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Spostovane kolegice in spoStovani kolegi,
drage prijateljice in dragi prijatelji,

v veliko veselje in ¢ast mi je, da vas lahko v imenu Programsko-
organizacijskega odbora povabim na 7. slovenski endokrinoloSki kongres
z mednarodno udelezho, ki bo potekal na Bledu med 20. in 22. oktobrom
2022. Veselim se, da se bomo lahko ponovno srecali, izmenjali izkudnje in
se seznanili z najnovejSimi dognanji na podro¢ju odrasle in pediatricne
endokrinologije, diabetologije in tirologije.

Pripravili smo razgiban in aktualen strokovni program. Ze uvod v &etrtek
bo udaren in ga nikakor ne smete zamuditi, saj se bomo dotaknili vetnega
vprasanja o reverzibilnosti sladkorne bolezni tipa 2. V nadaljevanju bomo
analizirali pristop k obravnavi akromegalije, pediatri pa nam bodo predstavili
obete genskega zdravljenja. Petkov strokovni program prinasa obravnavo
funkcionalnega hipogonadizma in reproduktivne endokrinologije, prikaz
napredka v presejanju na diabeti¢no nogo, osvetlitev 80 let zdravljenja z
radiojodom in vpogled v hiter razvoj na podrocju sodobnih tehnologij pri
zdravljenju sladkorne bolezni. Drugi dan kongresa bomo zakljucili z vse
bolj pereCo problematiko karcinoma pankreasa v povezavi z debelostjo
in sladkorno boleznijo. Sobotno dopoldne pa bo namenjeno kortizolu in
predstavitvi prostih tem. Vse dni kongresa bodo popestrila zelo zanimiva
satelitska predavanja nasSih sponzorjev.

In nenazadnje - dovolj ¢asa bo tudi za druZenje in sprostitev. Ce &esa, nas je
¢as pandemije naucil, kakSna vrednota so soljudje, tudi kot ve¢no ogledalo
nas samih.

Se kmalu vidimo na Bledu!

Ales Skvarca

Sl——
Predsednik Zdruzenja endokrinologov Slovenije
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Dear colleagues,
dear friends,

it is my great pleasure and honour to invite you on behalf of the Program
and Organizing Committee to the 7t Slovenian Congress of Endocrinology,
which will take place in Bled between October 20th and 22nd, 2022. |
look forward to meeting you again, exchanging experiences and getting
acquainted with the latest findings in the field of adult and paediatric
endocrinology, diabetology and thyroidology.

We have prepared a varied and up-to-date scientific program. The
introduction on Thursday will be a hit and should not be missed, as
we will touch upon the eternal question of the reversibility of type 2
diabetes. In the following, we will analyze the approach to the acromegaly
treatment, and paediatricians will present the prospects of gene therapy.
Friday’s scientific program brings a discussion of functional hypogonadism,
reproductive endocrinology and progress in diabetic foot screening. We will
highlight 80 years of radioiodine treatment and give an insight into the rapid
development of modern technologies in the treatment of diabetes. We will
close the second day of the congress with the critical issue of pancreatic
carcinoma related to obesity and diabetes. Saturday morning will be
dedicated to cortisol and oral presentations. All three days of the congress
will be enriched by the interesting satellite symposia of our sponsors.

And last but not least - there will also be enough time to socialize and relax.
If anything, the time of the pandemic has taught us the value of fellow
human beings, also as an eternal mirror of ourselves.

See you soon in Bled!

AlesS Skvarca

N——

President of Slovenian Endocrine Society
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MAHKOTOVO PRIZNANJE 2022
Prof. dr. Giril Krzisnik

Slovenska pediatri¢na endokrinologija je pogumno stopila na samostojno pot
v zgodnjih Sestdesetih letih po vrnitvi prof. dr. Leva Matajca z izobraZevanja
v Parizu. Prof. dr. Ciril KrZisnik se je tej samostojni poti pridruZil zelo kmalu in
jo skoraj od zacetka soustvarjal. Z izobraZevanj v tujini je postopno prinasal
nove ideje, strokovna dognanja in inovativne pristope k obravnavi pediatri¢ne
populacije. Ob vse vecji prepoznavnosti Slovenije kot strokovne entitete na
podrocju pediatri¢ne endokrinologije mu je uspelo leta 1989 na Bled pripeljati
letni svetovni kongres International Society for Pediatric and Adolescent
Diabetes (ISPAD, takrat Se ISGD), kar je Slovenijo postavilo na mednarodni
zemljevid pediatri¢ne endokrinologije.

Na podrocju zdravljenja z rastnim hormonom je bila Ljubljana med prvimi
partnerji v projektu zhiranja CloveSkih kadavrskih hipofiz, iz katerih so potem
v ZdruZenih drZzavah Amerike ekstrahirali rastni hormon, katerega del se je
kot zdravilo vrnil na naSo ustanovo. Po uvedhi rekombinantnerga rastnega
hormona pa je Ljubljana postala center za sledenje ucinkov zdravljenja v
okviru ve¢ mednarodnih sledilnih raziskav. Prof. dr. Ciril KrZiSnik je kot prvi v
Srednji Evropi zdravil otroka z Laronovim sindromom, sodeloval pa je tudi pri
uvajanju prvega presejalnega testiranja novorojenckov, ki ga je pokojni prof.
dr. Varl takrat lociral v okvir tirologije.

Osamosvajitev Slovenije je prinesla Stevilne nove strokovne moznosti. Prof. dr.
KrziSnik je usmeril Oddelek za endokrinologijo, diabetes in bolezni presnove
Pediatricne klinike na pot mednarodne uveljavitve in mladim, ki smo se mu na
tej poti pridruZili, omogocil izobrazevanja v najbolj prestiznih tujih ustanovah.
Omogocil je tudi zacetek sistematicnega raziskovalnega dela, ki je bilo do
njegovega vodstva na Pediatricni kliniki pogosto potisnjeno v ozadje. Ohranil
je svoje strokovno zanimanje za bolezni hipofize in s kolegom s Hrvaske
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opredelil ve¢jo skupino bolnikov z druZinskim panhipopituitarizmom. V
sodelovanju z laboratorijem prof. Parksa iz Atlante je opredilil mutacije v genu
PROP-1, kar je v devetdesetih letih pomenilo strokovni vrh v endokrinologiji.
Vodil je raziskovalne projekte na podrocjih tirologije in genetike kongenitalne
adrenalne hiperplazije, kjer je Ljubljana dobro desetletje v sodelovanju s prof.
dr. Vito DolZan predstavljala regionalni center za genetske analize te bolezni
v okviru Srednjeevropskega zdruZenja za pediatritno endokrinologijo. S kolegi
je vodil nacionalne registre redkih bolezni in tudi s tem uvrscal Slovenijo med
drZave z urejenimi podatki o redkih boleznih, ki so nas uvrscali v Stevilne zelo
odmevne mednarodne publikacije.

Vse te dolgoletne strokovne in raziskovalne aktivnosti so omogocile, da je
European Society for Pediatric Endocrinology, nase najvecje mednarodno
strokovno zdruZenje, prof. dr. KrZisnika izvolilo za svojega predsednika in s
tem tudi za organizatorja 42. letnega kongresa v Ljubljani leta 2003. To je bil
resnicni praznik endokrinologije s preko 2500 udeleZenci z vsega sveta. Sloves
ljubljanske in slovenske pediatri¢ne endokrinologje in s tem endokrinologije
nasploh se je, ob socasnih vidnih uspehih kolegov endokrinologov internistov,
tako dejansko razsiril na vse najbolj imenitne naslove po svetu.

Prof. dr. Ciril KrziSnik je iz strokovne megle avtoritarne medicine razvil na
dokazih temeljeo pediatritno endokrinologijo in jo utrdil v strokovnem,
raziskovalnem in organizacijskem pogledu. Z mentoriranjem in stalnim
spodbujanjem mlajSih kolegov pa je ustvaril generacije univerzitetnih
uciteljev, ki v novi stavhi Pediatricne klinike, zrasle pod njegovim vodstvom, z
veseljem nadaljujemo njegovo delo.

Prof. dr. Tadej Battelino
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Cetrtek, 20. oktober 2022

12.00

13.30-14.30

15.00-16.00

16.00-17.00

17.00-17.30

17.30-18.00

18.00-18.30

18.30-19.30

19.30-20.00

20.30-21.30

SKLOP 1

SKLOP 2

SATELIT 1

Registracija in odprtje razstave

Kosilo

Reverzibilnost sladkorne bolezni tipa 2 -
ali je sploh mogoca?
Moderator: DraZzenka Pongrac Barlovi¢
« Funkcionalne spremembe v beta celicah med
razvojem in remisijo sladkorne bolezni tipa 2
(Andraz Stozer)
» Weight loss and type 2 diabetes remission:
lessons learned? (Michael Lean)

Akromegalija - Stevilke ali stol?
Moderator: UrSa KSela

« Stevilke (Tomaz Kocjan)
« Stol (Mojca Jensterle Sever)

Srebrni sponzor (Pfizer)

Odmor

OTVORITEV KONGRESA

SKLOP 3

SATELIT 2

Mahkotovo priznanje

Obeti genskega zdravljenja
Moderator: Mojca Zerjav Tansek

« Genetika nizke rasti (Jasna Suput Omladi¢)

« Nove oblike zdravljenja ahondroplazije (Primoz Kotnik)
« Gensko zdravljenje presnovnih bolezni (Urh Groselj)
Zlati sponzor (Abbott)

Vecerja
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Petek, 21. oktober 2022

08.30-09.00

09.00-10.00

10.00-10.30

11.00-11.30

11.30-12.30

12.30-13.30

SATELIT 3

SKLOP 4

SKLOP 5

SKLOP 6

SKLOP 7

Srebrni sponzor (Gedeon Richter)

Funkcionalni hipogonadizem:
hujSanje ali testosteron?

Moderator: Nadan Gregori¢

+ HujSanje (Matej Rakusa)
« Testosteron (Kristina Groti Antonic)

Presejanje na diabeticno nogo: vceraj, danes, jutri
Moderator: AleS Praznikar

« Presejalni test od leta 1996 do leta 2022:
sporocila iz podatkovne baze (Vilma Urbancic Rovan)
« Optimizacija presejanja s pomocjo napovednih
modelov (Iztok Stotl)

Oodmor

80 let zdravljenja z radiojodom
Moderator: Katica Bajuk Studen

« Privzem radiojoda (Katja Zaletel)

« Zdravljenje z radiojodom (Edvard Pirnat)

« Radiojod in S€itnicna orbitopatija (Polona Jaki Mekjavic)
« Radiojod pri mladostnikih (Simona Gaberscek)

Sodobne tehnologije pri zdravljenju sladkorne
bolezni

Moderatorja: Tadej Battelino,
Ales Skvaréa

« Glikemija in kakovost zivljenja z uporabo zaprte
zanke pri mladih (NataSa Bratina)

« Sodobne tehnologije pri zdravljenju sladkorne bolezni
in telesna dejavnost (Klemen Dov¢)

« Uporaba sodobnih tehnologij v ¢asu nosecnosti
(Drazenka Pongrac Barlovi¢)
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13.30-14.00 SATELIT &

14.00-15.00

15.00-16.00 SKLOP 8

16.00-16.30 SATELIT 5

16.30-17.00

17.00-18.00 SKLOP 9

18.00-19.00 SATELIT 6

19.30-21.00

Zlati sponzor (Novo Nordisk)
Kosilo

Reproduktivna endokrinologija
Moderator: Mojca Jensterle Sever

+ Vloga GLP-1 v reproduktivnem zdravju Zensk
(Vesna Salamun)

+ Vloga GLP-1 v reproduktivnem zdravju moskih
(Nadan Gregoric)

« Interdisciplinarno obravnavanje neplodnosti:
endokrinolog in reproduktivni ginekolog
(Eda Vrtacnik Bokal)

Srebrni sponzor (Novartis)
Odmor

Karcinom pankreasa, debelost in sladkorna
bolezen

Moderator: Andrej Janez
« Karcinom pankreasa - podatki iz Slovenskega
registra raka (Vesna Zadnik)
« Nevarnostni dejavniki, ocena ogroZenosti in

presejanje bolj ogrozenih za raka trebusne slinavke

(Mateja Krajc)
Generalni sponzor (Boehringer Ingelheim)

Vecerja
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Sobota, 22. oktober 2022

09.00-09.30

09.30-11.00

11.00-11.30

11.30-12.30

12.30-13.00

13.00-13.30

13.30-14.30

SATELIT 7

SKLOP 10

SKLOP 11

SATELIT 8

Srebrni sponzor (Eli Lilly)

Proste teme

Moderatorji: Simona Gaberscek,
Mojca Jensterle Sever,
Andrej Zavratnik,
Primoz Kotnik

Odmor

Kako zdravimo blag presezek kortizola?
Moderator: TomazZ Kocjan

« Kirursko zdravljenje (Antonela Sabati Rajic)

« Konzervativno zdravljenje
(Katarina Mleku$ Kozamernik)

Srebrni sponzor (AstraZeneca)

ZAKLJUCEK KONGRESA

Kosilo
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Thursday, October 20", 2022

12.00

13.30-14.30

15.00-16.00

16.00-17.00

17.00-17.30

17.30-18.00

18.00-18.30

18.30-19.30

19.30-20.00

20.30-21.30

SESSION 1

SESSION 2

Registration and Exhibition Opening
Lunch

Reversibility of type 2 diabetes - is it real?
Chairperson: DraZenka Pongrac Barlovi¢

« Functional beta-cell changes between development
and remission of type 2 diabetes (Andraz Stozer)

« Weight loss and type 2 diabetes remission:
lessons learned? (Michael Lean)

Acromegaly - The numbers or the chair?
Chairperson: Ursa Ksela

« The numbers (Tomaz Kocjan)
« The chair (Mojca Jensterle Sever)

SATELLITE SYMPOSIUM 1

Silver sponsor (Pfizer)

Coffee break

CONGRESS OPENING

SESSION 2

Mahkota’s Award

Prospects for gene therapy
Chairperson: Mojca Zerjav Tan3ek
« Genetics of short stature (Jasna Suput Omladic)

« Novel treatments in achondroplasia (PrimoZ Kotnik)
« Gene therapy of metabolic diseases (Urh Groselj)

SATELLITE SYMPOSIUM 2

Golden sponsor (Abbott)
Dinner
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Friday, October 21%, 2022

08.30-09.00 SATELLITE SYMPOSIUM 1

09.00-10.00

10.00-10.30

11.00-11.30

11.30-12.30

12.30-13.30

Silver sponsor (Gedeon Richter)

