001; %p = 0.002;
o =0.014; °p = 0.027. The detailed data with a post-hoc test are shown
in Supplementary Table 1.

Central retinal thickness

Table 2 and Supplementary Table 4 summarize the char-
acteristics of CRT at admission and follow-up across
the 3 groups. There were no significant differences between
the 3 groups at 1-, 6- and 12-month follow-ups. However,
there was a trend for CRT levels to decrease more rapidly
in the group with a hs-CRP < 2.

Choroidal neovascularization

In the group with a hs-CRP < 2, FFA examinations
at the last follow-up indicated that 24 eyes no longer
had leakage areas within the CNV (60%), 14 eyes had

Table 2. Central retinal thickness results at follow-up

hs-CRP < 2 mg/L

Follow-up timepoint (n = 40)

2mg/L < hs-CRP < 10 mg/L
(n =40)
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reduced CNV (35%), and 2 eyes had enlarged CNV
(5%). In the group with a hs-CRP > 2 but <10, 20 eyes
no longer had leakage areas of CNV (50%), 14 eyes had
reduced CNV (35%), and 6 eyes had enlarged CNV (15%).
In the group with a hs-CRP > 10, 16 eyes no longer had
leakage areas of CN'V (40%), 18 eyes had reduced CNV
(45%), and 6 eyes had enlarged CNV (15%). In groups
with low inflammation, conbercept had a better ef-
fect on leakage areas of CNV compared to groups with
high inflammation, but no significant difference was
observed.

Cytokine

Conbercept injections significantly reduced levels
of VEGF and proinflammatory cytokines IL-6 and IL-8
at low- and medium levels of inflammation (Table 3).
Compared to medium- and high levels of inflammation,
conbercept had a significantly higher anti-VEGF and in-
flammatory effect at low inflammation levels (Table 3 and
Supplementary Table 5).

Clinical outcomes and ocular adverse
events at 12-month follow-up

The number of conbercept injections on average between
the 3 groups was 5.93 (5.55-6.30), 5.85 (5.49-6.21) and
6.25 (5.93-6.57) in the low, medium and high inflamma-
tion groups, respectively. There was a trend for a greater
number of injections in the high inflammation group
(Table 4 and Supplementary Table 6). Ocular AEs were
summarized in Table 4. An intravitreal injection did not
result in serious complications, such as porogen detach-
ment or endophthalmitis, during the 12-month follow-up
period. Increased intraocular pressure, pain in the eye and
conjunctival hemorrhage were ocular AEs. In the low-ter-
tile group, cumulative AEs were significantly lower than
in the medium- and high-tertile groups.

Discussion

To date, the efficacy of conbercept in treating neovascu-
lar AMD at different levels of inflammation and anti-in-
flammatory effects of anti-VEGF agents are still unclear.
Approximately 8% of the world population suffers from

hs-CRP = 10 mg/L
(n =40)

‘ df ‘ F ‘ p-value

T month 282.20 (269.12-295.28) 283.55 (268.36-298.74) 292.05 (278.39-305.71) 2 0.595 0.553
6 months 255.28 (243.42-267.13) 25643 (242.68-270.17) 259.85 (248.97-270.73) 2 0.155 0.856
12 months 243.30 (233.30-253.30) 253.88 (240.28-267.47) 254.55 (243.72-265.38) 2 1.215 0.300

Mean values (95% confidence intervals (95% Cls)) were reported for variables. hs-CRP — hypersensitive Greactive protein; CRT — central retinal thickness;
df — degrees of freedom. One-way analysis of variance (ANOVA) was used to assess the differences between 3 groups.
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Table 3. Cytokine levels at baseline and follow-up

hs-CRP < 2 mg/L

Characteristic

2 mg/L < hs-CRP < 10 mg/L
(n=40)

hs-CRP = 10 mg/L
(n=40)

(n=40)

baseline 1234 (9.03-15.66) 69.08 (60.70-77.46) 473.53 (201.53-745.53) 2 10482 <0.001
\[/pEgG/EnL] 12-month follow-up 3.88(2.84-4.92) 23.03 (20.23-25.82) 265.01 (73.46-456.56) 2 7085 0.001
p-value <0.001 <0.001 <0.001 = = =
baseline 25.70 (20.95-30.44) 171.48 (146.84-196.11) 3794.12 (1646.07-5942.16) | 2 | 12112 <0.001
l[;LJ_S/mL] 12-month follow-up 19.16 (14.85-23.47) 11432 (97.89-130.74) 2918.55 (1266.21-4570.90) = 2 | 12.196 <0.001
p-value <0.001 <0.001 0.001 - - -
baseline 22.27 (20.91-23.63) 46.63 (41.82-51.45) 317.75 (155.19-480.31) 2 12483 <0.001
I[;g/ml_] 12-month follow-up 597 (5.21-6.74) 19.74 (17.01-22.46) 17291 (81.07-264.75) 2 | 12483 <0.001
p-value <0.001 <0.001 <0.001 = = =

Mean values (95% confidence intervals (95% Cls)) were reported for variables. hs-CRP — hypersensitive C-reactive protein; VEGF — vascular endothelial
growth factor; IL — interleukin; df — degrees of freedom. One-way analysis of variance (ANOVA) was used to assess the differences between 3 groups.
The Wilcoxon test for matched pairs was performed to evaluate the differences between baseline and follow-up for each cytokine in all hs-CRP groups.

Table 4. Clinical outcomes and ocular adverse events (AEs) over 12 months

Characteristic

hs-CRP <2 mg/L

(n =40)
mean change in BCVA, letter score 9.30 (8.65-9.95)
el number of injections 5.93 (5.55-6.30)
outcomes
change in BCVA = 10 letter score, n (%) 18 (45.00)
cumulative AEs 8(20.00)
increased intraocular pressure 2 (5.00)
eye pain 3(7.50)
conjunctival hemorrhage 2 (5.00)
Ocular AFEs, vitreous hemorrhage 0(0.00)
n (%) vitreous floaters 0 (0.00)
vitreous detachment 1(2.50)
macular fibrosis 0 (0.00)
corneal abrasion 0 (0.00)
dry eye 0 (0.00)

2mg/L < hs- hs-CRP = 10 mg/L 2
CRP < 10 mg/L (n = 40) (n =40) xtorf

9.28 (8.66-9.89) 888(821-954) | 0558 = 0574
5.85 (5.49-6.21) 6.25 (5.93-6.57) 3618 | 0164
17 (42.50) 15 (37.50) 0480 = 0787

13 (32.50) 25 (62.50) 16146 | <0001
4(10.00) 6 (15.00) 2164 | 0329
3(7.50) 6 (15.00) 1667 | 0435
4(10.00) 6 (15.00) 2164 | 0329
0(0.00) 1(2.50) 1834 | 0365
1(2.50) 1(2:50) 1259 0601
0(0.00) 1(2.50) 1259 | 0601
1(2:50) 2 (5.00) 1868 | 0359
0(0.00) 1(2.50) 1834 | 0365
0(0.00) 1(2.50) 1834 0365

Mean values (95% confidence intervals (95% Cls)) and n (%) were reported for variables, respectively. hs-CRP — hypersensitive Creactive protein; BCVA
- best-corrected visual acuity. Categorical variables were compared using the x? or Fisher exact tests, as appropriate. One-way analysis of variance (ANOVA)
was used to assess the differences between 3 groups. The Kruskal-Wallis test was used to assess the differences regarding the number of injections.

AMD, a progressive neurodegenerative disease.!! Devel-
oped countries have the highest rate of elderly blindness
caused by AMD. Neovascular growth of patients suf-
fering from neovascular AMD, featuring CNV, should
be driven by a complex process that involves VEGF-A,
a signal protein.!> The development of AMD is closely
associated with neovascularization and abnormal vessel
permeability in the eye, mediated by VEGFE."? In recent
years, conbercept has become a leading anti-VEGF drug.!*
A major benefit of conbercept is that it inhibits retinal
angiogenesis and reduces vascular permeability.!> Ad-
ditionally, inflammation leading to VEGF-A expression
also contributes to AMD pathology.*®

Regulatory factors associated with AMD, including smok-
ing, dietary factors, obesity, and lipid levels,"-'° which are
also related to cardiovascular disease (CVD), have become

better understood in the past decade. Despite the fact that
CVD and AMD have common risk factors, the evaluation
of the potential relationship between CVD-related bio-
markers and AMD is strongly advised.® As a physiologi-
cal marker of systemic inflammation, hs-CRP is associated
with advanced AMD, which is also consistently associated
with CVD. Although there may be new detection methods
of other inflammatory markers in the future, with better
accuracy, standardization, and characteristics other than
those observed in the current detection methods, pres-
ent clinical practice utilizes hs-CRP detection as a useful
marker.?’ In our study, conbercept showed a greater reduc-
tion in inflammation (IL-6 and IL-8) at lower levels of hs-
CRP and a much more stable anti-VEGF effect. Conbercept
is alarge protein molecule and is known as the extracellular
domains of VEGF receptors 1 and 2, which were combined
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with the human immunoglobulin Fc region to construct
a new bait receptor protein.!® In addition, conbercept binds
to placental growth factor (PIGF), VEGF-B and VEGEF-A,
which regulate inflammation.??2 Meanwhile, by increasing
the number of injections, conbercept is expected to provide
asimilar clinical effect in patients with high levels of hs-CRP.
In our study, intravitreal injections of conbercept rapidly
improved eyesight in neovascular AMD patients. After
receiving 3 scheduled conbercept injections, improvements
were observed, and these improvements were sustained
over a 12-month variable dosing regimen. This study found
that conbercept was well tolerated without systemic seri-
ous adverse events (SAEs). The intravitreal injections were
associated with a high rate of AEs, including conjuncti-
val hemorrhages and increased intraocular pressure. Due
to the high molecular weight (143 kDa) of conbercept, sys-
temic AEs are reduced, and the drug’s activity is prolonged,
limiting its permeability through the blood—eye barrier,
with less systemic exposure than systemic medication.?

Limitations

Our study had some limitations. First of all, only a small
number of patients participated in the study. Secondly,
referral bias may have been present since the study was
conducted in a single hospital setting. Also, there was
no long-term data or follow-ups, which will be addressed
in a future study. Finally, the small sample size of our study
prevented us from detecting any AEs related to the drug.
Continuous monitoring of short-term effects will be car-
ried out during the post-marketing phase.

Conclusions

The effectiveness of conbercept on neovascular AMD
varies depending on the level of inflammation, which could
be achieved by administering different injection frequen-
cies at different levels of inflammation. Furthermore,
conbercept is related to reduced inflammation (IL-6 and
IL-8) at follow-up after intravitreal injections, indicating
an anti-inflammatory function for conbercept as anti-
VEGEF treatment, which could provide another explanation
for conbercept treatment in neovascular AMD patients.

Availability of data and materials

The authors of the study are willing to make the raw data
supporting their conclusions readily accessible.

Supplementary data
The Supplementary materials are available at https://

doi.org/10.5281/zenodo.8330239. The package contains
the following files:
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Supplementary Table 1. One-way ANOVA test for basic
characteristics with post-hoc results.

Supplementary Table 2. Changes of BCVA letter scores
in all post-baseline assessments.

Supplementary Table 3. One-way ANOVA test for BCVA
letter scores with post-hoc results.

Supplementary Table 4. One way ANOVA test for central
retinal thickness outcome with post-hoc results.

Supplementary Table 5. One-way ANOVA test for cyto-
kine levels with post-hoc results.

Supplementary Table 6. One-way ANOVA test for clini-
cal outcomes with post-hoc results.
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Abstract

Background. Malreduction remains a problem in patients with an ankle joint fracture combined with
alower tibiofibular syndesmosis injury. Current methods of malreduction evaluation have many limitations,
and novel techniques are required.

Objectives. The aim of the study was to investigate the association between the distance between the an-
terior and posterior edges of the fibula at a 15° lateral internal rotation and postoperative malreduction
in patients with an ankle joint fracture combined with a lower tibiofibular syndesmosis injury.

Materials and methods. This prospective observational cohort study enrolled 187 patients diagnosed
with an ankle joint fracture combined with a lower tibiofibular syndesmosis injury between January 2020
and January 2022. The patients were divided into 2 groups according to their postoperative malreduction
condition: the malreduction group and the non-malreduction group. After tibiofibular syndesmosis reduction,
a computed tomography (CT) scan was used to measure the distance between the anterior and posterior edges
of the fibula at a standard lateral position and a position with a lateral internal rotation of 15°. Demographic
data and basic clinical characteristics were recorded for all patients.

Results. The mean distance between the anterior and posterior edges of the fibula was longer in malreduc-
tion patients than non-malreduction patients at the standard lateral and 15°lateral internal rotation positions.
Ata lateral internal rotation of 15° the distance between the anterior and posterior edges correlated negatively
with the postoperative Mazur and American Orthopaedic Foot and Ankle Society (AOFAS) scores, and cor-
related positively with the length of hospitalization and fracture healing time. Receiver operating characteristic
(ROC) curves revealed the potential postoperative malreduction diagnostic value of fibular anterior—posterior
edge distance using an internal rotation of 15°. Postoperative AOFAS score, length of hospitalization, fracture
healing time, and the distance between the anterior and posterior edges of the fibula at a lateral internal
rotation of 15° were independent risk factors of malreduction.

Conclusions. The fibular anterior—posterior edge distance at an internal rotation of 15°is associated with
postoperative ankle joint function and the occurrence of malreduction.

Key words: fibular anterior—posterior edge distance, malreduction, tibiofibular syndesmosis reduction,
ankle joint fracture
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Background

The lower tibiofibular syndesmosis is vital for ankle joint
structural stability and is a site of frequent damage, ac-
counting for 1-11% of all orthopedic ankle joint injuries.>?
Despite the development of surgical strategies, malreduc-
tion remains a problem in patients with an ankle joint
fracture combined with a lower tibiofibular syndesmo-
sis injury.3* The occurrence of malreduction is related
to many factors. A recent study reported that malreduc-
tion was influenced by incisura morphology, with more
shallow syndesmoses likely causing a higher malreduction
rate.> However, even without considering these factors,
it is widely accepted that achieving anatomic reduction
remains a significant clinical challenge, even for experi-
enced surgeons.®

Current standard malreduction evaluation meth-
ods involve measuring the tibiofibular clear space and
tibiofibular overlap.” However, the fibula is located
at the posterolateral side of the tibia; thus, there are few
non-overlapping parts of the tibia and fibula in standard
ankle joint lateral imaging.® When evaluated during
surgery, fractures with posterior malleolus and internal
fixation can affect the measurement of the lateral fib-
ula position relative to the tibia, affecting the judgment
of whether the fibula has a malreduction in the sagittal
position.>!0

The malreduction rate after the reduction of tibiofibu-
lar syndesmosis injury can be as high as 50%, indicating
limitations of the current evaluation methods.!*~*3 In re-
cent years, many novel potential methods for evaluating
malreduction after lower tibiofibular syndesmosis injury
have been developed.>'* However, most of the studies
on the subject were cadaver-based investigations.

Objectives

The present study aimed to investigate the clinical sig-
nificance of the distance between the anterior and poste-
rior edge of the fibula at a standard lateral internal rotation
of 15° in patients with postoperative malreduction after
lower tibiofibular syndesmosis injury. The findings may
provide a novel method to predict and reduce malreduc-
tion in tibiofibular syndesmosis injury.

Materials and methods
Study design and participants

This prospective observational cohort study enrolled
187 patients diagnosed with an ankle joint fracture
combined with a lower tibiofibular syndesmosis injury
between January 2020 and January 2022. The diagnosis
was confirmed in all cases with imaging evidence, such

Z.Liu et al. Fibular edge distance in malreduction

as computed tomography (CT) scan, X-ray and magnetic
resonance imaging (MRI). The inclusion criteria were
as follows: 1) adults with their first diagnosis of an ankle
joint fracture combined with a lower tibiofibular syndes-
mosis injury; 2) tibiofibular separation requiring reduction
of tibiofibular syndesmosis; 3) no ankle joint injury before
the study; 4) closed fracture. The following patients were
excluded: 1) those with ankle joint injury before the study
or previous lower tibiofibular syndesmosis injury; 2) open
fracture patients; 3) patients with a surgical contraindica-
tion, such as severe cardiovascular, renal or liver dysfunc-
tions. Written informed consent was obtained from all
participants. The ethical committee of Zhuzhou Hospital,
affiliated to Xiangya School of Medicine (Central South
University, Changsha, China) approved the study (approval
No. 201905029).

All patients received routine surgeries, with the tibiofib-
ular syndesmosis reduction conducted using either tibio-
fibular screw or button fixation, as reported elsewhere.!>¢
Follow-up occurred 6 months after surgery, during which
patients were divided into malreduction and non-mal-
reduction groups based on postoperative malreduction
condition.

Sample size calculation

For sample size calculation, we used the distance between
the anterior and posterior edges of the fibula at a standard
lateral internal rotation of 15° as the primary observational
factor. The formula to calculate sample size of cohort
study, (Z;_q/2x0/8)% was used, in which Z;_,, represents
standardized value for the corresponding level of confi-
dence, o represents predicted standard error, and & repre-
sents allowable error. In this study, the value of Z; 4/, = 1.96
(at 95% CI), o = 8.31 according to our previous experience,
and § = 1.19. Thus n = (1.96x8.31/1.19) = 187.

Measurement of the distance between
the anterior and posterior edges
of the fibula during surgery

Since the fibula has a posterior arch at the lower end,
we rotated the ankle joint 15° inward on the standard lateral
position to obtain an overlapping image of the distal pos-
terior edge of the fibula and the posterior edge of the tibia.
Then, we measured the distance between the anterior and
posterior edges of the most prominent tibia of the ankle
joint and the anterior and posterior edges of the fibula
on the image obtained at that position.

After the tibiofibular syndesmosis reduction, a CT scan
measured the distance between the anterior and posterior
edges of the fibula at 2 positions, the standard lateral po-
sition and a lateral internal rotation of 15°. The CT scans
were obtained with the use of an SCT-7000TS CT scanner
(Shimadzu Corp., Kyoto, Japan). Figure 1 depicts typical
examples of the images captured.
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Fig. 1. Typical examples of images showing the distance between the anterior and posterior edges of the fibula at the standard lateral position (a 32-year-
old female, on the left) and with a lateral internal rotation of 15° (a 53-year-old female, on the right)

Measurement of postoperative recovery

Demographic data and basic clinical characteristics were
recorded for all patients, including age, sex, body mass
index (BMI), cause of fracture, Lauge—Hansen type, and
reduction methods. The modified Mazur score and Ameri-
can Orthopaedic Foot and Ankle Society (AOFAS) score
evaluated the ankle function before and 6 months after
the surgery. The duration of hospitalization and fracture
healing time were also recorded. Postoperative compli-
cations during the follow-up were noted, and a CT scan
confirmed the malreduction after surgery.

Statistical analyses

Normally distributed data were expressed as mean *
standard deviation (M +SD), and non-normally distributed
data were presented as median (range and interquartile
range (IQR)). The Kolmogorov—Smirnov method was used
to analyze data distribution. Intergroup comparisons were
performed with Student’s t-test or Mann—Whitney U test
for normally or non-normally distributed data, respectively.
The t-test employing Levene’s method was used to assess
the homogeneity of variance. The x? test was utilized

to compare rates, while the relationship between variables
was evaluated with Spearman’s correlation analysis. A re-
ceiver operating characteristic (ROC) curve allowed for
assessing the diagnostic value, and the logistic regression
analysis was used to evaluate the malreduction risk factor.
The Box-Tidwell test was employed to measure continuous
data linear relationships, with the variance inflation fac-
tor (VIF) assessing multicollinearity. Detailed statistical
data are listed in the Supplementary materials. Statistical
significance was indicated by p < 0.05. All calculations em-
ployed IBM Statistical Package for Social Sciences (SPSS)
v. 22.0 (IBM Corp., Armonk, USA) and GraphPad Prism
v. 6.0 (GraphPad Software Inc., San Diego, USA).

Results

Comparison of clinical characteristics
between malreduction and non-
malreduction patients

Table 1 lists the clinical outcomes for all patients and

the comparisons between malreduction and non-mal-
reduction patients. Malreduction was found in 68 cases
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Table 1. Basic clinical characteristics between malreduction and non-malreduction patients

Z.Liu et al. Fibular edge distance in malreduction

Non-malreduction

Variables All patients (n = 187)
Age [years] 40.36 +£12.00
Female sex, n (%) 80 (42.78)
26.37
2
BMI (kg/m'] (18.05-34.97, 841)
Cause of fracture, traffic accident 118 (63.10)
n (%) full 9 (36.90)
supination external rotation 2 (33.16)
Lauge-Hansen supination adduction 33 (17.65)
type, n (%) pronation external rotation 2(27.81)
pronation abduction 0(21.39)
Reduction tibiofibular screw 102 (54.55)
methods, n (%) button fixation 85 (45.45)
before surger 4600
gery (30.00-60.00, 15.00)
Mazur score
6 months after surgery ©1 007;2'88 15.00)
before surger 4200
gery (25.00-59.00, 17.00)
6 months after surgery ©5 00—2%(())8 11.00)
AQFAS score . o
hospitalization [days] 7 OOJ1 1588 300)
fracture healing [days] (50 0057760(;)0 6.00)
Postoperative infection 17 (9.09)
complications, pain 8(4.28)
n (%) exclusive |
granuloma 4(2.14)

H — 2
Malreduction (n = 68) (n=119) t/Z/x
4163+11.28 39.64 £12.38 1.094 0.275
29 (42.65) 51(42.86) 0.001 0976
27.53 26.16
(18.11-34.36, 7.60) (18.05-34.97,8.82) o U5
45 (66.18) 73 (61.34)
0.507 0476
23(33.82) 46 (38.66)
23 (33.82) 39(32.77)
12 (17.65) 21 (17.65)
0434 0933
20(29.41) 32(26.89)
13(19.12) 27 (22.69)
39(57.35) 63 (52.94)
0.393 0.531
29 (42.65) 56 (47.06)
48.50 45.00
(31.00-60.00, 14.75) (30.00-60.00, 15.00) ~1.636 0.102
74.50 84.00
(61.00-88.00, 11.75) (70.00-98.00, 16.00) o174 <0001
42.50 42.00
(26.00-59.00, 16.50) (25.00-59.00, 18.00) —0429 0668
75.00 86.00
(65.00-88.00, 10.75) (75.00-97.00, 10.00) =9 e
13.00 9.00
(10.00-15.00, 2.00) (7.00-12.00, 3.00) —9851 <0.001
60.00 56.00
(50.00-70.00, 9.00) (50.00-60.00, 5.00) e el
7(10.29) 10 (8.40)
3(441) 5(4.20) 0438 0.803
1(1.47) 3(252)

*p-values were calculated for comparison between malreduction and non-malreduction patients. Normally distributed data (only age) were compared

using the Student’s t-test. Non-normally distributed data were analyzed using the Mann-Whitney U test. Rates were compared using the x? test.
The measurement data were expressed as mean + standard deviation (M +SD) for normally distributed data or median (interquartile range (IQR), distance)

for non-normally distributed data. AOFAS — American Orthopaedic Foot and Ankle Society; BMI —

(36.36%). No significant differences were found for demo-
graphic data and basic clinical characteristics, including
age, sex, BMI, cause of fracture, Lauge—Hansen type, and
reduction methods, as well as Mazur and AOFAS scores
before the surgery. However, both Mazur and AOFAS
scores significantly increased in non-malreduction pa-
tients compared with the malreduction patients 6 months
after surgery (p < 0.001). In addition, hospitalization length
and fracture healing time were substantially longer in mal-
reduction patients than in non-malreduction patients
(p < 0.001). No significant difference was found for other
postoperative complications.

Comparison of the distance between
the anterior and posterior edges

of the fibula between malreduction and
non-malreduction patients

Investigations focused on comparing the distance
between the anterior and posterior edges of the fibula

body mass index.

between malreduction and non-malreduction patients.
As shown in Fig. 2A,B, the mean distance between the an-
terior and posterior edges of the fibula was significantly
longer in malreduction patients than in non-malreduction
patients at the standard lateral position and at a lateral
internal rotation of 15° (p < 0.05).

The relationship between postoperative
recovery and the distance between
the anterior and posterior edges

To further investigate the clinical significance of the dis-
tance between the anterior and posterior edges, Spearman’s
correlation analysis evaluated the relationship between
anterior and posterior edge distance and postoperative
recovery indices. Findings demonstrated that the distance
between the anterior and posterior edges correlated nega-
tively with the postoperative Mazur and AOFAS scores
when using a lateral internal rotation of 15°, and corre-
lated positively with hospitalization and fracture healing
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A Standard lateral internal position

3 All patients (n=187)
@@ Malreduction (n=68)
@@ Non-malreduction (n=119)

p=0.039

-
a
1

-
o
1

9.71 10.32
(7.01-13.92, (7.02-13.92, (7.01-12.94,
2.88) 3.63) 2.75)

9.23

a
1

Distance between the anterior and
posterior edges of the fibula [mm]

(=}
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B Standard lateral internal rotation of 15°

) All patients (n=187)
ED Malreduction (n=68)
@@ Non-malreduction (n=119)

p<0.001

N
o
1

-
a
1

13.80
5] _ 1056 (8.56-17.95, 9.47
(7.04-17.95, 4.34) (7.04-17.58,
4.93) 3.12)

Distance between the anterior and
posterior edges of the fibula [mm]
-—
(=]

Fig. 2. The distance between the anterior and posterior edges of the fibula between malreduction and non-malreduction patients at the standard lateral
position (A) and with a lateral internal rotation of 15° (B). Comparison between the malreduction and non-malreduction groups was evaluated using
the Mann-Whitney U test. Data are depicted as median with interquartile range (IQR) and distance

Table 2. Spearman’s analysis for correlation between postoperative recovery and distance between the anterior and posterior edges

Variables

Spearman'’s correlation

postoperative Mazur score

Standard lateral postoperative AOFAS score

position hospitalization

fracture healing
postoperative Mazur score

Standard lateral internal postoperative AOFAS score

rotation of 15° hospitalization

fracture healing

-0.104 0.158
-0.170 0.020
0.139 0.057
0.018 0.806
—-0.208 0.004
-0.277 <0.001
0378 <0.001
0.238 0.001

AOFAS - American Orthopaedic Foot and Ankle Society.

duration (Table 2). However, a negative correlation was
found between the anterior and posterior edge distances
and postoperative AOFAS score for the standard lateral
position. These results indicated that more extensive an-
terior and posterior edge distances were associated with
poor postoperative recovery, especially for the 15° lateral
internal rotation position.

The diagnostic potential of the distance
between the anterior and posterior edge
for postoperative malreduction

The ROC curves explored the diagnostic value
of the distance between the anterior and posterior edges
for postoperative malreduction. As shown in Fig. 3,
the area under the curve (AUC) at the standard lateral
position was 0.581, with a sensitivity of 60.50% (51.13—
69.34%), specificity of 53.62% (41.20—65.72%), and cutoff
value >10.06 mm. When using a 15° lateral internal ro-
tation, the AUC was 0.822, with a sensitivity of 75.36%

(63.51-84.94%), specificity of 73.95% (65.11-81.56%), and
cutoff value >11.18 mm. These results suggested that
the distance between the anterior and posterior edges
showed potential diagnostic value for postoperative mal-
reduction, particularly for the 15° lateral internal rotation
images.

Logistic regression for risk factors
of postoperative malreduction

The risk factors of postoperative malreduction were
investigated using univariate and multivariate logistic
regression analyses. The postoperative Mazur score, post-
operative AOFAS score, length of hospitalization, frac-
ture healing duration, and the distance between the an-
terior and posterior edges of the fibula at the standard
lateral and 15° internal rotation positions were risk fac-
tors in the univariate model. In the multivariate regres-
sion model, preoperative factors (age, sex, BMI, cause
of fracture, Lauge—Hansen type, restoration methods,
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A
Standard lateral position
150+ o
— Sensitivity%
— |dentity%
%, 1001
=
‘@
$ s0d AUC 0.581
n cutoff >10.06
sensitivity 60.50% (51.13%~69.34%)
. specificity 53.62% (41.20%~65.72%)

0 50 160 1£|'>0
100% - Specificity%

Z.Liu et al. Fibular edge distance in malreduction

Standard lateral internal rotation of 15°

150+ — Sensitivity%
— Identity%
§, 100-
=
)
S 504 AUC 0.822
@ cutoff >11.18
sensitivity 75.36% (63.51%~84.94%)
. specificity 73.95% (65.11%~81.56%)

0 50 100 150
100% - Specificity%

Fig. 3. Receiver operating characteristic (ROC) curves of the distance between the anterior and posterior edges of the fibula for diagnosis of postoperative
malreduction using a standard lateral position (A) and a 15° lateral internal rotation (B)

AUC - area under the curve.

Table 3. Binary logistic regression analysis for risk factors of postoperative malreduction

Variables
Age 0.986 0.962-1.011
Sex 0.991 0.543-1.811
BMI 0.980 0.922-1.041
Cause of fracture 1.233 0.661-2.299
Lauge-Hansen type 1.044 0.806-1.352
Restoration methods 1.195 0.656-2.179
Preoperative Mazur score 0.972 0.939-1.006
Preoperative AOFAS score 0.994 0.964-1.024
Postoperative Mazur score 1.142 1.092-1.195
Postoperative AOFAS score 1.270 1.183-1.363
Hospitalization 0.276 0.189-0.403
Fracture healing 0.790 0.726-0.858
Postoperative complications 1.022 0.635-1.644
Anterior and posterior edge distance 1* 0.831 0.706-0.977
Anterior and posterior edge distance 2* 0.634 0.554-0.726

Multivariate
(o]} 95% Cl R? p-value

0.009 0.274 0.989 0.961-1.011 0.269
<0.001 0978 1.036 0.554-1.936 0913
0.003 0.509 0.979 0.920-1.042 0512
0.003 0510 1.255 0.663-2.374 0.486
0.001 0.746 1.084 0.831-1413 007 0.552
0.002 0.560 1.152 0.617-2.151 0.657
0.019 0.106 0.974 0.940-1.009 0.141
0.001 0.685 0.996 0.966-1.028 0.818
0.301 <0.001 1.138 0.971-1.333 0.110
0479 <0.001 1.345 1.109-1.633 0.003
0.691 <0.001 0.236 0.114-0.490 <0.001
0.284 <0.001 0.718 0.548-0.942 0.926 0.017
<0.001 0.930 0.685 0.201-2.338 0.546
0.037 0.025 1.235 0.707-2.156 0458
0.388 <0.001 0.465 0.297-0.729 0.001

*standard lateral position; *standard lateral internal rotation of 15% BMI - body mass index; AOFAS — American Orthopaedic Foot and Ankle Society;

OR - odds ratio; 95% CI — 95% confidence interval.

preoperative Mazur score, preoperative AOFAS score)
and postoperative factors (postoperative Mazur score,
postoperative AOFAS score, length of hospitalization,
fracture healing duration, postoperative complications,
and the distance between the anterior and posterior edges
of the fibula for the diagnosis of postoperative malreduc-
tion at the standard lateral and 15° lateral internal rota-
tion positions) were analyzed using 2 different models.
Postoperative AOFAS score, length of hospitalization,
fracture healing time, and the distance between the an-
terior and posterior edges of the fibula at the 15° internal
lateral rotation position were independent risk factors
of postoperative malreduction, according to the multi-
variate analysis (Table 3).