SESSION 4 Functional hypogonadism: weight loss

SESSION 5

SESSION 6

SESSION 7

or testosterone?
Chairperson: Nadan Gregoric

« Weight loss (Matej Rakusa)
« Testosterone (Kristina Groti Antonic)

Diabetic foot screening: yesterday, today, tomorrow
Chairperson: Ales Praznikar

« Screening test from 1996 to 2022: messages
from the database (Vilma Urbancic Rovan)

« Screening optimization using predictive models
(Iztok Stotl)

Coffee break

80 years of radioiodine treatment
Chairperson: Katica Bajuk Studen

« Radioiodine uptake (Katja Zaletel)

« Radioiodine treatment (Edvard Pirnat)

« Radioiodine and Graves’ orbitopathy (Polona Jaki Mekjavic)
« Radioiodine in adolescents (Simona Gaberscek)

Modern technologies in the treatment of diabetes

Chairpersons: Tadej Battelino
Ales Skvarca

« Glycemic control and quality of life with closed-loop
use in youth (Natasa Bratina)

« Modern technologies in the treatment of diabetes
and physical activity (Klemen Dovc)

« Use of modern technologies during pregnancy
(Drazenka Pongrac Barlovic)
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13.30-14.00 SATELLITE SYMPOSIUM 4

14.00-15.00

15.00-16.00

16.00-16.30

16.30-17.00

17.00-18.00

18.00-19.00

19.30-21.00

SESSION 8

Golden sponsor (Novo Nordisk)

Lunch

Reproductive endocrinology
Chairperson: Mojca Jensterle Sever

« The role of GLP-1 in women’s reproductive health
(Vesna Salamun)

« The role of GLP-1 in men’s reproductive health
(Nadan Gregoric)

« Interdisciplinary management of infertility:
endocrinologist and reproductive gynaecologist
(Eda Vrtacnik Bokal)

SATELLITE SYMPOSIUM 5

SESSION 9

Silver sponsor (Novartis)

Coffee break

Pancreatic cancer, obesity and
diabetes mellitus

Chairperson: Andrej Janez

« Pancreatic cancer - data from the Cancer
Registry of Republic of Slovenia (Vesna Zadnik)
« Pancreatic cancer: risk factors, risk assessment

and screening of high-risk individuals (Mateja Krajc)

SATELLITE SYMPOSIUM 6

Platinum sponsor (Boehringer Ingelheim)

Dinner

22

Saturday, October 22", 2022

09.00-09.30 SATELLITE SYMPOSIUM 7

09.30-11.00

11.00-11.30

11.30-12.30

12.30-13.00

13.00-13.30

13.30-14.30

Silver sponsor (Eli Lilly)

SESSION 10  Oral presentations

Chairpersons: Simona Gaberscek,
Mojca Jensterle Sever,
Andrej Zavratnik,
Primoz Kotnik

Coffee break

SESSION11 How do we treat mild autonomous cortisol
excess?

Chairperson: Tomaz Kocjan

« Surgical treatment (Antonela Sabati Rajic)
« Conservative treatment
(Katarina Mlekus Kozamernik)

SATELLITE SYMPOSIUM 8
Silver sponsor (AstraZeneca)

CONCLUSION

Lunch
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FUNCTIONAL CHANGES IN BETA CELLS
DURING DEVELOPMENT AND REMISSION
OF TYPE 2 DIABETES

Masa Skelin Klemen?, Jan Kopecky?, Eva Paradiz Leitgeb?,
Jasmina Kerémar?, Lidija Krizanci¢ Bombek?,
Viljem Pohorec?, Ismael Valladolid-Acebes 3,
Andraz Stozer *2**, Jurij DolenSek *>*

!Institute of Physiology, Faculty of Medicine,
University of Maribor, Maribor, Slovenia

2 Faculty of Natural Sciences and Mathematics,
University of Maribor, Maribor, Slovenia

3 Karolinska Institutet, Karolinska University Hospital,
Solna, Sweden

*andraz.stozer@um.si, *jurij.dolensek@um.si

Introduction

Diet-induced obesity (DIO) mouse models are a common and valuable
research tool in studying pathophysiology of type 2 diabetes mellitus (T2D).
Currently used animal models (e.g., high fat diet, high fat high sucrose)
have some inherent methodological drawbacks, mostly due to beta cell
plasticity when used from an early age, and due to the composition of the
diet used to induce T2D (1-3). On the other hand, clinical studies by Taylor
et al. strongly suggest that caloric restriction results in effective remission
of T2D in humans (4, 5). However mechanistic explanation available at
the level of beta cell function is inherently limited in human studies (6).
We therefore constructed a novel mouse model of DIO that would more
closely reflect T2D in humans in an attempt to decipher functional and
morphological changes following caloric restriction-induced remission of
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T2D. To this end, 7 days of caloric restriction (i.e., intake of 35% of the
caloric intake of the control group) were employed in mice previously
exposed to WD to attempt to induce DIO and then reverse the diabetic
phenotype, with normalization of body mass, normalization of glucose
handling and insulin sensitivity. To provide a mechanistic explanation for
both the DIO and remission following caloric restriction at the level of
beta cell function, we performed functional multicellular confocal calcium
imaging on acute pancreas tissue slices to assess the effects of both DIO
and caloric restriction on the glucose sensitivity of beta cells.

Methods

Male and female C57BL/6J were separated into three groups: western diet
(WD), control diet (CD), and restricted control diet (RCD). WD and RCD mice
were fed WD for 12 weeks starting from the age of 12 weeks. After 7 weeks
of WD, the RCD mice received one week of restricted caloric intake (RCD,
35% caloric intake of CD) and then received CD until sacrifice. We measured
weekly food and water intake, we performed intraperitoneal glucose
tolerance tests (ipGTT) and insulin tolerance tests (ipITT). Calcium imaging
of islets of Langerhans in acute pancreas tissue slices was performed with
high temporal and spatial resolution confocal microscopy after stimulating
the islets with increasing glucose concentrations (7-16 mM). To quantify
their sensitivity to glucose, the frequency, duration, and active time of
calcium oscillations were determined during the plateau phase of their
responses.

Results

On WD, male mice developed fasting hyperglycemia, glucose intolerance,
as assessed by the intraperitoneal glucose tolerance tests, and insulin
resistance, as assessed by the intraperitoneal insulin tolerance tests.
Notably, female mice were more resistant to the development of type
2 diabetes than males. One week of caloric restriction in the RCD group
reversed fasting glycemia, glucose, and insulin tolerance to control values
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and these parameters remained at control values during the following period
on CD. In both control and WD mice, active time progressively increased with
increasing glucose concentrations, as described previously in independent
cohorts of mice of different strains (7, 8), but in WD mice, the dose-response
curve was clearly left-shifted, indicating increased sensitivity of beta cells
to glucose in the WD group. In other words, compensatory hyperinsulinemia
observed in the WD group can be ascribed to both hyperglycemia and
increased sensitivity, at least during the early stages of T2D development
in our model. Similar to in vivo findings obtained by tolerance tests, the
in situ changes in sensitivity obtained by calcium imaging were much less
pronounced in female mice, yet still clearly detectable. After one week of
caloric restriction, the dose-response curve returned to control values.

Conclusions and outlook

Our findings further elucidate the impact of caloric restriction on T2D and
our animal model provides a novel platform for studying T2D. DIO induced
by WD resulted in T2D with partially compensated insulin resistance,
seen as fasting hyperglycemia, impaired glucose tolerance and insulin
resistance. The main mechanism of beta cell adaptation during this partly
compensated diabetic state was increased activity of calcium oscillations
and a left shift in the dose-dependence curve. Female mice were more
resistant to the WD intervention, but still showed clear signs of beta
cell adaptation in the face of developing insulin resistance and glucose
intolerance (9). Short-term caloric restriction completely rescued the DIO,
with mice exhibiting control values of glucose tolerance, insulin sensitivity,
and beta cell responsiveness to glucose, and these parameters remained
at control values during maintenance on CD. Since first reports on calcium
imaging in human islets indicate that the dose-response curves of beta
cells in advanced T2D are right-shifted, i.e., the sensitivity of beta cells to
glucose is decreased (10), in future studies, we will attempt to prolong the
period of WD to track the temporal evolution of beta cell adaptation and
possibly detect early dysfunction and thus the time point when caloric
restriction can be expected to become less effective, which is a crucial step
to make our mouse model translationally more relevant.
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Until recently, teaching about type 2 diabetes (T2D) was from
endocrinologists. They considered it an unexciting disease which lacked
the logical mechanisms of endocrine diseases, and for which hormone
replacement was not a good solution. It was regarded as inevitable disorder
of ageing, mainly found in elderly people and with few complications
compared to type 1 diabetes, where insulin function declines and beta-
cell capacity falls, progressively and permanently, not requiring insulin
treatment. Treatment was largely symptomatic and the disease and its
treatment were largely ignored by many doctors and by most patients.

There have been radical changes over the past 30-40 years. T2D now affects
5-10% of western regions, 20-40% in some Asian and indigenous populations.
Its disabling, painful, life-shortening complications (in increasingly young
people) now dominate healthcare budgets. Large numbers of new highly
expensive drugs have been developed and are prescribed to try to modify
complications. The change is very clearly through populations gaining
weight, at younger ages. T2D is not a primary endocrine disease: it is a
nutritional disease of fat storage, and just one of many chronic disease
outcomes which commonly coexist as ‘multi-morbidity’. Not everyone who
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gains weight will develop T2D, but around 40% of western populations do
have a genetic predisposition for metabolic syndrome, and are likely to
develop T2D at some stage as they become older and more overweight.

T2D has been ‘associated’” with overweight and obesity for many years:
the misleading word ‘comorbidity’ has been used. It has astronomical
relative risks at high BMI, but even knowing that prediabetes progression
to diabetes can be prevented by weight loss did not immediately trigger
recognition that T2D is actually caused by weight gain with age - and thus
a potentially reversible disease-process. A misunderstanding of ‘obesity’
(the disease-process of excess body fat accumulation) caused a failure to
recognise this as the cause of T2D when body mass index is below the
epidemiological cut-off of 30kg/m>

The DIRECT trial was designed to establish whether T2D remission could
be achieved, within routine primary-care, by weight loss using an evidence-
based structured diet programme (Counterweight-Plus). Intervention
participants lost a mean 13.5kg with 850kcal/day for ~12weeks. New-
style meals with ~50%E carbohydrate were then introduced stepwise, to
maintain mean ~10kg loss at 12 months. Overall, almost half (46%) were no
longer diabetic, and not requiring medication for diabetes - ie. in remission.
Remission was achievable for the great majority of patients: 86% were in
remission if they lost more than 15kg. Sadly, most regained weight, but
with weight loss >10kg, over 70% achieved remission, at both 12 and 24
months.

About a third of participants were also able to stop their antihypertensive
medications, and fatty liver disease, also common in people with T2D, was
similarly resolved. With reduced prescriptions and medical consultations
and admissions, health economics analysis showed that the intervention
would pay for itself in 5-6 years. Patients were estimated to live longer,
feel better, and cost less.

A subset of DIRECT participants underwent detailed metabolic and MRI
investigations, which showed that people with T2D (despite good treatment
with UK guidelines) have excess fat in liver and pancreas, and that seems to
be driving T2D. With weight loss and remission, liver and pancreas fat falls
to normal, the ragged sick-looking pancreas returns to a normal size and
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morphology, and maximal insulin production doubles, to become normal
again.

DIRECT has thus confirmed that T2D is a disease of ectopic fat accumulation,
within the disease-process of ‘obesity’. T2D can develop at almost any BMI
level, if there is already ectopic fat accumulation in vital organs. DIiRECT
showed that T2D is reversible for the majority of people, with weight
loss soon after diagnosis, and these results have now been repeated for
Arab and North African people in the DIADEM-1 trial, and in RETUNE with
BMI below 27kg/m?2. Remission rate depends on weight loss. Questions
remain, particularly about how to maintain weight loss after the hard work
to achieve it, but remission is now a key T2D management target, and
weight loss >10-15kg should be encouraged for all, as soon as possible after
diagnosis, using self-help or professionally-supported diet programmes.
The COVID-19 experience showed that remote and face-to-face support are
equally effective for Counterweight-Plus.

Further details about the DIRECT trial, and its publications, can be found on
the website: https://www.directclinicaltrial.org.uk/
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Introduction

Acromegaly is a rare, slowly progressive disease resulting from the
increased release of growth hormone (GH) and, consequently, insulin- like
growth factor | (IGF-1), which in most cases is induced by a GH-secreting
pituitary tumor and rarely by ectopic secretion of GH or GH releasing
hormone (GHRH). Prolonged exposure to GH excess leads to progressive
somatic disfigurement and a wide range of systemic manifestations that
are associated with increased mortality (1).

Numbers

GH and IGF-I assessments are the standard for assessing acromegaly
disease activity at diagnosis and follow-up (2). The Endocrine Society
recommends measurement of serum IGF-1 in patients with typical clinical
manifestations of acromegaly, with several typical associated conditions
(e. g. sleep apnea syndrome, type 2 diabetes mellitus, debilitating arthritis,
carpal tunnel syndrome, hyperhidrosis, and hypertension) or with a pituitary
mass (3). When IGF-1 levels are elevated or equivocal, the diagnosis should
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be confirmed by finding lack of suppression of GH to <0.4 ug/L following
documented hyperglycemia during an oral glucose load (3, 4). Biochemical
targets of an age normalized IGF-1 value and a random GH <1.0 pg/L are the
suggested goals of management of acromegaly (3), as they have each been
shown to correlate with mortality risk reduction (5).

An important caveat to consider is a lack of consensus for target GH and
IGF-1 levels that correlate with prevention of comorbidities. IGF-1 levels
correlate with comorbidities better than glucose-suppressed GH levels.
IGF-1 levels may be more predictive than nadir GH for predicting insulin
sensitivity and clinical symptom score after surgery (3).

A challenging clinical problem is discrepancy between GH and IGF-1 levels.
Various studies have obtained different discordance rates, ranging from
5.4% to 39.5%. Their impacts over mortality and morbidity and the risk
of biochemical and/or clinical recurrence are unclear (6). The proposed
mechanisms to explain this phenomenon include early or partially
treated disease, altered dynamics of the GH secretion after surgery, early
postoperative IGF-1 assay, inappropriate cut-off point for GH suppression
in the GH assays, GH nadir values not adjusted to age, sex, and body mass
index, the influence of concomitant medication, inaccurate or less sensitive
tests and laboratory errors, such as pre-analytical and technical pitfalls, and
several co-existing physiologic and pathologic conditions. Such cases should
be carefully assessed to avoid misinterpreting the activity of acromegaly
or misdiagnosing a patient with acromegaly. (6, 7). Given the variability
between GH and IGF-1 assays it is critical to maintain the use of the same
assay in the same patient if possible throughout management (3).

Patient-related outcomes

Although treatment often results in normalization of GH and IGF-1 levels
with significant clinical improvement, a proportion of patients still suffer
from extensive (irreversible) late effects of acromegaly largely from
musculoskeletal complications and persistent cardiovascular, endocrine,
metabolic, and oncologic comorbidities (1, 8). Biochemical control does not
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necessarily correlate with patient’s well-being, and health-related quality
of life (HRQoL) impairments might persist despite biochemical control.
Therefore, treatment should not only aim to normalize biochemical
outcomes but also improve patient-reported outcomes (PROs) (8). To
capture the patients’ perspective by measuring symptoms and HRQoL,
the use of PRO measures (PROMs) in clinical trials and practice has been
advocated in addition to biochemical evaluation (9-11).

A recent meta-analysis found that 34% of studies among patients with
acromegaly reported discrepant results between PROs and biochemical
outcomes. The percentage of discrepant results was slightly higher
among studies measuring HRQoL (38%) compared to studies measuring
symptoms (32%). More than half (56%) of the discrepant studies reported
an improvement in biochemical outcomes, without improvement in PROs.
No clear determinants of these discrepancies were identified. Studies that
included participants who had been treated previously showed a tendency
toward higher odds of discrepancy compared to studies in treatment-naive
patients. The authors speculated, the discrepancies may result from the
fact that PROMs and biochemical parameters measure different aspects
of health and are therefore complementary. Every patient might have
an individual optimal hormonal setpoint, making it difficult to rely on
biochemical parameters alone. Furthermore, some symptoms and reduced
HRQoL may be caused by irreversible damage that is unresponsive to
treatment. Therefore, both PROMs and biochemical outcome parameters
are needed to obtain a comprehensive view of disease activity (12).

Conclusion

A patient-centered approach, accounting for biochemical parameters,
comorbidities, treatment complications, and HRQoL measures, should all be
considered in treatment decisions (8). Scoring systems such as SAGIT (Signs
and symptoms, Associated comorbidities, Growth hormone levels, IGF-1 levels,
and Tumor profile) (9) and ACRODAT (10) are useful to assess overall disease
activity while general and acromegaly-specific HRQoL instruments such as
AcroQol (11) can be helpful in identifying specific factors for follow-up (8).
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Biochemical control of acromegaly is associated with reduced morbidity
and mortality and is recognized as the most important for the long-term
prognosis of acromegaly. The numbers are therefore the main-core of the
disease management. Fortunately, nowadays, a multimodal therapeutic
approach allows the achievement of biochemical control in the vast
majority of patients with acromegaly (1, 2).

Based on the biochemical control, the patients are classified as either cured
after surgery, controlled on pharmacotherapy, or uncontrolled. They are
considered cured after transsphenoidal surgery if nadir GH level during an
OGTT is <0.4 pg/L and age- and gender-adjusted IGF-1 levels normalized.
When they are not cured by surgery, they are classified controlled on
pharmacotherapy, if age- and gender-adjusted IGF-1 levels are up to 1-2-1.3
times the upper level of normal (3). Recently, GH and mean GH profile have
also been considered as an important number to control in patients that
are on pharmacotherapy. In the future, some limitations of biochemical
assessment still need to be overcome by improving the methodology to
assess IGF-1 and GH, in particularly for those on pegvisomant, and by better
interpretation of several potential impacts on the biochemical control.
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However, biochemical profiles and clinical features may give discordant
information. Some clinical features do not relief after biochemical
normalization. Patients that are biochemical well-controlled might report
as poor disease related quality of life (QoL) than those with biochemically
uncontrolled disease. This well-documented discordance between patient-
and clinician-perception of the disease control could be reduced by using
specific clinician- and patient-reported outcome tools (4, 5).

The clinician-reported outcome tools such as SAGIT Instrument (SAGIT) and
ACRODAT provide objective measurement of present signs and symptoms,
comorbidities, tumour profile, and biochemical parameters (6, 7). On the
other hand, the Patient-assessed Acromegaly Symptom Questionnaire
(PASQ), Acromegaly Quality of Life Questionnaire (AcroQolL), the Acromegaly
Treatment Satisfaction Questionnaire (AcroTSQ), the enlargement of
the extremities questionnaire, and the acromegaly comorbidities and
complaints questionnaire allow patients to give their perspectives on
symptoms and QoL (8, 9). Although these tools were designed to assist
clinicians in acromegaly staging, treatment outcome assessment, and
adapting patient management in a standardized way, they are still not
commonly conducted in everyday clinical practice (7, 9).

We emphasise the complementary nature of »Clinician- and Patient-
Reported Outcome« tools in the management of acromegaly. The
correlations between these specific tools could help us to identify
some modifiable parameters that should be further addressed beyond
biochemical control to assure an updated patient-centred personalized
approach in a standardized way (10). In summary, the strategies to
improve disease control from both, clinicians’ and patients’ perspective,
should include treatment of the disease, treatment of comorbidities and
addressing individual needs of the patient.
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Linear growth in humans is regulated by different factors from the
embryonic stage to childhood, adolescence until final height. During fetal
stage insulin and growth factors have prevalent influence on growth.
Later, in the early childhood growth hormone-insulin like growth factor 1
(GH-IGF-1) axis becomes the main driver of linear growth. During puberty,
sex hormones have an important role in the increased growth velocity
and are at the same time responsible for the closure of the growth plate,
indicating the end of linear growth. Recently the role of non-GH-IGH-1
hormonal factors in linear growth was also determined. Local factors in
the growth plate were determined to be important not only in skeletal
dysplasia but also in children with so called idiopathic short stature (ISS)
(1, 2).

Height is a polygenetic trait, and although the environment has an
important role in linear growth, it is estimated that genetics explains up
to 60% of height variability. There are several hundred loci associated with
human height having been identified by genome-wide association studies,
and an increasing number of novel monogenic causes of short stature have
recently been proposed. Determining the genetic cause of short stature
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is not important only from the diagnostic point-of-view, but also could
influence the therapeutic decisions at the start of treatment with human
recombinant GH (hr-GH) and long-term management (1, 2).

GH-IGF-1 axis defects

Growth can be affected at various levels of the GH-IGF-1 axis. GH deficiency
is a major cause of growth failure. Genetic caused associated with GH
deficiency are pathogenic variants in genes for growth hormone (GHI) or
the GH-releasing hormone receptor (GHRHR). In addition, several genes
associated with the development of pituitary are also associated with GH
deficiency (and possibly deficiencies of other pituitary hormones), namely
POUIF1, PROPI1, LHX3, LHX4, HESX1. Monogenic causes can be determined
in up to 10% of subjects diagnosed with GH deficiency, the percentage
being even higher if multiple pituitary hormone deficiency was determined.
Determining the genetic cause of GH deficiency is important for clinical
outcomes and GH treatment. E.g. those with identified pathogenic variants in
the genes associated with GH deficiency tended to be shorter at recombinant
GH therapy start, however had a better treatment response (3).

GH deficiency usually doesn’t affect intrauterine growth. On the other hand,
resistance to GH is associated with impaired intrauterine growth, newborn
being born small for gestational age. Resistance to GH is associated with
pathogenic variants in the GH receptor (GHR) - so called Laron syndrome.
Distally from GHR, pathogenic variants in the STAT5B gene are associated
with short stature, low IGF-1 levels, normal GH levels and additional clinical
problems as are severe immune deficiency and pulmonary problems.
PAPP-A2 is a newly determined cause of progressive post-natal growth.
Pathogenic variants in the /GF1 and IGF2 genes are a further cause of short
stature. Homozygous states are associated with severe short stature and
additional clinical signs, whereas heterozygous states are also determined
in ISS. Imprinting defects in the /GF2 gene are associated with Silver-Russell
syndrome and Temple syndrome. Further down the GH-IGF-1 axis are defects
in the IGFIR gene, that are featured by resistance to IGF-1. The clinical
signs are usually more complex than isolated short stature, microcephaly
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and psychomotor retardation being the most frequent additional signs.
Children with GH resistance benefit from human recombinant IGF-1 therapy
either as monotherapy or in combination with hr-GH (4).

Non-GH-IGF-1 axis defects

Until recently most of the genetic diagnostic process has focused on the
GH-IGF-1 axis. It was however determined that surprisingly large number of
ISS cases with or without extremities disproportions can be attributed to
non-GH-IGF-1 axis genes (2).

Pathogenic variants in the FGFR3 gene are associated with skeletal
dysplasia’s achondroplasia and hypochondroplasia in an autosomal
dominant manner, linked to specific genetic variants. In addition,
several heterozygous variants in this gene were also associated with ISS.
Results regarding rh-GH treatment of children with FGFR3 mutations are
controversial (6).

ACAN gene encodes a proteoglycan, that is a key component in the cartilage
extracellular matrix of the growth plate. Abnormalities in the ACAN gene
are associated with proportionate or mildly disproportionate short stature
and premature closure of the growth plates. Therapy with hr-GH is reported
to be effective (7).

One of the genes that is frequently associated with short stature is SHOX,
located to the X chromosome. Phenotypically there is a wide variation from
skeletal dysplasia of Leri-Weill to short stature without other features.
Product of the SHOX gene is a transcription factor that regulated several
genes that have important role in the growth plate as are ACAN and FGFRS3.
Treatment of children with pathological variants in the SHOX gene with
hr-GH was determined to be efficient (8).

NPR2 gene is another gene expressed in the growth plate and associated
with ISS. Homozygous mutations in NPR2 gene are associated with a severe
acromesomelic dysplasia type Maroteaux. Heterozygous mutations are
linked to ISS. Treatment with hr-GH has been determined as efficient in
several studies (9).
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Achondroplasia (ACH) is the most common form of skeletal dysplasia.
Incidence is estimated to be 1:25.000-30.000. It is characterized by
disproportionate rhizomelic short stature, hypoplasia of the midface, and
macrocephaly. Numerous orthopedic and neurological complications are
associated with the disease (1).

ACH is caused by a gain-of-function mutation in the fibroblast growth
factor-3 receptor (FGFR3) gene, a member of the tyrosine kinase receptor
family (2). ACH is inherited in an autosomal dominant manner and is
characterized by full penetration. Excessive FGFR3 activation results
in inhibition of cartilage tissue formation at the level of chondrocyte
proliferation, hypertrophy, differentiation, and synthesis of the extracellular
matrix (3).

Therapy options for achondroplasia are limited. Active follow-up and
symptomatic treatment of the complications present the forefront
of patient management. Growth hormone supplementation has not
shown promising results and is not viewed as a standard treatment for
achondroplasia. The progress in the understanding of ACH pathogenesis
has led to the development of several therapeutic strategies for
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modulating excessive FGFR3 activation. Approaches are varied and include
inhibiting the tyrosine kinase activity of FGFR3 (infigratinib), producing
artificial FGFR3 as a decoy for FGF ligand (recifercept), inhibition of FGFR3
downstream signaling pathways (meclizine, C-type natriuretic peptide
analogs (CNP)), modulation of growth via NPR2 receptor (CNP analogs) and
use of aptamers or monoclonal antibodies to prevent binding of FGF to its
receptor (aptamer RBM-007, vofamatab). The investigations into analogs
of CNP, especially vosorotide, are currently the most advanced (4).

Vosoritide

Vosoritide is a recombinant CNP analog. Preclinical studies in healthy mice
and cynomolgus monkeys have shown the efficacy of daily subcutaneous
vosoritide applications on endochondral bone growth stimulation without
causing significant changes in bone quality parameters (5). In 2021, results
of the extension phase 3 clinical trial in children with ACH aged between 5 to
18, receiving vosoritide 15 pg/kg once daily in subcutaneous injection, were
published. An increase in annualized growth velocity was observed, with 3.52
cm of height gain over a 2-year treatment period in comparison to untreated
patients. In addition, improvement in the proportionality of body segments
and no acceleration of the bone maturation process was observed (6). Mild
adverse effects such as reactions at the injection site occurred in up to 73% of
patients, and in 23% mild, transient, in majority asymptomatic hypotension
was observed after vosoritide application (7). Vosoritide was approved by
both EMA and FDA for the treatment of ACH in children from the age of 2
years until their growth plates are closed (8, 9). Vosoritide’s effect on final
adult height and prevention of neurological and orthopedic complications
requiring surgical interventions is yet to be established. Current ongoing
trials investigating its safety and efficacy in infants, young children, and
those at risk of requiring cervical-medullary decompression surgery, will
provide further insights into treatment effects on growth, proportionality,
and other medical complications of ACH (10). In addition, long-acting CNP
analogs, that would allow once weekly or once monthly applications, with
equal or possibly increased efficiency are in the process of development (11).
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TransCon GNP

TransCon CNP is another therapeutic option that might soon be available
for the treatment of children with AP. In TransCon CNP, CNP is conjugated
via a cleavable linker to a polyethylene glycol carrier molecule, that prolongs
CNP’s half-life, as a consequence of increased resistance to the action of
neutral endopeptidase and minimizing renal clearance. The cleavage process
results in slow, sustained CNP release, leading to continuous exposure of
CNP at the growth plate. Its long half-life also allows convenient weekly
subcutaneous administrations (12).

Preclinical data in healthy cynomolgus monkeys showed that treatment
with TransCon CNP subcutaneously once per week resulted in significant
growth increases in body, tail, and long bones compared to controls. An
increase in height was also more pronounced in comparison to the animals
receiving a daily dose of CNP analog with the same amino acid sequence
as vosorotide (5% vs 3%, respectively), and no significant changes in
bone quality were observed with both treatments. Moreover, sustained
CNP release resulted in lower systemic CNP peak levels and has not been
associated with adverse cardiovascular effects in monkeys treated with
repeated weekly doses up to 100 pg/kg (12). The safe cardiovascular profile
has also been recently confirmed in the first human clinical trial in healthy
adult males receiving single doses of TransCon CNP up to 150 pg/kg (13).
Phase 2 of the TransCon CNP clinical trial to assess its safety, tolerability,
and effect on annual growth velocity started in June 2020 is still ongoing.
TransCon CNP will be administered subcutaneously once per week for 52
weeks in children with achondroplasia aged 2-10 years (study identifier
NCT04085523).

51



References

10.

11.

Horton WA, Hall JG, Hecht JT. Achondroplasia. Lancet. 2007;370(9582): 162-72.

Rousseau F, Bonaventure J, Legeai-Mallet L, Pelet A, Rozet J-M, Maroteaux P, et al.
Mutations in the gene encoding fibroblast growth factor receptor-3 in achondroplasia.
Nature. 1994;371(6494):252-4.