Discussion

In ankle joint fracture, lower tibiofibular syndesmosis
injury is a common complication that, if not appropriately
treated, affects ankle joint function.'* Despite many thera-
peutic options available for lower tibiofibular syndesmosis,
postoperative complications such as infection and malre-
duction limit their application.!” Furthermore, traditional
methods for evaluating malreduction are insufficient.!®
In the present study, we proposed a novel method for evalu-
ating malreduction by measuring the distance between
the anterior and posterior edges of the fibula using a lateral
internal rotation of 15°. The distance was longer in patients
with postoperative malreduction, which is associated with
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patient recovery of ankle joint function, and the method
has a potential to predict postoperative malreduction.

Postoperative malreduction is a common complication
after surgery of lower tibiofibular syndesmosis injury, with
malreduction rates reportedly ranging from 15% to 50%.
There is no specific effective method to reduce malre-
duction.’* In a randomized controlled trial, the authors
reported a malreduction rate of 39% for screw fixation
and 15% using TightRope fixation for reducing tibiofibu-
lar syndesmosis.” In addition, a meta-analysis found that
malreduction occurred in 12.6% of patients treated with
a syndesmotic screw for distal tibiofibular syndesmosis
injury.?’ In the present study, malreduction occurred
in 36.36% (68/187) of patients.

Currently, the evaluation of postoperative malreduction
relies on measuring the tibiofibular clear space and tibio-
fibular overlap.?! However, traditional methods have failed
to reduce the malreduction rate to an acceptable level.
In recent years, some new methods have reported reduced
malreduction rates. Futamura et al. demonstrated that us-
ing intraoperative perspective mortise views, based on We-
ber’s 3 indexes, could avoid the malreduction of syndes-
mosis, with an AUC of 0.857 in the diagnosis potential.??
Another study reported using the Leporjérvi clear space for
lateral translation, the Nault anterior tibiofibular distance
for posterior translation, and the Nault talar dome angle
for external rotation of the fibula as potential measuring
methods for detecting isolated malreduction in distal tib-
iofibular syndesmosis injury.? In a recent study, Bai et al.
found that when the syndesmosis was fixed at an internal
rotation of 20°, the tibiofibular clear space and the antero-
posterior ratio could achieve a diagnostic value of 92.3%
and a sensitivity of 100% for syndesmosis malreduction.?*

The current research proposed a novel method for mea-
suring the distance between the anterior and posterior
edges of the fibula using a lateral internal rotation of 15°.
We found that the distance between the anterior and pos-
terior edges of the fibula was associated with postopera-
tive ankle joint function and malreduction occurrence,
in which a longer distance predicted a higher rate of mal-
reduction and worse ankle joint function.

Limitations

The present study was limited by being a single-center
trial with a small sample size that only analyzed short-term
efficacy after surgery. As such, the relationship between
the fibular anterior and posterior edge distance and long-
term surgical efficacy is unclear. These issues require fur-
ther study to provide adequate evidence.

Conclusions

In summary, the distance between the anterior and pos-
terior edges of the fibula was associated with postoperative
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ankle joint function and malreduction occurrence when
using a lateral internal rotation of 15°. These findings may
prove a novel method for evaluating postoperative malre-
duction after reduction surgery in patients with an ankle
joint fracture combined with a lower tibiofibular syndes-
mosis injury.

Supplementary data

The supplementary materials are available at https://
doi.org/10.5281/zenodo0.8087392. The package contains
the following files:

Supplementary Table 1. Information on t-test from
Table 1.

Supplementary Table 2. Assumptions for logistic regres-
sion from Table 3.

Supplementary Fig. 1. Normality test for continuous data.
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Abstract

Background. Anastomotic leakage (AL) is a severe complication of colorectal cancer (CRC) surgery and
is associated with the immune and nutritional status.

Objectives. This study aimed to investigate the role of the prognostic nutritional index (PNI) in AL in CRC
patients after surgery.

Materials and methods. A retrospective case—control study was designed in a single center. The clini-
copathological features and preoperative laboratory data of 124 CRC patients and 120 non-cancer patients
who underwent surgery were collected and examined. Among the CRC patients, 24 had AL.

Results. Nutritional indicators were lower in CRC patients than in non-cancer patients (p < 0.05), but
the clinical parameters analysis showed that only metastasis (M) stage, albumin, carcinoembryonic antigen
(CEA), CA153, and PNI were associated with AL in CRC after surgery (p < 0.05). Prognostic nutritional index
had a moderate predictive value for AL, with an area under the curve (AUC) of 0.625. Using the median value
as a cutoff point, a high PNI was associated with a longer survival time in CRC patients (p = 0.033), and AL
showed marginal significance (p = 0.048). The nomogram showed that PNI has a better prognostic value
than tumor—node—metastasis (TNM) staging in CRC patients who underwent surgery.

Conclusions. Prognostic nutritional index is a useful supplement for predicting AL in CRC patients after
colorectal surgery. It also helps predict the prognosis of CRC patients.
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Background

Surgery is a major treatment approach for colorectal can-
cer (CRC), and anastomotic leakage (AL) is one of the most
severe early complications of colorectal surgery, with an in-
cidence rate of 1-30%, depending on the site of anasto-
mosis (rectum > colon).! Anastomotic leakage causes ab-
dominal infections, sepsis and prolonged hospital stays,
and is associated with a high reoperation rate, increased
short- and long-term morbidity and mortality rates,>?
as well as reduced quality of life. Thus, identifying the risk
factors associated with AL after colorectal surgery remains
a critical need for doctors.*

The exact etiology of AL remains unclear. Current ev-
idence indicates that AL is a result of multiple factors,
including operation time,” steroidal anti-inflammatory
drug use® and surgical experience.” In addition, nutritional
status,® inflammation status® and immune system status'®
contribute to the occurrence of AL after colorectal sur-
gery. Several indicators, such as the neutrophil-to-lympho-
cyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and
lymphocyte-to-monocyte ratio (LMR), have reportedly
been associated with AL.M In addition, some novel indica-
tors, including the systemic immune-inflammation index
(SID),!? prognostic nutritional index (PNI), pan-immune-
inflammation value (PIV),!3 as well as systemic inflam-
mation response index (SIRI),!* have been reported to be
associated with the survival of various cancers.

Given that AL is associated with nutrition, inflamma-
tion and immune status, finding indicators that can be
incorporated into routine blood examination to predict AL
in CRC patients after colorectal surgery can help prevent
the occurrence of AL, thus improving treatment efficacy.

Objectives

This study aimed to determine the association of NLR,
LMR, PLR, PNI, SII, PIV, SIRI, and PNI with AL in CRC
patients after colorectal surgery to identify reliable indi-
cators that predict AL, and explore their association with
the survival of CRC patients.

Materials and methods
Data collection

This study has a case—control design. The data were
retrospectively collected from CRC patients who under-
went surgery between March 2013 and July 2022 at Third
Affiliated Hospital of Guangxi Medical University (Nan-
ning, China). The inclusion criteria were as follows: 1)
histopathologically validated CRC diagnosis; 2) surgical
resection of the primary CRC tumor; and 3) complete
clinicopathological and postoperative follow-up data.
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The exclusion criteria included 1) complications with other
primary tumors; 2) complications with severe autoimmune
diseases, infectious diseases, blood diseases, or injury; and
3) complications with severe liver or kidney malfunction.
We also collected data from 120 non-cancer control pa-
tients who underwent abdominal surgery.

Clinical data collection and definitions

Clinicopathological features and preoperative laboratory
data were collected from the patient’s electronic medical
records, and laboratory data used were collected within
3 days of surgery. As part of the clinicopathological analy-
sis of CRC, data on patient’s age, sex, body mass index
(BMI), tumor—node—metastasis (TNM) stage, routine
blood tests, liver function tests, and tumor biomarkers
were collected. A summary of the surgical information
included data on the surgical approach (laparoscopic
or open), the operation time and the volume of bleed-
ing that occurred during the surgery. The NLR, LMR,
PLR, PNI, SII, PIV, SIRIL, and PNI were calculated as pre-
viously described.!*17 Anastomotic leakage was defined
based on the statement of the International Study Group
of Rectal Cancer,'® in which the integrity of the intestinal
wall fails at the anastomosis site, and the communication
between the intraintestinal and extraintestinal compart-
ments is established.

Follow-up

The follow-up for patients with CRC after surgery was
performed every 3 months for the first 2 years, followed
by a 6-month follow-up frequency for the next 2 years.
The last follow-up date was July 12, 2022. In this study,
overall survival (OS) was defined as the number of years
between the date of surgery and the date of death or last
follow-up of the patient.

Statistical analyses

The distribution of data was tested using the Shapiro—
Wilk test, with a p-value <0.05 indicating a normal dis-
tribution. The results are listed in Supplementary Table 1.
Student’s t-tests with Welch'’s correction were used to com-
pare normally distributed continuous data. Median and
interquartile range (IQR) as well as the Mann—Whitney
U test were used to compare data that were non-normally
distributed. Data from categorical variables are presented
as absolute numbers (percentages) and compared using
the x? test or Fisher’s exact test if the sample size was small
(when the expected frequency count in any cell of the table
was less than 5). The survival analysis was conducted using
the Kaplan—Meier plots and log-rank tests. The predictive
advantage was distinguished using the receiver operat-
ing characteristic (ROC) and area under the curve (AUC).
A value of p < 0.05 was considered statistically significant.



Adv Clin Exp Med. 2024;33(4):351-359

Table 1. Clinical characteristics of the included participants
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Non-cancer (n = 120)

X2/t/Z-value

Clinical variables CRC (n=124)
Cender male 61 (49.2%)
female 63 (50.8%)
Age 63.5+13.3
BMI 22.1(19.7-24.7)
WBC 6.80 (5.80-843)
Hemoglobin 116 (99.8-130)
Platelet 288 (224-361)
Neutrophil 4.29(3.29-5.87)
Lymphocyte 1.58 (1.06-1.90)
Monocyte 0.55 (0.43-0.80)
Fibrinogen 4,09 (3.45-4.69)
Albumin 36.7 £4.26
Globulin 27.0 (24.9-29.9)
AGR 1.36(1.21-1.48)
Total protein 63.6 (60.1-68.3)
Prealbumin 182 £52.5
Ferritin 120 (34.2-258)
CEA 460 (2.29-13.7)
AFP 240 (1.80-3.10)
CA125 103 (7.50-19.0)
CA153 104 (6.84-16.2)
CA199 11.9 (6.85-24.8)
PLR 184 (130-270)
NLR 3.02(1.76-4.71)
LMR 2.53(1.82-3.65)
SH 1672 (1098-3001)
PIV 997 (540-2122)
SIRI 1.54 (0.94-3.27)
PNI 43.8(41.5-47.3)

64 (53.3%) - -
56 (46.7%) - -
614 +845 14617 0.145%
22.8(20.4-24.8) 4684.5 0.328
6.70 (5.50-8.03) 6871 0.302
138(122-148) 10886 <0.001
244 (222-279) 5536 0.001
3.53(2.79-4.70) 5709.5 0.002
2.01 (1.59-2.45) 10323 <0.001
0.60 (0.50-0.75) 7966.5 0.339
2.95 (2.58-3.40) 27325 <0.001
40.5 +3.80 7433 <0.001*
26.0(23.8-28.2) 6097 0.015
1.52(1.41-1.74) 10963.5 <0.001
66.9 (62.9-69.8) 9216 0.001
255 +62.3 9.860 <0.001*
171 (69.1-295) 8653.5 0.028
1.75(1.10-2.82) 3149.5 <0.001
2.25(1.70-3.00) 6975 0.399
8.62 (6.82-12.6) 5805.5 0.003
10.2 (7.20-14.6) 6910 0456
8.60 (4.62-12.7) 5561 0.001
126 (954-162) 4094 <0.001
1.69 (1.32-242) 4632 <0.001
3.32(2.48-4.35) 9192 0.001
1717 (1086-2826) 7252 0.733
1021 (589-2210) 7767 0.553
1.05 (0.73-1.96) 5680 0.001
51.5(47.2-54.3) 11961.5 <0.001

CRC - colorectal cancer; BMI - body mass index; CEA — carcinoembryonic antigen; WBC — white blood cells; NLR — neutrophil-to-lymphocyte ratio;

LMR - lymphocyte-to-monocyte ratio; PLR — platelet-to-lymphocyte ratio; SIl - systemic immune-inflammation index; PNI — prognostic nutritional index;
PIV - pan-immune-inflammation value; SIRI — systemic inflammation response index; * data were compared using Student’s t-test;  data were compared
using the ¥? test; the other parameters were compared using the Mann-Whitney U test. AGR - albumin-to-globulin ratio.

All studies were performed with the use of R language
(v. 4.1.3; R Foundation for Statistical Computing, Vienna,
Austria).

Results

Clinical characteristics of the included
participants

A total of 124 CRC patients and 120 non-cancer pa-
tients who underwent abdominal surgery were included
in the study. Adenocarcinoma was the histological
type of all CRCs. The results of variance homogene-
ity t-tests for patients with and without CRC are listed

in Supplementary Table 2. A comparison of clinicopath-
ological and preoperative laboratory data between CRC
and non-cancer patients is listed in Table 1. Age, gen-
der and BMI of CRC patients showed little significance
between cancer and non-cancer patients (p > 0.05).
Blood nutritional indicators, including hemoglobin, al-
bumin, globulin, total protein, and prealbumin levels,
were lower in CRC patients than in non-cancer patients
(p < 0.05). The levels of tumor biomarkers, including
carcinoembryonic antigen (CEA), CA125 and CA199,
were significantly higher in CRC patients than in non-
cancer patients. Other blood indicators, including PLR,
NLR, albumin-to-globulin ratio (AGR), and PNI, were
substantially elevated in CRC patients compared to non-
cancer patients (p < 0.05).
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Patients who exhibited risk factors related

to AL underwent surgeries for CRC

The results of the variance homogeneity t-tests between pa-
tients with and without AL are presented in Supplementary

Table 2. Risk factors related to anastomotic leakage (A

Clinical variables

Non-AL (n = 100)

Table 3. As listed in Table 2, MO stage and laparoscopic
surgery were associated with AL in patients who underwent
surgeries for CRC. Patients complicated with AL exhibited
low levels of albumin, CEA, CA153, and PNI as compared
to patients without AL (p < 0.05). Age, sex, tumor type,

L) for patients who underwent colorectal cancer (CRC) surgery

Sex
Age

Cancer type

Tumor location

Tumor grade

Surgery type

Operation time

T stage

N stage

M stage

Tumor stage

BMI

WBC
Hemoglobin
Platelet
Neutrophil
Lymphocyte
Monocyte
Fibrinogen
Albumin
Globulin
AGR

Intraoperative bleeding

male

female

colon cancer
rectal cancer
right side
left side
rectal
high
middle
low
laparoscope

open

53 (53.0%)
47 (47.0%)
64.7 £12.9

67 (67.0%)
33 (33.0%)

31 (31.0%)
35 (35.0%)
34 (34.0%)

8 (8%)

79 (79%)

13 (13%)

77 (77.0%)
23 (23.0%)
180 (159-235)
50.0 (20.0-100)
3 (3.00%)

12 (12.0%)
31 (31.0%)
54 (54.0%)
45 (45.0%)
32 (32.0%)
20 (20.0%)
3 (3.00%)
68 (68.0%)
16 (16.0%)
16 (16.0%)
13 (13.0%)
30 (30.0%)
44 (44.0%)
13 (13.0%)
21.8(19.6-24.0)
7.10(5.97-8.53)
113 £246
282 (220-348)
4.50(3.53-6.12)
1.60 (1.05-1.95)
0.57 (0.44-0.80)
4.12 (3.45-4.65)
37.1(33.9-39.7)
26.7 (24.7-29.5)
1.36 (1.24-1.50)

AL (n=24) X2/t/Z-value p-value
8 (33.3%)
2.260 0.133*
16 (66.7%)
5854137 2.031 0.050*
1 (45.8%)
2.864 0.091%
13 (54.2%)
3(12.5%)
8 (33.3%) 4.508 0.105*
13 (54.2%)
3(12.5%)
19 (79.2%) 0.790 0.674*
2 (8.3%)
13 (54.2%)
3.988 0.046"
11 (45.8%)
235 (175-286) 911.5 0.068
50.0 (20.0-200) 954.0 0113
0 (0.00%)
4(16.7%)
3.341 0.359*
1 (45.8%)
9 (37.5%)
12 (50.0%)
8(33.3%)
0.947 0.977*
4(16.7%)
0 (0.00%)
22 (91.7%)
2 (8.33%) 6.117 0.038*
0 (0.00%)
2 (8.33%)
1 (45.8%)
2.356 0.607*
9 (37.5%)
2 (8.33%)
24.4 (20.6-26.4) 1579.5 0.057
6.10 (5.02-6.85) 12435 0.016
1144326 0.150 0.882*
290 (259-374) 1546 0.333
3.34 (2.50-4.90) 1296 0.029
1.50 (1.24-1.80) 1402.5 0.544
0.50 (0.40-0.64) 1166.5 0.199
4,02 (3.50-5.17) 1570.5 0.832
35.9(33.2-37.1) 995.5 0.019
284 (25.4-32.1) 1379.5 0.196
131 (1.16-145) 1072.5 0.256
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Table 2. Risk factors related to anastomotic leakage (AL) for patients who underwent colorectal cancer (CRC) surgery — cont

Clinical variables

Non-AL (n = 100)

AL (n=24)

X2/t/Z-value
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p-value

Total protein 63.5 (60.0-68.2)
Prealbumin 185+51.8
Ferritin 144 (35.6-277)
CEA 4.93(2.30-123)
AFP 2.50(1.83-3.11)
CA125 10.8 (7.59-18.7)
CA153 11.4(7.28-17.0)
CA199 12.0 (6.92-26.6)
PLR 179 (128-271)
NLR 3.12(1.79-4.53)
LMR 246 (1.61-3.70)
Sl 1944 (1121-3097)
PIV 1077 (546-2383)
SIRI 1.69 (0.97-3.27)
PNI 43.9 (41.7-48.6)

65.6 (60.2-68.6)
171 £55.1
706 (16.9-193)
340 (2.00-16.7)
2.01(1.58-2.52)
9.13 (6.91-27.8)
8.36 (4.74-12.9)
9.75 (6.70-15.9)
198 (146-268)
2.03 (1.58-4.74)
2.84(2.31-3.60)
1432 (1080-1957)
710 (481-1058)
1.12(0.76-2.07)
41.4 (40.8-44.5)

13285
1.081
1316

1496.5
1269
1551

13205
1250
1043
1356

1077.5
1404
1446
1463
1491

0420
0.287*
0.124
0463
0.061
0.663
0.026
0.446
0.321
0.324
0438
0.197
0.120
0.096
0.007

BMI - body mass index; WBC — white blood cells; CEA — carcinoembryonic antigen; NLR — neutrophil-to-lymphocyte ratio; LMR - lymphocyte-to-monocyte
ratio; PLR - platelet-to-lymphocyte ratio; SIl - systemic immune-inflammation index; PNI — prognostic nutritional index; PIV — pan-immune-inflammation
value; SIRI - systemic inflammation response index; * data were compared using Student’s t-test;  data were compared using the x? test; other parameters

were compared using the Mann-Whitney U test. The values in bold indicated statistically significant change.

tumor location, TNM stage, and other blood indicators
were not significantly associated with AL (p > 0.05). Using
a ROC curve analysis, we found that albumin, CA153 and
PNI had a moderate predictive value for AL, with AUC val-
ues of 0.662 (95% confidence interval (95% CI): 0.55-0.76),
0.648 (95% CI: 0.52—0.78) and 0.625 (95% CI: 0.52—0.73),
respectively, whereas the predictive value of CEA was low,
with an AUC of 0.535 (95% CI: 0.42—-0.68) (Fig. 1).

Survival analysis of the blood biomarkers
and anastomotic leakage in CRC patients

Previous studies have indicated that SIL! PIV,?° SIRL,%
and PNI?? were associated with the survival of patients
with CRC who underwent surgery. In this study, we de-
termined the association of the 4 biomarkers and AL with
the survival of patients with CRC. Using the median value
as a cutoff point, we found that high PNI was associated
with a longer survival time in CRC patients (p = 0.033), and
AL was marginally associated with the survival of CRC
patients (p = 0.048), while SII, PIV and SIRI did not show
an obvious association with the patients’ survival (p > 0.05)
(Fig. 2).

Association of PNI with clinicopathological
features in CRC

Next, we explored the association of PNI with clini-
copathological features in CRC patients. As illustrated
in Fig. 3, PNI was significantly associated with T stage
(p = 0.044), but was not associated with sex, cancer type,
N stage, M stage, and tumor stage (p > 0.05).
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Fig. 1. Predictive value of albumin, carcinoembryonic antigen (CEA),
CAI153, and prognostic nutritional index (PNI) on anastomotic leakage (AL)
in colorectal cancer (CRC) patients after surgery

ROC - receiver operating characteristic; AUC — area under the curve.

Comparison of the prognostic value
of clinical parameters in CRC patients

To compare the prognostic value of clinical features
in CRC patients who underwent surgery, the nomogram
was prepared after analyzing age, TNM stage, tumor stage,
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Fig. 2. Survival analysis of the blood biomarkers and anastomotic leakage (AL) in colorectal cancer (CRC) patients. A. Carcinoembryonic antigen (CEA);
B. Systemic immune-inflammation index (SI); C. Pan-immune-inflammation value (PIV); D. Systemic inflammation response index (SIRI); E. Prognostic
nutritional index (PNI); F. AL

AL, and PNI. As shown in Fig. 4, PNI showed a better PNI had a better prognostic value for 1-, 3- and 5-year

prognostic value in CRC patients who underwent surgery survival time compared with other clinicopathological
for 1-, 3- and 5-year survival time as compared to other features in CRC patients who underwent surgery. Taken
clinicopathological features such as age, TNM stage, tumor together, these results demonstrate that CRC patients with
stage, and AL. AL present with lower nutritional status and that PNI

could help predict AL. Prognostic nutritional index was
associated with the survival of CRC patients and showed

Discussion a better prognostic value in CRC patients who underwent
surgery.

Due to the high risk of AL in patients after colorectal Prognostic nutritional index is calculated based on se-
surgery, this study explored the indicators that could serve rum albumin levels and peripheral blood lymphocyte
as predictive biomarkers for AL. By comparing the data counts, and is an indicator that reflects both the nutri-
between CRC and non-cancer patients, we found that tional and immune status of patients.?*?* Our results
several blood cell count indicators were increased, while showed that patients with AL had lower albumin levels
the nutritional status was decreased in CRC patients. Next, than those without AL, although no significant difference
we compared the clinicopathological features of CRC pa- was noted in lymphocyte counts. The role of PNI in pre-
tients with and without AL after colorectal surgery, and dicting AL in gastrointestinal tumors had been reported
found that female sex, M stage, albumin, CEA, CA153 and before. A previous study?® stated that preoperative PNI
PNI were associated with AL, and albumin, CA153 and showed no significant prognostic value for short-term out-
PNI had a moderate predictive value for AL, suggesting comes in patients with AL after cancerous esophagectomy.
that these indicators may help screen patients at high risk Another study?® reported that PNI is useful for predict-
of AL after colorectal surgery. Subsequently, we explored ing the onset of postoperative complications (including
the association between SII, PIV, SIRI and PNI, and found AL) in patients with esophageal cancer after resection.
that high PNI was associated with longer survival time Recently, a study?” concluded that PNI was a predictor

in CRC patients. Moreover, the nomogram showed that of AL (risk ratio (RR): 0.151; 95% CI: 0.036—0.640) in CRC
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Fig. 3. Association of prognostic nutritional index (PNI) with clinicopathological features in colorectal cancer (CRC). Data were compared using the Mann-
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fall more than 1.5 times of the interquartile range (IQR) beyond the nearest quartile. They are represented by individual points outside the whiskers

patients after curative surgery. In this study, we found that,
similar to the result of CA153, PNI exhibited a moderate
predictive value for AL, but was superior to CEA, suggest-
ing that high PNI and CA153 could help screen patients
atrisk of AL, but CEA showed little significance in this as-
pect. However, the number was small, with only 11 patients
having an AL; thus, the reliability of PNI in predicting AL
needs to be further validated.

After confirming the association between PNI and AL
in CRC patients after colorectal surgery, we investigated
the prognostic value of PNIin CRC. Prognostic nutritional
index has been reported to be associated with the treat-
ment response and survival of various malignant tumors

such as CRC,?® breast cancer'” and esophageal cancer,?
suggesting that PNI could be a novel prognostic indica-
tor for patients with cancer. Our results are in line with
those of previous studies,®® which confirmed the associa-
tion of PNI and AL with the survival of CRC patients after
colorectal surgery. More importantly, PNI-based nomo-
grams showed better prognostic accuracy than TNM stage,
tumor stage and AL, which has not been reported in previ-
ous studies, indicating that PNI could act as an auxiliary
indicator to predict the prognosis of CRC patients. More-
over, the nomograms revealed that PNI showed a much
better predictive accuracy; thus, it could serve as a reliable
indicator to estimate the prognosis of CRC patients.
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SIl = systemic immune-inflammation index; PNI — prognostic nutritional index; PIV - pan-immune-inflammation value; SIRI - systemic inflammation

response index; OS — overall survival.

Limitations

The present study has some limitations. First, it had
a retrospective design and was a single-center study,
which inevitably led to selection bias. Second, even
though we retrieved a long period of medical records,
the number of ALs was relatively small, and the robust-
ness of the results was undermined. Third, some factors
that might affect nutritional status, such as genetics and
intestinal microbiota, were not taken into consideration
in this study; thus, the reliability of our results might be
reduced. Fourth, molecular status, such as microsatellite
instability (MSI), is an important prognostic and predic-
tive factor in patients with CRC. However, due to the lim-
ited data of our study, we could not analyze the effect
of molecular status on AL after surgery. Therefore, our
results need to be validated in prospective, larger, mul-
ticenter cohorts.

Conclusions

This study demonstrated that preoperative PNI is a use-
ful supplement for predicting AL in CRC patients after
colorectal surgery and it also helps predict the progno-
sis of CRC patients. However, considering the limitations
of this study, a larger study is required to validate these
results.

Supplementary data

The supplementary materials are available at https://
doi.org/10.5281/zenodo.8106981. The package contains
the following files:

Supplementary Table 1. Continuous data distribution
analysis with Shapiro—Wilk normality test.

Supplementary Table 2. Variance homogeneity t-test
results between patients with or without CRC.

Supplementary Table 3. Variance homogeneity t-test
results between patients with or without anastomotic
leakage.
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Abstract

Background. The high sensitivity of cells of Fanconi anemia (FA) patients to DNA cross-linking agents (clasto-
gens), such as mitomycin C (MMC), was used as a screening tool in Polish children with clinical suspicion of FA.

Objectives. The aim of the study was to compare chromosome fragility between 3 groups, namely non-FA,
possible mosaic FA and FA patients.

Materials and methods. The study included 100 children with hematological manifestations and/or con-
genital defects characteristic of FA, and 100 healthy controls. Blood samples obtained from participants were
analyzed using an MMGinduced chromosomal breakage test.

Results. Patients with clinical suspicion of FA were divided into 3 subgroups based on the MMC test results,
namely FA, possible mosaic FA and non-FA. Thirteen out of 100 patients had a true FA cellular phenotype.
The mean value of MMCinduced chromosome breaks/cell for FA patients was higher than for non-FA patients
(6.67 +3.92 compared to 0.23 +0.18). In addition, the percentage of cells with spontaneous aberrations was
more than 9 times higher in FA patients than in non-FA patients.

Conclusions. Our results confirmed that the MMC sensitivity test distinguishes between individuals affected
by FA, those with possible somatic mosaicism, and patients with bone marrow failure for other reasons, who
were classified as non-FA in the first diagnostic step. However, a definitive differential diagnosis requires
follow-up mutation testing and chromosome breakage analysis of skin fibroblasts.

Key words: Fanconi anemia, mitomycin C, chromosome breakage test
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Background

Fanconi anemia (FA) is the most prevalent cancer-
prone inherited bone marrow failure syndrome (IBMES).
The phenotype of FA patients is characterized by micro-
cephaly, radial ray defects, skin pigmentation abnormali-
ties, short stature, and genitourinary defects,!~* although
25% of patients do not present abnormalities or pancyto-
penia at birth. In this patient population, the diagnosis
is often not established until they develop cancers typical
of adults with FA or family studies are conducted.>~”

Fanconianemia is a rare genetic disease caused by patho-
genic variants in any of the 23 FA complementation group A
(FANC) genes, which are involved in the FA/breast cancer
gene (BRCA) pathway. An autosomal recessive inheritance
was demonstrated for 21 FANC genes, an autosomal domi-
nant inheritance was demonstrated for 1 gene (FANCR/
RADSI), and an X-linked recessive inheritance for another
(FANCB). The incidence of FA is 1 in 300,000 live births,
affecting from 1 to 9 people in 1,000,000, with a carrier
frequency in the general population of around 1 in 181.%

The consequences of FA pathway failure manifest
at the chromosomal, cellular and clinical levels, with
characteristic structural aberrations formed at the chro-
mosomal level. Cellular outcomes include increased
apoptosis, cell cycle changes and heightened sensitivity
to DNA cross-linking agents such as exogenous mitomy-
cin C (MMC) and diepoxybutane (DEB), and endogenous
aldehydes. At the clinical level, FA patients present a triad
of symptoms that involve bone marrow failure, a high risk
of cancer and congenital defects.’