Kim J-M, Yang Y-S, Park KH, Oh H, Greenblatt MB, Shim J-H. The ERK MAPK pathway is
essential for skeletal development and homeostasis. Int J Mol Sci. 2019;20(8):1803.

Wrobel W, Pach E, Ben-Skowronek |. Advantages and disadvantages of different
treatment methods in achondroplasia: A review. Int J Mol Sci. 2021;22(11):5573.

Wendt DJ, Dvorak-Ewell M, Bullens S, Lorget F, Bell SM, Peng J, et al. Neutral
Endopeptidase-Resistant C-Type Natriuretic Peptide Variant Represents a New
Therapeutic Approach for Treatment of Fibroblast Growth Factor Receptor 3-Related
Dwarfism. J Pharmacol Exp Ther. 2015;353(1):132-49.

Savarirayan R, Tofts L, Irving M, Wilcox WR, Bacino CA, Hoover-Fong J, et al.
Safe and persistent growth-promoting effects of vosoritide in children with
achondroplasia: 2-year results from an open-label, phase 3 extension study. Genet Med.
2021;23(12):2443-2447.

Savarirayan R, Tofts L, Irving M, Wilcox W, Bacino CA, Hoover-Fong J, et al. Once-daily,
subcutaneous vosoritide therapy in children with achondroplasia: A randomised, double-
blind, phase 3, placebo-controlled, multicentre trial. Lancet. 2020;396(10252):684-92.

European Medicines Agency [Internet]. Vosoritide: Summary of Product Characteristics
[cited 2021 Oct 22]. Available from: https://www.ema.europa.eu/en/documents/
product-information/voxzogo-epar-product-information_en.pdf.

U.S. Food And Drug Association [Internet]. FDA Approves First Drug to Improve Growth
in Children with Most Common Form of Dwarfism [cited 2021 Oct 19]. Available from:
https://www.fda.gov/news-events/press-announcements/fda-approves-first-drug-
improve-growth-children-most-common-form-dwarfism.

Savarirayan R, Irving M, Maixner W, Thompson D, Offiah AC, Connolly DJA, et al.
Rationale, design, and methods of a randomized, controlled, open-label clinical trial
with open-label extension to investigate the safety of vosoritide in infants, and young
children with achondroplasia at risk of requiring cervicomedullary decompression
surgery. Sci Prog. 2021;104(1):368504211003782.

S chneider EL, Carreras CW, Reid R, Ashley GW, Santi DV. A long-acting C-natriuretic
peptide for achondroplasia. Proc Natl Acad Sci USA. 2022;119(30):e2201067119.

52

12.

13.

Breinholt VM, Rasmussen CE, Mygind PH, Kjelgaard-Hansen M, Faltinger F, Bernhard A,
et al. TransCon CNP, a sustained-release C-type natriuretic peptide prodrug, a potentially
safe and efficacious new therapeutic modality for the treatment of comorbidities
associated with fibroblast growth factor receptor 3-related skeletal dysplasias.
J Pharmacol Exp Ther. 2019;370(3):459-71.

Bharucha K, Ota S, Christoffersen ED, Mygind P, Viuff D, Leff J. TransCon CNP: Potential
for a once weekly novel therapy in children with achondroplasia. In: Bone Abstracts.
Abstract Book: 9th International Conference on Children’s Bone Health. 2019 Jun 22-
25, Salzburg, Austria.

53



54

GENE THERAPY
FOR METABOLIC DISORDERS

Urh GroSelj*?, Ana Drole Torkar**
Mojca Zerjav Tan3ek!?, Tadej Battelino®?

! Department of Endocrinology, Diabetes and Metabolic Diseases,
University Medical Centre Ljubljana, Ljubljana, Slovenia

2 Faculty of Medicine,
University of Ljubljana, Ljubljana, Slovenia

urh.groselj@kclj.si

Introduction

In the last few years, we have witnessed the first major series of clinically
useful therapies for certain genetic disorders or for cancer, which are
already significantly changing the lives of still very few patients, also in
our country (1, 2). At the same time, many research studies in this field
are being conducted in various stages of research, with many more new
therapies can be expected in the relatively near future. Since 2018, when
the first Slovenian patient with inborn error of metabolism (IEM) was
referred abroad for experimental gene therapy, several other patients
with various rare congenital diseases have been genetically treated at our
institution (1, 2). In December 2021, the first successful application of gene
therapy in Slovenia was carried out at the University Children’s Hospital,
UMC Ljubljana, in a child with spinal muscular atrophy, which represents
a new important milestone for our area. It is also worth mentioning the
very rapid progress that we are witnessing at the same time in the field
of treating certain rare types of blood cancers with genetic therapy (i.e.
treatment with CAR-T lymphocytes); in 2019, the first Slovenian pediatric
patient was already treated abroad in this way, and it is planned for this

55



type of therapies to be produced and administered in our country in a near
future.

Twelve different gene therapies are currently approved by the European
Medicines Agency (EMA). These include therapies for rare forms of
blindness and leukemia, spinal muscular atrophy, and a type of congenital
immunodeficiency. This may be negligible compared to around 8,000 known
rare diseases, most of which are genetically determined, but it is expected
that the number of approved gene therapies will gradually but steadily
increase in the coming years (1, 2).

In 2012, the first gene therapy approved in Europe was the therapy for
recurrent lipoprotein lipase deficiency pancreatitis (Glybera, uniQure), an
extremely rare |IEM that causes extremely elevated triglyceride levels. This
therapy was later withdrawn (in 2017) due to a lack of commercial interest
(due to very few candidates for therapy and also due to a very high price
demanded). Nevertheless, the arrival of this drug on the market stimulated
the development of other gene therapies (1,2).

Our experiences with gene therapies for metabolic disorders

Between 2018 and 2021, we referred four of our patients abroad for
experimental gene therapy, one with MPS |, two with MPS llla, and one
with metachromatic leukodystrophy (in collaboration with pediatric
neurologists), who were later successfully treated and continue to be
regularly monitored at our institution, in cooperation with both study
centers. The details of the treatment of two of these patients are briefly
summarized as follows (1, 2).

Patient with MPS I: Development in the first year was as expected, then
regression in speech development and unsteady gait were noticed. At the
age of 18 months, he was examined by developmental pediatrician, where
hypertelorism, a wide nasal root, a bulging forehead, and sharp facial
features were noted. Later, hepatomegaly, flexion contractures in the knee,
and umbilical hernia were also found. He was referred to our department,
where soon after, MPS | was confirmed. Just before the age of two, an ex
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vivo application of gene therapy was performed with the transplantation
of hematopoietic stem cells treated with a lentiviral vector (Ospedale San
Raffaele, Milan, Italy; sponsored by IRCCS San Raphael). The patient is
regularly monitored by the study center in Italy and in parallel also at our
department, where we currently note a favorable course of the disease, but
the final outcome is not yet clear.

Patient with MPS IllA: The diagnosis was made pre-symptomatically, in
the neonatal period, because his older sibling (in whom unfortunately,
the disease was already advanced at that time) had the same diagnosis a
short time before. Neonatally, only a coarser facial features were described,
but otherwise there were no other deviations. The presence of known
familial genetic alterations of the SHGS gene was confirmed. At the age
of 6 months, inclusion in a gene therapy clinical trial in Spain was planned,
but unfortunately, due to the COVID-19 epidemic, the treatment was not
carried out until the age of 9 months. A single application of in vivo gene
therapy with the AAV9 vector was then performed (Hospital Universitario
Santiago de Compostela, Santiago de Compostela, Spain; sponsored by
Aboena Therapeutics). The patient is regularly monitored by the study
center in Spain and, in parallel, at our department, which is included in the
research protocol as an associated study center. For now, we are observing
a very favorable course of the disease, but the final outcome is not yet
clear.

Conclusions

Gene therapy represents an important turning point for patients with
many hitherto incurable congenital genetic diseases, but is still available
for few diseases only. The last decade has brought a great progress in this
field, including in Slovenia; gene therapy was successfully used in several
Slovenian patients in the last few years. It is expected that in the next
decade progress in this area will be even more significant, which we must
take into account when planning and organizing activities in this area.
Importanly, an early (i.e. in newborns) detection of the diseases that will
become “genetically curable “ will become an imperative. We need to
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continue following the most developed countries, so that we can introduce
innovations into practice as quickly as possible.

Nevertheless, there remain many ethical challenges and open questions
regarding gene therapy. Among these, it is worth mentioning in particular:
the very high price of available therapies (which on the other hand, is in
most cases lower than the long-term treatment of the same patients
with other therapies, such as e.g. enzyme replacement therapy or factor
therapy in hemophilia); the problem of sufficient production and, especially
in the case of the ex vivo approach, also of the distribution of gene therapy;
inability to treat diseases caused by changes in several genes or changes
at the level of chromosomes; the long-term safety of gene therapy
is also not entirely clear due to short follow up periods; the problem of
treating patients who previously have antibodies against the viral vector.
Above all, it will probably be possible to treat only few patients for a long
time. Consequently, for a while, gene therapy will not yet transform the
treatment of the entire group of patients with rare diseases.
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Functional hypogonadism (FH) usually presents a more subtle clinical
picture, with non-specific symptoms and usually no overt signs of androgen
deficiency. However, it can present with clinical symptoms or signs similar
to classical hypogonadism (1). Although sexual symptoms as decreased
frequency of morning erection, decreased frequency of sexual thoughts and
erectile dysfunction were more frequently associated with low testosterone
(T) in community dwelling middle aged and elderly European males. For the
diagnosis of FH, the presence of symptoms and total T <8 nmol/L or total
T <11 nmol/L and calculated free T <220 pmol/L should be established (2).

The overall prevalence of FH is estimated to 2.1-4.8%, and increases with
age (2, 3). Obesity of all grades, especially World Health Organisation class
Il obesity (BMI>40 kg/m2), is a major and increasingly common cause
of low T (1). In meta-analysis of 68 studies and almost 20.000 men with
obesity, 42.8% had serum total T <10.4 nmol/L (4). Based on mendelian
randomisation analysis on 7446 participants, an increase of BMI from
25 kg/m? to 30 kg/m? is associated with a decrease in serum testosterone
concentration of 13-15% (5).
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European Academy of Andrology guidelines on investigation, treatment
and monitoring of functional hypogonadism in men recommends lifestyle
changes, including physical exercise and weight reduction, in overweight
and obese men with functional hypogonadism, since weight loss may
increase T concentration (1). Longitudinal results of European Male Ageing
Study show that total T increased in men who lost at least 5% weight
during mean follow-up of 4.4+0.3 years. T increment was higher with
more weight loss, the highest when >15% of weight, with recovery from
secondary hypogonadism (6).

Meta-analysis of 22 trials assessed the effect of low-calorie diet on
hypogonadism. Meta-analysis included 567 patients of average 44.9 years
and mean BMI of 36.0 kg/m?, and a mean follow up of 23 weeks. Trials
differed in basal total T and types of diets. Low calorie diets result in
significant increase in total T, SHBG and free T. Meta-regression analysis
showed that higher weight reduction is associated with a higher T increase,
meaning that each 5 kg of weight reduction results in 1 mmol/L increase (7).

Meta-analysis of male patients who underwent bariatric surgery (BS)
and reduced BMI from 46.60+6.42 kg/m? to 30.14+4.6 kg/m? in 12 months
showed a rise in total T (MD 7.32; 95% Cl 5.44 to 9.20; P < 0.00001) and
free T (SMD 0.99; 95% CI 0.54 to 1.44; P < 0.0001). Also, LH, FSH and
SHBG increased significantly (8). When morbidly obese patients with
hypogonadism were compared with non-hypogonadal patients, total and
free T significantly increased only in hypogonadal patients post BS (9). In
obese adolescent men with subnormal T, reduction of body weight for one-
third, which was maximal at 24 months post-surgery, resulted in increased
total and calculated free T up to 5 years (10). In addition to hormone profile
also erectile function and symptoms of hypogonadism improved (11).

Antihyperglycemic drug liraglutide is a glucagon like peptide-1 analogue.
It also induces weight loss. In a 16-week randomised clinical trial 3.0 mg/d
liraglutide was compared to 1% T gel. Liraglutide reduced weight by 6%.
Both treatments ameliorated sexual symptoms and significantly increased
total T, although the increase was more evident with T gel (5.9 vs. 2.6
mmol/L). Liraglutide marginally improved LH (0.7 mU/L), in comparison to
T gel which reduced it (12).
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Weight reduction should be the first line of management and strongly
encouraged in all overweight and obese men with low T. Significant
collateral health benefits may also accrue from these life style changes,
potentially offering valuable opportunities for preventative care in middle-
aged men.
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Hypogonadism in males is classified as either organic, due to medical disease
of the hypothalamic-pituitary-testicular axis (HPT), or as functional (1).
Functional hypogonadism (FH) is defined as the coexistence of androgen
deficiency clinical features and lowered serum testosterone concentrations
occurring in the absence of both intrinsic structural HPT axis pathology (e.g.
Klinefelter’s syndrome, pituitary tumor) and specific pathologic conditions
suppressing the HPT axis (e.g. Cushing’s syndrome, prolactinoma) in middle-
aged or older men (2).

Diagnosis of FH should only be confirmed after the exclusion of organic
causes of hypogonadism (3). In contrast to organic hypogonadism, FH may
be potentially reversible if underlying causes are identified and adequately
treated or removed, whereas organic hypogonadism is generally irreversible
(1,2). The vast majority of FH occurrences are associated with aging and
comorbidities such as obesity, type 2 diabetes (T2D), or metabolic syndrome
(MetS) (4). The community prevalence estimates of FH in middle-aged and
older men vary from 2.1% to 12.3% (1). Approximately 50% of males with
T2D, aged >40 years, exhibit decreased total testosterone levels (5). As much
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as 45.0-57.5% of male FH prevalence is attributable to obesity and related
causes (6).

Diagnostic criteria for FH include the simultaneous presence of low serum
testosterone (total testosterone <11 nmol/L and free testosterone <220
pmol/L) and three sexual symptoms (erectile dysfunction, reduced frequency
of sexual thoughts, and morning erections) (3, 7).

Treatment options in middle-aged and older males with FH

Obesity-related FH aims to achieve significant weight loss through dietary
modifications such as caloric restriction, increased physical activity, or by
means of bariatric surgery (3, 8). Few randomized clinical studies have
evaluated the impact of diet and physical activity on testosterone levels
in obese men with FH, with conflicting results. Some of them showed an
increase in testosterone (9), others showed no change (10), and one small
study has shown a decrease in testosterone levels (11). Longitudinal data
from the European Male Aging Study (EMAS) showed that weight loss can
increase testosterone levels in obese men, and the rise in testosterone level
is proportional to the extent of weight loss achieved (12). Minor weight
loss (<15%) was associated with a modest increase in total testosterone
levels (by 2 nmol/L) and increases in SHBG (due to improvement in insulin
resistance), while there was no increase in free testosterone levels at this
degree of weight loss (13). Several clinical trials have evaluated the impact
of bariatric surgery on testosterone levels in men, showing an increase
in testosterone levels following the procedure, which is more efficient in
achieving weight loss than a low-calorie diet (14). Lifestyle modifications
resulted in a mean weight loss of 9.8%, with anincrease in total testosterone
of 2.9 nmol/L. In contrast, bariatric surgery achieved a mean weight loss of
32% with an increase in total testosterone of 8.7 nmol/L (15).