Chromosomal aberrations found in metaphase spreads
from FA patients include gaps, chromatid or isochromatid
breaks, chromosome breaks, acentric fragments, dicentric
chromosomes, chromatid interchange, and characteristic
triradial and tetraradial figures.!°

The hallmark of FA cells is high genomic instability, first
described in 1966 by Schroeder as a high level of spon-
taneous chromosome breaks.!! Some years later, studies
showed that hypersensitivity to DNA cross-linking agents
caused this genomic instability, leading to the develop-
ment of the MMC and DEB tests, which are the “gold stan-
dard” diagnostic tests for FA. Although the high sensitivity
to DNA cross-linking agents is the hallmark of peripheral
blood T-lymphocytes of FA patients, it is not observed
in all FA cases.!>!3

Around 10-20% of FA patients present with a special
type of hematopoietic somatic mosaicism that reduces
or eliminates lymphocyte sensitivity to clastogens. Identi-
fying individuals affected with mosaicism using a chromo-
some breakage test can be difficult. Various mechanisms,
such as back mutation, gene conversion, intragenic cross-
over, and second-site mutation, may result in the restora-
tion of the affected gene to wild type, and these mecha-
nisms have been identified in cells of mosaic FA patients.
Gene reversion may affect all hematopoietic cell lineages,
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causing a “natural gene therapy” with a stable phenotype
or only individual cell lines and leading to a limited effect.
The success of reversion depends on the stage of differen-
tiation of the cell at which the gene correction occurs.*1°

Determining the level of chromosomal abnormalities
is crucial for identifying patients with FA. The most chal-
lenging problem when interpreting the results of chromo-
some breakage tests is distinguishing between non-FA
and mosaic FA patients. Some non-FA patients may have
a proportion of T-lymphocytes with chromosome breaks
after chemotherapy treatment, which can be interpreted
by inexperienced cytogeneticists as mosaicism, leading
to false-positive results. In contrast, a high proportion
of reverted T-lymphocytes in FA mosaic patients can lead
to false negatives.161”

A spontaneous chromosome breakage analysis of cells
not treated with MMC is also required since various levels
occur among patients with different FA subtypes. Individu-
als with variants in FANCDI/BRCA2 or FANCN/partner
and localizer of BRCA2 (PALB2) genes have very high
levels of spontaneous breakage and atypical aberrations
compared with other groups of FA patients. Other DNA
repair deficiency syndromes also show increased levels
of spontaneous fragility, and it is possible to reveal specific
types of chromosomal abnormalities for these syndromes.
For example, telomeric rearrangements are present in cells
of patients with dyskeratosis congenita, premature centro-
mere separation occurs in Roberts syndrome, and Warsaw
breakage syndrome and aberrations of chromosomes 7
and 14 are frequent in Nijmegen breakage syndrome and
ataxia—telangiectasia. Additionally, analyzing breakages
on G-banded chromosome preparations makes it pos-
sible to diagnose constitutional chromosome aberrations
that may be responsible for the patient’s clinical features
in around 1-2% of patients with suspected FA.1%18

Objectives

The aim of the study was to assess chromosomal fra-
gility using chromosome aberration analysis, including
the number of chromosomal breaks and/or radial figures/
cell, percentage of cells with aberrations, and breaks or ra-
dials/aberrant cell in Polish patients with suspected FA.

Materials and methods
Patients

One hundred patients (52 females and 48 males) with
suspected FA were referred to the Department of Clini-
cal Genetics of Collegium Medicum in Bydgoszcz (Nico-
laus Copernicus University in Torun, Poland). The age
at diagnosis ranged from 1 month to 32 years (median:
15.36 years).
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Sampling and culture conditions

Peripheral blood samples were collected with heparin
(=5 mL) to prepare cultures for routine cytogenetic analy-
sis upon receiving signed consent forms from the parents
of examined children and healthy controls. Four cul-
tures were set up for each participant by adding 0.5 mL
of blood to 4.5 mL of Roswell Park Memorial Institute
(RPMI) 1640 culture medium containing 15% fetal bo-
vine serum (FBS), phytohemagglutinin (PHA) and gen-
tamicin (all from Thermo Fisher Scientific, Waltham,
USA), according to the procedure described by Oostra
et al.!° Cultures were incubated for 72 h with 0, 50, 150,
or 300 nM of MMC (Sigma-Aldrich, St. Louis, USA). Cells
were harvested after the treatment with colcemid (0.1 pug/
mL) for 50 min. The next step involved incubation with
0.075 M KCl for 20 min at 37°C, followed by fixation with
methanol and acetic acid (3:1). Lastly, microscope slide
were prepared by staining cytogenetic preparations in 5%
Giemsa solution for 2 min (Sigma-Aldrich) using the no
banding technique. Chromosome breakage was analyzed
using the Nikon E600 microscope (Nikon Corp., Tokyo,
Japan) with a computer-assisted metaphase system (ASI
Technologies, Netzer Sereni, Israel).

Cytogenetic analysis

The analysis included at least 50 metaphases from MMC-
treated and untreated cultures of every patient and healthy
control (Table 1,2). According to the recommendations for
chromosomal breakage testing with MMC, it is necessary
to set up the cell cultures from healthy controls concur-
rent with the samples from patients with suspected FA.1°
The chromosome breakage analysis was performed using
the aberrations outlined in Table 3, though chromosome
and chromatid gaps were not scored.

The data were analyzed and scored for each patient and
healthy control as a percentage of aberrant cells, mean
chromosome breaks/cell, mean chromosome breaks/ab-
errant cell, and triradial, tetraradial and chromatid inter-
change figure frequency (Table 1,2).

Statistical analysis

The Shapiro—Wilk (S—W) test, with a statistical sig-
nificance level of 0.05, was used to determine the distri-
bution of MMC test data across all investigated groups
— control, non-FA, possible mosaic FA, and FA. The high-
est p-value for all S—W tests was 0.04, indicating that
the data were non-normally distributed. As such, further
analysis required non-parametric statistical methods, with
the Mann—Whitney U test with Bonferroni correction
applied to compare FA, possible mosaic FA and non-FA
groups to the control group. A statistical significance level
of 0.05 was established for this test. All analyses employed
PQStat v. 1.8.2 (PQStat Software, Poznan, Poland).
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Results

The results of the chromosome breakage examination
and cytogenetic analysis of a population of Polish patients
presented herein were systematically obtained in the same
laboratory under controlled conditions over a 6-year pe-
riod (2015-2020). There are no studies on FA conducted
in Poland, except for a small number of case reports.

The MMC test results included the percentage of aber-
rant cells, the number of breaks/analyzed cell, the number
of breaks/aberrant cell, and the presence of radial figures
characteristic of FA, which allowed for the stratifica-
tion of patients into 3 subgroups: FA, displaying a typical
MMC-sensitive cellular response, possible mosaic FA, and
non-FA. The results of the spontaneous and MMC-induced
breakage for all subgroups and controls are presented
in Table 1 and Table 2.

Thirteen out of 100 examined patients (13%) had a cel-
lular FA phenotype, with increased MMC-induced chro-
mosomal breaks at 50-nM, 150-nM and 300-nM MMC
concentrations (Fig. 1). Twelve of the 13 FA patients showed
an increased rate of spontaneous breaks, while 1 patient
had no spontaneous breaks. Meanwhile, 27 patients had
possible mosaic FA, as they presented with only a slightly
higher number of aberrant cells and breaks/aberrant cell
and characteristic radial figures. The remaining patients
presented with single chromosome breaks only, similar
to the control group, and they were classified as non-FA.

chtb

Fig. 1. Metaphase spread from a Fanconi anemia (FA) patient

ace — acentric fragment; chtb — chromatid break; chtg - chromatid gap;
tri — triradial figure; tetra — tetraradial figure; chte — chromatid interchange
figure.
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Table 3. Scoring aberrations in chromosomal breakage test with
mitomycin C (MMC)

The most reliable results were obtained using the highest
MMC concentration (300 nM), with an increased aberra-
tion rate in FA patients. Moreover, statistically significant

Break events, n

Type of aberration

Chromatid/chromosome break (chtb) 1 differences in aberration rates were observed between pa-
Acentric fragment (ace) 1 tient and control blood samples (Fig. 2,3).
Dicentric chromosome (dic) ) In the present study, the maximal percentage of MMC-
o induced breaks/aberrant cell at 300-nM MMC was 100%.

Triradial figure 2 . .

The median number of MMC-induced chromosome
Tetraradial figure 2 . .

breaks/cell for the FA patients was 4.86, with a Q1 value
Complex reciprocal chromatid sum of centromeres and open of4.24 and a Q3 value of 8.34. The MMC-induced breaks/
exchange (chte) breaks ’ T

A fA B " Fig. 2. Differentiation between

Fanconi anemia (FA) and other groups
by comparing mean breaks/cell observed

Possible mosaicFA ———— Possible mosaicFA ~—e— in the different study groups after
treatment with various concentrations
Non-FA  —e— Non-FA  —e— of mitomycin C (MMC). A. Culture without
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Controls -— Controls  -e- C. Culture with 150 nM of MMC; D. Culture
with 300 nM of MMC
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aberrant cell ranged from 3.44 to 16.18, while the median
was 6.18 (Q1 = 5.14, Q3 = 8.34) (Table 2). Meanwhile, pa-
tients who presented with possible mosaic FA had a me-
dian breaks/cell value of 0.64 (Q1 = 0.55, Q3 = 1.02) and
median MMC-induced breaks/aberrant cell value of 2.18
(Q1 = 1.92, Q3 = 2.74) (Table 2). Patients with no MMC
hypersensitivity (non-FA group) had a median breaks/cell
value of 0.18 (Q1 = 0.10, Q3 = 0.30) and a median MMC-
induced breaks/aberrant cell value of 1.00 (Q1 = 0.79,
Q3 = 1.31) (Table 2). In the control group, the median
breaks/cell was 0.30 (Q1 = 0.16, Q3 = 0.54), and the median
MMC-induced breaks/aberrant cell was 1.22 (Q1 = 1.00,
Q3 = 1.28) (Table 2).

Data from other cultures (0-nM, 50-nM and 150-nM
MMC) were analyzed similarly. Patients with FA were vis-
ibly different from non-FA individuals and those with pos-
sible mosaic FA (Table 2). The statistical analysis showed
significant differences between the FA group and other
groups (p < 0.01 for all comparisons using the Mann—
Whitney U test with Bonferroni correction).

Discussion

Fanconi anemia is a rare human genetic condition as-
sociated with hematological manifestations and a high risk
of solid tumors. The clinical picture of FA may present
with hypopigmentation or hyperpigmentation of the skin,
short stature, skeletal defects of the limbs such as radial
aplasia and hand and thumb abnormalities, congenital
heart defects, and kidney malformations. Bone marrow
failure usually develops between 7 and 10 years of age,
while neoplasms can occur in up to 20% of patients. Acute
myeloid leukemia is most frequent in adolescence, while
head and neck tumors usually develop in adulthood.?!3

The chromosome breakage protocol used in the pres-
ent study has been widely applied to detect FA for around
30 years. It requires a time-consuming analysis and spe-
cialized laboratory staff. The DNA cross-linking agents
such as MMC, DEB and cis-diamminedichloroplatinum(II)
(cisplatin) are used to demonstrate the hypersensitive phe-
notype of FA cells. According to the International Fanconi
Anemia Registry (IFAR), DEB sensitivity is much more
accurate for FA diagnosis than other cross-linking agents.
However, most laboratories perform chromosome break
induction in lymphocyte cultures of possible FA patients
using MMC, since DEB is on the Special Health Hazard
Substance List, as it is a volatile carcinogen that should
be handled with great caution. In contrast, MMC and cis-
platin are clinically approved chemotherapeutic agents
that undergo rigorous quality control and are stable when
stored in the vials provided by the manufacturer.1%?

Diagnosing patients with somatic hematopoietic mosa-
icism is challenging since a subset of their peripheral blood
cells undergoes a molecular event in which 1 FANC allele
reverts to normal while the second allele remains mutated.
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Furthermore, mosaicism presenting in the blood or bone
marrow of those with FA does not protect from the devel-
opment of clonal chromosome abnormalities, hematologic
malignancies or solid tumors.*®

In the present study, the results of the MMC breakage
test revealed a higher percentage of MMC-induced ab-
errant cells in FA patients compared to non-FA patients
and possible mosaic FA patients. The study revealed that
13 (13%) out of 100 examined patients had a cellular FA
phenotype with increased MMC-induced chromosome
fragility. The number of MMC-induced breaks/cell after
300-nM MMC treatment was more than 23 times higher
in FA patients than in non-FA patients, and a clear discrim-
ination was observed between FA and non-FA subgroups.

According to the IFAR study, significant differences
were observed between the FA and non-FA groups based
on DEB-induced chromosome breaks. Also, patients from
the possible mosaic FA group had lower chromosome fra-
gility than FA patients. However, there was an overlap be-
tween the possible mosaic FA group, non-FA group and
controls. These findings may have resulted from a low
number of cells with substantial breaks and/or radials
in healthy individuals, a phenomenon also described
by Castella et al.2°

According to the current study, the incidence of FA
is lower in the Polish population than in other European
countries,®!” which may result from the routine testing
of children, but not adults, with a clinical suspicion of FA
in Poland. Moreover, it would be reasonable to perform
simultaneous blood and skin tests in all patients with
suspected FA at the beginning of the diagnostic process
to detect those with mosaic FA.

Limitations

An important limitation of our work is that we only per-
formed a cytogenetic study on peripheral blood T-lym-
phocytes to distinguish possible mosaic FA patients from
definite FA patients. Chromosome breakage tests on skin
fibroblasts and FANC gene sequencing of blood and skin
in possible mosaic FA patients are necessary for the next
step of our research. However, the strength of our study
is that it is the first to directly compare cytogenetic results
of patients classified as FA, possible mosaic FA and non-FA
in a Polish population with suspected FA.

Conclusions

The results of the current study highlight the impor-
tance of performing standard diagnostic MMC tests in pa-
tients with suspected FA. The role of FA laboratory tests
in this regard is extensive:

1. The heterogenic nature of FA is often the reason for
late clinical diagnosis. Moreover, 3 well-known syndromes
canyield positive results in the chromosomal breakage test,
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including Warsaw breakage syndrome, Nijmegen breakage
syndrome and Roberts syndrome, though all are character-
ized by specific chromosomal aberrations!%;

2. Patient control and care by hematologists, oncologists
and other specialists are required for life-long monitoring
and treatment of FA2-22;

3. Positive MMC-induced breakage results are cru-
cial for patients requiring bone marrow transplantation
or chemotherapy. Patients with FA require a modified pre-
transplantation conditioning protocol, with a lower than
usual dose of chemotherapeutic agents?!;

4. The results of the present study indicate that testing
MMC-induced chromosome breakage is useful for dis-
tinguishing FA patients from others manifesting some FA
clinical features. An accurate diagnosis in these patients
is critical for therapeutic decision-making.
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Abstract

Background. Certain mediators, such as soluble growth factors and cytokines, among others, are implicated
in the immunopathogenesis of systemic sclerosis (SS¢).

Objectives. This study aimed to examine the association between serum levels of vascular endothelial
growth factor (VEGF), interleukin-8 (IL-8), interferon alpha (IFN-a), and basic fibroblast growth factor (bFGF)
and the clinical presentation and course of SSc.

Materials and methods. This longitudinal, observational study included 43 patients with SScand 24 healthy
subjects. Serum concentrations of VEGF, IL-8, IFN-q, and bFGF were measured at baseline in patients previously
treated for SSc. Medical history of patients was analyzed retrospectively at the time of cytokine measurement
toinfer clinical correlations, and during follow-up fora median of 5 years, assessing the incidence of death or cancer.

Results. The bFGF and IFN-a concentrations differed between SS¢ patients and controls (p < 0.01). In turn,
organ involvement and SSc phenotypes did not impact studied cytokine concentrations, similar to systemic
steroid and/or immunosuppressant use at enroliment. However, we have documented a positive correlation
between the current oral steroid dose and serum levels of I.-8 and bFGF. Furthermore, patients with a VEGF
level >95.7 pg/mL and IFN-a level >3.6 pg/mL required cyclophosphamide therapy more often, currently
or in the past (approx. 3-fold and 4-fold, respectively). Substantially elevated VEGF and IFN-a concentrations
at baseline were associated with higher cancer occurrence (n = 4) during follow-up, while elevated circulating
IL-8 level was associated with an increased risk of death (n = 9).

Condlusions. The SScqroup was characterized by higher serum concentrations of bFGF and IFN-a.compared to healthy
controls. Patients treated with cyclophosphamide or receiving higher systemic steroid doses, thus suffering froma more
severe disease type, had increased cytokine levels. Elevated circulating IFN-a and VEGF levels might be correlated
with cancer, whereas raised IL-8 levels may be associated with an increased risk of death. However, further research
is needed to verify our findings.

Key words: systemic sclerosis, vascular endothelial growth factor, interleukin-8, interferon alpha, basic
fibroblast growth factor
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Background

Systemic sclerosis (SSc) is a chronic autoimmune process
characterized by the dysfunction of the endothelium, de-
fective neovascularization and pathologic tissue fibrosis.!=
Clinically, it is subdivided into 2 large subtypes.2~*7 The first
type of the disease, namely diffuse cutaneous SSc (dcSSc),
is characterized by proximal cutaneous involvement, whereas
the second type, limited cutaneous SSc (1cSSc), is associated
with skin hardening of the distal parts of the.>~*#9 In dcSSc,
the incidence of renal injury, pulmonary fibrosis and gen-
eralized skin involvement are more frequent. In contrast,
pulmonary arterial hypertension of a primarily vascular
origin is more typical for 1cSSc.>31° Despite recent prog-
ress in understanding the etiology of SSc, the primary causes
or molecular mechanisms underlying the disease onset, pro-
gression and outcomes remain to be fully elucidated.!! Some
researchers claim that the pathogenesis of SSc is a conse-
quence of endothelial destruction with consecutive activa-
tion of immune cells and fibroblasts, causing an undue ac-
cumulation of extracellular matrix (ECM) proteins.!? Certain
mediators, including soluble growth factors and cytokines,
are implicated in the immunopathogenesis of SSc.!"*?

Basic fibroblast growth factor (bFGF) is a stimulating
factor of angiogenesis."!® It is expressed by many tissues
and organs, and is a strong mitogen for cells of mesoder-
mal and neuroectodermal origin, including fibroblasts
and endothelial cells.!3* It has been suggested that bFGF
might be released by exocytosis.'* After its release, bFGF
remains bound to the ECM, therefore, the intensity of its
release might regulate angiogenesis and fibrosis.!>** Vascu-
lar endothelial growth factor (VEGF) is another mediator
modulating various steps of angiogenesis, vasodilation and
endothelial cell permeability. It activates the proliferation
and migration of cells from the endothelium and causes
perivascular ECM remodeling.!>15-1° Vascular endothelial
growth factor is excreted by many cells, including activated
macrophages and keratinocytes,'® and its biological effects
are extremely dose- and time-dependent.!>16:20

Interferon alpha (IFN-a) is a cytokine that plays a fun-
damental role in inflammation, immunoregulation, rec-
ognition of tumor cells, and T-cell activation. Addition-
ally, its high expression promotes cellular and humoral
autoimmunity.>82!

Interleukin-8 (IL-8), the main neutrophil stimulator,
is also suggested to take part in the pathogenesis of au-
toimmune disorders. It was found to promote pulmonary
fibrosis, a complication of SSc.?2 Moreover, it is a tumor-
promoting cytokine, thus it might have a prognostic and/
or predictive role as a cancer biomarker.?32*

Objectives

Given their involvement in the pathogenetic processes
relevant to SSc, we sought to assess serum concentrations
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of IL-8, VEGF, bFGF, and IFN-a in a group of SSc patients
to determine whether the cytokine profile correlates with
disease manifestation, clinical course, comorbidities, treat-
ment modalities, and laboratory results.

Materials and methods
Study subjects

We conducted an observational, cross-sectional study with
longitudinal follow-up and comparison to healthy cases.
The case group consisted of 43 adult patients with SSc
(33 women and 10 men). The SSc patients were recruited
during a 5-year period (2014—2018) at the Outpatient Clinic
of the Second Department of Internal Medicine (University
Hospital, Krakéw, Poland). The individuals were diagnosed
with SSc based on the 2013 European League Against Rheu-
matism/American College of Rheumatology (EULAR/ACR)
classification criteria or those proposed by LeRoy and Meds-
ger for early SSc (EaSSc) diagnosis.?>?¢ All SSc patients were
clinically stable at enrollment, with no change in therapy
during the last 6 months. The interstitial lung disease as-
sociated with SSc (SSc-ILD) was confirmed by high-res-
olution computed tomography (HRCT) of the lungs and
was considered clinically significant if forced vital capacity
(FVC), measured using spirometry, was lower than 70%
of the predicted value. Probable pulmonary artery hyper-
tension (PAH) was defined with high probability when
systolic pressure values evaluated with the use of trans-
thoracic echocardiography were greater than 45 mm Hg.?
This noninvasive method has a 97% specificity as compared
to right heart catheterization (100%).%” Scleroderma renal
crisis was diagnosed as a new onset of renal insufficiency,
however, other causes must be excluded (e.g., multiple organ
dysfunction syndrome, infections, etc.). Digital ulcers were
described as lesions with concomitant loss of tissue, occur-
ring at the distal parts of fingers and toes. Patients were ex-
cluded from the study if they had an active acute or chronic
infection, including viral hepatitis, other active chronic in-
flammatory disease (e.g., rhinosinusitis), confirmed cancer,
or if they were pregnant or in the postpartum period.
Scleroderma cases were followed up for a median
of 5 years to record cancer and death incidence and their
potential association with cytokines measured at baseline.
The healthy group was comprised of 24 individuals (14 men
and 10 women), with a median age of 32 (22-40) years.
The study was conducted in accordance with the Declara-
tion of Helsinki and was approved by the Bioethics Commit-
tee at the Jagiellonian University Medical College (approval
No. KBET/235/B/2013; date of approval: September 26, 2013).

Laboratory analysis

Blood samples were obtained from a peripheral vein with
minimal tourniquet pressure. Complete blood cell (CBC)
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count, plasma fibrinogen, lipid profile, and serum levels
of C-reactive protein (CRP), alanine and aspartate trans-
aminases (ALT and AST, respectively), bilirubin, alkaline
phosphatase, urea, and creatinine with estimated glomeru-
lar filtration rate (eGFR, using Modification of Diet in Renal
Disease formula) were measured using routine laboratory
techniques. Antinuclear antibodies (ANA) were evalu-
ated using indirect immunofluorescence assay in Hep-2
cell lines (EUROIMMUN, Liibeck, Germany). They were
positive if the titer was at least 1:160. We also utilized im-
munoblot techniques specific for autoantibodies against
topoisomerase I, centromeres, PM-Scl, RNA polymerase
111, Ku, NOR 90, PDGEFR, fibrillarin, and Ro-52 (EUROIM-
MUN). After blood sample centrifugation in separation
tubes at 2000 x g for 10 min at room temperature within
2 h of collection, cytokine levels were measured, and serum
supernatant was immediately frozen and stored at a tem-
perature of -70°C until analysis.

Serum cytokines

Serum levels of VEGE, IL-8, IEN-a, and bFGF were mea-
sured using Luminex ProcartaPlex Immunoassays (eBio-
science, San Diego, USA), according to the manufacturer’s
protocol, as well as the MAGPIX® platform (Luminex
Corp., Austin, USA) and xPonent software (Luminex Corp.).
The array was chosen based on the earlier information about
circulating biomarkers in SSc. Results below the detection
threshold were assigned a value of the lower assay limits.

Statistical analyses

The results were analyzed using STATISTICA 13.3 soft-
ware (TIBCO Software, Palo Alto, USA) and R software
(R Foundation for Statistical Computing, Vienna, Austria).
According to the Shapiro—Wilk test, continuous variables
were all non-normally distributed. They are presented
as median with interquartile range (25Q-75Q).

The variables were compared using the Mann—Whit-
ney U test to check the statistical significance of the rank
distribution. A one-way covariance analysis (ANCOVA)
was performed to adjust for potential confounders, in-
cluding sex, age and body mass index (BMI). Categorical
variables were reported as percentages and compared us-
ing the x* test. To evaluate the relationship between con-
tinuous variables, Spearman’s rank correlation tests were
performed. Independent determinants of serum cytokine
levels were established using multiple linear regression
models. The R? was assessed as a measure of the variance.
The collinearity of predictors in multiple linear regression
models was checked using Pearson linear correlation coef-
ficient and variance inflation factor (VIF). The backward
stepwise regression method was used to select predic-
tors for the regression model. To calculate the odds ratio
(OR) with a 95% confidence interval (95% CI), the cut-
off points were determined based on receiver operating
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characteristic (ROC) curves, using the Youden method.
We attempted to distinguish clusters of patients based
on laboratory test results, including cytokine profiles that
could indicate the existence of distinct disease phenotypes.
The cluster analysis was performed using the k-means
method. Statistical significance was set at a p-value <0.05.

Results
Characteristics of the SSc patients

Table 1 presents the demographic characteristics
of the SSc patients. Table 2 demonstrates the clinical
parameters and autoantibody profiles of the SSc group.
Briefly, at enrollment, the median duration of the disease
was 4 (range: 1-11) years, and more than half of the pa-
tients (n = 26, 60.5%) were diagnosed with dcSSc. The most
frequent feature of the disease was Raynaud’s phenomenon
(n =41, 95.3%). The SSc-ILD was confirmed in 69.8% of pa-
tients, whereas other symptoms of SSc, including digital
ulcers, dysphagia and probable PAH, were rare (Table 2).
At enrollment, 16 SSc patients (37.2%) were treated with
steroids, and 7 individuals (16.3%) were receiving immu-
nosuppressive drugs, such as cyclophosphamide (3 pa-
tients), methotrexate (2 patients), mycophenolate mofetil
(1 patient), and azathioprine (1 patient). The median daily
methylprednisolone dose was 0 (range: 0—4) mg (Table 2).
Other medications used, such as antihypertensive drugs,
vasodilators and statins, are listed in Table 2.

The ANA were detected in the serum of all SSc patients.
The most frequent were anti-topoisomerase I antibodies
(Scl-70), confirmed in 24 cases (55.8%), followed by anti-
Ro52 and anti-centromeric antibodies (ACA) (25.6% and
23.3%, respectively). Other types of ANA, such as anti-
RNA polymerase I1I, anti-NOR, anti-PM/Scl, anti-Ku, and
anti-Th/To, had a much lower prevalence.

Table 1. Demographic and clinical characteristics of systemic sclerosis group

Variables Patients (n = 43)
Age [years] 59 (44-65)
Male gender, n 10
Body mass index [kg/m?] 23.6 (22.2-26.1)
Smoking in the past, n 15
Smoking [packs/year] 0(0-5)

Categorical variables are presented as number (percentage), and
continuous variables are presented as median and interquartile range
(25Q-75Q).

SSc patients had higher serum bFGF
and IFN-a levels than controls

Table 3 compares the serum levels of IL-8, VEGF, bFGF,
and IFN-a between the control group and the whole
SSc cohort. The bFGF and IFN-a levels were approx.
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Table 2. Clinical characteristics and antinuclear antibodies in systemic
sclerosis patients

| Patients (n =43)
4(1-11)

Clinical characteristics

Duration of the disease [years]

Limited disease, n (%) 17 (39.5)
Diffuse disease, n (%) 26 (60.5)
Antinuclear antibodies, n (%) 43 (100)
Anti-Scl-70 antibodies, n (%) 24 (55.8)
Anti-PM/Scl antibodies, n (%) 7(16.3)
Anti-centromeric antibodies, n (%) 10 (23.3)

Anti-NOR antibodies, n (%) 2(4.7)

(
(
Anti-Ro52 antibodies, n (%) 11 (25.6)
RNA polymerase Ill antibodies, n (%) 1(23)
Anti-Th/To antibodies, n (%) 1(23)
Anti-Ku antibodies, n (%) 1(23)
Organ involvement
Digital ulcers, n (%) 14 (32.6)
Abnormal nailfold capillaries, n (%) 26 (60.5)
Telangiectasia, n (%) 12 (27.9)
Raynaud’s phenomenon, n (%) 41 (95.3)
Dysphagia, n (%) 10 (23.3)
Interstitial lung disease, n (%) 30 (69.8)
Pulmonary arterial hypertension, n (%) 10 (23.3)
Characteristics of the treatment
Current steroid therapy, n (%) 16 (37.2)
Current steroid QOse, recalculated 0(0-4)
to methylprednisolone [mg/day]
Systemic steroid therapy [years] 0(0-3)
Immunosuppressive treatment (currently or in the past)
Azathioprine, n (%) 5(11.6)
Cyclophosphamide, n (%) 16 (37.2)
Methotrexate, n (%) 12 (27.9)
Mycophenolate mofetil, n (%) 5(11.6)
Comorbidities
Hypertension, n (%) 18 (41.9)
Diabetes mellitus, n (%) 3(7)
Hypercholesterolemia, n (%) 18 (41.9)
Medications
Angiogensing converting enzyme inhibitors 21 488)
or angiotensin receptor antagonists, n (%)
Statins, n (%) 13(30.2)
Beta-blockers, n (%) 10 (23.3)
Diuretics, n (%) 10 (23.3)
Calcium channel blockers, n (%) 26 (60.5)

Categorical variables are presented as number (percentage), and
continuous variables are presented as median and interquartile range
(25Q-75Q).

1.2-fold and 2.4-fold higher in SSc than in healthy controls
(p < 0.01). We found a similar trend of increased serum
VEGE levels in the SSc group, however, the difference was
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not statistically significant (p = 0.0501). Median IL-8 levels
were similar in patients and controls. However, the high-
est levels of IL-8 and VEGF were observed in SSc patients
(Fig. 1). Furthermore, there were no differences in the me-
dian levels of circulating IL-8, VEGF, bFGF, and IFN-«
between diffuse and limited SSc phenotypes (Fig. 2) and
regarding organ involvement, such as digital ulcers, abnor-
mal nailfold capillaries, telangiectasia, SSc-ILC, or prob-
able PAH. In addition, internal comorbidities such as arte-
rial hypertension and hypercholesterolemia did not alter
cytokine concentrations.