The role of testosterone treatment in middle-aged to older men with
FH remains debatable and controversial because definitive clinical trials
designed and powered to provide conclusive evidence regarding long-term
health benefits and potential risks of testosterone therapy (TTh) are
currently lacking (1, 2). There is a good evidence from larger randomized
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clinical trials that TTh improves sexual symptoms in hypogonadal men with
MetS and/or T2D (16-19). Long-term TTh in 823 hypogonadal males (among
which 57.6% were obese) showed that 11 years of therapy improved body
weight, waist circumference, and body mass index, along with a significant
increase in testosterone levels (8.5+0.2nmol/L). TTh also decreased fasting
blood glucose and glycated hemoglobin (HbAlc) and improved lipid profiles
(20). Another study showed that TTh achieved a statistically significant
reduction in fat mass, increase in lean body mass, and HbAlc improvement
associated with a 52% improvement in beta-cell function (21). A small
randomized controlled trial involving 16 subjects with newly diagnosed
T2D and MetS demonstrated that the combination of TTh and lifestyle
interventions led to greater therapeutic improvements in glycemic control
and reversed MetS condition after 52 weeks of treatment compared with
lifestyle interventions alone (9).

Other benefits of TTh include improvement in libido and erectile function,
volumetric vertebral and femoral mineral bone density, body composition,
anemia, energy, and motivation, and also reduce arterial stiffness,
intraabdominal and intramuscular fat, and bone remodeling, which are
added advantages to the treatment of symptoms of testosterone deficiency
(2, 22-25). Low testosterone may contribute to poor motivation to initiate
healthy lifestyle interventions. Few studies have shown that TTh may
increase motivation to diet and exercise (1, 26). In addition, long-duration
epidemiological studies have found that TTh reduced mortality in T2D (27).

In some men, measures to reverse FH may be unsuccessful, either because
the implementation of treatment is not feasible (e.g. cessation of opioids
in chronic pain or antiretroviral therapy for HIV) or they are not achieved
or maintained (e.g. sustained weight loss in obese patients). Even if
successful, such measures may be insufficient to relieve symptoms and
normalize testosterone levels. In these men, testosterone treatment could
be started concomitantly or after these initial measures fail (1). Guidelines
suggest a trial testosterone treatment for no less than six months in
these men to determine whether there is a clinical benefit of TTh. The
Testosterone Trials clearly showed improvement of most symptoms of FH
within three months of initiation of testosterone treatment and recovery
of testosterone concentrations to the mid-normal range (28). When there
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is no clinical improvement after six months of sufficient testosterone
replacement, TTh should be discontinued, and other causes of symptoms
or alternate testosterone modalities should be considered (1, 3, 8).

Whenever testosterone treatment is considered, contraindications must
first be excluded. TTh is contraindicated in men with untreated prostate
and breast cancer, as well as severe heart failure and recent major acute
CV events. Severe low urinary tract symptoms and hematocrit >48-50%
are relative contraindications for TTh (3, 8, 29). The patient should be fully
informed of potential risks prior to agreeing on the treatment.

The follow-up of the testosterone treatment in patients with FH is regulated
by recommendations made in the Endocrine Society guidelines.
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Foot ulcers, gangrene and amputation are among the most feared
complications of diabetes mellitus that also importantly influence the
quality of life. They pose a huge burden on the patient and his relatives
as well as on the healthcare system (1). Many foot complications can be
prevented by interdisciplinary approach, which includes early detection of
high-risk patients, treatment of foot ulcers, rehabilitation and prevention
of recurrence (2-5).

The International Working Group on the Diabetic Foot (IWGDF) has
recommended an annual examination of people with diabetes at very low
risk of foot ulceration (IWGDF risk 0) to screen for developing risk factors
(history of foot ulcer, foot deformity, loss of protective sensation, absent
pedal pulses) (6). The recommendation of at least 12-month interval of
screening is in line with the view of other scientific societies (7) and is
largely based on the general expert consensus rather than on strong clinical
evidence. A large proportion of people with diabetes do not receive proper
screening due to insufficiencies in health care resources even in developed
countries (8).
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Structured diabetic foot care in Slovenia started around the year 1990; in
January 1995 a National working group on the diabetic foot was established,
a national foot screening protocol was adopted in July 1995.

Out-patient diabetes clinic in Ljubljana offers care to approximately 9,500
registered patients with diabetes. Diabetic foot clinic was established in
January 1990. At the beginning, it was running once weekly but gradually
expanded into full-time service, running daily from Monday to Friday, in two
rooms with 4 examination desks, two full-time and one part-time nurse
and one doctor - consultant (specialist in internal medicine - diabetology).
The activities of the foot clinic are both preventative and curative: foot
screening, ankle-brachial index measurement, education about foot care,
wound care and research. Interdisciplinary approach is well established, the
cooperation with surgery and angiology department is running smoothly.

Regular foot screening was introduced in November 1996. A computerized
data base in a form of an Excel file was created at the very beginning and
all data obtained have been recorded. There was no overwriting of the
entries, the findings of successive foot examinations were entered into
successive file sheets. In this way, the file currently contains 25 sheets as
4 patients have had 25 foot examinations during the course of 27 years.
According to the recommendations of IWGDF [6], at least 9,500 foot
screening procedures should be performed every year - on average 36 on
every of the 260 working days - which is absolutely unfeasible with the
available resources. In the period from November 1996 till end of August
2022, 40,634 foot screenings were done, on average 1,505 per year. At least
one foot examination was done in 15,812 patients. The number of follow-up
screening procedures is much smaller, with less than 1,000 patients being
examined 8 times or more and less than 100 patients 15 times or more.
The average number of first foot examinations is less than 600 per year.
This number was higher in the first years when we had to screen the whole
population attending the clinic. Later on, the majority of the patients are
screened immediately after the diagnosis of diabetes is confirmed. The
detailed figures on the work done are shown in Tables 1, 2 and 3.

Slovenian foot screening protocol follows the recommendations from
the IWGDF guideline, the only difference is the risk status classification:
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1 - normal sensation, no deformity; 2 - loss of protective sensation, no
deformity; 3 - ischemia without deformity or sensory loss; 4 — combination of
sensory loss and/or deformity and/or absent pedal pulses; history of foot ulcer;
Charcot foot. Adoption of the IWGDF classification is planned in January 2023.

TABLE 1:
The number of successive foot examinations between 1996 and 2022.

N

15t examination 15,812
2" examination 8,053
3 examination 5,163
4™ examination 3,419
5t examination 2,336
6t examination 1,631
7t examination 1,162
8t examination 840
9t examination 621
10%" examination 469
11 examination 313
12t examination 231
13™ examination 165
14% examination 114
15t examination 82
16t examination 58
17t examination 45
18" examination 39
19t examination 22
20t examination 18
21t examination 14
22" examination 10
23 examination 7
24t examination 6
25™ examination 4
Total 40,634
Average/year 1,505
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TABLE 2:
Summary of the findings at the first foot examination
(total 15,812 records).

N °/o
History of foot ulcer 683 43
Symptoms of neuropathy 6829 43,2
Foot deformity 8877 56,1
Open ulcer 945 6,0
Loss of protective sensation 2511 16,5
Absent pedal pulses 1151 7,6

TABLE 3:
Risk status classification at the first foot examination
(total 15,812 records).

Risk group N %
1 9812 62,1
2 2011 12,7
3 0257 1,6
4 3732 23,6

An interesting observation is the number of referrals to vascular specialist.
During the first three years, we have had over 100 referrals per year, later
this number dropped to values between 20 in 25, representing approximately
5% of the screened patients. The higher numbers in the first years may be
due to longer duration of diabetes at the time of first foot examination.

The messages

Diabetic foot screening not only reveals the patients who are at risk of
developing foot ulceration but also provides a comprehensive overview of
foot pathology in the observed population. Annual screening of the whole
population is not feasible because of limited resources. A risk prediction
model which would enables stratification of individuals based on likelihood
of complications is urgently needed because it would enable extending the
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frequency for screening of those with low risk, thus freeing up resources for
those with higher foot ulcer risk (9).
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Diabetic foot disease poses a huge burden on the people with diabetes,
including their family, health care system, and society in general (1).
Strategies that include elements of screening, prevention, patient and staff
education, and interdisciplinary treatment can reduce the load of diabetic
foot disease on individual and public level (2). However, implementation of
the guidelines and the establishment of multidisciplinary clinics for holistic
management of diabetic foot disorders varies and remains sub-optimal (1).

Self-assessment of diabetes-related foot problems is unreliable, and self-
perceived foot health should be assessed together with foot examination
findings (3). Therefore, the International Working Group on the Diabetic
Foot (IWGDF) has recommended an annual examination of people with
diabetes at very low risk of foot ulceration (IWGDF risk 0) to screen for
developing risk factors (2). The recommendation of at least 12 months
interval of screening is in line with the view of other scientific societies (4)
and is largely based on the general expert consensus and on the results of
the study of Litzelman et al. (5) that did not directly address the question
of different lengths of the screening interval.
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A large proportion of people with diabetes do not receive proper screening
due to insufficiencies in health care resources, even in developed countries.
It was estimated that only 20% of people with diabetes are being
screened with a monofilament according to ENTRED study in France (6).
A multicenter, epidemiological, cross-sectional study from Fernandez et
al. (7) that examined clinical records of 443 people with type 2 diabetes
in primary care in Spain, showed poor diabetic foot screening compliance
(performed in 37%) and infrequent ulcer risk stratification (performed in
12.4%). According to the Scottish Diabetes Survey from 2019, 56.7% of
people with type 1 and 64.8% with type 2 diabetes had their foot scores
recorded within 15 months (8).

The probahility of foot complications among persons with diabetes
can show substantial individualized variability and within different
populations (9). This variation is not addressed efficiently with current
recommendations that propose fixed and arbitrary screening frequency
(10). Screening interval is increasingly recognized as a public health blind
spot that offers many opportunities for improvement of healthcare (10). A
clinical prediction model could be used to tailor the frequency of screening
for each person based on individual probability of complications at the time
of screening.

Creation of a proof of the concept organizational model

Our study group has developed a prediction model for diabetic foot
complications that shows good discrimination ability with cross-validated
AUC of 0.84 for LOPS (loss of peripheral sensation) and 0.80 for LPP (loss of
peripheral pulses) (11). The majority of foot screenings not unsurprisingly
are performed on patients with low risk at our clinic. Additionally, the
risk for foot complications over years seems to increase more slowly in
people with low baseline risk than in their high baseline risk counterparts,
therefore identification of low risk sub-population presents an opportunity
for optimizing the screening process.

As a proof of the concept, we have created a simplified organizational model
for screening of subjects with IWGDF risk 0 and based on individualized
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probability for LPP and LOPS (11). The potential for biennial rather than
annual screening, for subjects stratified as IWGDF group O and a low
probability of complications (using 5% and 10% threshold), was estimated.
The decision about the alternative biennial screening interval duration in
case of low risk was arbitrary and was based on the local estimate of total
numbers of screenings needed, that would be manageable at our clinic.

The individual probability estimation needed for the organizational model
was calculated on patient population of our clinic. In this proof of the
concept study, we could demonstrate a 26.5% (cut-off: 5% risk) to 40.5
% (cut-off: 10% risk) reduction of absolute number of screenings needed
for population with IWGDF risk 0 in two year period, when the screening
interval was extended biennially instead of annually in the low-risk group.
Reduction was even more pronounced when the model was tested with
IWGDF 0 group without foot deformities.

Reduction of screenings in 2 years in IWGDF risk group 0

Probability cut-off 5% 10%
All screenings 26.5% 40.5%
Without foot deformity 36.9% 46.8%

Currently, the patients with diabetes at our center are not screened
according to the guidelines, predominantly due to insufficient capacity and
only partial insurance reimbursement. Introduction of the framework that
proposes fewer examinations than currently advised by guidelines would
paradoxically increase the absolute numbers of screenings performed in
patients with IWGDF risk 0 at our center, therefore, safety and efficiency
may improve.

Conclusions

Diabetes related burden for health care systems is increasing with aging
populations, increasing diabetes prevalence and obesity worldwide.
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Improvements in health care systems are urgently needed to enable
adequate care for people with diabetes that is often not optimal because
of lack of systemic resources.

A protocol for diabetic foot screening that is enhanced by risk prediction
model enables stratification of individuals based on likelihood of
complications. Discrimination of low ulcer risk could extend the frequency
for screening those with low risk, thus freeing up resources for those with
higher foot ulcer risk. The proposed model requires further refinement and
external validation, but it also shows the potential for improving compliance
with guidelines for screening which is often not appropriate.
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Eighty years have passed since radioactive iodine-131 (I-131) was
successfully used to treat a hyperthyroid patient with Graves' disease in
1941. Since then, countless patients around the world have been diagnosed
and treated for both benign and malignant thyroid disorders with different
radioiodine isotopes (1).

The recognition and function of Na*/I- symporter

The ability of thyroid tissue to accumulate iodide (I), an essential
ingredient of thyroid hormones, was recognized as early as 1896. However,
the key protein involved in thyroid |- uptake, Na*/I- symporter (NIS), was
not discovered until 1996. NIS is a glycoprotein located on the basolateral
surface of the thyrocyte. It mediates the active transport of I-into the
cell against the electrical and chemical gradients (2). Since NIS cannot
differentiate between non-radioactive and radioactive iodine, it provides
a powerful tool for the diagnosis and treatment of thyroid disorders using
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different radioiodine isotopes including iodine-123,-124,-125 and -131 (2). In
addition to radioiodine, NIS also transports technetium-99m pertechnetate,
a radiopharmaceutical commonly used in diagnostic procedures due to its
wide availability (3).

Radioiodine uptake in thyroid depends on the activity and expression of NIS,
both of which increase when thyrotropin receptor (TSHR) is stimulated. In
Graves’ disease, TSHR is stimulated by circulating stimulating antibodies,
whilst in thyroid autonomous tissue the receptor is permanently activated
due to a mutation. Our recent experience shows that in patients with
Graves’' disease and thyroid autonomous tissue, the 20-hour uptake of
administered [-123 is 69% and 29%, respectively; in comparison to only
19% in euthyroid nodular goiter (4). TSHR can also be stimulated by
the application of recombinant human thyrotropin, which is used in the
treatment of euthyroid goiter or in the ablation of thyroid tissue following
thyroid cancer surgery. In both cases the goal is to increase the uptake of
[-131 and thus improve the success of treatment (3).