Serum cytokine levels at enrollment were
associated with current steroid doses

and were higher in patients treated with
cyclophosphamide currently or in the past

Expectedly, circulating IFN-a correlated positively
with biomarkers of inflammation, such as CRP (r = 0.42,
p = 0.005) and white blood cell count (r = 0.31, p = 0.005).
On the other hand, patients treated with systemic steroids
(n =16, 37.2%) or other immunosuppressants at enrollment
(n =7, 16.3%) did not differ in terms of studied cytokine
levels (Table 4). However, we have documented a positive
correlation between the current oral steroid dose and se-
rum levels of IL-8 (r = 0.46, p = 0.002) and bFGF (r = 0.34,
p = 0.025). Furthermore, patients with IL-8 = 6.02 pg/mL
were approx. 3 times more often treated with systemic ste-
roids. Interestingly, patients with VEGF levels >95.7 pg/mL
(n = 12) and IFN-a > 3.6 pg/mL (n = 14) required cyclo-
phosphamide therapy more often currently or in the past
(approx. 3-fold and 4-fold, respectively).

Other medications used, such as antihypertensives, va-
sodilators and statins, did not influence studied cytokine
levels (data not shown).

Higher circulating VEGF and IFN-a levels
at baseline were associated with increased
cancer risk, whereas higher IL-8 was
documented in patients who died during
follow-up

Circulating VEGF elevated by 2232.5 pg/mL and an in-
crease in IFN-a level by >3.6 pg/mL at baseline were linked
with a higher risk of developing a neoplastic disease. Dur-
ing the follow-up for a median of 5 years, 4 SSc patients
had been diagnosed with the following: lung cancer (n = 2),
squamous cell carcinoma of unknown origin (n = 1), and
multiple myeloma with concomitant breast cancer (n = 1).

Furthermore, those with IL-8 levels 215.3 pg/mL had
a 4 times (95% CI: 1.7-10.3) higher risk of death. Nine
SSc patients died during the follow-up period. The causes
of death included lung cancer (n = 2), renal crisis (n = 1),
multiple-organ failure (n = 1), and in 5 cases, the reason
of death was unknown.
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Table 3. Serum cytokine levels of the study subjects

Studied cytokine Controls (n = 24)
IL-8 [pg/mL] 69(35-15.3) 52 (47-66) 0.949 03457
VEGF [pg/mL] 87 (55.5-162.9) 60.9 (44.6-84.9) 1495 0.0501
bFGF [pg/mL] | 22(18-39) | 18(09-18) 2654 | 00081
IFN-a [pg/mL] 36(23-36) 15(07-1.5) 5730 <0.0001*

Continuous variables are presented as median and interquartile range (25Q-75Q). The statistically significant results are marked with an asterisk (¥).
The value of the z test statistic for the Mann-Whitney U test was presented. bFGF — basic fibroblast growth factor; IFN-a — interferon alpha; IL-8 — interleukin-8;

VEGF - vascular endothelial growth factor.

M cases [ controls M cases M controls M cases M controls M cases [ controls
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Fig. 1. Serum cytokines of the study subjects. The p-value of the Mann-Whitney U test

bFGF - basic fibroblast growth factor; IFN-a — interferon alpha; IL-8 - interleukin-8; n — number; VEGF - vascular endothelial growth factor. The chart
columns represent the range (whiskers), interquartile range (box), median (line), and mean values (X mark).
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Fig. 2. Relative cytokine levels (% highest value) in different clinical manifestations of systemic sclerosis (S5¢)

bFGF - basic fibroblast growth factor; IFN-a — interferon alpha; IL-8 — interleukin-8; n — number; VEGF - vascular endothelial growth factor. The chart
columns represent the range (whiskers), interquartile range (box), median (line), and mean values (X mark).

Table 4. Comparison of cytokine levels between patients treated with steroids and immunosuppressants compared to those not receiving these
medications at enrollment
Patients not
receiving
immunosuppressive

Patients on
immunosuppressive

Patients not

Studied Patients on steroids L .
receiving steroids p-value

taline W= (n=27) tree:ttrenriri\;:)(t:ir;?an treatment other than
steroids (n = 36)
IL-8 [pg/mL] 10.02 (7.09-21.03) 4.37 (2.96-9.79) 2.579 0.27 7.34 (3.54-17.85) 6.85 (3.34-14.65) 0.231 0.997
VEGF [pg/mL] ‘113.26 (80.11—179,08)‘ 7434 (51.16-144.16) ‘ 137 ‘ 038 ‘ 87.64 (66.62-152.39) ‘ 83.54 (55.16-162.93) ‘ 0313 ‘ 0.56
PFGF [pg/mL] ‘ 2.74(1.81-6.35) 1.86 (1.57-3.31) ‘ 1.401 ‘ 047 391 (1.81-6.18) 2.15 (1.69-3.46) ‘ 0.893 ‘ 0.14
INF-a [pg/mL] ‘ 3.6(3-3.6) ‘ 3(1.87-3.6) ‘ 0.812 ‘ 0.78 ‘ 148 (1.48-3.6) ‘ 3.6(3-3.6) ‘ —1.705 ‘ 013

Continuous variables are presented as median and interquartile range (25Q-75Q) . bFGF - basic fibroblast growth factor; IFN-a — interferon alpha;
IL-8 — interleukin-8; VEGF — vascular endothelial growth factor.
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Fig. 3. Relative cytokine levels (% highest value) in different outcomes at follow-up

bFGF - basic fibroblast growth factor; IFN-a - interferon alpha; IL-8 — interleukin-8; VEGF - vascular endothelial growth factor. The chart columns represent
the range (whiskers), interquartile range (box), median (line), and mean values (X mark).

The relative levels of the measured cytokines and out-
comes at follow-up are presented in Fig. 3.

Independent determinants of higher
serum cytokine levels in SSc patients

Multiple linear regression models demonstrated that
in SSc, blood hemoglobin concentration was the most
potent independent determinant of higher IL-8 levels
(Table 5). On the other hand, VEGF correlated with el-
evated CRP, ALT, and, interestingly, higher maximal pul-
monary artery pressure (mPAP) (Table 5). In addition, CRP
was the most potent positive predictor of higher bFGF and
IFN-a concentrations (Table 5).

Cluster analysis of SSc patients revealed
2 different phenotypes

In a cluster analysis based on laboratory test results,
we have distinguished 2 clearly defined phenotypes char-
acterized in Table 6. Both had similar clinical presentation
of the disease, but cluster 2 was characterized by a higher
ANA titer, increased CRP levels, and elevated levels
of all the serum cytokines (Table 6). Patients in cluster 2
were also administered higher oral corticosteroid doses
(p = 0.054). Furthermore, this cluster contained all but
1 cancer patient (Table 6).

Table 5. Multiple linear regression models showing associations between interleukin-8 (I-8), vascular endothelial growth factor (VEGF), basic fibroblast
growth factor (bFGF), and interferon alpha (IFN-a), with basic laboratory variables and selected clinical features of systemic sclerosis

95% CI

cS;;J:I:iende Predictors of cytokine concentration
Hb [g/dL] 0399
IL-8 glucose [mmol/L] -0.243
lymphocytes [thous/uL] —0.346
CRP [mg/L] 0.228
VeGr mPAP [mm Hg] 0.286
triglicerides [mmol/L] -0.309
ALT [U/L] 0.249
CRP [mg/L] 0416
bFGF ALT [U/L] 0337
mMPAP [mm Hg] -0.189
CRP [mg/L] 0.575
IFN-a HDL [mmol/L] 0.260
lymphocytes [thous/ul] 0320

(0.23-0.57)
(-0.4--0.09) 0.20 2.89 0.045
(-0.52--0.18)

(0.07-0.38)

(0.13-0.44)
(-047--0.15)

(0.09-041)

(0.27-0.56)

(0.19-0.48) 0.30 5.05 0.005
(-0.33--0.05)

(042-0.73)

(0.11-041) 0.36 5.01 0.006

(0.17-047)

0.27 297 0.03

For all multiple regressions and all predictors, variance inflation factor (VIF) was <1.3;  — standardized regression coefficient; ALT — alanine transaminase;
Cl - confidence interval; CRP — C-reactive protein; Hb — hemoglobin; HDL - high density lipoprotein; mPAP — maximal pulmonary artery pressure.
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Table 6. Two clusters among systemic sclerosis (SSc) patients based on the cytokine profile, clinical features and cancer frequency

Analytes and features
IL-8 [pg/mL]
VEGF [pg/mL]
bFGF [pg/mL]
IFN-a [pg/mL]

Analyte

age [years]
body mass index [kg/m?]
duration of the disease [years]
Feature pulmonary artery systolic pressure [mm Hg]

daily methylprednisolone dose [mg/day]

Cluster 1

822 (4.67-11.77)
67.58 (55.65-79.52)

241 (1.77-3.06)

3.02 (246-3.58)
54.3 (49.32-59.28)
24.67 (23.17-26.16)

5.95 (3.35-8.55)
36.19 (33.99-38.38)

147 (0.54-2.39)

375

max. ANA [titer]
C-reactive protein [mg/L]

Patients without cancer, n

Patients with cancer, n

1:12,000 (1:9000-15,000)
722 (4.83-9.6)

Cluster 2 p-value
34.76 (6.76-76.29) 0.00063*
209.37 (174.74-244) <0.00001*
4.84(2.5-7.18) 0.054
3.59 (3.08-4.1) 0.033*
59.31 (52.55-66.07) 0.24
2455 (21.94-27.16) 093
6.15(241-9.9) 093
39.17 (33.66-44.68) 0.2
4.46 (0.06-8.99) 0.054
1:18,000 (1:17,000-21,000) 0.006*
13.73 (4.77-22.69) 0.0049*
28 8
0.025*%
1 3

Continuous variables are presented as median and interquartile range (25Q-75Q). Categorical variables are presented as numbers. The statistically
significant results are marked with an asterisk (¥). ANA — antinuclear antibodies; bFGF - basic fibroblast growth factor; IFN-a - interferon alpha; IL-8

— interleukin-8; VEGF - vascular endothelial growth factor.

Discussion

The present study documents that SSc patients have
higher serum bFGF and IFN-a levels compared to healthy
controls. Furthermore, there was an association between
all studied cytokine levels and immunosuppressive treat-
ment. Finally, elevated baseline VEGF and IFN-a levels
predisposed to an increased cancer risk, whereas elevated
IL-8 was associated with a higher incidence of death
during follow-up for a median of 5 years. An increase
in pro-angiogenic growth factors, such as bFGF and
VEGF, may represent the extent of endothelial damage
and an ongoing attempt at angiogenic tissue.?® Previ-
ous studies concerning bFGF seem to be controversial.
Hummers et al. and Kadono et al. noted that the lev-
els of bFGF in SSc patients were statistically signifi-
cantly higher than the values found in controls, while
Distler et al. did not confirm that observation.20:28:30
In line with our results, Hummers et al. did not find
bEFGF to correlate with any clinical measures, including
concomitant vascular disease.?® Other researchers have
demonstrated the elevation of circulating VEGF in SSc
patients, that can normalize during immunosuppressive
therapy.1®1820.31-3 Hummers et al. indicated that higher
serum levels of VEGF are more frequent in the earliest
stages of the disease and in those without peripheral
ulcers, therefore, VEGF plays a protective role against
ischemic manifestations.?® Choi et al. highlighted that
patients with dcSSc had elevated levels of serum VEGF
compared to 1cSSc.3? Compared to Hashimoto et al., they
underlined that circulating VEGF levels positively cor-
related with the extent of skin involvement and were
inversely correlated with nailfold capillary density.32:34
However, similar to our results, no significant differences
were found by Hummers et al. and Choi et al. in the levels

of circulating VEGF between SSc patients with and with-
out organ involvement.?332 Papaioannou et al. reported
an association between serum VEGF levels and systemic
pulmonary artery pressure (sPAP), suggesting a potential
role of this growth factor in the pathogenesis of PAH
in the course of SSc,'® which was in line with our re-
sults. De Santis et al. confirmed an association between
elevated VEGF levels and ILD.? Unlike previous studies,
we did not find a relationship between VEGF and disease
subtype or SSc duration.16-28:29,32.34

Also, we did not find any correlation between IFN-q,
elevated in the SSc cases, and clinical manifesta-
tions of the disease or basic laboratory abnormalities.
On the contrary, data presented by Kim et al. suggest
that IFN-a may be higher in dcSSc as compared to lc-
SSc patients, and higher in cases of SSc-associated lung
fibrosis, suggesting that IFN-a may play a role in tissue
injury.® These observations are in line with results pre-
sented by Chizzolini et al.,>® stating that ubiquitous anti-
gens, including topoisomerase-1, promote the production
of [FN-q, probably by interacting with Toll-like receptors.”
Interestingly, Black et al. claimed that the treatment with
IFN-a may, in fact, be deleterious in SSc.”

Opposite to our findings, data presented by Wu et al.
show that SSc patients seem to have a higher incidence
of elevated IL-8 levels compared to unaffected controls.3
Gourh et al. stated that higher IL-8 level was associated
with more severe restrictive lung disease at the baseline
visit,3® consistent with the results of Schmidt et al., who
found that elevated IL-8 in bronchoalveolar lavage was
correlated with SSc-ILD and worse results of lung func-
tion tests.?” In contrast, we could not find any correlation
of IL-8 with organ involvement, similar to McMahan et al.,
who found no significant associations between serum IL-8
levels and skin score or disease duration.®
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In our dataset, SSc patients with elevated VEGF and
IEN-a levels had a higher frequency of cancers, which was
not described by other authors.'¢18:20.2831-34 Preyjous inves-
tigations have confirmed that VEGF is a crucial mediator
in cancer development affecting angiogenesis in patients
without SSc, and is upregulated by oncogene expression,
many growth factors and hypoxia.?*3*-* [n turn, IFN-«a
is a central immunomodulatory agent relevant in all stages
of cancer development, conferring effects from an anti-tu-
mor enhancement of the immune response in early stages
to immunosuppressive function exploited through dereg-
ulated transcription of pro-tumorigenic IFN-stimulated
genes, thus contributing to cancer escape in later stages.*?

The higher incidence of death in SSc patients with el-
evated baseline IL-8 levels merits comment. The analogous
observation was described in patients with cancers and
without coexisting SSc.?>?* Moreover, Ma et al. suggested
that elevated serum IL-8 levels might help identify pa-
tients with a poor prognosis due to cancer, who may benefit
from more aggressive disease management.?* However,
only 2 out of 9 fatal outcomes in our follow-up could be
attributed to cancer. Further studies are needed to assess
whether smoking and diabetes alter the clinical course
of the disease and whether the studied cytokines may serve
as biomarkers of disease progression or the need for immu-
nosuppressive treatment as well as predictors of prognosis
or risk of cancer in SSc patients.

Limitations

Our research included a limited number of patients and
underpowered statistical tests used in the subgroup analy-
ses, which may be the cause for the lack of clinical cor-
relations that have been previously found in the datasets
of other authors. Additionally, patients underwent differ-
ent immunosuppressive treatments, therefore, the drugs
might have impacted our results. Finally, it was chal-
lenging to provide the time of first SSc symptoms since
many of them are silent or unspecific for that disease (e.g.,
weakness, arthralgia, dyspnea). Therefore, we could not
reliably report their beginning, including the Raynaud’s
phenomenon.

The observational design of the study does not allow for
inferring of causal relations between the studied cytokines
and clinical outcomes.

Conclusions

In summary, SSc is characterized by elevated bFGF and
IEN-a serum levels, regardless of organ involvement. Fur-
thermore, elevated IFN-a and VEGF serum levels might be
linked with the development of cancer, whereas elevated
IL-8 levels are associated with a higher death risk during
a 5-year follow-up. Further research studies are necessary
to verify our findings.

J. Kosatka-Wegiel et al. SSc and serum IL-8, VEGF, bFGF, and IFN-a

ORCID iDs

Joanna Kosatka-Wegiel
Sabina Lichotai
Sylwia Dziedzina
Piotr Kuszmiersz
Anna Korona
Mariusz Korkosz
Aleksandra Matyja-Bednarczyk
Andzelika Siwiec-Kozlik
Wojciech Sydor
Joanna Wilanska
Lech Zareba
Weronika Pociej-Marciak
Jerzy Dropinski
Marek Sanak
Jacek Musiat
Stanistawa Bazan-Socha

https://orcid.org/0000-0003-1013-2253
https://orcid.org/0000-0001-7008-2492
https://orcid.org/0000-0002-7760-9864
https://orcid.org/0000-0002-2031-6657
https://orcid.org/0000-0001-7590-7318
https://orcid.org/0000-0002-1749-9739
https://orcid.org/0000-0003-4038-5016
https://orcid.org/0000-0003-2258-0248
https://orcid.org/0000-0002-5323-3890
https://orcid.org/0000-0001-8914-1042
https://orcid.org/0000-0002-2221-614X
https://orcid.org/0000-0003-1766-1035
https://orcid.org/0000-0002-0768-5597
https://orcid.org/0000-0001-7635-8103
https://orcid.org/0000-0002-0955-1808
https://orcid.org/0000-0001-9634-0963

References

1.

RomanoE, Rosal, Fioretto BS, Guiducci S, Manetti M, Matucci-Cerinic M.
A new avenue in the pathogenesis of systemic sclerosis: The molec-
ular interface between the endothelial and the nervous systems.
Clin Exp Rheumatol. 2019;37 Suppl 119(4):133-140. PMID:31025932.
Kuszmiersz P, Pacholczak-Madej R, Siwiec A, et al. Thrombin gener-
ation potential is enhanced in systemic sclerosis: Impact of select-
ed endothelial biomarkers. Clin Exp Rheumatol. 2021;39 Suppl 131(4):
13-19. d0i:10.55563/clinexprheumatol/d03dnc

Cantero-Nieto L, Alvarez-Cienfuegos A, Garcia-Gémez JA, Rios-
Fernandez R, Robledo G, Ortego-Centeno N. Association between
FGF-23 levels and risk of fracture in women with systemic sclerosis.
J Clin Densitom. 2021;24(3):362-368. d0i:10.1016/j.jocd.2020.05.010
Cantero-Nieto L, Alvarez-Cienfuegos A, Garcia-Gomez JA, Martin J,
Gonzélez-Gay MA, Ortego-Centeno N. Role of fibroblast growth fac-
tor-23in calcinosis in women with systemic sclerosis. Acta Reumatol Port.
2020;45(4):259-264. PMID:33420766.

Chizzolini C, Brembilla NC, Montanari E, Truchetet ME. Fibrosis and
immune dysregulation in systemic sclerosis. Autoimmun Rev. 2011;
10(5):276-281. doi:10.1016/j.autrev.2010.09.016

Rentka A, Harsfalvi J, Berta A, et al. Vascular endothelial growth factor
in tear samples of patients with systemic sclerosis. Mediators Inflamm.
2015;2015:573681. doi:10.1155/2015/573681

Black CM, Silman AJ, Herrick Al, et al. Interferon-alpha does not
improve outcome at one year in patients with diffuse cutaneous
scleroderma: Results of a randomized, double-blind, placebo-con-
trolled trial. Arthritis Rheum. 1999;42(2):299-305. doi:10.1002/1529-
0131(199902)42:2<299::AID-ANR12>3.0.CO;2-R

Kim D, Peck A, Santer D, et al. Induction of interferon-a by scleroder-
ma sera containing autoantibodies to topoisomerase I: Association
of higher interferon-a activity with lung fibrosis. Arthritis Rheum.
2008;58(7):2163-2173. d0i:10.1002/art.23486

Pacholczak-Madej R, Kuszmiersz P,Bazan-Socha S, et al. Endothelial dys-
function in patients with systemic sclerosis. Postepy Dermatol Alergol.
2020;37(4):495-502. doi:10.5114/ada.2019.83501

. Ahmadi R, Hajialilo M, Ghorbanihaghjo A, et al. FGF-23, klotho and

vitamin D levels in scleroderma. Iran J Public Health. 2017;46(4):
530-536. PMID:28540270.

. lannone F, Praino E, Rotondo C, et al. Body mass index and adipo-

kines/cytokines dysregulation in systemic sclerosis. Clin Exp Immunol.
2021;206(2):153-160. d0i:10.1111/cei.13651

. Shirai Y, Okazaki Y, Inoue Y, et al. Elevated levels of pentraxin 3 in

systemic sclerosis: Associations with vascular manifestations and
defective vasculogenesis. Arthritis Rheumatol. 2015;67(2):498-507.
doi:10.1002/art.38953

. Kikuchi K, Hoashi T, Kanazawa S, Tamaki K. Angiogenic cytokines

in serum and cutaneous lesions of patients with polyarteritis nodosa.
JAm Acad Dermatol. 2005;53(1):57-61. d0i:10.1016/j.jaad.2005.02.018

. Lawrence A, Khanna D, Misra R, Aggarwal A. Increased expression

of basic fibroblast growth factor in skin of patients with systemic
sclerosis. Dermatol Online J. 2006;12(1):2. PMID:16638370.

. Miller-Ladner U, Distler O, Ibba-Manneschi L, Neumann E, Gay S.

Mechanisms of vascular damage in systemic sclerosis. Autoimmunity.
2009;42(7):587-595. doi:10.1080/08916930903002487


https://pubmed.ncbi.nlm.nih.gov/31025932
https://www.doi.org/10.55563/clinexprheumatol/d03dnc
https://www.doi.org/10.1016/j.jocd.2020.05.010
https://pubmed.ncbi.nlm.nih.gov/33420766
https://www.doi.org/10.1016/j.autrev.2010.09.016
https://www.doi.org/10.1155/2015/573681
https://www.doi.org/10.1002/1529-0131(199902)42:2<299::AID-ANR12>3.0.CO
https://www.doi.org/10.1002/1529-0131(199902)42:2<299::AID-ANR12>3.0.CO
https://www.doi.org/10.1002/art.23486
https://www.doi.org/10.5114/ada.2019.83501
https://pubmed.ncbi.nlm.nih.gov/28540270
https://www.doi.org/10.1111/cei.13651
https://www.doi.org/10.1002/art.38953
https://www.doi.org/10.1016/j.jaad.2005.02.018
https://pubmed.ncbi.nlm.nih.gov/16638370
https://www.doi.org/10.1080/08916930903002487

Adv Clin Exp Med. 2024;33(4):369-377

20.

21.

22.

23.

24,

25.

26.

27.

28.

. Papaioannou Al, Zakynthinos E, Kostikas K, et al. Serum VEGF levels

arerelated to the presence of pulmonary arterial hypertension in sys-
temic sclerosis. BMC Pulm Med. 2009;9:18. doi:10.1186/1471-2466-9-18
Ding S, Liang Y, Zhao M, et al. Decreased microRNA-142-3p/5p expres-
sion causes CD4+ T cell activation and B cell hyperstimulation in sys-
temic lupus erythematosus. Arthritis Rheum. 2012;64(9):2953-2963.
doi:10.1002/art.34505

. Zhan H, Li H, Liu C, Cheng L, Yan S, Li Y. Association of circulating

vascular endothelial growth factor levels with autoimmune diseas-
es: A systematic review and meta-analysis. Front Immunol. 2021;12:
674343. doi:10.3389/fimmu.2021.674343

. Allanore Y, Borderie D, Airo P, et al. Lack of association between three

vascular endothelial growth factor gene polymorphisms and sys-
temic sclerosis: Results from a multicenter EUSTAR study of European
Caucasian patients. Ann Rheum Dis. 2007;66(2):257-259. doi:10.1136/
ard.2006.054346

Distler O, Del Rosso A, Giacomelli R, et al. Angiogenic and angiostatic
factors in systemic sclerosis: Increased levels of vascular endothelial
growth factor are afeature of the earliest disease stages and are asso-
ciated with the absence of fingertip ulcers. Arthritis Res. 2002;4(6):R11.
doi:10.1186/ar596

De Ceuninck F, Duguet F, Aussy A, Laigle L, Moingeon P. IFN-a: A key
therapeutic target for multiple autoimmune rheumatic diseases. Drug
Discov Today. 2021;26(10):2465-2473.d0i:10.1016/j.drudis.2021.06.010
Nielepkowicz-Gozdzifska A, Fendler W, Robak E, et al. Exhaled IL-8
in systemic lupus erythematosus with and without pulmonary fibrosis.
Arch Immunol Ther Exp (Warsz). 2014;62(3):231-238. doi:10.1007/s00
005-014-0270-5

Schalper KA, Carleton M, Zhou M, et al. Elevated serum interleu-
kin-8 is associated with enhanced intratumor neutrophils and
reduced clinical benefit of immune-checkpoint inhibitors. Nat Med.
2020;26(5):688-692. doi:10.1038/541591-020-0856-x

MaY, RenY, Dai ZJ, Wu CJ, Ji YH, Xu J. IL-6, IL-8 and TNF-a levels cor-
relate with disease stage in breast cancer patients. Adv Clin Exp Med.
2017;26(3):421-426. doi:10.17219/acem/62120

Van Den Hoogen F, Khanna D, Fransen J, et al. 2013 classification criteria
for systemic sclerosis: An American College of Rheumatology/European
League against Rheumatism collaborative initiative. Arthritis Rheum.
2013;65(11):2737-2747. doi:10.1002/art.38098

LeRoy EC, Medsger TA. Criteria for the classification of early systemic
sclerosis. J Rheumatol. 2001;28(7):1573-1576. PMID:11469464.
Mukerjee D, St George D, Knight C, et al. Echocardiography and pul-
monary function as screening tests for pulmonary arterial hyperten-
sion in systemic sclerosis. Rheumatology (Oxford). 2004;43(4):461-466.
doi:10.1093/rheumatology/keh067

Hummers LK, Hall A, Wigley FM, Simons M. Abnormalities in the reg-
ulators of angiogenesis in patients with scleroderma. J Rheumatol.
2009;36(3):576-582. doi:10.3899/jrheum.080516

29.

30.

3.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

377

Rajkumar VS, Sundberg C, Abraham DJ, Rubin K, Black CM. Activa-
tion of microvascular pericytes in autoimmune Raynaud’s phenom-
enon and systemic sclerosis. Arthritis Rheum. 1999;42(5):930-941.
doi:10.1002/1529-0131(199905)42:5<930::AID-ANR11>3.0.CO;2-1
Kadono T, Kikuchi K, Kubo M, Fujimoto M, Tamaki K. Serum con-
centrations of basic fibroblast growth factor in collagen diseases.
JAm Acad Dermatol. 1996;35(3 Pt 1):392-397.d0i:10.1016/S0190-9622
(96)90603-9

Mittag M, Beckheinrich P, Haustein UF. Systemic sclerosis-related
Raynaud’s phenomenon: Effects of iloprost infusion therapy on serum
cytokine, growth factor and soluble adhesion molecule levels. Acta
Derm Venereol.2001;81(4):294-297. doi:10.1080/00015550152572976
Choi JJ, Min DJ, Cho ML, et al. Elevated vascular endothelial growth
factor in systemic sclerosis. J Rheumatol. 2003;30(7):1529-1533.
PMID:12858453.

De Santis M, Ceribelli A, CavaciocchiF, et al. Nailfold videocapillaros-
copy and serum VEGF levels in scleroderma are associated with inter-
nal organ involvement. Auto Immun Highlights. 2016;7(1):5. doi:10.1007
/s13317-016-0077-y

Hashimoto N, lwasaki T, Kitano M, Ogata A, Hamano T. Levels of vas-
cular endothelial growth factor and hepatocyte growth factor in sera
of patients with rheumatic diseases. Mod Rheumatol. 2003;13(2):
129-134. d0i:10.3109/510165-002-0211-8

Wu B, Wang W, Zhan Y, et al. CXCL13, CCL4, and sTNFR as circulating
inflammatory cytokine markers in primary and SLE-related auto-
immune hemolytic anemia. J Transl Med. 2015;13:112. doi:10.1186/
$12967-015-0474-4

Gourh P, Arnett FC, Assassi S, et al. Plasma cytokine profiles in sys-
temic sclerosis: Associations with autoantibody subsets and clinical
manifestations. Arthritis Res Ther. 2009;11(5):R147. d0i:10.1186/ar2821
Schmidt K, Martinez-Gamboa L, Meier S, et al. Bronchoalveoloar
lavage fluid cytokines and chemokines as markers and predictors for
the outcome of interstitial lung disease in systemic sclerosis patients.
Arthritis Res Ther. 2009;11(4):R111. d0i:10.1186/ar2766

McMahan Z, Schoenhoff F, Van Eyk JE, Wigley FM, Hummers LK. Bio-
markers of pulmonary hypertension in patients with scleroderma:
A case—control study. Arthritis Res Ther. 2015;17(1):201. doi:10.1186/
s13075-015-0712-4

Carmeliet P. VEGF as a key mediator of angiogenesis in cancer. Oncology.
2005;69 Suppl 3:4-10. d0i:10.1159/000088478

Frezzetti D, Gallo M, Maiello MR, et al. VEGF as a potential targetin lung
cancer. Expert Opin Ther Targets. 2017;21(10):959-966. doi:10.1080
/14728222.2017.1371137

Alevizakos M, Kaltsas S, Syrigos KN. The VEGF pathway in lung can-
cer. Cancer Chemother Pharmacol. 2013;72(6):1169-1181. doi:10.1007/
500280-013-2298-3

Vidal P. Interferon a in cancer immunoediting: From elimination
to escape. Scand JImmunol. 2020;91(5):€12863. doi:10.1111/sji.12863


https://www.doi.org/10.1186/1471-2466-9-18
https://www.doi.org/10.1002/art.34505
https://www.doi.org/10.3389/fimmu.2021.674343
https://www.doi.org/10.1136/ard.2006.054346
https://www.doi.org/10.1136/ard.2006.054346
https://www.doi.org/10.1186/ar596
https://www.doi.org/10.1016/j.drudis.2021.06.010
https://www.doi.org/10.1007/s00005-014-0270-5
https://www.doi.org/10.1007/s00005-014-0270-5
https://www.doi.org/10.1038/s41591-020-0856-x
https://www.doi.org/10.17219/acem/62120
https://www.doi.org/10.1002/art.38098
https://pubmed.ncbi.nlm.nih.gov/11469464
https://www.doi.org/10.1093/rheumatology/keh067
https://www.doi.org/10.3899/jrheum.080516
https://www.doi.org/10.1002/1529-0131(199905)42:5<930::AID-ANR11>3.0.CO
https://www.doi.org/10.1016/S0190-9622(96)90603-9
https://www.doi.org/10.1016/S0190-9622(96)90603-9
https://www.doi.org/10.1080/00015550152572976
https://pubmed.ncbi.nlm.nih.gov/12858453
https://www.doi.org/10.1007/s13317-016-0077-y
https://www.doi.org/10.1007/s13317-016-0077-y
https://www.doi.org/10.3109/s10165-002-0211-8
https://www.doi.org/10.1186/s12967-015-0474-4
https://www.doi.org/10.1186/s12967-015-0474-4
https://www.doi.org/10.1186/ar2821
https://www.doi.org/10.1186/ar2766
https://www.doi.org/10.1186/s13075-015-0712-4
https://www.doi.org/10.1186/s13075-015-0712-4
https://www.doi.org/10.1159/000088478
https://www.doi.org/10.1080/14728222.2017.1371137
https://www.doi.org/10.1080/14728222.2017.1371137
https://www.doi.org/10.1007/s00280-013-2298-3
https://www.doi.org/10.1007/s00280-013-2298-3
https://www.doi.org/10.1111/sji.12863




Original papers

Distal symmetrical polyneuropathy in diabetes mellitus patients:
Proposition of a new scoring system based on electroneurography findings

Jakub Stepier"*#-0, Zanna Pastuszak®*-C&F

" Insula Clinical Trials Center, Warsaw, Poland

2 Laboratory of Preclinical Research and Environmental Agents, Mossakowski Medical Research Institute, Polish Academy of Sciences, Warsaw, Poland

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899—5276 (print), ISSN 2451-2680 (online)

Address for correspondence
Jakub Stepien
E-mail: jakub.stepien@o2.pl

Funding sources
None declared

Conflict of interest
None declared

Received on December 20, 2022
Reviewed on April 5,2023
Accepted on June 19, 2023

Published online on July 24, 2023

(iteas

Stepient J, Pastuszak Z. Distal symmetrical polyneuropathy
in diabetes mellitus patients: Proposition of a new scoring
system based on electroneurography findings.