With increased iodine intake, the expression of NIS protein significantly
decreases, which reduces uptake of radioiodine in the target thyroid tissue.
This observation has been confirmed by several studies comparing 1-131
uptake and its applied therapeutic activities before and after the increase
in iodine supply. In Slovenia, for example, iodine concentration in kitchen
salt was increased from 10 mg to 25 mg of potassium iodide per kg of salt
in 1999. In the following years, the uptake of radioiodine in patients with
autonomous tissue decreased by an average of 7% (from 45.3% to 31.0%),
whilst the required therapeutic activity of I-131 increased by an average of
10% (from 713 MBq to 791 MBq) (5). Similarly, in Poland, where the iodine
supply was increased in 1996, studies in Graves’ patients demonstrated a
40% reduction in thyroid radioiodine uptake and a 40% increase in applied
therapeutic activities of I-131 in subsequent years (6). In addition to
increased iodine intake, destruction of thyroid tissue may also reduce the
activity and expression of NIS. This may, for example, be observed in the
hyperthyroid phase of Hashimoto's thyroiditis or postpartum thyroiditis.
Finally, the action of NIS can also be affected by the competitive inhibitors
thiocyanate and perchlorate. Perchlorate is therefore suitable for protection
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against excessive iodine uptake in patients with thyroid autonomous tissue
or Graves’ disease who are candidates for short-term iodine overload (e.g.
after the application of iodine contrast) (3).

Na*/I- symporter in extra-thyroidal tissues

NIS at mRNA and/or protein level is expressed in various extra-thyroidal
tissues. Applying immunohistochemistry methods, NIS protein expression
was shown in urinary bladder, colon, endometrium, kidney, prostate, and
pancreas. However, plasma membrane immunopositivity was confirmed
only in salivary ductal, gastric mucosa, and lactating mammary cells (7, 8).
In salivary glands, stomach and intestine, NIS enables efficient absorption
of I- from the food; in salivary ductal cells (mainly in the parotid glands)
and gastric mucosa cells, NIS is expressed on the basolateral membrane
and contributes to the transfer of I- from the bloodstream to the lumen
of the gastrointestinal tract, and in the intestine, NIS is expressed on the
apical membrane of the brush border of small intestine enabling transfer
of I- from the lumen into circulation (9).

In lactating mammary glands, abundant NIS expression on the basolateral
membrane of the alveolar cells mediates the transfer of iodine from
the blodstream into the milk to reach a concentration of approximately
150 pg/l. Stimulation of NIS expression during lactation is due to increased
levels of various hormones, including oxytocin, prolactin, and estrogens (10,
11). In contrast, non-lactating normal breast tissue does not express NIS
protein and is not able to accumulate I, unless pathological conditions such
as hyperprolactinemia are present. NIS is also expressed in placental cells
enabling transfer of I from maternal to fetal circulation. NIS mRNA and
protein were also demonstrated in human testicular tissues, responsible
for alterations in male patients undergoing radioioidine treatment for
thyroid cancer (8).

83



Radioiodine therapy for thyroid and
extra-thyroid tumors and future potentials

Radioiodine therapy is a validated treatment effective in benign thyroid
diseases causing increased NIS expression and leading to hyperthyroidism,
and in differentiated thyroid cancer after TSH-induced increased expression
of NIS. For radioiodine refractory thyroid cancer, novel therapeutic
approaches targeting the molecular pathways responsible for the loss of
differentiation (and subsequent reduction of NIS) are being investigated.
In the future, pharmacologic redifferentiation followed by radioiodine
treatment might be one the main therapeutic strategies for such cancers
(12).

The characterization of the molecular basis of I- transport following the
cloning of NIS, including its detection in some extrathyroidal tissues, has
encouraged a large series of studies aiming to extend radioiodine treatment
even to extrathyroidal tumors after induction of NIS expression (8). In this
case, radioiodine uptake and concentration in normal thyrocytes needs to
be blocked and selective downregulation of NIS expression and inhibition of
organification by combination of T3 and methimazole has been described
(13). Among the strategies explored to induce NIS expression in cancer cells,
the transfer of NIS gene using vectors (mainly viruses) and constructs able
to ensure selective expression in tumor cells or stimulation of the expression
of a functional endogenous NIS have been reported (8). At the preclinical
level, significant progress has been made in the development of the NIS
gene therapy concept, from local NIS gene delivery to new applications
in disseminated disease, such as the use of oncolytic viruses, non-viral
polyplexes, and genetically engineered mesenchymal stem/stromal cells
(14).
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Introduction

31 is a beta-emitting radionuclide used for the treatment of thyroid
disorders. 3| decays to stable *3'Xe, has a physical half-life of 8.02 days, a
principal gamma ray of 364 keV, a principal beta particle with a maximum
energy of 0.807 MeV and average energy of 0.192 MeV. Beta particles have
an average range in tissue of 0.4 mm and the maximum range of about 3
mm. Radiobiological effects of radioiodine on tissues are direct (damage
to DNA) or indirect through the production of free radicals that react with
critical macromolecules (1).

Hertz and Roberts (Massachusetts General Hospital, USA) used the
radioiodine for the first time for the treatment of the hyperthyroidism
on March 31, 1941. In 1946 the results of two different scientific studies
were published in the same issue of the Journal of the American Medical
Associations (JAMA) and they both announced the radioiodine therapy as
successful treatment for hyperthyroidism (2). The scientific studies of
the long-term risk of cancer and other adverse effects after radioiodine
treatment also began at that time (2,3).
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Radioiodine therapy is today an established treatment for benign thyroid
disease with procedure guidelines by European Association of Nuclear
Medicine (EANM), regulated by European Commission directives and local
regulations and policies based on the recommendations of the International

Commission on Radiological Protection (ICRP) (1, &).

Indications for the radioiodine therapy

In our article, we will discuss the radioiodine treatment of benign thyroid
disorders. Indications for the radioiodine treatment are Graves’' disease,
toxic multinodular goitre, solitary hyperfunctioning nodule, nontoxic
multinodular goitre and goitre recurrence. There are two methods to
determine the activity of 131l: estimation (based on the volume of the gland,
the so-called “fixed dose”) and calculation (based on radioiodine uptake
measurements) (1). The range of activities of 3!l currently prescribed in
our tertiary centre is between 350 and 925 MBgq.

Graves' disease is a systemic autoimmune disorder caused by stimulating
antibodies acting as an agonist on the thyrotropin-receptor (TSH-R) on
thyroid follicular cells and other TSH-R-expressing tissues. This leads in
thyroid to hyperplasia and unregulated thyroid hormone production and
secretion. Inflammatory changes in orbital tissue (Graves’ orbitopathy - GO)
are present in more than half of patients. Patients with newly diagnosed
Graves' hyperthyroidism are usually treated with antithyroid drugs.
Radioiodine therapy is often recommended for patients with side-effects
or allergy to antithyroid drugs, recurrence of the disease after a course of
antithyroid drugs, exacerbation of GO and in older patients who have had
atrial fibrillation, cardiac failure, or cardiac ischemic symptoms precipitated
by hyperthyroidism. Radioiodine therapy or thyroidectomy may be also
considered in patients with newly diagnosed Graves' hyperthyroidism that
prefer this approach. Most patients become hypothyroid following the
radioiodine therapy (5,6).

Toxic multinodular goitre and solitary hyperfunctioning nodule (toxic
adenoma) are the result of diffuse or focal hyperplasia of thyrocytes,
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which have the ability to function autonomously without TSH (7).
Toxic multinodular goitre and toxic adenoma can cause subclinical
hyperthyroidism (8). Despite the normal free thyroxine and total or free
triiodothyronine levels, patients often report palpitations, nervousness,
tremor, heat intolerance and sweating, which affects their quality of life
(8,9). Subclinical hyperthyroidism is associated with an increased risk for
atrial fibrillation (10) and ischemic heart disease (11, 12). The risk is higher
for TSH level lower than 0.10 mIU/L (11). There is an increased risk for
osteoporotic fractures in postmenopausal women, especially those with a
TSH level lower than 0.10 mIU/L (13, 14), and according to recent studies,
also for dementia in the elderly (15). Overt hyperthyroidism occurs after
excessive iodine intake (16,17).

When considering treating toxic multinodular goitre and solitary
hyperfunctioning nodule with radioiodine, our decision is based on the
severity of the subclinical hyperthyroidism, age and presence of symptoms
and co-morbidities (17). The aim of the radioiodine treatment is the
destruction of autonomously functioning tissue and achievement of the
euthyroidism (7).

Surgery is considered standard therapy for large nontoxic goitre. Radioiodine
treatment is indicated in patients with medical contraindications to thyroid
surgery, especially cardiopulmonary diseases, and patients who wish to
avoid surgery. In patients with large nontoxic goitre causing compressive

symptoms surgical treatment is indicated (1, 18, 19).

Side effects of radioiodine treatment

The optimal activity for the radioiodine treatment of benign thyroid
disorders is determined either by estimation or by calculation but always
in respect of the principle that exposure to radiation have to be “as low as
reasonably achievable” (ALARA) (20, 21).

Absolute contraindications for radioiodine treatment are pregnancy and
breastfeeding. Relative contraindications are severe hyperthyroidism and
active GO (1, 22). The patient has a discussion with a qualified medical
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doctor before radioiodine treatment; has to be familiar with the protective
measures in radiation safety and has to sign an informed consent for the
treatment (4, 23).

There are relatively few side effects from the treatment. In the first
weeks after the application of radioiodine treatment patients with a
large goitre may notice transient swelling of the goitre, there may be a
transient raise in free T4 and free T3 levels and the GO can worsen (1,
3). The incidence of radiation thyroiditis after radioiodine treatment of
hyperthyroidism is approximately 1% (24). Among the acute side effects
there are no gastrointestinal symptoms, signs of bone marrow suppression
or sialadenitis, that occur at higher levels of administered dose used to
treat thyroid cancer (1, 3, 25).

The main side effect of radioiodine treatment is hypothyroidism and its
incidence continues to increase over time. In 5% of the patients treated
with radioiodine for toxic multinodular goitre or solitary hyperfunctioning
nodule Graves’ disease occurs (26). Studies have shown no effect on fertility
or possible teratogenic effects in case of subsequent pregnancy (1, 3). There
are several cohort studies on cancer risks after radioiodine treatment of
hyperthyroidism. The selected patients for the studies were treated with
radioiodine from 1946 onward. The studies found that radiation-induced
cancer risks are small and may only be detectable at higher levels of
administered dose (27).

Conclusions

Radioiodine treatment of benign thyroid disease has an 80-year long history.
The treatment is accessible, effective and safe. We can ensure additional
safety by carefully selecting patients for the radioiodine treatment, by
additional diagnostics, with patient education and with precise treatment
planning.
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Radioiodine (RAI) treatment of Graves' disease (GD) is reported to be a
risk factor for the occurrence or worsening of Graves' orbitopathy (GO) in
up to 20% of patients (1), which can be prevented with glucocorticoids.
The optimal glucocorticoid regimen, however, is yet to be determined (2).
The 2021 European Group on Graves' orbitopathy (EUGOGO) recommends
the administration of oral prednisone or prednisolone prophylaxis to
patients treated with RAI who are at risk of development or progression
of GO (smoking, high serum level of thyrotropin receptor antibodies,
severe hyperthyroidism, preexisting GO). The proposed regimen for high-
risk patients is a starting dose of 0.3-0.5 mg/kg/body weight, tapered,
and withdrawn after 3 months. The recommendation for low-risk patients
is 0.1-0.2 mg/kg/body weight of prednisone/prednisolone, tapered, and
withdrawn after 6 weeks. Patients with a stable inactive GO and without
any risk factors for GO progression can receive RAI without prednisone/
prednisolone cover (3).
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At the Department of Nuclear Medicine, UMC Ljubljana, patients with
GD are often offered treatment with RAI. Patients with mild active GO
preventatively receive a short dose of oral methylprednisolone (96 mg on
the 1st, 3rd, and 5th day) concomitant to RAI. Patients with moderate-to-
severe and active GO receive longer regimens of oral methylprednisolone
for three weeks, starting with 96 mg every second day, gradually tapering
weekly for 32 mg. In patients with more severe GO and risk factors for its
progression, we administer methylprednisolone intravenously with weekly
doses of 500 mg for one to two months, followed by weekly doses of 250
mg for one month; a cumulative dose of 3000-5000 mg.

In a recent dissertation (4) we retrospectively evaluated the beneficial
effects of our glucocorticoid regimens prophylaxis given concomitantly with
RAI, for the prevention of the occurence or worsening of GO. We also analyzed
the connection between the duration of GO activity and RAI treatment,
as well as the risk factors for the occurence of GO after RAI treatment.
The study included 724 patients who were diagnosed with GD for the first
time during the years 2005-2009 and were later treated with RAl. Among
them, 75.8 % (N=549) did not receive glucocorticoid prophylaxis as they did
not have GO. These patients represented the control group; among them,
only 3.8 % developed GO after RAI which is comparable with published data
(5). Patients with mild GO and patients at risk for the development of GO
(N=142, 19.6 %) were given a short dose of methylprednisolone prophylaxis
concomitantly with RAl treatment; only 4% of them experienced worsening
of GO which was statistically insignificant compared to the control group.
This showcases a beneficial effect of our short-dose methylprednisolone
regimen with RAI for the prevention of the occurrence or worsening of
GO. A group of patients with moderate-to-severe active GO (N=33, 4.6 %)
received longer regimens or intravenous methylprednisolone concomitantly
with RAI; none of the patients from this group experienced a worsening
of GO. Furthermore, in most of them (N=30, 90.9 %) GO improved after
the treatment. That implies that the RAI treatment with appropriate
glucocorticoid prophylaxis is also safe in patients with moderate-to-severe
GO. Patients who received RAI in 6 months or fewer from the onset of GD,
showed a significantly shorter duration of GD activity compared to patients
who received RAI more than 6 months after the onset of GD (7.8t4.4
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months vs. 9.5+5.1 months, p=0.032); this shows the importance of timely
RAI treatment. As the duration of GO activity was also significantly longer
before RAI than after RAI (6.5+4.2 months vs. 2.2+3.3 months, p<0.001), the
RAl treatment in patients with active GO should be given with concomitant
steroids soon after medical management of hyperthyrosis.