Adv Clin Exp Med. 2024;33(4):379-385.
doi:10.17219/acem/168504

DOI
10.17219/acem/168504

Copyright

Copyright by Author(s)

Thisis an article distributed under the terms of the
Creative Commons Attribution 3.0 Unported (CCBY 3.0)
(https://creativecommons.org/licenses/by/3.0/)

Adv Clin Exp Med. 2024;33(4):379-385

Abstract

Background. Neuropathy affects 25% of people with diabetes mellitus. The evaluation of disease severity
is still a challenge for modern medicine. Many screening instruments are based primarily on clinical criteria.
There is a lack of a simple, reliable and precise scoring system that could improve the classification of neuropa-
thy and monitor disease progression using not only clinical criteria but also electroneurography. There s a need
to find sensitive neurography parameters that reflect peripheral nerve impairments in this group of patients.

Objectives. This study aimed to create a scoring system for diabetic neuropathy, based on electroneurogra-
phy criteria, that reflects the natural course of the disease. A new scoring system will improve the treatment
of patients with diabetes mellitus.

Materials and methods. A total of 113 patients with distal symmetrical polyneuropathy (DSPN) were
involved in the study. Median, ulnar, sural, tibial, and peroneal nerves were examined. Parameters such
as amplitude, conduction velocity, distal latency, and F wave latency were analyzed. The results of nerve
conduction studies in the investigated group were compared to those of the control group, which consisted
of 61 healthy volunteers.

Results. The most sensitive parameter of peripheral nerve impairment severity was a reduction of the sensory
action potential amplitude in the peroneal nerve by 72.8% (p < 0.05). The observation of changes in sensory
action potential amplitudes in the peroneal nerve is the most important element of our scoring system.

Conclusions. A new electroneurography scoring system of DSPN severity should be based on sensory and
motor action potential amplitudes that reflect axonal loss in the examined nerves and the nature of the disease.

Key words: diabetes mellitus, classification, peroneal nerve, nerve conduction studies, diabetic neuropathies
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Background

Neuropathy affects 25% of people with diabetes mel-
litus. This disease is the leading known cause of neuropa-
thy in developed countries and is implicated in 50-75%
of nontraumatic amputations.!~* Distal symmetrical poly-
neuropathy (DSPN) is the most common presentation
of the disease. A glove—stocking distribution of numb-
ness, sensory loss, dysesthesia, loss of reflexes, and night-
time pain are the most common symptoms.>°® Ulcers,
infections, as well as fractures of the knees, ankles or feet
are the most common complications of the disease. Distal
symmetrical polyneuropathy is associated with signifi-
cant morbidity and increased mortality. The most impor-
tant risk factor for developing DSPN in type 1 diabetes
mellitus is poor glycemic control.”~® Pathophysiology
of the disease remains elusive, but nerve biopsies from
patients with diabetic neuropathy revealed degeneration
of both myelinated and unmyelinated fibers.!°~!2 Periph-
eral nerve impairment in patients with diabetes mellitus
may be connected to mitochondrial malfunction. This
organelle is responsible for the production of energy. Its
dysfunction is connected to the activation of the trypto-
phan—kynurenine metabolic system that has an impact
on tryptophan metabolism.!®*~1> Tryptophan is an endog-
enous amino acid necessary for protein synthesis and
a precursor to the synthesis of bioactive molecules, in-
cluding nicotinamide adenine dinucleotide.!® It undergoes
transformations, leading to the formation of kynurenines,
the role of which is to regulate the excitability of neurons
as well as the response of immune cells.'” Kynurenine has
arole in processing neurogenic inflammation by affecting
glutamate receptors.!8-20

In another study, the increased plasma levels of proin-
flammatory factors such as tumor necrosis factor alpha
(TNF-a) and intercellular adhesion molecule 1 (ICAM-1)
were connected to polyneuropathy incidence in diabetes
patients.?! Metabolic changes induced by hyperglycemia
lead to dysregulation of cytokine control. Another study re-
vealed that in patients with DSPN, interleukin (IL)-1, IL-6,
leukemia inhibitory factor (LIF), ciliary neurotrophic fac-
tor (CNTF), and transforming growth factor beta (TGF-f3)
production is more intense than in healthy patients.?>23
A study by Behse and Buchthal revealed that in the blood
of patients with diabetic polyneuropathy, the levels of IL-10
were lower than in healthy individuals.?* A clinical inves-
tigation of nerve biopsies in neuropathic patients revealed
upregulated TNF-a expression in human Schwann cells.?®

The diagnosis of DSPN is primarily clinical, and its
most important part is the physical examination, includ-
ing neurologic testing. Nerve conduction studies (NCSs)
play an important role in the diagnostic process, especially
in patients with minimal or no objective symptoms, and
are the most useful in patients with large fiber neuropa-
thy.26-2° Other forms of neuropathy that occur in diabetes
mellitus include mononeuropathies, cranial neuropathies,
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plexopathies, radiculopathy, amyotrophy, autonomic neu-
ropathy, and small fiber neuropathy. Moreover, chronic
inflammatory demyelinating neuropathy is more common
in diabetic patients.30-32

Many screening instruments based mainly on clini-
cal criteria have been developed to evaluate the severity
of diabetic neuropathy. Most of them are time-consuming
and require a precise neurological examination. There
is a lack of a simple, objective scoring system using electro-
neurographic parameters that could help monitor disease
progression with the use of objective criteria, especially
in patients in the initial stage of DSPN.33:34

Objectives

This study aimed to confirm the hypothesis that DSPN
affects primarily sensory nerve fibers in the legs and leads
mainly to axonal loss.?>3¢ Qur study is an attempt to cre-
ate a simple scoring system with the use of objective pa-
rameters of nerve conduction that will reflect the natural
course of the disease.?” We propose a simple, clear system
of the classification of the severity of neuropathy that can
be used by neurologists and other clinical practitioners
to evaluate the severity of neuropathy and monitor disease
progression in patients with DSPN.38

Materials and methods

This retrospective study investigated a group of 113 pa-
tients (53 females and 60 males) with DSPN due to dia-
betes mellitus. All patients in the investigated group were
diagnosed at the Electromyography and Nerve Conduction
Laboratory in Warsaw, Poland. The mean age in the group
was 59.27 years (standard deviation (SD) +13.66). Addi-
tionally, a control group of 61 healthy volunteers with
amean age of 41.70 (£18.37) years were included. The size
of the study and control groups was estimated based
on statistical methodology. Patients with alcohol addiction,
post-oncologic treatment, kidney and thyroid diseases, and
other potential causes of peripheral nerve impairments
were excluded from the study. In all patients, a NCS was
performed after obtaining the approval of the Bioethical
Committee of Military Institute of Medicine (approval
No. 14/WIM/2021). The median, ulnar, sural, tibial, and
peroneal nerves were examined. Parameters such as am-
plitude, conduction velocity, distal latency, and F wave
latency were analyzed.

Sensory studies were performed antidromically.
In the case of the ulnar nerve sensory action potential,
the recording electrode was placed on the 5" finger, while
for the median nerve, it was placed on the 2" finger.
The sural nerve was stimulated on the posterolateral
aspect of the lower third of the leg, and the distance be-
tween the recording electrode and the stimulating one
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was approx. 14 cm. For ulnar nerve motor fibers, the re-
cording electrode was placed over the abductor digiti
minimi muscle. In the case of median nerve motor fibers,
the recording electrode was placed over the abductor
pollicis brevis muscle. For the peroneal nerve, the record-
ing electrode was placed over the extensor digitorum
brevis, whereas the abductor hallucis muscle was used
for the placement of the recording electrode for the tibial
nerve. The distance between the recording electrode and
the stimulating electrode was 8 cm in the testing of all
motor nerves. Locations of stimulating and recording
electrodes in the case of all examined nerves were typical,
as presented in previous studies.?**° Motor and sensory
NCSs were performed in an environment with a tem-
perature of 21-25°C, as are the optimal parameters for
electroneurography.*!

The results of the NCSs in the investigated group were
compared to those of the controls. Nerves were ranked
depending on the degree of impairment to create the scor-
ing system. Normal distribution of variables was obtained
in the case of the conduction velocity in sensory fibers,
as well as F wave latency of the median nerve, F wave la-
tency of the ulnar nerve, conduction velocity in sensory
fibers of the peroneal nerve, and conduction velocity
in sensory fibers of the sural nerve. In the remaining cases,
the distribution of variables was non-normal. Student’s
t-test or Mann—Whitney U tests were used to statistically
analyze the data.
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Results

The analysis with the use of the Mann—Whitney U test re-
vealed that both amplitude and conduction velocity of sen-
sory action potentials of the sural, peroneal, median, and
ulnar nerves were reduced in the investigated group when
compared to controls. Moreover, the analysis with the use
of the same test revealed a reduction in the amplitude and
conduction velocity, as well as elongation of distal latency
and F wave latency of motor action potentials in the tibial,
peroneal, median, and ulnar nerves in comparison to con-
trols. Based on that data, we have created diagnostic criteria
for the impairment of all investigated nerves (Tables 1-5).
In the case of the conduction velocity of sensory action
potentials, the differences between the 2 analyzed groups
were compared using the Student’s t-test (regarding the pe-
roneal and sural nerves). The Mann—Whitney U test was
used in the case of all other nerves (Table 3).

The mean amplitude of sensory action potentials
in the investigated group was significantly lower in com-
parison to controls. The most significant reduction of am-
plitude in the investigated group compared to controls
was observed in the peroneal nerve (72.8%, p < 0.05 using
the Mann—Whitney U test).

Moreover, the values of sensory action potential ampli-
tudes for the sural, peroneal, median, and ulnar nerves
where impairment was present are depicted in Table 1
and Fig. 1.

Table 1. Amplitude of sensory action potential in investigated and control groups [uV] using Mann-Whitney U test

investigated 113 12.82 10.51
Median
control 61 20.87 18.52
investigated 110 12.86 1036
Ulnar
control 61 22.96 20.83
investigated 113 3.19 2.58
Peroneal
control 61 10.73 9.72
investigated 112 491 398
Sural
control 61 13.11 11.63

Statistical significance

15.12 10.00 4.00 18.00

U=-5.58615, p=0.000000
23.23 20.00 15.00 23.00
15.36 9.00 5.00 16.00

U=-6.72478, p = 0.000000
25.09 23.00 17.00 27.00
3.80 2.00 0.50 5.00

U=-9.56193, p = 0.000000
11.75 9.00 7.30 14.00
5.83 4.00 1.00 8.00

U=-8.37706, p = 0.000000
14.59 12.00 9.00 16.00

95% Cl — 95% confidence interval; Me — median; M — mean.

Table 2. Amplitude of motor action potential in investigated and control groups [mV] using Mann-Whitney U test

Statistical significance

| 95% Cl | 95% Cl |

investigated 112 7.07 6.61
Median
control 61 831 7.62
investigated 110 8.87 8.26
Ulnar
control 61 10.93 1043
investigated 113 7.94 6.95
Peroneal
control 61 14.62 13.46
investigated 113 373 3.29
Tibial
control 61 5.04 459

7.54 6.90 5.60 8.80

U=-231339, p=0.020702
9.00 7.80 6.00 10.30
947 935 7.10 11.20

U =-4.04598, p =0.000052
11.43 11.00 9.40 12.20
893 8.10 4.00 11.20

U =-7.21846, p = 0.000000
15.78 14.70 11.00 17.90
4.17 3.50 2.10 5.60

U =-3.54290, p = 0.000396
549 4.70 4.00 5.70

95% Cl — 95% confidence interval; Me — median; M — mean.
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Table 3. Conduction velocity of sensory action potentials in investigated and control groups [ms] using Mann-Whitney U test (median, ulnar nerves) and
Student's t test (peroneal, sural nerves)

Statistical significance

investigated 98 44.79 43.55 46.02 45.00 40.00 49.00

Median U =9.28889, p = 0.000000
control 61 55.72 54.64 56.81 56.00 52.00 59.00
investigated 97 43.27 4217 44.36 43.00 40.00 47.00

Ulnar U =9.56644, p = 0.000000
control 61 54.25 53.25 55.25 54.00 51.50 57.00
investigated 84 4148 40.29 4267 42.00 37.50 45.00

Peroneal t=-8.05598, p = 0.000000
control 61 48.50 47.29 49.72 48.00 45.00 52.00
investigated 85 4256 4148 43.65 43.00 39.00 46.00

Sural t=-7.14204, p = 0.000000
control 61 4812 47.09 49.15 48.00 45.00 50.00

95% Cl — 95% confidence interval; Me — median; M — mean.

Table 4. Conduction velocity of motor action potentials in investigated and control group [ms] using Mann-Whitney U test

Statistical significance

investigated 110 5143 50.26 52.60 52.00 48.00 55.00

Median U =-7.99026, p = 0.000000
control 61 58.70 57.84 59.56 58.00 56.00 61.00
investigated 108 5344 52.09 54.79 53.50 50.00 58.00

Ulnar U =-3.59515, p =0.000324
control 61 57.68 56.27 59.09 58.00 53.00 61.00
investigated 101 40.18 39.14 41.23 41.00 37.00 44.00

Tibial U =-7.86278, p = 0.000000
control 61 4745 46.38 48.51 47.00 44.00 50.00
investigated 101 4262 4152 43.73 44,00 39.00 46.00

Peroneal U =-6.55305, p = 0.000000
control 61 48.53 4745 49,61 48.20 46.00 51.00

95% Cl — 95% confidence interval; Me — median; M — mean.

Table 5. Distal symmetrical polyneuropathy (DSPN) scoring system

Neuropathy severity Criteria

Grade | (minimal) reduction of sensory action potential amplitude of peroneal and sural nerves

reduction of sensory action potential amplitude of peroneal and sural nerves and of sensory fibers in at least 1 nerve

Grade Il (mild) in upper limbs

reduction of sensory action potential amplitude of peroneal and sural nerves and of sensory fibers in at least 1 nerve

Gr. Il (moder. ) ) s ) . . ) I
zets Mies i) in upper limbs; additionally, the reduction of motor potential amplitude in peroneal or tibial nerves must be observed

reduction of sensory action potential amplitude of peroneal and sural nerves and of sensory fibers in at least 1 nerve
Grade IV (severe) in upper limbs; additionally, the reduction of motor potential amplitude in peroneal, tibial as well as median or ulnar
nerves must be observed

no response from sensory and motor fibers in lower limbs and in sensory fibers in upper limbs; response in motor fibers

et in upper limbs may be observed

25 The mean amplitude of motor action potentials
W control . . . . L
in the investigated group was statistically significantly

20 investigated lower in comparison to controls. The most significant
reduction of amplitude in the investigated group com-
15 pared to controls was observed in the peroneal nerve
(45%, p < 0.05 using the Mann—Whitney U test). More-
10 over, the values of motor action potential amplitudes for
tibial, peroneal, median, and ulnar nerve impairments are

presented in Table 2.
Mean conduction velocity of sensory action potentials
0 in the investigated group was statistically significantly

median ulnar peroneal sural lower in comparison to controls. The most significant re-
Fig. 1. Mean amplitude of sensory action potential in investigated and duction of conduction veloc1ty in the 1nvest1gated group
control groups [LV] compared to controls was observed in the median nerve

amplitude [uV]

w
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(19.6%, p < 0.05, Mann—Whitney U test). Moreover, the val-
ues of sensory action potential conduction velocities for
sural, peroneal, median, and ulnar nerve impairments are
presented in Table 3.

The mean conduction velocity of motor action poten-
tials was statistically significantly lower in the investigated
group when compared to controls. The most significant
reduction of conduction velocity in the investigated group
compared to controls was observed in the median (12.38%)
and peroneal (12.17%) nerves (p < 0.05, Mann—Whitney
U test). Values for tibial, peroneal, median, and ulnar nerve
impairments are presented in Table 4.

The mean distal latency of motor action potentials
in the investigated group was statistically significantly
lower in comparison to controls. The most significant
reduction of distal latency in the investigated group com-
pared to controls was observed in the median nerve (24.1%,
p < 0.05, Mann—Whitney U test; data not shown).

The mean F wave latency of motor action potentials
in the investigated group was statistically significantly
longer in comparison to controls. The most significant
reduction of F wave latency in the investigated group com-
pared to controls was observed in the median nerve (13%,
p < 0.05, Mann—Whitney U test; data not shown).

In the present study, the biggest difference in conduc-
tion parameters between the examined nerves in the in-
vestigated group was observed in the amplitude of both
motor and sensory action potentials. The most sensitive
parameter of the severity of peripheral nerve impairments
was the reduction of sensory action potential amplitude
in the peroneal nerve. Similar observations were made
for the amplitude of sensory and motor action potentials
in other examined nerves. In the case of the conduction
velocity as well as distal and F wave latencies, that connec-
tion was not so evident.

Taking those data into consideration, we have created
a simple scoring system presented in Table 5. We propose
the working name “SAP (sensory amplitude potential)
— reduction scale” for this scoring scale with stratifica-
tion of severity.

Discussion

The evaluation of severity of neuropathy remains a chal-
lenge for modern medicine.*? Many scales have been pro-
posed to resolve this problem, but each of them has its limi-
tations. In many cases, a relationship between a patient’s
clinical status and NCS results does not exist. Severely
disabled patients with neuropathies can have mild NCS re-
sults, and the converse relationship is also often observed.
Moreover, the ideal scoring system should reflect the natu-
ral disease course and include only objective parameters.
Distal symmetrical polyneuropathy is the most common
polyneuropathy among patients with diabetes mellitus.
Electromyography plays an important role in the diagnosis
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and disease progression monitoring, especially in patients
in the initial phases of neuropathy when symptoms can be
subtle.*3-% Moreover, clinical evaluation of disease pro-
gression can also be subjective and new objective and more
precise methods should be evaluated. Our study is an at-
tempt to create a simple scoring system based on electro-
neurography criteria that could improve the standards
of medical care and positively impact the cooperation be-
tween electromyography administrators and neurologists,
as well as other specialists such as cardiologists, nephrolo-
gists and rehabilitation therapists.

Many screening instruments with numerous compos-
ite scores are used to evaluate the severity of neuropathy.
One of the most frequently used systems of classification
is Neuropathy Disability Score (NDS) that examines tem-
perature, vibration perception and presence of reflexes.6+”
Another scale is the Neuropathy Impairment Score (NIS)
which includes the examination of sensory functions and
reflexes but also the evaluation of motor function im-
pairments.*34° Disease symptoms, reflexes and sensory
symptoms are found in the Toronto Clinical Neuropathy
Scoring System.>*%! Using the systems of classification
presented above allows physicians to assign patients to dif-
ferent disease levels; however, it is important to notice that
the clinical features of one patient may not be directly
comparable to those of another one, even if the same de-
gree of neuropathy has been established in both cases.
The explanation of this observation derives from the fact
that symptoms of neuropathy may vary from patient to pa-
tient. Foot deformities are often seen in neuropathies, es-
pecially hereditary ones. Additionally, asymmetric motor
and sensory symptoms can make the evaluation more
difficult.>>>* Many scores were developed for screening
for a particular type of neuropathy or to evaluate disease
severity. For example, the Michigan Neuropathy Screening
Instrument questionnaire (MNSIq) contains symptoms,
sensory disturbances and reflex disturbances, and is used
in screening for diabetic neuropathy, similar to the Clinical
Neuropathy Examination (CNE).>*-5¢ The indubitable ad-
vantage of those scales is that they do not require specific
knowledge or appropriate professional training, and can
be performed by clinicians other than neurologists. Un-
fortunately, they also include some criteria that can make
the objective assessment of disease progression difficult.

In the present study, among all the parameters evaluated
in the NCS, the most significant reduction was observed
in the case of sensory and motor action potential ampli-
tudes. It confirms the hypothesis that in cases of DSPN,
axonal loss plays an important role in the pathogenesis
of the disease. Features of the demyelinating process were
also observed in these patients, but they were far less in-
creased. Due to that, conduction velocity and distal and
F wave latencies, which are the parameters of demyelin-
ation, were not reduced as much as the amplitude of mo-
tor and sensory action potentials. The presented results
also confirm the hypothesis that sensory nerves are more
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affected by the disease than motor nerves. In our study,
the most sensitive parameter of peripheral nerve impair-
ment severity was the reduction of sensory action potential
amplitude in the peroneal nerve. It seems that the reduc-
tion of sensory action potential amplitude in this nerve
is the first sign of disease. Patients with diabetes and iso-
lated impairment of peroneal nerve sensory fibers should
be monitored for DSPN. Symptoms of DSPN usually start
in the lower limbs and sensory fibers. In our study, the most
significant reduction was observed in both the amplitude
of sensory action potentials and conduction velocities.
The presented scale seems to reflect the nature of the dis-
ease with the proposed sensory nerve evaluation. Our scor-
ing system may be very useful not only for neurologists but
also for diabetologists. Electromyography studies are safe
for the patient and can be performed in every hospital.

Limitations

The limitation of our study is that the correlation be-
tween our scoring system and classifications was based
on clinical criteria that were not evaluated. The next step
of our investigations will be the assessment of this clas-
sification system in different types of neuropathies.

Conclusions

Proper polyneuropathy systems of classification seem
to be inevitable in routine neurological practice. Not only
could they improve the organization of medical research,
but also they could help monitor disease progression and
treatment effects. The majority of scores involve sensory
perception, motor functions, reflexes, and disease symp-
toms. If the scale is too subtle or does not reflect the se-
verity of the disease, the symptomatology alone is insuf-
ficient. Electroneurographic studies have a high sensitivity
in the diagnosis of polyneuropathy, as well as play a big
role in the evaluation of disease progression. Although
numerous, the attempts of creating new scores have failed
to be widely used in clinical practice. The presented clas-
sification is a simple and objective scoring system based
only on electroneurographic parameters and can be used
in patients with DSPN who have experienced disease pro-
gression. In our study, the most significant reductions were
in the amplitude of sensory action potentials. This finding
is connected to axonal degeneration and Schwann cell
damage that were observed during nerve biopsies in pa-
tients with diabetes mellitus polyneuropathy in previous
studies.””~%° There is a strong correlation between electro-
neurographic results and histopathological findings; thus,
a scoring system based on electroneurographic criteria
reflects the natural disease course. The presented paper
is a pilot study, and further studies evaluating the correla-
tion between our classification and those based on clinical
criteria are in progress.
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Abstract

Background. Available statistical data from 2015 show that 28% of pregnancies in developed countries
end in cesarean section (CC). Discomfort associated with the scar after surgery is a common complication.

Objectives. This study aimed to evaluate the changes in the structure of the cesarean scar after the ap-
plication of a scheme of manual therapy.

Materials and methods. The study included 15 women in the treatment group (TG) and 15 in the control
group (CG). The scars were evaluated twice at 5-week intervals with the use of quantitative scales: the Van-
couver Scar Scale (VSS), the Manchester Scar Scale (MSS) and the Patient and Observer Scar Assessment Scale
(POSAS). During each examination, the scar was compared, using the specified criteria, to the physiological
skin, i.e., the tissues directly bordering the incision. During therapy, 8 manual techniques were used during
a 4-week program consisting of 30-minute sessions 3 times per week.

Results. Patients in the TG showed a statistically significant improvement in all of the analyzed character-
istics of the scar. A statistically significant difference was also observed between the results obtained during
the 2" examination (after the therapy) in the TG and the (G.

Conclusions. As a result of the therapy, the condition of the scar in the TG significantly improved. Onerous
scar-related symptoms were alleviated. The vascularity, hyperpigmentation and distortion of the scar were
reduced. The elasticity and pliability of the scar increased, and the height of the scar decreased. The texture,
finish and contour of the scar improved. Obtained results suggest that manual therapy of the scar after (C
should be a part of the treatment in women during the postpartum period.

Key words: cesarean section, women's health, scar therapy
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Background

According to the recommendations of the World Health
Organization (WHO), the percentage of pregnancies deliv-
ered by cesarean section (CC) should not exceed 10-30%.
Statistical data show that in Organization for Economic Co-
operation and Development (OECD) countries (36 highly
developed countries of the world), the number of deliveries
ending in CC increased from 20% in 2000 to 27.9% in 2015.!
Globally, the CC rate has also been rising — it grew from
12.1% in 2005 to 21.1% in 2015. In Western Europe, 19.6%
of pregnancies were delivered by CC in 2000, and by 2015,
this rate increased to 26.9%.2

The decision to perform a CC is made more frequently
due to the early detection of hazards, an increasing num-
ber of multiple gestations and preterm births, as well as late
births (in terms of the mother’s age). In addition to obstetric
indications, the procedure is performed for indications re-
lated to ophthalmic, orthopedic, cardiac, neurological, and
psychiatric issues.* Pregnant women are often convinced
that a CC is the easier, safer and painless method of delivery,
better than natural childbirth. The most frequently employed
technique is the transperitoneal CC, involving a transverse
lower abdominal incision through the skin, the subcutaneous
tissue, the peritoneum over the uterus, and the uterus. Cut-
ting through muscle fibers is currently avoided.* The findings
of Cromi et al.> demonstrated that the type and technique
of surgical closure used following the procedure has no im-
pact on the appearance of the scar evaluated using the Van-
couver Scar Scale (VSS) and the Patient and Observer Scar
Assessment Scale (POSAS).

The wound healing and scar formation processes be-
gin with hemostasis, followed by inflammation, prolif-
eration and remodeling. They take place over a period
of up to 2 years, and their duration depends on the eti-
ology of the wound. The process consists of the conver-
sion of type III collagen to type I collagen. The finer and
less ordered structure of type I collagen both strengthens
the tissue and decreases its elasticity. This process can be
distorted by several factors.”

Remodeling abnormalities can cause the formation
of hypertrophic, keloid or atrophic scars. Women who
underwent a CC are at an increased risk of developing
pathological lesions due to hormonal activity, taking care
of an infant, a change in the body’s center of gravity, and
genetic makeup.

Despite a growing interest in pregnancy and childbirth,
women often overlook the needs of their own bodies, focus-
ing instead on the everyday chores related to taking care
of a baby. Such situation can cause the changes in the loco-
motor system that solidify during pregnancy. Painful scar
and a reflex to protect the injured area cause the woman
to assume antalgic positions, enhancing and solidifying
incorrect posture patterns.® Additionally, pain predisposes
the woman to assume a forward flexion posture and avoid
tensing the abdominal wall muscles, which causes further
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weakening of the muscles that become stretched during
pregnancy. Women report various scar-related complaints,
such as itching, pulling, pain, numbness (hypoesthesia)
or hyperesthesia in the scar area, pricking, burning, tin-
gling, and stinging.

There are no uniform standards for procedures in ce-
sarean scar therapy. Literature mentions the beneficial
impact of massage on the rate of scar remodeling and pain
alleviation.”® Wong et al. reported the effectiveness of deli-
cate scar mobilization in combination with exercises for
chronic pain.’

Scar-related complaints can cause physical problems
and psychological issues, consisting of malaise and a lack
of acceptance of the scar and oneself. In critical situations,
the patients see the scar as a non-existent, unaesthetic ele-
ment of their body that restricts their functioning.!® Physi-
cal complaints and a lack of acceptance of oneself can also
cause women to limit or discontinue physical exercises.!!
Postoperative scars are often overlooked in the postop-
erative period. Currently, numerous operations are car-
ried out in the abdominal area. Not all possible ailments
caused by the presence of scars are unequivocally inves-
tigated. Cesarean section is one of the most numerous
operations. Each interruption in tissue communication
is traumatic for the body and results in psychosocial and
purely physical ailments. One of the research directions re-
lated to scar treatment is manual therapy, which, due to its
nature, is one of the simplest, cheapest and most acces-
sible methods. According to the available literature, there
are indications of the effects of manual therapy on scars,
but the research results are inconsistent. The evidence
for the use of scar massage is weak, the regimens vary,
and the measured results are neither normalized nor ob-
jective. Although scar massage is anecdotally effective,
there is limited scientific data in the literature to sup-
port it.!? The review by Wasserman et al. shows prelimi-
nary strong evidence of the benefit of soft tissue mobili-
zation for symptoms associated with acute postoperative
adhesions, preliminary moderate evidence of the benefit
of soft tissue mobilization for symptoms of chronic inop-
erable adhesions, and moderate evidence of the benefit
of using soft tissue mobilization for symptoms associated
with chronic postoperative adhesions.!®* Although most
postoperative adhesions are clinically silent, the conse-
quences of adhesion formation can be a lifelong problem,
including chronic abdominal pain, recurrent bowel ob-
structions requiring multiple hospitalizations, and infer-
tility. Moreover, adhesion disease can become a chronic
condition with significant morbidity, and lacks effective
treatment. Despite recent advances in surgical techniques,
there is no reliable strategy to treat postoperative adhe-
sions.! It is vital to look at the human body comprehen-
sively. With the increasing number of CCs, the impact
of scarring on the overall health of patients is increasingly
observed. Abdominal stretch marks and cesarean scars
are considered important predictors of intraperitoneal
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adhesions. Women with significant stretch marks had
thick intraperitoneal adhesions. Women with intraperi-
toneal adhesions had more vascularized, discolored, less
flexible, and raised scars. Therefore, verifying the effect
of scars and the possibility of their modification, for ex-
ample, to reduce adhesions, is of utmost importance.'®
Tapes, used in the prevention of surgical scars, effectively
reduce scars and display features of growth, color and
itching.!®” An overview of the methods used in physical
therapy on scars is discussed in the review by Deflorin
et al.!® Overall, 1 meta-analysis showed that the effect
on the scar by different physiotherapeutic means has a sig-
nificantly positive influence on pain, pigmentation, supple-
ness, itching, surface area, and scar thickness.!® There
are reports stating that therapy has a clear positive effect
on the state of scars and the overall wellbeing of patients.!’
The current state of research does not allow for a direct
transfer of the above research results to clinical treatment
of patients with big scars. However, the continued clinical
implementation of the results obtained in studies with
respect to the mechanical sensitivity of isolated fibroblasts
and continuous adaptation of manual techniques created
an evidence basis for manual scar therapy. Manual doses
are adapted to the physiology of the tissue and the respec-
tive phases of wound healing. Clinical observations show
improved mobility of affected areas and fewer relapses
of the inflammatory phase due to mechanical overload.?®

Objectives

This study aimed to evaluate the changes in the struc-
ture of the cesarean scar as a result of an applied scheme
of manual therapy.