Regarding possible risk factors for GO after RAI (N=552) we concluded that
it is important to administer the correct RAI dosage for a successful first
treatment of GD. A greater proportion of patients who did not develop GO
after RAI therapy were successfully treated with the first RAI dose (92 % vs
74 %, p =0.008) and were less likely to require a third RAI dose (0.2 % vs 8.7
%, p<0,001) than patients who developed GO after RAI therapy.

According to our study, the presence of GO at GD presentation or anytime
before but not during RAI treatment is also a risk factor for GO occurrence
after RAI (3.8 % vs 13 % or 21.7 %, p=0.030 or p<0.001).

In our study cohort of 171 patients with GO at the time of RAI, GO worsened
in only 5 patients after RAI therapy with concomitant steroids treatment,
whereas GO improved in 143 patients (84 %). Patients who experienced
an improvement of GO after treatment were more likely non-smokers
(p=0.009), received glucocorticoids at the time of RAI (p<0.001), had a
shorter antithyroid treatment duration (p=0.003), and had a shorter time
from onset of GD to RAI treatment (p=0.003).

In conclusion, although RAI treatment of GD is a risk factor for de novo
occurrence or worsening of GO, it is, in our experience, a reasonably safe
treatment if administered timely and with concomitant appropriate
methylprednisolone prophylaxis.
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Introduction

In adolescents with Graves' disease (GD), treatment usually starts with
antithyroid drugs. If this treatment is not effective, they are left with only
two options: thyroid surgery or radioactive iodine 131 (I-131). Surgery is
not perceived a good option by many adolescents, as it is associated with
a risk of complications. Thyroid autonomy (TA), however, which is rare in
adolescents, is usually treated with I-131 only.

Treatment goal

The goal of treatment of GD in adolescents with 1-131 is to establish
hypothyroidism. In addition to ensuring permanent hypothyroidism, ablation
is also useful for preventing the growth of possible thyroid carcinoma (1).
The goal of treatment of TA with I-131 is to establish euthyroidism. In this
disease, hypothyroidism occurs later, usually in a few percent of patients
annually.
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Treatment dose

The efficacy of I-131 therapy is dose related. It also depends on the iodine
supply in a certain area. Therefore, various successful doses have been
reported. In Japan, for example, a dose of 300 uCi of I-131/g of thyroid tissue
provided fairly reliable ablation of thyroid tissue (1). When the dose was too
low (several mCi), retreatment was needed (2). In the USA, the reported
I-131 doses in children and adolescents have ranged from 100 to 250 uCi/g
of thyroid tissue (3). After administering a dose of 150-200 uCi/g of tissue,
the long term cure rates of hyperthyroidism were 90% or greater (3). On the
other hand, with the I-131 dose of 220 uCi/g of thyroid tissue, a successful
treatment rate of 65.6% was reported (4). AnI-131 dose close to 250 uCi/g
of thyroid tissue had a higher likelihood of achieving hypothyroidism (5).
With the median dose of 13 mCi (range 3.6 to 29.8 mCi) 91% of 117 juvenile
patients from Japan developed overt hypothyroidism, 2% subclinical
hypothyroidism, 5% euthyroidism, and 2% subclinical hyperthyroidism (6).
Ultrasound measurement of thyroid volume three months after treatment
with I-131 is clinically useful for predicting hypothyroidism. Around 90% of
adolescents whose thyroid volume decreased by 50% three months after
[-131 treatment became hypothyroid within one year (1).

Treatment safety

No increased risk of adverse events was reported in young GD patients
under the age of 20 years who had been treated with I-131 between
1953 and 1973 (2). At the time of treatment with 1-131, their ages
ranged between 3 years, 7 months and 19 years, 9 months. A follow-
up was performed in 107 patients after 26.1 years, and in 98 of them
also after 36.2 years. No patient developed thyroid cancer or leukemia.
Pregnancies were not associated with higher frequency of complications
such as congenital anomalies or spontaneous abortions (2). The follow-up
time of 117 juvenile patients aged 10 to 18 years who had been treated
with the median dose 13 mCi I-131 ranged between 4 and 226 months
(6). New thyroid nodules were detected in 9 patients after 4 to 17 years.
These patients received lower doses of 1-131 and had larger residual
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thyroid volumes than those without nodules. None had thyroid or other
malignancies (6). Treating young people with I-131 is safe.

Our experience

Between March 2013 and January 2022, we treated 56 adolescents (46
girls and 10 boys) aged between 14 and 20 with [-131. Among them, 41
had GD and 15 TA. Patients with GD were significantly older than patients
with TA (18.5+1.5 and 17.5+1.5 years, respectively, p=0.024). Before 1-131,
all GD patients were treated with antithyroid drugs for 30 (1-84) months
(median, range). No patient with TA was treated with antithyroid drugs
before I-131. Thyroid volume in GD patients was significantly larger than
the volume of thyroid autonomous tissue in TA patients (median, range,
24.4 (6.5-75) and 7.7 (0.7-24.6) mL, respectively, p<0.001). GD patients
were treated with significantly lower dose of 1-131 than TA patients
(median, range, 724 (500-950) and 902 (572-950) MBq, respectively,
p=0.0001). First dose of I-131 was successful in 92.7% of GD patients.
Three patients needed the second dose of I-131. Time to the onset of
hypothyroidism was in GD patients 2 (1-11) months (median, range). As
for TA, hypothyroidism after 1-131 occurred in 46.7% of patients after 3
(1-24) months (median, range).

Conclusions

Treatment with radioiodine is a simple, effective and safe treatment option
for adolescents with GD and TA.
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Background

Type 1 diabetes (T1D) is one of the most common chronic conditions in
children and adolescents all over the world, and the incidence of T1D is
increasing by approximately 3.4 % per year in Europe. The goal in the
management of T1D is to maintain blood glucose levels as close to normal
as possible with the aim of avoiding or delaying disease-related micro- and
macrovascular complications. Major guidelines suggest glycated hemoglobin
(A1C) below 7 % (53 mmol/mol), but not all patients can achieve this goal.
The use of technology in the management of T1D is increasing, and we can
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start with a continuous glucose monitor followed by an insulin pump. In the
last decade, the two are combined into an automated closed-loop insulin
delivery system. There is increasing evidence that the use of advanced
hybrid closed loop (AHCL) systems can improve glycemic control irrespective
of baseline A1C, with fewer hypoglycemic events. Most of the studies using
AHCL show stable glycemic control overnight. This is also important for
families since fear of undetected hypoglycemia and hyperglycemia can be
the biggest during sleep. Recent data also confirm the ability of the AHCL
insulin delivery systems to safely achieve a significant overall improvement

in glucose control in T1D.

Methods

24 young people with T1D (14 female) aged 10 to 18 years participated.
Data collection before and at the end of AHCL (a period of 4 months) use
were analyzed. Qualitative data were obtained with modeled interviews of
four focus groups before and at the end of the period. Clinical data were
collected from electronic medical records.

Results

The use of AHCL significantly improved the quality of life in terms of
decreased fear of hypoglycemia (p<0.001), decrease in diabetes-related
emotional distress (p<0.001), and increased well-being (p=0.003). The mean
A1C decreased from 8.55+ 1.34 % (69.9 mmol/mol) to 7.73+ 0.42 % (61.0
mmol/mol) (p=0.002) at the end of the study. Mean TIR was 68.22 % (+
13.89) before and 78.26 (+ 6.29) % (p<0.001) at the end of the study.

Conclusion

The use of AHCL significantly improved the quality of life and metabolic
control in children and adolescents with T1DM.
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« Regular physical activity is recommended for all individuals with
diabetes, as the health-related benefits of being physically active
are well established.

« Physical activity has long been proposed as a major hurdle for
glucose-responsive insulin therapy as there are numerous factors
affecting glucose homeostasis.

« Various clinical guidelines and strategies exist, incorporating
recommendations based on current insulin delivery and glucose
monitoring modality, that assist maintaining precise glucose control
during and after physical activity.

Regular physical activity is recommended for individuals with diabetes,
performed as often as possible since the health-related benefits of being
physically active are well established (1, 2). Data from the Swedish pediatric
diabetes quality registry has also indicated a positive impact of physical
activity on glycemic control, regardless of age and gender (3), and its
association with improved quality of life (4). More recently, higher amounts
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of physical activity were associated with improvements in time in range
without significantly increasing the risk for hypoglycemia (5). On the
other hand, physical activity is overall associated with an increased risk
of glycemic excursions and hypoglycemia, particularly during the physical
activity and the night following it (6-8). Consequently are individuals
with type 1 diabetes reportedly less active than recommended; less than
20% manage to do aerobic exercise more than two times per week, and
about 60% do not engage in structured exercise at all (9). Additionally, an
accomplishment of optimal glucose control is complicated by the variability
in insulin requirements from one day or night to another and might be
difficult to overcome with conventional therapeutic tools (2).

Modern technologies for diabetes care, including continuous subcutaneous
insulin infusion (insulin pump), continuous glucose monitoring (CGM)
devices, either real-time (rtCGM) that is continuously displaying glucose
concentration in the interstitial fluid or intermittently scanned CGM
(isCGM), which is a variety displaying glucose values only on demand, have
re-shaped the management of diabetes. These devices are enabling many
individuals with type 1 diabetes to optimize their glycemic control, improve
quality of life, and reduce the burden of type 1 diabetes and there has
been reported a global increase in uptake into everyday clinical practice
(10-13). Glucose-responsive insulin therapy, such as sensor augment pump,
predictive low glucose suspend and automated insulin delivery (AID) might
further facilitate the situation and reduce some of the challenges during
and after physical activity in type 1 diabetes.

Physical activity has long been proposed as a major hurdle for glucose and
studies are now looking into how these systems are performing. Exercise
duration, modality, relative and absolute intensity, and fitness capacity all
affect glucose homeostasis in people living with type 1 diabetes. Previous
studies have demonstrated that the use of predictive low glucose insulin-
suspend (PLGS) function could reduce the risk of hypoglycaemia after
physical activity and can reduce the risk of nocturnal hypoglycaemia (14).
These benefits were, however, achieved at the expense of mildly elevated
glucose levels or increased time in moderate hyperglycemia without an
increased risk for severe rebound hyperglycemia or diabetic ketoacidosis
after the PLGS.
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AID combines rtCGM with a modern insulin pump and a sophisticated
computer algorithm, which directs insulin (single-hormone) or insulin
and glucagon (dual-hormone or bihormonal system) delivery in response
to sensor glucose data. The autonomous graduated modulation of insulin
(and glucagon) delivery below and above the amount preset in a glucose-
responsive manner differentiates AID from conventional insulin pump
therapy with or without low-glucose suspend or suspend before low feature
(15, 16). AID is now a part of regular clinical reality for many individuals living
with type 1 diabetes and its performance during and after physical activity
has been extensively evaluated, especially in a controlled environment.
AID has been challenged with different exercise protocols of different
durations and intensities, using faster insulin formulation, glucagon,
in heterogeneous age groups, with additional devices to detect physical
activity, such as activity and heart rate monitoring, and adding glucagon
to prevent hypoglycemia. These studies have demonstrated reduced
frequency and the overall proportion of time spent in hypoglycemia during
and after physical activity, including nocturnal hypoglycemia, and generally
improved time in range with AID (17-21). There are less published data
regarding physical activity in unsupervised or less-supervised settings and
future research is needed (22-24).

Several strategies for insulin adjustments and additional carbohydrate
consumption regarding physical activity have been suggested and these
recommendations should be individualized and tailored based on above-
mentioned factors and treatment modalities (25-30). Due to differences
in modalities and duration of physical activity, activity-related hormonal
responses, different gender and age responses to physical activity, a
personalized glucose management plan should be made. This plan should
include advice on glucose monitoring, exercise timing, carbohydrate intake,
insulin dose modification and avoiding injecting insulin at sites involved in
the muscular activity (31). Most common aerobic activities lasting more
than 30 minutes are likely to require a reduction in insulin dose during
exercise and up to 90 minutes before (32). In addition to this, the risk of
nocturnal hypoglycemiais increased following afternoon exercise. For insulin
pump users, a combination of pump suspension, or a temporary decrease
in basal insulin infusion rate (e.g. 50%) implemented at least 90 minutes
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before starting exercise to give a reduced basal effect can be advised. A
temporary basal reduction of approximately 20% at bedtime for 6 hours
helps reduce the risk of nocturnal hypoglycemia. Some differences in AID
strategies for physical activity include the importance of pump suspension
if disconnecting during physical activity, fewer grams of uncovered
carbohydrates before physical activity (taken close to activity onset to
avoid a rise in automatically initiated insulin delivery) and continuing the
exercise (temporal) target for several hours after activity or potentially
overnight to avoid hypoglycemia (33).

In conclusion, it is vital that most individuals with type 1 diabetes are
regularly engaged in physical activity. Current data underscore the
synergistic effect of advanced diabetes technologies used concomitantly
that should be more readily available to individuals with type 1 diabetes
for further improvement of diabetes-related clinical outcomes. Further
research is needed to evaluate various physical activity settings and the
impact of different intensities, durations and modalities of physical activity
using available technologies, especially under less supervised conditions.
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Introduction

Pregnancy is a challenging life period, characterized by dynamic changes
of insulin sensitivity and glucose tolerance and demands the achievement
of tight glycemic control (1). Recently, continuous glucose monitoring
(CGM) systems with and without insulin pump therapy are revolutionizing
diabetes care (2). In particular, new algorithm-controlled insulin delivery
systems based on real-time CGM have changed the clinical landscape by
providing new therapeutic targets, as well as an increase in the proportion
of people with type 1 diabetes safely achieving these goals (3). However,
the value of these systems in pregnant women with type 1 diabetes is
still not well characterized. In addition, there is a lack of data on target
glucose range, derived from the CGM systems, in pregnant women with
type 2 diabetes or gestational diabetes (4).
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Continuous glucose monitoring during pregnancy

Continuous glucose monitoring systems can be broadly divided into two
types:

1. systems for continuous measurement of glucose in the intercellular
space (RT-CGM: "real-time continuous glucose monitoring");

2. systems for intermittent glucose monitoring (IS-CGM: "intermittent
system for continuous glucose monitoring” or “flash glucose
monitoring").

According to international guidelines, both are recommended in pregnancy
as an adjunct and not as a substitute for capillary blood glucose
measurement (4).