Materials and methods
Study design

This study was designed to investigate the influence
of our scheme of manual therapy on scar recurrence after
a CC. In this study, vascularity, pigmentation, pliability,
height pain, itching, color, stiffness, thickness, texture,
and overall condition of the scar were evaluated in patients
using subjective scales.

Setting

The trial has been registered and allocated in the Aus-
tralian New Zealand Clinical Trials Registry (No. AC-
TRN12620000115932, registration date: February 7, 2020).
Data were collected from January 7, 2019 to May 12, 2019.
The first participant’s enrollment date was January 7,
2019, and the enrollment date of the last participant was
April 12, 2019.
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Participants

The criterion for inclusion in the treatment group (TG)
was the lack of any prior work on the CC scar. All par-
ticipants (n = 30) were randomly assigned to 2 same-sized
groups — the TG that participated in the therapy of the scar
and the control group (CG) that did not undergo therapy.
Demographic characteristics of both groups are presented
in Table 1. Patients were recruited according to the dia-
gram depicted in Fig. 1, but the sample size was established
a priori using G*Power 3.1 software (v. 3.1.9.2; G*Power, Kiel,
Germany).?! The expected effect size (ES) was set at 0.85
(Cohen’s f), the o level was set at 0.05 and the power was set
at 0.8.22 The minimum group size was 10 participants, but
the final recruitment consisted of 15 women in each group.?!

Table 1. Demographic characteristics of patients included in the manual
therapy and control groups

Average value for Average value for
Parameter
the treatment group | the control group
Sex female female
Age [years] 33+4 30 +4
Height [cm] 164.5 7 169.2 £5
Body mass [kq] 64.1 £18 69.1 13
Nationality Polish Polish
City population >500,000 >500,000
T|m§ after cesarean 1448 1449
section [months]
Group size 15 15

Variables

The experiment consisted of 2 examination meetings
and 12 therapy sessions. During the examination meet-
ings, the scar of each participant was assessed visually and
by touch using quantitative scar evaluation scales: VSS and
Manchester Scar Scale (MSS). Additionally, the scar was
assessed by each patient using the POSAS Patient Scale.
The VSS was used to evaluate vascularity, pigmentation,
pliability, and height. The MSS evaluated color, finish, con-
tour, distortion, and texture. The subjective POSAS Patient
Scale was utilized to evaluate pain, itching, color, stiffness,
thickness, texture, and the overall condition of the scar.?3

Data measurement

The patients from the TG underwent scar therapy 3 times
per week for 4 weeks. The therapy consisted of twelve
30-minute sessions carried out 3 times per week. During
each session, the therapist applied 8 manual techniques
in the following order: stroking, superficial rubbing using
spiral and transverse motions, deep rubbing using spiral
and transverse motions, moving, rolling, breaking up, and
pinching. The order and intensity of the techniques were
adjusted to the condition and the response of the treated
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Fig. 1. Flow diagram
[ e ] of patient recruitment
Assessed for eligibilty (n = 40)
Excluded (n=10)
» Not meeting inclusion criteria (n = 10)
| - Declined to participate (n =0)
« Other reasons (n =0)
Allocated (n =30)
[
[ Allocation ]Control group (CG)
Treatment group (TG) Allocat'ed (n=15) . .
. . _ + Received allocated intervention (n = 0)
Allocated to intervention (n = 15) . . . .
< . . - did not receive allocated intervention
- Received allocated intervention (n = 15) . . .
. - - . (the CG did not receive intervention
- Did not receive allocated intervention .
(h=0) because we compared tissue structure
of patients who underwent therapy with
those without any intervention) (n = 15)
hY
' [ Follow-up | ¥
Lost to follow-up (give reasons) (n = 0) Lost to follow-up (give reasons) (n = 0)
Discontinued intervention (give reasons) Discontinued intervention (give reasons)
(n=0) (n=0)
[ Analysis ]
L J
Analyzed (n=15) Analyzed (n=15)
« Excluded from the analysis (give reasons) « Excluded from the analysis (give reasons)
(n=0) (n=0)

tissues. The visualization of the scars before and after
therapy was conducted using a thermal imaging camera
FLIR T335 (Merlin Lazer, Crowborough, UK).

Bias

The only criterion for inclusion in the study was the ab-
sence of any previous work on the cesarean scar to avoid
misinterpretation of the obtained results.

Study size

The study size was determined by the preliminary char-
acter of this project. An investigation conducted on a larger
group of patients is currently under consideration as a part
of a dedicated grant.

The therapy and all examinations were carried out
at the Scientific and Research Laboratory of the Faculty
of Physiotherapy at Wroclaw University of Health and
Sport Sciences (Poland). The trial was approved by the Sen-
ate Committee on Ethics of Scientific Research at the Wro-
claw University of Health and Sport Sciences (approval No.
ACTRN12620000115932).

Quantitative variables

The MSS and VSS were used to evaluate the scar before
and after the therapy. On both scales, each characteristic
of the scar was given a specific score. The higher the final
score, the worse the condition of the scar. The maxi-
mum score on the MSS was 18 points, and on the VSS
it was 13 points. The subjective scar-related experiences
of the participants were evaluated twice with the use
of the POSAS Patient Scale.?® Each described character-
istic was given a score from 1 to 10 (the higher the score,
the worse the result). The maximum score on that scale
was 70. The median was calculated for the results ob-
tained before and after the therapy in both evaluated
groups.

Statistical analyses

The statistical calculations were made using Statistica
v. 13.1 (StatSoft, Inc., Tulsa, USA). The Shapiro—Wilk test
was used to check the distribution of all quantitative vari-
ables. Due to the ordered nature of the survey results and
the lack of normality in the distribution of the quantitative
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variables, the median was used as a measure of central
tendency, and the interquartile range (IQR) as a measure
of dispersion.

The results were analyzed with the use of statistical
tests for ordinal variables: the Mann—Whitney U test
and the Wilcoxon matched-pairs test. The statistical
significance of the differences in the appearance and
structure of the scar in both groups before and after
the therapy, as well as between the TG and CG before
and after the therapy, were assessed. Due to the occur-
rence of multiple comparisons, the Bonferroni correction
was applied to reduce the risk of a type I error. The as-
sumed significance level (0.05) was divided by the number
of comparisons (4). The adjusted significance level was
set at 0.0125.

MSS pre [pkt] MEDIAN & IQR
12 P @ CONTROL
- TREATMENT %
10
8
6
4
STy e b

COLOUR FINISH CONTOUR DISTORTION TEXTURE MSS SUM
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Results

The median was calculated for each analyzed param-
eter in both evaluated groups (Fig. 2,3). Using the MSS,
we observed that the color, finish, contour, distortion, and
texture were statistically significantly improved. Accord-
ing to the VSS, vascularity, pigmentation, pliability, and
height were statistically significantly improved. Accord-
ing to the POSAS Patient Scale, color, stiffness, thickness,
texture, and overall opinion were statistically significantly
improved. Pain and itching did not change. The median
was calculated for the results obtained before and after
the therapy in both evaluated groups (Fig. 4).

The MSS, VSS and POSAS Patient Scale scores obtained
during the first examination were not statistically signifi-
cantly different between the TG and CG. Statistically sig-
nificant differences were observed between the groups
during 2" examination. The scores obtained during both

MSS post [pkt MEDIAN & IQR
12 post [pld] @ CONTROL
& TREATMENT

10

8

6

4

2 T T“I """""" l """"" ;_',':-*‘::: =5 -‘:

o = -’

COLOUR FINISH CONTOUR DISTORTION TEXTURE MSS SUM

Fig. 2. Manchester Scar Scale (MSS) scores in the form of a median calculated for each analyzed parameter in the treatment group and the control group

before and after the therapy

IQR —interquartile range.

10 10
VSS pre [pkt] MEDIAN & IQR VSS post [pkt] MEDIAN & IQR
@ CONTROL @ CONTROL
& TREATMENT A TREATMENT
8 8
6 A 6
4 4
2 _":::::T::‘_:.I"" 5 I' T y
I ______________ = VSt ::‘l:::::.I""n_ ",""
0 0 I
VASCULARITY ~ PIGMENTATION ~ PLIABILITY HEIGHT VSS SUM VASCULARITY  PIGMENTATION  PLIABILITY HEIGHT VSS SUM

Fig. 3. Vancouver Scar Scale (VSS) scores in the form of a median calculated for each analyzed parameter in the treatment group and the control group

before and after the therapy

IQR - interquartile range.



392 K. Olszewska et al. Manual therapy of caesarean scars
POSAS pre [pkt] MEDIAN & IQR POSAS post [pkt] MEDIAN & IQR
50 PTep @ CONTROL 50 F E @ CONTROL
A TREATMENT A TREATMENT
40 40
»
30 AN 30
20 — 20 / .
10 L ‘} 10 i % t \“‘.‘*
0 | gt L i
PAIN COLOUR THICKNESS POSAS sum PAIN COLOUR THICKNESS POSAS sum
ITCHING STIFFNESS TEXTURE OVERALL OPINION ITCHING STIFFNESS TEXTURE OVERALL OPINION

Fig. 4. Patient and Observer Scar Assessment Scale (POSAS) scores in the form of a median calculated for each analyzed parameter in the treatment group

and the control group before and after the therapy

IQR - interquartile range.
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Fig. 5. Evaluation of the effects of manual therapy on representative photos of the patient’s scar remodeling. On the left — the patient’s scar area before
manual therapy; on the right — the patient’s scar area after manual therapy (thermal imaging camera FLIR T335). The figure shows the temperature
(thermovision) scale (for each patient, it was different in terms of maximum and minimum temperatures), which varies from the darkest blue to its lighter
shades, green, yellow, orange through red to white. White indicates the areas with the highest temperature relative to the other elements. Dark blue
indicates the areas with the lowest temperature relative to the other areas covered by the thermal image. The difference between the indicated area before
and after treatments was taken into account to verify the effectiveness of the therapy

FOV - field of view.

examinations for each of the scales were different in a sta-
tistically significant manner only in the TG (Table 2,3).
Representative photos of the results of manual therapy
are presented in Fig. 5. Generally, as a result of therapy,
the condition of the scar in the TG significantly improved.
Onerous scar-related symptoms were alleviated. The vas-
cularity, hyperpigmentation and distortion of the scar were
reduced, the height of the scar decreased, and the elasticity
and pliability of the scar increased. The texture, finish and
contour of the scar improved.

Following the results from the thermal imaging camera,
these were pilot studies. So far, the thermal imaging camera

has been used, for example, to verify the effect of thermal
factors on the scar and the course of the wound healing
process,?+? but not to verify the effect of manual therapy.
The effects of therapy on temperature changes cannot be
unequivocally determined due to the different types of scars.

Atrophic, hypertrophic and keloid scars differ in their
initial temperature distribution. In addition, the use
of manual methods varies in proportion over time. To draw
specific conclusions, the study group should be broadened
and differentiated according to the types of scars.

No statistically significant changes were observed, but
a certain trend in temperature change was noted, which
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Table 2. Results of tests and p-values of the Mann-Whitney U test and the Wilcoxon matched-pairs test calculated for each parameter evaluated using
the Manchester Scar Scale (MSS) and the Vancouver Scar Scale (VSS) before and after the therapy in the treatment group and the control group

PRE vs. POST

treatment group control group

Parameter

Treatment group vs. control group

color <0.01 0.0015* 3.50 0.1422 107.50 0.8519 53.50 0.0152
finish <0.01 0.0277* 1.50 1.0000 75.00 0.1249 3750 0.0020*
contour <0.01 0.0033* 6.00 0.3454 94.50 04679 54.00 0.0161
Mo distortion <0.01 0.0077* NA 1.0000 108.00 0.8682 67.50 0.0649
texture <0.01 0.0033* 2.50 0.3613 90.00 03615 64.50 0.0488
MSS sum <0.01 0.0007* 5.50 0.2945 112.50 0.9835 28.50 0.0005*
vascularity <0.01 0.0015* 4.00 0.7150 87.50 0.3095 16.00 0.0001*
pigmentation <0.01 0.0051% 2.50 0.3613 98.50 0.5755 50.50 0.0107*
VSS pliability <0.01 0.0010* 6.00 0.6858 101.00 0.6482 47.50 0.0075*
height <0.01 0.0051* 4.00 0.7150 107.50 0.8519 59.50 0.0294
VSS sum <0.01 0.0007* 0.00 0.1088 99.00 0.5897 19.00 0.0001*

NA - not available; *statistically significant value, p < 0.0125.

Table 3. Results of tests and p-values for the Mann-Whitney U test and the Wilcoxon matched-pairs test calculated for each parameter and evaluated using
the Patient and Observer Scar Assessment Scale (POSAS) before and after the therapy in the treatment group and the control group

PRE vs. POST

treatment group control group

Parameter

Treatment group vs. control group

Pain 6.00 0.1763 0.00 0.1797 105.50 0.7603 110.50 0.9362

Itching 5.50 0.2945 1.00 0.6547 107.50 0.8238 102.50 0.6465

Color 0.00 0.0015% 0.00 0.1797 111.50 0.9832 36.00 0.0015%
Stiffness 1.50 0.0009* NA 1.0000 105.00 0.7687 39.00 0.0022*
Thickness 0.00 0.0010* NA 1.0000 101.00 0.6406 22.00 0.0002*
Texture 2.00 0.0015% 1.50 1.0000 95.50 0.4831 44.50 0.0044*
Sum 0.00 0.0007* 1.50 04227 89.50 0.3491 28.00 0.0005*
Overall opinion 0.00 0.0007* NA NA 106.50 0.8152 18.50 0.0001*

NA - not available; *statistically significant value, p < 0.0125.

requires further investigation. In all cases, the temperature
of the scar area after treatment was close to that of the sur-
rounding tissues.

We are planning to conduct a research in a larger group
of patients, taking into account various diagnostic and
therapeutic methods to compare their effectiveness.

Discussion

Globally, 21.1% of pregnancies were delivered by CC
in 2015.2 Women are not educated on scar care and
the possible side effects of failing to undergo or discon-
tinuing therapy. The scar- and adhesion-related symp-
toms are not associated with the presence of those lesions
in any way by the physician or patient.?® Onerous symp-
toms included a pulling sensation and pain during the per-
formance of everyday chores, as well as pain originating

in the lumbar vertebral column, the gastrointestinal tract
and the scar itself. Furthermore, an important complaint
related to the cesarean scar is the aesthetic aspect, i.e.,
the lack of acceptance of a part of the patient’s own body
that has a negative impact on everyday functioning.!’

According to the research performed by Chochowska
et al,,?® the aforementioned complaints are alleviated or re-
duced after the scar therapy. Twenty-four months after
the procedure, scar treatment may be less effective. Cho-
chowska et al.?® noticed that postoperative adhesions cannot
be eliminated during therapy, and each subsequent surgery
increases the risk of their formation. They cause onerous
symptoms resulting from the decreased glide between tissues,
which may give rise to pain in the head, vertebral column,
pelvis, and other regions. Pilot studies on the use of Myo-
fascial Induction Therapy (MIT) showed that the aforemen-
tioned activities effectively change the structure of the scar
despite the completion of the remodeling process.?”
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The most recent research suggests that it is possible
to change the structure of adhesions.?® Ault et al. focused
on hypertrophic burn scars.? They claimed that massage
is an effective treatment that impacts the height, vascu-
larity, elasticity, pain, itching, and depression of scars.
Anthonissen et al. compared the effectiveness of various
types of therapy: pressure, silicone, massage, moisturizing
creams, physical activity, and mobilization.3° They ques-
tioned the accuracy of the analyzed projects due to the small
size of the evaluated groups and the lack of a detailed de-
scription of the therapy. Many authors suggest that both
objective and subjective scales should be used.>?%3% In our
research, the changes that occurred during therapy were
assessed using the VSS, MSS and POSAS Patient Scale.

The improvement in the parameters such as pigmenta-
tion, color or elasticity may result from the massage stimu-
lating the reconstruction of connective tissue by increas-
ing the number of collagen fibers while reducing their
diameter and cross-section.?! In our research, according
to the VSS, MSS and POSAS Patient Scale, scar therapy im-
proved all evaluated parameters. It is possible that pain and
itching require a different type of treatment than the ones
used. O'Reilly et al. observed a reduction in itching within
the studied scars.!® In our studies, no statistically signifi-
cant changes were observed in these parameters. Accord-
ing to the results of other experiments, pain decreased
after scar therapy.'>!>!® However, these results are not con-
clusive. The evidence for the use of scar massage is still not
sufficient, the regimes vary, and the measured outcomes
are neither standardized nor objective. However, the effec-
tiveness of the therapy appears to be greater in postopera-
tive scars than in traumatic or post-burn scars. Although
scar massage is known to be effective, there are little scien-
tific data in the literature to support it.!> Recently, the clini-
cal impact of scar management has been studied more
intensively.!*?° It is important to analyze and continue re-
search in order to determine the best procedures affecting
scars. Moreover, it is worth clarifying and differentiating
which therapy protocol is most effective as well as verifying
what affects the effectiveness of the performed treatments,
in order to improve the abovementioned parameters and
the comfort of a patient’s life.

Andrzejewski noticed increased blood flow in the skin
and muscles, as well as the normalization of the autonomic
nervous system after scar massage.>? The results achieved
during therapy indicated that massage in the form of rubbing
increases the level of fibroblast growth factor (FGF) in the tis-
sue, which causes structural changes in collagen fibers.

Another method used in scar therapy is Kinesiology
Taping.!®1733 The research on various types of pathologi-
cal scars was conducted in 54 patients. Following a 7-day
application, a change in the tissue color, an increase in its
mobility and improved satisfaction were demonstrated
in the majority of subjects.??

Itis becoming increasingly common to use various types
of topical formulations that the patients can self-administer

K. Olszewska et al. Manual therapy of caesarean scars

on the scar. However, there are no solid scientific studies
that would corroborate the positive influence of such for-
mulations on the tissues.

A few studies concerning cesarean scar therapy and
an increasing rate of surgical births encourage further at-
tempts to develop standards for cesarean scar management.
Abdominal striae and a cesarean scar on intraperitoneal
adhesions were significant predictors of scar adhesion type.
It has been observed that women with severe stretch marks
had thicker intraperitoneal adhesions, whereas women with
intraperitoneal adhesions had more vascularized, discol-
ored, less pliable, and raised scars.!® Results obtained by our
team could have implications for physiotherapy practice.
Currently, the use of various topical preparations of varying
efficacy is becoming more common in scar therapy. In many
cases, they are not sufficient due to persistent scar-related
ailments. The growing percentage of surgical deliveries and
asmall number of scientific studies on the treatment of scars
after CC prompts the development of therapeutic manage-
ment standards. We have obtained interesting results us-
ing a thermal imaging camera to assess scar conditions
after CC. Siah and Childs noted that heat is a sign of sur-
gical wound infection in the wound assessment criteria,
but no diagnostic tool is used in clinical practice to assess
the skin temperature of surgical wounds.?* Observations
made by other authors showed that thermovision is a valu-
able tool in scar management?® and, in our opinion, it has
clinically useful potential in the rehabilitation of cesarean
scars. It is worth noting that postoperative adhesions, al-
though clinically silent, can cause chronic pain and infertil-
ity!%; thus, new methods of scar management are needed.

The results of our research indicate significantly posi-
tive effects of using manual techniques in scar therapy.
They can be used in perinatal care, as well as in broadly
understood surgery, plastic surgery, orthopedics, and trau-
matology, wherever scars are common.

Limitations

Our work presents the results of a preliminary study,
and for this reason, the sample size was not numerous.
It is worth expanding the groups of patients in the fu-
ture studies and checking whether the time elapsed since
the CC affects the influence of therapy over long-time
follow-up. In conducted research, subjective assessment
methods were used, which should be complemented by ob-
jective (quantitative) methods, allowing for a better com-
parison with results obtained by other researchers.

Conclusions

As a result of the manual therapy, the condition of
the scar in the TG significantly improved. The presented
scheme of manual therapy has the potential to be a simple
and effective treatment for women after a CC.
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Abstract

Background. Adrenocortical carcinoma (ACC) affects approx. 2 in 1,000,000 individuals in the USA, and
is more common in females than males. Adrenocortical carcinoma often presents with severe symptoms,
such as abdominal pain, high blood pressure, acne, hair overgrowth, and voice deepening.

Objectives. Research on ACC constitutes a large body of published data. There is an increased need for
easy access to ACC-derived biological material. Moreover, there are limited numbers of human cell lines
available. For this reason, we attempted to differentiate human induced pluripotent stem cells (hiPSCs) into
adrenocortical-like cells to establish a new functional cell line.

Materials and methods. We conducted a long-term differentiation process (35 and 70 days) in the pres-
ence of growth factors (GFs), forskolin and conditioned medium collected from the human adrenal carcinoma
(HAC15) cell line. Then, we analyzed the gene expression profile of the differentiated cells.

Results. The obtained cells possess features characteristic of all 3 primary germ layers. Interestingly, the dif-
ferentiated cells demonstrated an extremely high level of gene expression for those involved in endocrine
processes, namely glycoprotein hormones, alpha polypeptide ((GA), insulin receptor substrate 4 (/R54), and
pancreatic progenitor cell differentiation and proliferation factor-like protein (PPDPFL).

Conclusions. The results of the study indicate that we obtained progenitors derived from endoderm with
some characteristics of pancreatic-like cells. The endodermal derivative differentiation is a very challenging
and complicated process; thus, the results presented in this study deserve closer consideration.

Key words: human induced pluripotent stem cells, endoderm, adrenal cells, forskolin
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Background

Adrenocortical tumors are quite frequent, with an inci-
dence of 3-10% in the population.! These tumors can be
divided into adrenocortical adenoma and adrenocortical
carcinoma (ACC).? Adrenocortical carcinoma is sporadic,
with a reported prevalence of 2 cases per 1,000,000 indi-
viduals/year, and is most frequently diagnosed in women
(55-60% of cases) in their 4" or 5t decade of life.?3
The main substance currently approved for the treatment
of ACC is mitotane (2,4-dichlorodiphenyl)dichloroethane,
1-(2-chlorophenyl)-1-(4-chlorophenyl)-2,2-dichloroeth-
ane), with a recommended therapeutic plasma mitotane
level of 14-20 mg/L (~50 uM).> However, the efficacy
of this drug is limited due to its low pharmacokinetic
properties and dose-limiting toxicity.?

Commercially available ACC human cell lines have
alimited production capacity for mineralocorticoids, glu-
cocorticoids and adrenal androgens. Furthermore, they
show a limited response to angiotensin II (Ang II), adre-
nocorticotropic hormone (ACTH) and potassium ions.
Even so, they play an important role as a screening tool
for cancer therapies.*® Researchers mainly rely on 2 com-
monly used ACC cell lines, namely NCI-H295R and SW-13.
Importantly, both cell lines are characterized by TP53 loss-
of-function alterations.® Conversely to the non-hormone-
producing SW-13 cells, NCI-H295R cells can produce
steroid hormones and retain a gain-of-function Catenin
beta 1 mutation.®” A 3" cell line, the human adrenal car-
cinoma (HACI15), can respond to Ang II, potassium and
ACTH, being the first adrenal cell line capable of such
responses.? Significant advances made in the last few years
have changed the preclinical landscape for ACC. The new
experimental models of ACC cells, namely MUC-1,
CU-ACC1, CU-ACC2, JIL-2266, and TVBE-7, together with
the commonly used NCI-H295R cell line, give research-
ers the instruments that are consistent with the well-de-
fined heterogeneity of this disease and have the potential
to disclose yet unknown patient subtype characteristics.’
In particular, the usefulness of CU-ACC1 and CU-ACC2
cells as models to improve the search for targets and drug
efficacy in the treatment of ACC has been demonstrated.'
Nevertheless, there is a need to establish an ACC cell line
that will show complete hormonal responses, steroido-
genesis and expression of steroid-metabolizing enzymes.!!

Objectives

The objective of this study was to obtain cells that possess
features of adrenal cells using human induced pluripotent
stem cell (hiPSC) differentiation. We aimed to establish
an easily accessible protocol, and for this reason, we relied
on endo- and exogenous additives instead of previously de-
scribed procedures, such as the overexpression of steroido-
genic factor-1 (SF-1).12 Because the cortex of the adrenal
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gland is derived from mesoderm,'* whereas the medulla
is derived from the neural crest and is of ectodermal ori-
gin,* we decided to conduct long-term hiPSC differentia-
tion via embryoid bodies (EBs) with all 3 primary germ
layers for 35 days and 70 days in the presence of forskolin,
growth factors (GFs) and conditioned media collected from
the HACI15 cell line.

Materials and methods
Medium conditioning

A standard culture medium, consisting of Dulbec-
co’s modified Eagle’s medium/Nutrient Mixture F-12
(DMEM/F-12) (Thermo Fisher Scientific, Waltham,
USA), 10% Cosmic Calf Serum (Hyclone; GE Healthcare,
Westborough, USA) and 1% Insulin-Transferrin-Selenium
(ITS) Premix Universal Culture Supplement (Corning Inc.,
Corning, USA), was used for conditioning. The medium
was used for the HAC15 (ATCC® CRL-3301TM; American
Type Cell Culture (ATCC), Manassas, USA) cells. The con-
ditioned medium was collected after 24 h.

Adrenal differential medium

Adrenal media consisted of DMEM/F-12, 10% fetal bo-
vine serum (Biowest, Nuaillé, France), 10 uM of forskolin
(Merck Millipore, Burlington, USA), 1% I'TS Premix Uni-
versal Culture Supplement (Corning Inc.), 50 uM of ascor-
bic acid and 10”7 M of dexamethasone (both from Merck
Millipore), 10 ng/mL epidermal growth factor (EGF) and
10 ng/mL insulin-like growth factor 1 (IGF-1; both from
STEMCELL Technologies, Cologne, Germany). All com-
ponents of the medium were chosen based on previous
adrenal-related literature.!0-20

hiPSC differentiation

We used 2 hiPSC cell lines, namely the purchased
ND41658*H (Coriell Cell Repository, Camden, USA) and
GPCCi001-A, previously described by our group.?! The cell
lines formed EBs that were transferred onto 6-well plates
coated with 0.1% gelatin (Merck Millipore, Darmstadt, Ger-
many). On the 2" day, the media were replaced with a 1:1
ratio of adrenal media and conditioned medium. The cells
were collected 35 and 70 days after differentiation.

Microarray study

The total RNA was isolated from both undifferentiated
and differentiated hiPSC cell lines. The following vari-
ants were obtained: control (GPCCi001-A and ND41658*H
pooled into one) (i), 35 days differentiation (ii) and 70 days
differentiation (iii). The whole procedure of preparing RNA
for hybridization was conducted using the GeneChip™
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WT PLUS Reagent Kit (Affymetrix Inc., Santa Clara,
USA). The complete procedure has been described previ-
ously.?2-26 Briefly, a two-step cDNA synthesis reaction was
carried out with 100 ng of RNA using random primers
extended by the T7 RNA polymerase promoter sequence.
The cRNA was synthesized by the in vitro transcription
for 16 h at 40°C. Then, the cRNA was purified and re-tran-
scribed into cDNA. Next, the cDNA was biotin-labeled and
fragmented using the Affymetrix GeneChip WT Terminal
Labeling and Hybridization kit (Affymetrix Inc.). Biotin-
labeled fragments of cDNA were hybridized using the Af-
fymetrix Human Gene 2.1 ST ArrayStrip (20 h, 48°C), and
the microarrays were stained with the aid of the Affyme-
trix GeneAtlas Fluidics Station (Affymetrix Inc.). Finally,
the array strips were scanned using a GeneAtlas Imag-
ing Station (Thermo Fisher Scientific). The preliminary
analysis of the scanned chips was carried out with the use
of Affymetrix GeneAtlas Operating Software (Affymetrix
Inc.), and the quality of gene expression data was verified
using the software’s quality control criteria.

The obtained CEL files were analyzed using the R sta-
tistical language (R Foundation for Statistical Computing,
Vienna, Austria) and Bioconductor package, including
the selected Bioconductor libraries. The Robust Multi-ar-
ray Average (RMA) normalization algorithm implemented
in the “Affy” library was applied for the normalization,
background correction and calculation of the expres-
sion values of the analyzed genes. A complete gene data
table, including normalized gene expression values,
gene symbols, gene names, and Entrez IDs was prepared
based on the assigned biological annotations taken from
the pd.hugene.2.1.st library. Linear microarray data mod-
els with moderated t statistics included in the “limma”
library were applied for the expression and statistical as-
sessment. The established cutoff criteria were as follows:
the absolute value of expression fold change (FC) >2 and
false discovery rate (FDR) adjusted p < 0.01. Genes fulfill-
ing those criteria were considered differentially expressed
genes (DEGs) and were subjected to further analyses.
The result of such selection was presented as a volcano
plot, showing the total number of up- and downregulated
genes.

Variances were calculated for the entire gene expression
dataset, and the top 1000 genes with the highest variance
were subjected to principal component analysis (PCA).
Principal component analysis of gene expression dataset
was performed and visualized using factoextra library®
with default parameters (n = “auto”, rotation = “none”, cen-
ter = TRUE, scale = TRUE).

The entire set of DEGs was subjected to functional
annotation and clustering using the Database for Anno-
tation, Visualization, and Integrated Discovery (DAVID)
bioinformatics tool.?® All gene IDs of DEGs were uploaded
to DAVID with the use of the RDAVIDWebService Bio-
conductor library,? where they were assigned to relevant
Gene Ontology (GO) terms, with a subsequent selection
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of significantly enriched GO terms from the GO BP FAT
database. The kappa statistics p-values of selected GO
terms were corrected using Benjamini—-Hochberg pro-
cedure, and were described as adjusted p-values. Dif-
ferentially expressed genes from each comparison were
visualized with a heatmap using the ComplexHeatmap
library.3°

Gene set enrichment analysis (GSEA) was carried out
using the clusterProfiler Bioconductor library.3! The anal-
ysis aimed to identify the level of depletion or enrich-
ment in GO terms by calculating normalized enrich-
ment score (NES) with a relevant p-value. Normalized FC
values from all genes were log,-transformed, sorted and
used as an argument for the gseGO function. The gene
set enrichment was performed regarding the “biologi-
cal process” GO category, assuming the minimum size
of each geneSet for analyzing = 100 and Fisher exact p-
value <0.001. Ten ontology groups with the highest en-
richment score (the highest NES value) and 10 groups
with the most depleted enrichment score (the lowest NES
value) were visualized in a bar chart. Enrichment plots
for 5 of the most enriched and 5 of the mostdepleted GO
terms were also presented.

Technical descriptions with raw and normalized data
files were deposited in the Gene Expression Omnibus
(GEO) repository at the National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov/geo/), under
the GEO accession No. GSE150775.

Real-time quantitative polymerase chain
reaction analysis

Real-time quantitative polymerase chain reaction
(qPCR) was carried out using the PrimePCR™ SYBR®
Green Assay (Bio-Rad, Hercules, USA) and the specific
synthesized primers for pancreatic progenitor cell differen-
tiation as well as glycoprotein hormones, alpha polypeptide
(CGA), and insulin receptor substrate 4 (IRS4).

Immunohistochemistry

After 70 days of differentiation, GPCCi001-A cells were
fixed using 4% phosphate-buffered formalin, embedded
in paraffin and sectioned. The samples were then stained
using anti-CGA (ABIN3021817, 1:200) and anti-pancreatic
progenitor cell differentiation and proliferation factor-like
protein (PPDPFL) (NBP2-31818, 1:20) antibodies, accord-
ing to the manufacturer’s instructions.

Results

The 2 hiPSC cell lines undergoing 70-day differentia-
tion changed their morphology during differentiation
in vitro from cells forming colonies of EBs to spindle-like
cells (Fig. 1A,B). Furthermore, they demonstrated active
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proliferation during differentiation. The morphology
of both differentiated hiPSC-derived cell lines was very
similar.

To perform a complete comparison of differentiated
cells and hiPSC transcriptomic profiles, we analyzed
whole genome expression using Affymetrix Human
Gene 2.1 ST ArrayStrips. Principal component analy-
sis (Supplementary Fig. 1A) indicated clear segregation
of cells before and after differentiation. After both 35-day
and 70-day differentiation, there were distinct groups
of hiPSCs visible. Moreover, both differentiation time
points shared 30.7% of upregulated and 27.5% of down-
regulated genes, which corresponds to 47 and 56 genes,
respectively (Supplementary Fig. 1B).

The general profile of whole gene expression in the dif-
ferentiated ND41658*H/GPCCi001-A and undifferen-
tiated groups is shown in a volcano plot (Fig. 2A), with
each dot representing the mean expression level (n = 3)
of a single gene obtained from a microarray normalized
dataset. The selection criteria aimed at determining sig-
nificantly altered gene expression were based on the ab-
solute expression fold difference >2 and an adjusted
p < 0.01. Genes above the cutoff value are differentially
expressed and presented as orange (downregulated genes)
or blue (upregulated genes) dots. Based on these criteria,
62 genes were significantly downregulated, and 100 genes
were upregulated in the differentiated group compared
to the hiPSCs 70 days after differentiation. Ten genes
with the highest and 10 genes with thelowest FC values
are presented in table format displaying the gene symbol,
gene name, FC, and adjusted p-value (Fig. 2B). These genes
were characterized by high FC values, especially for up-
regulated genes (range for upregulated genes: 79.90-5.89,
and for downregulated genes: —5.76—-2.98). This group

A GPCCi001-A

Fig. 1. Two human induced pluripotent stem cell (hiPSC) cell lines: GPCCi001-A

E. Stelcer et al. SCs differentiation: GFs, forskolin, medium

of genes includes glycoprotein hormones, namely CGA
(FC =79.90), IRS4 (FC = 22.31), phosphoenolpyruvate car-
boxykinase 1 (PCK1) (FC = 7.24), synaptotagmin-like 5
(SYTLS) (FC = -5.76), Kelch-like family member 4 (KLHL4)
(FC = -4.56), and gamma-aminobutyric acid type A recep-
tor subunit epsilon (GABRE) (FC = —4.41).

We also compared gene expression profiles of cells after
35 days of differentiation to hiPSCs, and 70 days to 35 days
after differentiation (Supplementary Fig. 2A,B). Interest-
ingly, in 35-day cells, the high expression of CGA, IRS4
and PPDPFL was notable. We found 198 genes significantly
downregulated, and 99 were upregulated in the treated
group compared to the hiPSCs 35 days after differentia-
tion. The 2™ stage of differentiation (day 70 compared
to day 35) resulted in minimal gene expression changes. No
genes were downregulated and 8 genes were upregulated.

A bioinformatic evaluation of transcriptomic modula-
tion was performed using GSEA (Fig. 3). This approach
was based on the full transcriptomic profile analysis, re-
gardless of the predefined cutoff criteria (FC > 2, p < 0.01).
In this method, genes pre-ranked by logarithmic FC values
were employed to determine enrichment (positive NES)
or depletion (negative NES) in the GO-BP database af-
ter hiPSC differentiation. The largest cluster of enriched
or depleted terms was related to “cell GTPase cell-cell
involved”, “histone internal peptidyl-lysine acetylation”,
“hormone-mediated intracellular steroid hormone”, “regu-
lation of mRNA metabolic process” and “anion chloride
transport” (Fig. 3A).

The 70-day differentiation led to the enrichment of genes
involved in the regulation of steroid biosynthetic process
(NES: 2.436), endocrine process (NES: 2.304) and mito-
chondrial adenosine triphosphate (ATP) synthesis coupled
electron transport (NES: 2.328), as well as to the depletion

_Day 35

(A) and ND41658%H (B), were differentiated via embryoid bodies (EBs) for
70 days in the presence of growth factors (GFs): epidermal growth factor (EGF) and insulin-like growth factor 1 (IGF-1), forskolin and conditioned medium
collected from a human adrenal carcinoma (HAC15) cell line. They lost the ability to form colonies and took a spindle-like shape
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A B

Day 70 vs hiPSCs

Gene symbol
CGA
IRS4
PCK1

ADAMTSH
TCEAL7
PPDPFL

ITM2A
SRGN
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Gene name Fold change adj. p.val

glycoprotein hormones, alpha polypeptide 79.90 1.21e-15

insulin receptor substrate 4 2231 4.72e-12
phosphoenolpyruvate carboxykinase 1 7.24 2.62e-07

ADAM metallopeptidase with thr din type 1 motif 1 719 1.04e-06
transcription elongation factor A like 7 6.84 2.79e-07

pancreatic progenitor cell diffi ion and proliferation factor like 6.81 1.96e-06
integral membrane protein 2A 6.11 2.19¢-04

serglycin 6.02 2.62e-07

long intergenic non—protein coding RNA 473 5.90 2.62e-07
uncharacterized LOC100507403 5.89 2.62e-07

GO/G1 switch 2 -2.98 5.11e-03

protocadherin 18 -3.01 2.39e-05

lipase H -3.03 4.15e-04

cyclin dependent kinase inhibitor 2B -3.04 1.27e-05

ETS variant transcription factor 4 -3.09 2.19e-04

tissue factor pathway inhibitor 2 -3.13 6.82e-04

transforming growth factor beta 1 -3.44 4.07e-03
gamma-aminobutyric acid type A receptor subunit epsilon -4.41 1.41e-04
kelch like family member 4 -4.56 2.39e-05

synaptotagmin like 5 -5.76 8.86e-08

Fig. 2. The general profile of whole gene expression in the differentiated ND41658*H/GPCCi001-A and undifferentiated (untreated ND41658*H/
GPCCi001-A) groups is shown in a volcano plot (A), with each dot on the graph corresponding to 1 transcript. Genes above the cutoff value are differentially
expressed and shown as orange (downregulated genes) or blue (upregulated ones) dots. Seventy days after differentiation, 62 genes were significantly
downregulated, and 100 genes were upregulated in the differentiated group compared to the human induced pluripotent stem cells (hiPSCs). Ten genes
with the highest and 10 genes with the lowest fold change (FC) values are presented in tabular format displaying the gene symbol, gene name, FC, and

adjusted p-value (B)

of genes related to, e.g., hormone-mediated signaling path-
way (NES: -2.050), chloride transport (NES: -2.088) and
histone H3-K4 methylation (NES: -2.155), among others
(Fig. 3B).

The GSEA analysis also showed a significant decrease
in the expression of genes closely related to cell-cell junc-
tion organization and intracellular steroid hormone re-
ceptor signaling pathway. These groups are comprised
of genes with very low logFC values, thus their expression
is suppressed during differentiation (Fig. 3C).

The interaction network between genes with the high-
est impact on “endocrine process”, “regulation of steroid
biosynthetic process” and “mitochondrial respiratory chain
complex” is presented in Fig. 3D. The expression of all
presented genes increased after differentiation, suggest-
ing that this process affects the physiological function
of hiPSCs in a hormone-dependent manner.

Then, GO terms were assigned to the DEGs (Fig. 4).
The GO analysis showed that the differentiation of hiPSCs
significantly alters the expression of certain genes that
play an essential role in the regulation of transcription,
DNA-templated (GO: 0006351), regulation of vascular
development (GO: 1901342), regulation of angiogenesis
(GO: 0045765), epithelium development (GO: 0060429),
cell death (GO: 0008219), and blood vessel development
(GO: 0001568). Interestingly, at the differentiation mid-
point (day 35), we observed a large decrease in the ex-
pression of genes involved in response to growth factor
(GO: 0070848), regulation of cell communication (GO:

0010646), circulatory system development (GO: 0072359),
cell migration (GO: 0016477), and blood vessel develop-
ment (GO: 0001568). This suggests that circulatory-like
features are developed in cells after 35 days of differentia-
tion. The comparison between day 70 and day 35 did not
show crucial gene expression changes.

Due to the structure of the GO database, single genes can
often be assigned to many ontological terms. For this reason,
the relationship between genes and GO terms with visual-
ization of logFC values and gene symbols was demonstrated.
To better show all dependencies, the results were compiled
in a heatmap involving gene expression of all groups (day 70
compared to hiPSCs, day 35 compared to hiPSCS and day 70
compared to day 35) (Supplementary Fig. 3).

We also investigated the expression of genes involved
in the 3 primary germ layers and stemness using qPCR
GATA4 (FC = 1.98, p < 0.05) as an endodermal marker,
a-smooth muscle actin (a-SMA) (FC = 0.28, p < 0.001)
and Brachyury as mesodermal markers, Vimentin and
paired box 6 (PAX6) (FC = 0.872, p > 0.05) as ectodermal
markers, as well as CD133 (FC = 0.61, p < 0.05), CD117
(FC=0.989, p >0.05), CD44 (FC = 0.46, p < 0.01), and SRY-
box transcription factor 2 (SOX2) (FC = 0.639, p > 0.05)
as stem and/or cancer cell markers after 70-day differen-
tiation (Supplementary Fig. 4). To confirm or refute our
hypothesis, we have also examined features characteristic
of adrenocortical-like cells. After 70 days of differentia-
tion, the cells did not demonstrate expression of markers
characteristic of adrenal cells such as steroidogenic acute
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Fig. 4. Differentially expressed genes from an investigated group (day 70 compared to human induced pluripotent stem cells (hiPSCs)) were then assigned
to Gene Ontology (GO) terms. The GO analysis showed that differentiation alters the expression of genes that play an essential role in the regulation
of signaling pathways, e.g., regulation of vascular development, regulation of angiogenesis, epithelium development, and blood vessel development.
Halfway through differentiation (day 35), a high decrease in the expression of genes involved in, i.a., response to growth factor, regulation of cell
communication, circulatory system development, cell migration, and blood vessel development was observed
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regulatory protein (STAR), cytochrome P450, family 11,
subfamily A, polypeptide 2 (CYP11A2), or cytochrome
P450 family 11 subfamily B member 2 (CYP11B2) (data
not shown), and based on enzyme-linked immunosorbent
assay (ELISA), they did not secrete the primary hormones
involved in steroidogenesis (aldosterone and cortisol; data
not shown). The most upregulated genes, CGA and IRS4,
were subjected to further qPCR evaluation in both hiPSCs
cell lines separately (Supplementary Fig. 5A,B). The dif-
ferentiated hiPS ND41658*H cells demonstrated elevated
gene expression of CGA (FC = 573.6, p > 0.05) and IRS4
(FC=255.5,p <0.01). In turn, hiPS GPCCi001-A cells were
characterized by increased gene expression levels of CGA
(FC =564, p < 0.05) and IRS4 (FC = 220.2, p < 0.05) after
70 days of differentiation. Based on these data, we con-
firmed the expression of CGA and PPDPFL at the pro-
tein level using immunohistochemistry in the hiPSC
GPCCi001-A cell line, revealing statistical significance
in the case of both CGA and IRS4 gene expression levels
(Supplementary Fig. 5C).

Discussion

Adrenocortical carcinoma research constitutes a large
body of published data, although there is only limited
information available on human cell lines. Therefore,
there is still a strong need to establish a functional ACC
cell line. The main aim of this study was to obtain cells
with features characteristic of adrenal cells via long-term
differentiation in vitro. To verify our hypothesis, 2 hiPSC
cell lines were subjected to differentiation in the pres-
ence of GFs, forskolin and ACC-conditioned medium
(Fig. 1). The gene expression profile of differentiated cells
differs significantly from undifferentiated and partially
differentiated hiPSCs (Supplementary Fig. 1,2). Our find-
ings demonstrated that instead of adrenocortical-like
cells, we obtained cells with some endodermal features.
Below, we discuss our results in the context of the dif-
ferentiation of stem cells (SCs) into endodermal pre-
cursors and adrenocortical-like cells (originating from
mesoderm).

Yazawa et al. revealed that mesenchymal stem cells
(MSCs) can be differentiated into steroidogenic cells by ex-
pressing nuclear receptor 5A subfamily proteins (SF-1 and
liver receptor homolog-1 (LRH-1)) in the presence of cyclic
adenosine monophosphate (cAMP).32 Notably, the authors
highlighted that there is a strong need to establish efficient
protocols for inducing SF-1 and LRH-1 expression in SCs
without gene transfer.3?

Another interesting approach was demonstrated by Li
et al., who differentiated hiPSCs into adrenal cells with
high efficiency toward androgen-producing Leydig cells.??
They used 2 systems, namely MesenCult™-ACF Attach-
ment Substrate-coated plates for generating adrenal cells

E. Stelcer et al. SCs differentiation: GFs, forskolin, medium

and plates coated with Collagen I rat protein solution for
obtaining Leydig cells. These 2 systems involve deriving
mesenchymal progenitors and overexpression of SF-1
in the presence of dibutyryl-cAMP, desert hedgehog and
human chorionic gonadotropin.*

Sonoyama et al. differentiated human embryonic stem
cells (hESCs) and hiPSCs into steroid-producing cells in-
volving the multistep method.!? First, SCs were differenti-
ated into the mesodermal lineage cells with the aid of BIO,
a glycogen synthase kinase-3 beta inhibitor. Then, the me-
sodermal cells were transfected with plasmid DNA which
encodes SF-1. The transfectants were further differenti-
ated under the addition of 8-bromoadenosine 3’,5-cyclic
monophosphate.!?

The aforementioned studies show that the majority
of protocols are based on forced overexpression of SF-1
in SCs. Our aim was to obtain adrenocortical-like cells
without using genetic engineering tools. We focused
on the influence of ACC-conditioned medium and ex-
ogenous addition of adrenal-related factors to the hiPSC-
derived EBs. As a result, the cells acquired spindle-like
morphology after long-term differentiation (Fig. 1) and
were characterized by an altered gene expression profile
(Fig. 2). They did not demonstrate the expression of genes
involved in steroidogenesis (Supplementary Fig. 3) and did
not secrete hormones after stimulation. Based on that,
we can assume that our cells do not possess the features
of adrenocortical cells.

The endodermal cells are challenging to grow in vitro,
while the acquisition of primary tissues is often problem-
atic and ethically questionable, especially from healthy
donors. Consequently, basic research, disease model-
ing and regenerative medicine applications are limited
by the lack of high-quality endodermal cells. Thus, the pro-
duction of endodermal derivatives has been a major focus
in the field of human pluripotent stem cells (hPSCs) for
over 20 years.!®

Organs derived from definitive endoderm, like the pan-
creas, are of great interest. Thus, D’Amour et al. described
the production of enriched cultures of definitive endoderm
derived from hESCs in the presence of activin A and low
serum.?* The transplantation of these cells under the kid-
ney capsule resulted in their further differentiation into
more mature cells with characteristics of endodermal
organs.?*

Moreover, Bogacheva et al. demonstrated the influence
of biomaterial properties on the endodermal differentia-
tion process and the importance of spheroid size con-
trol for successful hiPSC differentiation.> The spheroid
size determines the availability of growth factors as well
as the supply of nutrients and oxygen to all cells. Suspen-
sion culture ensures sufficient mass transfer and thus pro-
vides more effective definitive endoderm differentiation
in the presence of B-27 and activin A than nanofibrillar
cellulose hydrogel-based culture.
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Kopper and Benvenisty differentiated hESC-derived EBs
into endodermal progenitors in the presence of activin A
and fibroblast growth factor-2 (FGF2).3® According them,
once endoderm progenitor cells are isolated from other
cell types and create their niche, they differentiate into
hepatic, bile and colon tissues.?®

Fang and Li described a simplified but highly efficient
procedure to induce hESC-based endoderm differentiation
with crotonate, a precursor of crotonyl-CoA for histone
crotonylation deposition on endodermal genes.?” In this
method, the addition of crotonate in different endodermal
differentiation media significantly improved the differen-
tiation efficiency and substantially diminished the number
of required reagents.?’

A protocol based on the addition of all-trans-retinoic
acid, basic FGF and dibutyryl-cAMP may result in obtain-
ing definitive endoderm from murine ESCs in the absence
of EB formation. Those cells may serve as pancreatic pre-
cursors and display an increased SOX17 and FOXA?2 ex-
pression, consistent with definitive endoderm production.®®

To understand the distinctions between endodermal de-
rivatives and other lineage-specific progenitors, the tran-
scriptomes of 2-day mouse embryonic stem cells (mESCs)
differentiated with bone morphogenetic protein 4 (BMP4),
activin A and CHIR99021 were examined with scRNA-seq.
The analysis revealed an endodermal-specific signature that
is enriched for NODAL and Wingless-INT (WNT) signaling
pathways, as well as metabolism-related gene expression.*

Based on those studies, we believe that our results are
of high scientific quality. Since differentiation toward me-
sodermal lineage was not our primary aim, we did not use
activin A and FGF, which seems to be crucial in endo-
dermal differentiation. On the contrary, the use of ACC-
conditioned medium, forskolin, ascorbic acid, dexametha-
sone, EGF, and IGF-1 resulted in extremely high expression
of genes characteristic for pancreatic-like cells, namely
CGA, IRS4 and PPDPFL (Fig. 2 and Supplementary Fig. 3).
Moreover, we have demonstrated the presence of those
markers at the protein level (Supplementary Fig. 5). Nota-
bly, our results indicate that signaling pathways connected
with the circulatory system originating from mesoderm are
activated in the obtained cells (Fig. 3,4). However, the qPCR
analysis did not confirm higher expression of mesodermal
markers a-SMA and Brachyury (Supplementary Fig. 4), and
thus in this study, we focus on endodermal-like properties,
which are more challenging to induce.

Limitations

We are aware that the results presented in this study
are contrary to the assumed hypothesis. Nevertheless,
we demonstrated comprehensive research, which provides
new knowledge in the fields of cell biology and regenerative
medicine. Apart from that, the in vitro research should be
confirmed through in vivo experiments.
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Conclusions

Herein, we presented an interesting outcome of long-
term hiPSC differentiation in the presence of a condi-
tioned medium collected from human ACCs, forskolin
and other GFs. The gene expression profile revealed that
obtained cells had features of all primary germ layers.
We revealed that the gene expression profile of cells
following 70-day differentiation differs from those
differentiated for 35 days, as well as from undifferenti-
ated hiPSCs. Moreover, we observed the elevated expres-
sion of endodermal markers like GATA Binding Protein 4
(GATA4). In the near future, they may have the potential
to serve as endoderm precursors, such as pancreatic-like
cells. Because the differentiation of SCs into endodermal
derivatives is a challenging task, we believe that the work
presented in our study will contribute to the improvement
in generating specialized hiPSC-derived cells. Those cells
could constitute a promising approach to tissue engineer-
ing in the future.

Supplementary data

The supplementary materials are available at https://
doi.org/10.5281/zenod0.7933236. The package contains
the following files:

Supplementary Fig. 1. PCA (A) indicates clear segrega-
tion of cells before and after differentiation. Cells after
35-day and 70-day differentiation create groups very dis-
tinct from hiPSCs. It is also noticeable that cells at both
differentiation time points share 30.7% of upregulated and
27.5% of downregulated genes (B).

Supplementary Fig. 2. 35 days after differentiation,
198 genes were significantly downregulated and 99 were
upregulated in the treated group compared to the hiPSCs
(A). The 2" stage of differentiation (day 70 compared
to day 35) resulted in barely noticeable gene expression
changes: 0 genes were downregulated and 8 genes were
upregulated (B).

Supplementary Fig. 3. The connection between genes
and GO terms with visualization of logFC values and gene
symbols was demonstrated. To better show all dependen-
cies, those results were compiled in a heatmap involving
gene expression of all compared groups (day 70 compared
to hiPSCs, day 35 compared to hiPSCS and day 70 com-
pared to day 35).

Supplementary Fig. 4. GATA4 (FC = 1.98, p < 0.05)
as an endodermal marker (i), a-SMA (FC = 0.28, p <0.001)
and Brachyury as mesodermal markers (ii), vimentin and
PAX6 (FC = 0.872, p > 0,05) as ectodermal markers (iii),
as well as CD133 (FC = 0.61, p < 0.05), CD117 (FC = 0.989,
p > 0.05), CD44 (FC = 0.46, p < 0.01), SOX2 (FC = 0.639,
p > 0.05) as stem and/or cancer cell markers (iv) after 70-
day differentiation. The median, interquartile range (IQR)
and mean (as diamond) are marked on the plots.
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Supplementary Fig. 5. The most upregulated genes, CGA
and IRS4, were subjected to further qPCR evaluation
in both hiPSC cell lines separately (A,B). The differenti-
ated hiPS ND41658*H cells demonstrated elevated gene
expression as follows: CGA (FC = 573.6, p > 0.05) and IRS4
(FC = 255.5, p < 0.01). The hiPS GPCCi001-A cells after
70-day differentiation were characterized by increased
gene expression levels in the following manner: CGA
(FC =564, p <0.05) and IRS4 (FC = 220.2, p < 0.05). Based
on that, we confirmed the expression of CGA and PPDPFL
at the protein level by immunohistochemistry in the hiPSC
GPCCi001-A cell line (C). The median, interquartile range
(IQR) and mean (as diamond) are marked on the plots.
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Abstract

Several novel drugs for multiple myeloma, including monoclonal and bispecific antibodies, immunomodu-
latory agents, and newer-generation proteasome inhibitors, have been introduced over the last decade.
Based on the results of randomized clinical trials, the drugs have been incorporated into current treatment
recommendations, with the most substantial changes observed in patients under the age of 75. However,
new therapeutic options have been indirectly proposed for patients over 75, despite the lack of conclusive
data from randomized prospective trials. This paper outlines the development of myeloma therapy and sum-
marizes the current treatment recommendations for patients over 75 by systematically reviewing the most
crucial studies involving this group of individuals, with a focus on evaluating treatment safety and efficacy.
Melphalan—prednisone (MP), bortezomib plus MP (VMP), lenalidomide—dexamethasone (Rd), and bort-
ezomib plus Rd (VRd) regimens have evolved over the past few years as therapies of choice for the first-line
treatment of these patients. A breakthrough came with daratumumab, which increased response rates,
extended median progression-free survival (PFS) and overall survival (0S) in the absence of significantly
increased toxicity when added to the above regimens.

Key words: multiple myeloma, elderly, frailty, daratumumab, over 75 years of age
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Background

Multiple myeloma patients over 75 years of age are
an eminently heterogeneous group, ranging from very
frail to relatively fit and independent. Tolerance of on-
cological treatments decreases with age and, as one ages,
the presence of additional burdens, such as comorbidities,
reduced compensatory capacity of internal organs, slower
recovery, lower tolerance to adverse effects, simultaneous
use of multiple drugs, psychomotor limitations, and less
physical activity, develop. For these reasons, potential ther-
apeutic options in this group of patients are limited. In ad-
dition, it is very difficult to predict individual tolerance
to planned treatments. Myeloma-dedicated frailty status
indices, such as the Myeloma Frailty Score, are helpful
in treatment planning. Defining the intensity of treatment
for an elderly myeloma patient should not only depend
on the risk of the disease but also require an assessment
of the mental, social and physical condition, an estima-
tion of the life expectancy of the patient with and without
myeloma, and predicting how the treatment and disease
impact the patient’s quality of life. Therefore, the goal
of therapy in this group of patients is not only to achieve
a profound response and extend time free from disease
progression but also to maintain intellectual and physical
independence. The treatment of the elderly often requires
a third person in terms of availability and organization
of care.l 1

Objectives

This literature review encompasses the available results
of clinical trials published from 1960 to 2022 that involved
patients over 75 years of age. An attempt was made to pro-
pose practical guidelines for clinicians on individualizing
therapy in these patients in order to safely achieve the lon-
gest possible survival time with a preserved quality of life.

Epidemiology

Multiple myeloma accounts for approx. 13% of hema-
tologic malignancies and 2% of all cancers in humans.?~*
Among the most common lymphoid tissue neoplasms,
multiple myeloma is 2" to chronic lymphocytic leuke-
mia,'"3%% and is one of the most common indications for
hospitalization in hematology departments.??

Multiple myeloma incidence increases with age, though
its occurrence rates are influenced by increasing acces-
sibility to a faster and earlier diagnosis.?~>® The highest
incidence rates are observed in Australia and New Zea-
land (age-standardized incidence rates of 37.7/100,000 for
males and 29.4/100,000 for females) and North America
(16.4/100,000 for males and 11.7/100,000 for females),
and the lowest in Asia (0.2/100,000 for both males and
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females in China), while in Europe the incidence rate is
at 4.5-6/100,000. The incidence rate observed in Poland
is similar to the European one: 4.36/100,000, including
4.84 for males and 3.89 for females.®? The median age
at diagnosis is 70 years,!~*? with more than 60% of patients
over 65 and approx. 32-38% over 75 years of age.>” The in-
dications for treating multiple myeloma in elderly patients
are the same as for younger patients. According to the In-
ternational Myeloma Working Group (IMWG) guidelines,
initiating treatment requires that symptomatic multiple
myeloma is diagnosed along with Calcium Renal Anemia
Bone (CRAB) symptoms with a score of 1-4 points, or one
of the following changes are found in laboratory tests (so-
called SLiM-Sixty, Light Chain, magnetic resonance imag-
ing (MRI) criteria: points 5-7)

1. Hypercalcemia: serum calcium =1 mg/dL over
the normal upper limit or >11 mg/dL (sign C);

2. Occurrence of renal failure associated with my-
eloma: creatinine >2 mg/dL or a glomerular filtration rate
(GFR) <40 mL/min (sign R);

3. Anemia defined as a hemoglobin concentration
of 2 g/dL below the normal lower limit or <10 g/dL (sign A);

4. Presence of bone disease in the course of myeloma
(a minimum of 1 osteolytic focus detected by positron
emission tomography (PET) or computed tomography
(CT)) (sign B);

5. The percentage of clonal plasma cells in the bone
marrow 260%;

6. A clonal to non-clonal light chain ratio >100, with
a clonal light chain concentration of at least 100 mg/L;

7. Presence of at least 2 focal lesions on MRI of a mini-
mum of 5 mm.

Treatment of elderly patients

The challenge in choosing the optimal treatment
is to tailor it to the individual biology of the disease and
the patient’s general condition. The first regimen used
to treat multiple myeloma in elderly patients and those
ineligible for an autotransplantation procedure was
the melphalan—prednisone (MP) regimen, which has
been in use since the 1960s.!2 The addition of the first im-
munomodulatory drug, thalidomide, to the MP regimen
(MPT) in 1999 increased progression-free survival (PES)
by approx. 6 months (from 18.5 to 24.1 months), and was
based on a meta-analysis of 5 clinical trials (Table 1)!3-1°
that demonstrated overall survival (OS) to be prolonged
by approx. 15 months.!* However, the improved treatment
results were burdened by more than a 2.5-fold higher rate
of grade 3 and 4 non-hematologic complications, mainly
related to the use of thalidomide (the recommended dose
at the time was as high as 200 mg/day), thromboembolic
complications, peripheral polyneuropathies, lethargy,
and skin lesions.'3*1° The incidence of thromboembolic
events was reduced in the GIMEMA and HOVON 49 trials
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Table 1. Characteristics of registration trials for the melphalan—prednisone-thalidomide and melphalan-prednisone regimens for people aged over

75 years

Characteristics

GIMEMA

Name of the study, reference GIMEMA'®
Country/region [taly
Number of patients 331
Years of recruitment 2002-2005
Age [years] >65
Patients >75 years of age, n (%) 110 (33%)
Advancement, according to Durie-Salmon staging I1, 1Ml
WHO status (ECOG) 0-4
Placebo no
4 mg/m?

Dose of melphalan day 1-4

) 40 mg/m?
Dose of prednisone ooy
Number of cycles/cycle length [weeks] 6/4
Thalidomide [mg/day] 100
Duration of treatment until progression
Shift to MPT from MP no
Median OS MP vs. MPT [months] 47.6 vs. 45
Median PFS MP vs. MPT [months] 145vs.21.8

Study group
IFM-II
HOVON 491 IFM01/01"” NMSG12'"° TMSG'®
The Netherlands, France Northern Europe Turkey
Belgium
333 229 357 114
2002-2007 2002-2006 2002-2007 2006-2009
>65 >75 >65 >55
121 (36%) 227 (99%) 159 (45%) 36 (31%)
b, 11, 1l I, 1ll, and I high-risk [-IIl symptoms [=IIl symptoms
0-3 0-4 0-4 0-2
no yes yes no
0.25 mg/kg 0.20 mg/kg 0.25 mg/kg 9 mg/m?
day 1-5 day 1-4 day 1-4 day 1-4
1 mg/kg 2 mg/kg 100 mg 60 mg/m?
day 1-5 day 1-4 day 1-4 day 1-4
8/4 12/6 up t‘;;?i‘zg/'?eau 8/6
200 100 200-400 100
8 cycles 12 cycles until progression 8 cycles
no no no 18%
31vs.40 29.1 vs. 44 32vs.29 26vs. 28
11vs. 15 24.1 vs. 29 14 vs. 15 N/A

ECOG - Eastern Cooperative Oncology Group; MP — melphalan—prednisone; MPT — melphalan—prednisone—-thalidomide; OS - overall survival;

WHO - World Health Organization; N/A — not applicable.

by acetylsalicylic acid or low-molecular-weight heparin (2%
to 3%) prophylaxis.}37 The IFM 01/01 study confirmed
the safety and efficacy of the MPT regimen in patients
older than 75, showing a prolonged median OS for MPT
(44 months) compared to MP (29.1 months),'*2° and
it has been the recommended regimen in this age group
since 2002.

In view of the relatively high toxicity of the 3-drug
MPT regimen, an attempt was made to compare
the 2-drug MP regimen to the thalidomide with dexa-
methasone (TD) regimen?’-2* in elderly patients (trial
No. NCT00205751). However, OS and PFS were shorter,
despite achieving better responses in the experimen-
tal TD arm (19.8 months and 16.7 months compared
to 41.3 months and 20.7 months for MP). In addition,
the number of complications such as thromboembolic
events, polyneuropathy, fatigue, infections, psychiatric
disorders, and constipation was higher for the TD arm,
mainly in patients over 75, which was probably related
to the high doses of thalidomide and dexamethasone
(the average dose administered was 200 mg/day of tha-
lidomide and 40 mg of dexamethasone for the first
4 days of the cycle). The results indicated that the 3-
drug regimen was more effective in older patients, but
it was at the expense of greater toxicity, so the choice
of the optimal treatment was still an open question.

New opportunities to determine optimal treatment
in the elderly were created in 2005 with the registration
of lenalidomide, a 2"-generation immunomodulatory
drug with less toxicity, especially in polyneuropathy and
thrombotic events. The MM-015 trial, performed in pa-
tients over 65 and ineligible for transplantation, compared
3 regimens, namely MP, melphalan, prednisolone and le-
nalidomide (MPR) and MPR in the induction phase and
maintenance treatment (MPR-R).2>2>26 The induction
phase included 9 cycles of 28 days. The primary study end-
point was achieved, and there was a marked improvement
in median PFS time with the MPR-R regimen (=31 months)
compared to MPR (14 months) and MP (13 months).
The MPR regimen outperformed MP as an induction
regimen in terms of response rate, quality of response and
overall response rate. However, in patients older than 75,
the median time of PFS for MPR-R was 19 months, for
MPR - 12 months, and for MP — 15 months. The failure
to demonstrate better efficacy using MPR in this age group
may have been due to an increased incidence of adverse
effects, particularly hematologic toxicity, which was as-
sociated with a more frequent need for dose modifica-
tions. The most important observation of this study was
that maintenance treatment with lenalidomide (10 mg)
alone, administered on days 1 to 21 over a 28-day cycle,
was associated with improvements in PFS regardless of age
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(median PFS time of 31 months, and 19 months for pa-
tients >75 years old) and an acceptable rate of hematologic
adverse events in the form of asymptomatic cytopenias.

Another attempt aimed at determining the optimal
treatment in elderly patients was made during the EMNO1
trial between 2009 and 2012, which randomized newly
diagnosed myeloma patients aged over 65 to 3 treatment
arms: lenalidomide—dexamethasone (Rd), MPR, and cy-
clophosphamide, lenalidomide and prednisone (CRP).?
The PES time after a 31-month follow-up period was
23 months for Rd, 27 months for MRP and 23 months
for CPR (Rd compared to MPR, p = 0.216; Rd compared
to CPR, p = 0.872; MPR compared to CPR, p = 0.148), while
the PES time in the subgroup of patients older than 75 was
22 months for Rd, 18 months for MPR and 21 months
for CPR (Rd compared to MPR, p = 0.572; Rd compared
to CPR, p = 0.699; MPR compared to CPR, p = 0.914).2°
Adding an alkylating drug (melphalan or cyclophospha-
mide) to the lenalidomide and steroid combination showed
no benefit in terms of PFS time in all patients. In contrast,
the MPR regimen was burdened with a more than 60%
rate of hematologic complications.?®?” The above study
clearly indicated that the 3-drug treatment is recom-
mended for younger patients and that the optimal treat-
ment approach for patients aged >75 years is a 2-drug
regimen, such as lenalidomide plus a steroid. However,
the decision over which type of steroid to use (dexametha-
sone in lower doses (20 mg once a week) or appropriately
dosed prednisone) remained an unresolved issue.26-28

The NCT00098475 study provided important guid-
ance on the treatment of the elderly, and its main goal was
to identify the optimal dose of dexamethasone combined
with lenalidomide. Two 28-day, 2-drug regimens of le-
nalidomide with dexamethasone were compared, with
1 arm receiving high doses of dexamethasone (40 mg for
4 days with 4 days off) and the other receiving 40 mg ev-
ery 7 days. The lenalidomide dosage was 25 mg in both
arms. The study was terminated early due to the signifi-
cant safety advantage of lower doses of dexamethasone.
High doses of dexamethasone yielded higher response
rates for complete remission and had a very good partial
response; however, this did not result in an improved PFS
time. Indeed, the median PFS time for the high dose was
19.1 months (15.7-26.3), while the low dose resulted in PFS
time of 25.3 months (22.3 — not reached, p = 0.026),%° and
there was no correlation between the depth of response
and the length of response. However, the trial was stopped
after 1 year due to the better OS achieved with low-dose
dexamethasone compared to the high dose. Nonetheless,
it should be remembered that in certain cases, such as acute
renal failure due to myeloma nephropathy, myeloma cord
compression or aggressive refractory disease, high-dose
steroids still play an important role in therapy.

Based on the results of the study outlined above,
the Frontline Investigation of Lenalidomide + Dexametha-
sone versus Standard Thalidomide Trial-MM-020/IFM
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07 01 (FIRST) study was designed for patients over 65 years
of age and compared MPT (12 cycles of 42 days), Rd (18 cy-
cles, Rd18) and Rd continuous regimens until disease pro-
gression (Table 2). In the Rd arms, doses of lenalidomide
(25 mg) and dexamethasone (40 mg) were administered
on days 1, 8, 15, and 22. Approximately 1/3 of the study
participants were older than 75 years.?$% After 3 years
of follow-up, the median PFS was 26 months for the Rd
continuous regimen, 21 months for Rd18, and 21.9 months
for MPT. Meanwhile, the median OS time was 59.1 months
for the Rd continuous arm, 62.3 months for Rd18, and
49.1 months for MPT. The highest rate of hematologic
complications was observed with the MPT regimen (45%).%°
The most important achievement of this study was that
it demonstrated the highest efficacy in terms of the number
of achieved responses (overall response rate (ORR) = 75.1%)
and the duration of response in patients older than 75.
As such, the Rd continuous regimen extended the time
to 27 progression or death to 35 months, prolonged PFS
to 26 months, and significantly increased OS to 59 months.
Since publishing the results of the FIRST study, the Rd
continuous regimen has been the recommended treatment
for patients ineligible for autologous transplantation and
the elderly. A significant advantage of this treatment option
is the oral route of drug administration.

Unfortunately, the Rd regimen is not sufficiently effective
in all elderly patients. Therefore, attempts have been made
to determine the role of proteasome inhibitors in treat-
ing this group. Bortezomib was the first effective protea-
some inhibitor and is still recommended for the treatment
of both younger and older patients.! Its main advantage
over lenalidomide is the lack of nephrotoxicity, though
it induces polyneuropathy in some patients, which is not
dose-dependent, as with thalidomide. The VISTA study
compared bortezomib plus MP (VMP) and MP regimens,
with 30% of patients being over 75 years of age.?*-3! Median
PFS was prolonged to approx. 22 months in the VMP arm
compared to 16.6 months in the MP arm (Table 2).28-40
However, better PFS outcomes were burdened by a higher
number of non-hematologic adverse events, mainly pe-
ripheral polyneuropathy. Subsequent studies evaluat-
ing the safety and efficacy of multidrug regimens using
bortezomib for transplant-ineligible patients (VMP and
bortezomib, thalidomide dexamethasone (V'Td)), namely
the GIMEMA BIW, GIMEMA Q7 and GEM2005MAS655
trials (in all studies, patients over 75 years of age ac-
counted for 30%, 26% and 32%, respectively), demonstrated
the same efficacy. The VISTA (21.7 months), GIMEMA
BIW (25.2 months), GIMEMA QW (22.2 months), and
GEM2005MASG65 trials (38 months) reported an increased
median PFS, which was associated with once-weekly bort-
ezomib maintenance treatment for up to 3 years instead
of twice-weekly administration.*® The peripheral neuropa-
thy (grade 3 and 4) incidence in the VISTA study was 13%,
14% in the GIMEMA BIW trial, 7% in the GEM2005M AS65
trial, and 2% in the GIMEMA QW trial.*!



Table 2. Registration trials of currently used treatment regimens

Name

of the study,
year

VISTA,
2008%°

FIRST,
201 4272830

UPFRONT,
20153

SWOG SO7777,
20173

CLARION,
2019%

ALCYONE
201873

MAIA,
2019%

TOURMALINE-
MM?23239

VRd lite,
20143

Regimens used

VMP
9 cycles, 42 days

MP
9 cycles, 42 days

Rd
continuous, 28 days

Rd
18 cycles, 28 days

MPT
12 cycles, 42 days

VD
8 cycles, 21 days

VTd
8 cycles, 21 days

VMP
8 cycles, 21 days; maintenance
with bortezomib IV 1.5 mg/m?,
days 1,8,15,22

VRd
8 cycles, 21 days

Rd
6 cycles, 28 days

KMP
9 cycles, 42 days

VMP
9 cycles, 42 days

DaraVMP
9 cycles, 42 days

VMP
9 cycles, 42 days

Dara-Rd
28-day cycles

Rd
continuous, 28-day cycles

IRd
9 cycles, 28 days

Rd
9 cycles, 28 days

VRd
35 days

Regimen details

bortezomib: 1.3 mg/m? IV; days 1,4, 8, 11, 22, 25, 29, 32 (cycles
1-4); days 1, 8, 22, 29 (cycles 5-9)

melphalan: 9 mg/m? days 1-4
prednisolone: 60 mg/m?; days 1-4; continuous

28-day regimen: lenalidomide: 25 mg; days 1-21
dexamethasone: 40 mg; days 1,8, 15, 22

lenalidomide: 25 mg; days 1-21
dexamethasone: 40 mg; days 1,8, 15, 22

melphalan: 0.25 mg/kg; days 1-4
prednisolone: 2 mg/kg; days 1-4
thalidomide: 200 mg daily

bortezomib: 1.5 mg/m? IV; days 1,4, 8, 11
dexamethasone: 20 mg; days 1,2,4,5,8,9, 11,12 (cycles 1-4);
days 1,2,4,5 (cycles 5-8)

bortezomib: 1.5 mg/m? IV; days 1,4, 8, 11
dexamethasone: 20 mg; days 1,2, 4,5, 8,9, 11,12 (cycles 1-4);
days 1,2,4, 5 (cycles 5-8)
thalidomide: 100 mg; days 1-21

bortezomib: 1.5 mg/m? IV; days 1,4, 8, 11
prednisolone: 60 mg/m? days 1-4
melphalan: 9 mg/m? days 1-4

bortezomib: 1.3 mg/m? IV; days 1,4, 8, 11
lenalidomide: 25 mg; days 1-14
dexamethasone: 20 mg; days 1,2,4,5,8,9,11,12

lenalidomide: 25 mg; days 1-21
dexamethasone: 40 mg; days 1,8, 15, 22

carfilzomib: 20 mg/m? IV on days 1 and 2 in cycle 1,36 mg/m?
IVin others; days 1, 2, 8,9, 22, 23, 29, 30
melphalan: 9 mg/m? days 1-4
prednisolone: 60 mg/m? days 1-4

bortezomib: 1.3 mg/m? SC or IV on days 1,4, 8, 11, 22, 25, 29, 32
(cycles 1-4); days 1, 8, 22, 29 (cycles 5-9)
melphalan: 9 mg/m? days 1-4
prednisolone: 60 mg/m?; days 1-4

daratumumab: 16 mg/kg IV/week in cycle 1; every 3 weeks
until cycle 29, then every 4 weeks
bortezomib: 1.3 mg/m? SC or IV on days 1,4, 8, 11, 22, 25, 29, 32
(cycles 1-4); days 1, 8, 22, 29 (cycles 5-9)
melphalan: 9 mg/m? days 1-4
prednisolone: 60 mg/m? days 1-4

bortezomib: 1.3 mg/m? SC or IV on days 1,4, 8,11, 22, 25, 29, 32
(cycles 1-4); days 1, 8, 22, 29 (cycles 5-9)
melphalan: 9 mg/m? days 1-4
prednisolone: 60 mg/m? days 1-4

daratumumab: 16 mg/kg IV/week (cycles 1 and 2);
every 2 weeks (cycles 3-6); then every 4 weeks
lenalidomide: 25 mg; days 1-21
dexamethasone: 40 mg weekly

lenalidomide: 25 mg; days 1-21
dexamethasone: 40 mg weekly

ixazomib: 4 mg; days 1,8, 15
lenalidomide: 25 mg; days 1-21
dexamethasone: 40 mg; days 1, 8, 15, and 22 (20 mg for
patients >75 years old)

lenalidomide: 25 mg; days 1-21
dexamethasone: 40 mg; days 1, 8, 15, and 22 (20 mg for
patients >75 years old)

bortezomib: 1.3 mg/m? IV; days 1, 8, 15, 22
lenalidomide: 15 mg; days 1-21
dexamethasone: 20 mg; days 1,2, 8,9, 15, 16, 22, 23

Median

progression-free
survival (mPFS)

[months]

26

21

219

14.7

154

43

30

22.3

221

not reached

not reached

353

21.8

35.1

Median
overall
survival (mOS)
[months]

564

43

59.1

62.3

49.1

498

75

64

no data

no data

under
evaluation

under
evaluation

under
evaluation

under
evaluation

no data

no data

not reached

MP — melphalan-prednisone; VMP — bortezomib plus MP; Rd — lenalidomide—dexamethasone; MPT — melphalan—prednisone-thalidomide;

VTd - bortezomib-thalidomide-dexamethasone; VRd — bortezomib plus RD; KMP — carfilzomib—melphalan-prednisone; IV - intravenous;

SC - subcutaneous; VD — bortezomib-dexamethasone; IRd — Ixazomib-lenalidomide—-dexamethasone.
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The UPFRONT trial, dedicated to determining the role
of bortezomib in the treatment of the elderly (half
of the patients were >75 years old), randomized partici-
pants into bortezomib dexamethasone (Vd), VTd and
VMP arms.3! The median PFS time was similar for each
regimen, that being 14.7 months for Vd, 15.4 months for
VTd, and 17.3 months for VMP, with no significant dif-
ferences in the incidence in grade 3 and 4 peripheral poly-
neuropathies in the Vd (24%), VTd (29%) or VMP (21%)
arms.?3% As such, the study indicated the possibility of us-
ing a 2-drug regimen (Vd) in elderly patients, as it provided
the same benefit as 3-drug regimens. However, it should
be noted that it was possible to reduce the incidence
of neurological complications by using bortezomib once
a weelk 29-31142,43

The above studies, similar to those evaluating lenalido-
mide, demonstrated the advantages of 2-drug regimens
in patients over 75 years of age. However, the partners for
lenalidomide and bortezomib were alkylating drugs (mel-
phalan or Endoxan) or the relatively toxic thalidomide
(VTd). In this regard, a key study in the elderly, in which
patients over 75 accounted for 25.5% of participants, was
the US SWOG S0777 trial comparing the bortezomib plus
Rd (VRd) regimen (bortezomib, lenalidomide and dexa-
methasone) to the Rd regimen (lenalidomide and dexa-
methasone).3* Median PFS for patients over 75 treated with
VRd was 39 months, compared to 20 months for those
treated with the Rd regimen (p = 0.0037), while the median
OS time was 63 months (VRd) compared to 31 months (Rd,
p = 0.0250) (Table 2).3* Grade 3 adverse events occurred
in 82% of patients in the VRd arm and in 75% of patients
in the Rd arm. The most common hematologic adverse
events attributed to the treatments were >grade 3 cytope-
nias in all 4 cell lines, and the most common >grade 3 non-
hematologic adverse events were muscle weakness, fatigue,
cardiac disorders, hyperglycemia, thrombosis, embolism,
and diarrhea. As expected, neurological events graded 3
or higher, mainly peripheral polyneuropathy, were more
frequent in the VRd (33%) group than in the Rd group
(11%, p < 0.0001), though there was a balance between
the 2 groups for all other events.

The SWOG 0777 study unequivocally showed improved
PES, OS, depth of response, and response rates using
the VRd regimen while maintaining a relatively compa-
rable safety profile to the Rd regimen.3* In addition, lower
toxicity and additional improvements in survival can
be expected with weekly subcutaneous administration
of bortezomib.*?

The results of the presented studies indicate that
it is possible to safely use a 3-drug regimen in patients
over 75 years of age, as the treatment offers the greatest
benefit, with long OS and relatively well-tolerated drug tox-
icity. The VRd appears to be the safest of the 3-drug regi-
mens. On the other hand, the Rd regimen, in an indirect
comparison with VTd and VMP, provides similar benefits
with less toxicity and is a good alternative in the absence
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of a 3-drug regimen, mainly in the presence of contrain-
dications to bortezomib. However, using the VRd regimen
in the elderly, despite its advantages, is not appropriate for
all patients, primarily due to the risk of developing poly-
neuropathy and causing a decline in quality of life.

An attractive proposal for improving the efficacy
of the 2-drug Rd regimen was the addition of daratu-
mumab, which has a completely different mechanism
of action than the drugs used so far. Daratumumab (D)
is a human monoclonal antibody of the immunoglobulin
(Ig)G1 class and is effective against the cluster of differen-
tiation (CD)38 antigen. After binding to CD38, it strongly
inhibits cell growth and cell adhesion to the microenvi-
ronment and has a direct anti-tumor effect. In addition,
it is highly immunologically active and uses complement-
dependent cytotoxicity (CDC) to induce tumor cell lysis
and tumor cell death through an effector function me-
diated, for example, by natural killer (NK) cells, which
itactivates by cross-binding with the Fc receptor (ADCC).
Moreover, daratumumab induced antibody-dependent cel-
lular phagocytosis (ADCP), in which macrophages play
a major role. In addition, it exhibits immunomodulatory
properties by increasing the levels of CD4* and CD8*
T cells in the blood and bone marrow. The antibody also
reduces the number of regulatory T cells (CD38+Tregs),
B cells (CD38+Bregs) and myeloid-derived suppressor cells
(CD38+MDSCs).

The comparison of the randomized MAIA Rd with
the D-Rd trial, in which 43.2% of patients were over
75 years old, was crucial for results concerning older
people. The median PFS time was not reached in the ex-
perimental arm after a 56-month follow-up, but it was
reached in the control group after 34.4 months,36:42:4
Furthermore, the proportion of patients who had a com-
plete response, or better, an almost doubled response,
and negative or minimal residual disease was more than
3 times higher for the daratumumab group than the con-
trol group.3¢*4-% However, reporting of grade 3 and 4
adverse events was more frequent in the daratumumab
arm and included neutropenia (54% compared to 37%),
pneumonia (19% compared to 11%) and lymphopenia (16%
compared to 11%). Furthermore, treatment-related deaths
were slightly higher in the daratumumab arm (4%) than
in the control group (3%), and no new complications were
observed.36:45-49

An alternative partner to dexamethasone, instead of Rd,
is the MPV regimen, which was used in the ALCYONE
trial comparing daratumumab plus VMP (D-VMP)
to VMP (29.9% were patients older than 75 years).3”38:46-48
As expected, PFS analyses showed consistent superior-
ity of D-VMP over VMP across all subgroups, which in-
cluded those over 75 years of age and prognostic factors
(stage IIL ISS disease, renal failure or high-risk cytogenetic
profile). Additionally, as in the MAIA trial, they did not
reach the median PFS, but the PES of 18.1 months was re-
ported for the control group (values similar to the FIRST
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trial).228:36.50 Grade 3 and 4 hematologic complications
included neutropenia (39.9% of D-VMP patients compared
to 38.7% of control patients), anemia (15.9% of D-VMP
patients compared to 19.8% of control patients) and throm-
bocytopenia (34.4% of D-VMP patients compared to 37.6%
of control patients). In addition, the percentage of grade 3
and 4 infections was higher in the D-VMP group (23.1%)
than in the control group (14.7%). The most frequent
grade 3 or 4 infection was pneumonia, which occurred
more often in the D-VMP group (11.3%) than in the control
group (4.0%), while peripheral polyneuropathy was more
common in the control group (34.2% compared to 28.3%),
with grade 3 and 4 infections occurring at 4% for the VMP
and 1.4% for the D-VMP groups. Of course, it is important
to keep in mind the adverse events associated with daratu-
mumab administration, of which grades 1 and 2 affected
1in 4 patients, and grades 3 and 4 occurred in 4.9% of pa-
tients. However, the number and quality of daratumumab-
related events have been effectively minimized, with the in-
troduction of a subcutaneous form. The efficacy and safety
of a fixed dose (1800 mg) of subcutaneous daratumumab
were demonstrated in the PLEIADES trial, in which all
events associated with subcutaneous daratumumab ad-
ministration accounted for 7.5% (15/199), with 1 case in-
volving grade 3 and the rest grade 1 or 2.5! Furthermore,
no drug-related events were reported with the 2" admin-
istration, and only 3 grade 1 and 2 cases (1.5%; 3/199) were
reported in subsequent administrations.

Overall toxicity did not increase when using daratu-
mumab in combination with VMP. Except for respiratory
tract infections (3 times more common in the daratu-
mumab group), there was a balance between the dara-
tumumab and control groups in terms of adverse events,
although peripheral sensory neuropathy rates were lower
in the daratumumab group. In addition, in the ALCYONE
trial evaluating patients’ quality of life, both arms showed
early and sustained improvements in health-related quality
of life (HRQoL), function and reduced disease symptoms.*’

Both D-Rd and D-VMP regimens can be used in pa-
tients over 75 years of age, but due to toxicity, the D-Rd
regimen is the safer and more convenient form of treat-
ment. A study comparing the D-Rd regimen with VRD
lite is currently being planned, the results of which may
change the sequence of recommended regimens (study
No. NCT05561387).

Carfilzomib is a novel selective and irreversible pro-
teasome inhibitor recommended for refractory multiple
myeloma and/or relapse. A phase I/II trial for a first-line
treatment of patients over 65 years of age, combining
carfilzomib with melphalan and prednisone (KMP) re-
ported a PFS of 21 months and a response rate of 90%.
The study formed the basis for the Phase 3 CLARION trial,
which directly compared VMP and KMP arms. The study
included 31.3% of patients over 75 years of age and con-
firmed the safety of carfilzomib as first-line treatment,
primarily in terms of polyneuropathy incidence (incidence
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of minimum grade 2 polyneuropathy was 2.5% in the KMP
arm and 35.1% in the VMP arm), but showed no statistical
differences in PFS time (22.3 months for KMP compared
to 22.1 months for VMP).%> In contrast, the ENDURANCE
trial compared VRd to carfizomib, lenalidomide and dexa-
methasone (KRd). The study included 32% of patients over
70 years of age and showed no increase in PFS time after
carfilzomib treatment. The regimen was more toxic in this
group of patients.”

Ixazomib is an oral proteasome inhibitor (like 2"d-
generation carfilzomib) that was studied in the first-line
treatment of transplant-ineligible patients (those over
75 years of age accounted for 43.5%). The TOURMA-
LINE-MM2 study compared ixazomib in combination
with Rd to Rd alone, and the results suggested a clinically
significant PFS benefit for this group of patients, with
a median PFS in the ixazomib arm of 27.9 months and
20.5 months for Rd, and a hazard ratio (HR) of 0.87, but
this was not statistically significant.?* The PFS benefit
of ixazomib-Rd was observed primarily in patients with
renal failure, high-risk cytogenetics and grade 3 injury
severity score (ISS). Furthermore, the toxicity profile was
acceptable but markedly higher in the ixazomib group,
though it did not reduce the patient’s quality of life, with
rash and diarrhea grade 3 and above being more com-
mon in the investigational regimen group. The ixazomib
regimen in combination with Rd may be considered in pa-
tients who can only take oral medications, are high-risk,
or those with renal failure.

Studies evaluating the safety and efficacy of regimens
combining lenalidomide and dexamethasone with ixa-
zomib, elotuzumab, isatuximab, bispecific antibodies,
or chimeric antigen receptor (CAR)-T therapy for first-
line treatment are currently underway, and some studies
may include patients aged over 75.

The results of the CAR-T therapies, namely idecabtagene
vicleucel (ide-target) and ciltacabtagene autoleucel (cilta-
cel), both targeting the myeloma B-cell maturation antigen
(BCMA), are eagerly awaited. Both therapies are undergo-
ing intensive first-line trials in transplant-ineligible pa-
tients, such as CARTITUDE 5. However, patients over 80
are not included in the study (NCT04923893). Bispecific
antibodies, on the other hand, are most often administered
subcutaneously cyclically (every 1-4 weeks) and do not
require time-consuming production for each patient. For
this antibody (bispecific antibodies), one target is CD3
on T cells, and the other is an antigen found on myeloma
cells such as BCMA (teclistamab, elranatamab, linvosel-
tamab), GPRC5D (talquetamab) and FcRH5 (cevostamab).
Importantly, the trials on teclistamab and elranatamab
(EudraCT No. 2021-000803-20) for non-transplant pa-
tients as first-line treatment have recently been started,
with no age limit.>® The most serious complications of both
therapies are infectious complications accompanied
by hypogammaglobulinemia, cytokine release syndrome
(CRS) and neurological disorders (ICONS). From the data
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obtained so far, the percentage of grade 3 and 4 complica-
tions is acceptable.

Patients over 75 have the highest mortality rate, which
did not significantly improved in the analysis up to 2012.5*
Factors that increase the risk of death, along with early
death (up to 12 months after the diagnosis of the disease),
include limited function according to the Eastern Coop-
erative Oncology Group (ECOG) status,>*~57 advanced
disease (ISS 3), and comorbidities such as cardiovascular
diseases, including hypertension and chronic kidney dis-
ease.>8-60In a retrospective meta-analysis of 4 randomized
trials, it was shown that patients older than 75 have an in-
creased risk of death (HR: 1.44, 95% confidence interval
(95% CI): 1.20-1.72, p < 0.001).** Additionally, the aggres-
siveness of the therapy contributes to this state of affairs.
Indeed, there was a 3.02-fold increase in patients receiving
VTd/bortezomib—melphalan—prednisone—thalidomide
(VMPT), a 1.62-fold increase in patients receiving VMP,
and a slight increase in those receiving MP/MPT.20:21:4L50.61

Conclusions

The treatment of multiple myeloma patients, includ-
ing elderly patients over 75 years of age, has undergone
significant changes over the past 20 years. The MPT regi-
men based on the FIRST trial, which was groundbreaking
in the early 2000s, has been replaced by the Rd regimen.
The VRd 3-drug regimen, its “light” version in particular,
has been considered an equally interesting option. How-
ever, based on the ALCYONE and MAIA trials, the D-Rd
regimen is the most effective and safest treatment option.

The Rd regimen with ixazomib did not show a significant
benefit over Rd in patients over 75, although it is an attractive
treatment option due to its complete ambulatory nature (all
drugs are administered orally). In contrast, there are no data
on the use of the Rd regimen with carfilzomib as a first-line
therapy in patients over 75, as the ENDURANCE trial only
included patients between the ages of 70 and 75. The only
available treatment recommendations for patients over 75
are those by the National Comprehensive Cancer Network
(NCCN). The NCCN panel does not recommend separate
treatment for patients over 75 years of age; however, for frail
patients, the VRD lite regimen is recommended.

Therapeutic decisions should be made after assessing
the risk of the disease, the severity of CRAB symptoms, espe-
cially renal failure, and other comorbidities, as well as the pa-
tient’s situation (place of residence, commuting, availability
of care by a third person, for example). The treatment of re-
nal failure patients who do not yet need renal replacement
therapy may be a challenge, though VTd can be considered
for this group. The VTd regimen may also be appropriate for
patients at high risk of thromboembolism. Switching from
lenalidomide to melphalan can be considered (VMP regimen
based on the UPFRONT and CLARION trials).

A. Tyczynska, J. Zaucha. Heterogeneous group: Various options

Regimens with bortezomib are recommended for pa-
tients with high cytogenetic or thromboembolic risks,
those with renal failure, and those with a contraindica-
tion to anticoagulants. The neurotoxicity of bortezomib
can be reduced without affecting OS if administered once
a week.38°062 On the other hand, lenalidomide is indicated
for patients with pre-existing polyneuropathy.

Undoubtedly, patients over 75 constitute a minority
in clinical trials, and those over 80 are often ineligible
for trials. Therefore, the access to clinical data collected
by treatment centers is also important to build real treat-
ment guidelines for this group of patients.

Given that age alone increases the risk of death in el-
derly patients, deciding on the type of therapy remains
a challenge and requires further follow-up and prospec-
tive analyses.
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