The recent randomized multicenter study CONCEPTT showed that the use
of RT-CGM for capillary blood glucose measurement during pregnancy in
type 1 diabetes slightly lowers HbA1c (-0.19%) without an increased risk of
hypoglycemia, while reducing the risk of macrosomia of the fetus, neonatal
hypoglycemia and shortening the duration of hospitalization compared
to only capillary blood glucose concentration measurement (5). In a large
cohort study, perinatal outcomes did not differ by sensor system type (IS-
CGM or RT-CGM), while pregnant women with type 1 diabetes spent less
time hypoglycemic when RT-CGM was used (6). International guidelines
have outlined the goals for the treatment of type 1 diabetes during
pregnancy (2) with more than 70% of the time spent in the target range
("time in range", TIR), i.e. between 3.5 and 7.8 mmol/l; less than 4% of the
time spent in the glucose range of less than 3.5 mmol/I ("time below range”,
TBR) and less than 25% of the time spent in the range above 7.8 mmol/l
("time above range", TAR).

Intriguingly, a recent large cohort study of type 1 diabetes pregnancies
from the Joslin diabetes center has pointed out that although CGM use
was associated with better glycemic control (reflected by lower HbAlc), it
did not translate into a significant improvement of any of the maternal
or neonatal outcomes (7). Of note, a detailed analysis of >10.5 million
CGM glucose measures from two large multicenter trials has shown that
maternal glucose has the central role in the pathogenesis of excessive
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infant growth from the early gestation onwards (8). Moreover, it has been
demonstrated that normal birth weight was associated with TBR well
above the recommended international consensus target of <4%, never
falling below 8% in women with normal-sized babies (8).

In Slovenia, we can prescribe RT-CGM sensor systems at the expense of the
Health Insurance Institute to pregnant women with type 1 diabetes, while
IS-CGM can be prescribed also to pregnant women with type 2 diabetes or
gestational diabetes, if they are treated with insulin.

Insulin pump therapy

Insulin pump therapy in women with type 1 diabetes was not conclusively
associated with better perinatal outcomes in meta-analyses, but was
associated with greater treatment satisfaction and dietary freedom (9).
In the CONCEPTT study (5), the effect of CGM was the same regardless
of the way insulin was administrated (continuous delivery of glucose in
the subcutaneous tissue or multiple daily insulin injections). Some newer
systems, where CGM is combined with the continuous delivery of glucose
by the help of advanced mathematical computer algorithms, the so-called
"closed-loop system", have enabled pregnant women with type 1 diabetes
to survive a higher percentage of time in the target glucose range between
3.5 and 7.8 mmol/l (10) or a lower percentage of time in the hypoglycemic
range (11). We are still waiting for the results of a randomized controlled
study in pregnant women with type 1 diabetes using the Minimed 780G
system that includes an advanced hybrid closed loop algorithm, already in
clinical use in Slovenia.

Gestational diabetes and continuous glucose monitoring

Gestational diabetes is characterized by the increased glycaemia compared
to normal pregnancy, but usually not reaching glucose concentrations
typical for pregnancies in women with preexistent diabetes (12). Sensor
systems have not yet been tested in large randomized clinical trials in type
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2 diabetes or in gestational diabetes. The guidelines therefore point out
that in these cases it is not yet clear what the glycemic targets are when
using the sensor system, nor whether the use of sensors improves glycemic
or perinatal outcomes (4). However, the hypothesis is that CGM devices
may be more user friendly to women with GDM compared to capillary blood
glucose measurements, may help in improving lifestyle and in gaining less
gestational weight (13).
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There is much research-supported evidence about the connection between
energy balance and fertility. On one end of the calorie consumption
spectrum, chronic energy deficiency has been connected with amenorrhea
and infertility (1, 2). On the other end, studies have continuously proven a
link between obesity and anovulation, subfertility, infertility and a higher
miscarriage rate (3, 4, 5). By some studies, weight loss alone improves the
chances of a successful IVF treatment and of successful pregnancy (6, 7, 8,
9, 10).

It is speculated that the amount of energy available to the body impacts
fertility and inhibits reproductive capacity during poor nutrition conditions
(11). Hormones of the gut (glucagon-like peptide-1 (GLP-1), insulin, ghrelin,
obestatin, insulin, peptide YY, glucose-dependent insulinotropic peptide,
oxyntomodulin and cholecystokinin) and the adipose tissue (leptin,
adiponectin, resistin, omentin, chemerin) control this phenomenon. All
of the above-mentioned hormones have been found to be involved in the
regulation of human reproduction (12).
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GLP-1 is an incretin hormone produced by post-translational processing
of proglucagon in enteroendocrine L-cells (13). Its most important role
is to regulate insulin secretion, which enables adequate maintenance
of postprandial glucose levels (13, 14). It is secreted as one of the gut
hormones within minutes after food intake (15, 16). It further stimulates
insulin production and improves insulin sensitivity, increases pancreatic
[3-cell proliferation and protects them from apoptosis. It inhibits glucagon
secretion and gastric emptying and suppresses food intake (13, 17-20),
which has been shown to be beneficial in weight reduction. GLP-1 binds to
the GLP-1 receptor (GLP-1R), which is a member of the G protein-coupled
receptor (GPCR) family (21). GLP-1R has also been detected in the lung,
stomach, hypothalamus, heart, intestine, ovary and endometrium (22).

Recently, the GLP-1's role as a modulatory molecule in fertility is becoming
increasingly apparent (12, 23, 24). GLP-1 receptors (GLP-1R) are distributed
throughout the reproductive system, and the effects of GLP-1 are seen
at the level of reproduction in both preclinical models and some clinical
trials (25) thus suggesting, GLP-1 plays a role in the interaction between
the reproductive and metabolic systems (23). Preclinical results suggest
that GLP-1 predominantly has a stimulatory effect on the hypothalamic-
pituitary axis (26, 27, 28, 29). It was also suggested that GLP-1 and GLP-
1 agonists (GLP-1A) have anti-inflammatory and antifibrotic effects on
various reproductive tissues, such as the ovaries, endometrium, and testes,
which are altered in obesity, diabetes, and polycystic ovary syndrome
(PCOS) (23).

GLP-1 modulates the activity of hypothalamic GnRH neurons (26, 27, 28,
29). Further investigations in preclinical models have shown that GLP-1
acts through the modulation of presynaptic excitatory y -aminobutyric acid
(GABA)-ergic inputs and via kisspeptin-1 neurons (29) in the hypothalamus.
These are neurons that are essential for fertility (30), as they are key
regulators of the pulsatile release of GnRH from GnRH neurons (31).
GLP-1 induces an increase in serum LH concentration in the most
functional studies (26, 27, 28). GLP-1 related increase in GnRH is being
applied as a principal mechanism to stimulate LH secretion from the
pituitary. Importantly, the hypothalamic expression of GLP-1R in animal

122

models varied in a time- and tissue-specific manner through the oestrous
cycles. The highest expression level of GLP-1IR mRNA in the hypothalamus
(27) and the plasma concentrations of GLP-1 were detected during the pro-
oestrous phase. The hypothalamic GLP-1 content and plasma LH were also
responding to the nutritional status (26).

GLP-1 also has an effect on the ovaries. In addition to the GLP-1 receptors
expressed in the ovary (25), GLP-1 has also been demonstrated in follicular
fluid (32). Based on pre-clinical and clinical irradiation studies, GLP-1 is most
likely to affect steroidogenesis, gametogenesis and gonadal morphology.
Most clinical studies show the impact of GLP-1 RAs on hyperandrogenism
with reduction of androgens and increase of SHBG in PCOS patients (23).

Studies on the effect of GLP-1 on the menstrual cycle in PCOS patients are
also important in determining the impact of GLP-1 on women’s reproductive
health. Elkind-Hirsch et al. looked at the effect of GLP-1A on menstrual
frequency in anovulatory women with PCOS in three randomised groups
treated with exenatide, metformin or a combination of the two (33).
They found improved ovulation rates in all groups, and the combination
treatment led to the best results, with the establishment of ovulation in
86%. Body weight decreased in all groups, and weight reduction was also
associated with improved menstrual cycle.

Recent studies on the GLP-1RA’s plausible therapeutic role in human
infertility treatment showed the positive impact of GLP-1RA on weight loss
and improved fertility rate (6, 34). Liu et al. observed the effects of 24
weeks of GLP-1RA (Exenatide) treatment on the spontaneous pregnancy
rate in obese or overweight women with PCOS. After 24 weeks of treatment,
they observed significant weight loss, central adiposity reduction and an
improvement in insulin resistance (IR), menstrual cycle and a decrease
in inflammatory markers (34). Our research team conducted a study in
which we observed liraglutide’s influence on IVF outcomes in infertile,
obese, women with PCOS. A 12-week preconception treatment with low-
dose liraglutide in combination with metformin was superior to metformin
alone in increasing IVF pregnancy rates and the cumulative pregnancy rate
including also spontaneous pregnancies after IVF. Suggested mechanisms
for the improved pregnancy rate were attributed to weight-loss mechanisms,
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improvement of insulin resistance, and the possible effect of GLP-1 on the
hypothalamic-pituitary-ovarian axis (6, 34).

In addition, the possible effect of liraglutide on the endometrium was also
proposed relating to significantly better implantation rate in the group that
was given the combination of metformin and liraglutide (6). We performed
the endometrial transcriptomic study to investigate the effect of weight
loss with liraglutide on the expression of genes in the human endometrium
in obesity and PCOS. We found that endometrial gene expression changed
during the implantation window after the weight loss with liraglutide. The
most important expressed mechanisms of weight loss with liraglutide were
at the level of GLP-1R activation, modulation of inflammation, oxidative
stress, glucose metabolism and energy consumption according to the
functional transcriptomic analysis of the endometrium. These processes
could represent potential mechanisms for optimizing the endometrial
environment for implantation and embryo development to successful
pregnancy (35).

The distribution of GLP-1R in the reproductive system and the described
actions of GLP-1 in preclinical and clinical studies suggest that GLP-1 may
be an influential signaling link between the reproductive and metabolic
systems. GLP-1A has the potential for novel therapeutic strategies in the
treatment of infertility associated with obesity, diabetes and PCOS.
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Introduction

The reproductive system and energy metabolism are closely interconnected
processes in human biology. For a human to reproduce the energy
homeostasis needs to be adequately balanced. Prolonged scarcity or energy
surplus can disrupt the human reproductive system through complex
signalling pathways which are yet to be fully understood. Due to extreme
energy abundance, we are currently living in the obesity epidemic which
coincides with the rise of male hypogonadism and infertility (1, 2). Obesity
and insulin resistance are major contributors to male hypogonadism,
with some studies reporting up to 50 % of obese diabetic men to have
low levels of circulating testosterone (3). The extensive research on type
2 diabetes and its treatment gave rise to antidiabetic agents based on
the incretin system, particularly, glucagon-like-peptide 1 (GLP-1) agonists,
which further defined the role of incretins in glucose homeostasis and
energy metabolism. Ensuing studies revealed widespread effects of GLP-
1 throughout the human body and were not limited to the pancreas and
glucose and energy homeostasis. Of particular interest has been the effect
of GLP-1 on the male reproductive system. Prolonged treatment with GLP-
1 agonists has improved testosterone levels via weight reduction in obese
men with hypogonadism. There has also been demonstrated a direct effect
of GLP-1 on male gonads and gametes.
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The GLP-1 and the incretin system

The incretin system has been extensively studied in the treatment of
type 2 diabetes where the effects of GLP-1 agonists have been proven
to be particularly successful in improvement of glucose homeostasis by
enhancement of insulin secretion and reduction of caloric intake through
appetite regulation and decreasing gut motility thereby achieving
significant weight reduction (4). The widespread presence of GLP-1
receptors on multiple human tissues, namely lungs, kidneys, heart, and
central nervous system, indicates far greater physiological reach than
glucose and energy homeostasis (5). In several different tissues, GLP-1
carries out a protective role in preserving cell mass mainly due to its anti-
apoptotic and anti-inflammatory function (5).

Energy metabolism and the male reproductive health

The relationship between energy metabolism and the reproductive system
is complex and remains to be fully elucidated. Current evidence points
to peripheral adipokine inhibition of gonadotropin-releasing hormone
secretion via kisspeptin neurons in the hypothalamus (6). The adipokine
formation is most pronounced in obese and insulin-resistant states (7).
Consequentially, the downregulation of the hypothalamic-pituitary-gonadal
(HPG) axis reduces spermatogenesis and testosterone production (6).
Interestingly, the HPG axis is reinstated again when the body weight and
insulin resistance are reduced. The extent of weight loss and testosterone
level elevation seem to be in a reciprocal relationship (8). The role of GLP-
1 through its regulation of appetite and reduction of energy intake has
proven to be significant in the coupling of the two physiological processes.
A study on obese individuals with functional hypogonadism demonstrated
significant increase of circulating testosterone levels through the recovery
of the HPG axis when continually treated with GLP-1 agonists (9). However,
in healthy individuals such treatment, albeit acute, did not affect luteinizing
hormone and testosterone levels (10).
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The direct role of GLP-1 on male gonads

The presence of the GLP-1 receptor in male gonads indicates a direct role
of GLP-1in the reproductive system but the role remains to be determined.
A study has demonstrated the presence of GLP-1 receptors in rodent and
human male Leydig cells, but absent in tumour Leydig cells suggesting a
role in cell oncogenesis (11). Recognized for its anti-apoptotic and anti-
inflammatory role in other tissues GLP-1 could have a similar role in male
gonads (5). The absence of GLP-1 function has led to the decreased size
of gonads in GLP-1 receptor knockout mice compared to controls (12).
Conversely, treatment with a GLP-1 agonist has led to improve the quallity
and motility of sperm as well as improve the inflammatory status of the
gonads in hypogonadal obese mice models (13). Finally, the direct effect of
GLP-1 on human male gametes has been thoroughly demonstrated by Rago
et al. The in vitro treatment of gametes with a GLP-1 agonist, exendin-4,
demonstrated the effect on several metabolic processes such as an increase
in cholesterol influx and lipid metabolism, an increase in gamete insulin
secretion and glucose metabolism as well as an increase in sperm motility
(14). These findings are consistent with the intensification of metabolic
activity and sperm maturation during the capacitation state, indicating a
crucial role of GLP-1 in male fertility. It is worth noticing that, in the same
study, reduced GLP-1 receptor expression was observed in sperm samples of
patients with oligoastenospermia (14).

Despite mostly favourable outcomes from laboratory studies, a few
clinical reports are suggesting the negative effects of GLP-1 agonists on
sperm quality. A case report of a 35-year-old man examined for infertility
demonstrated no sperm motility after a few months of treatment with
a GLP-1 agonist, liraglutide, and a complete improvement after the drug
discontinuation (15). Up to July 2022, of 38 415 people that reported adverse
side effects when taking liraglutide only 2 had a decreased sperm count
(16). So far, no other concerns have been raised despite GLP-1 agonists
being one of the most widely prescribed antidiabetic agents worldwide.
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Nowadays, in the absence of relevant medical history or physical findings, a
complete systematic infertility workup should be advised after 12 months
of conceptual failure in women aged <35 years. In women >35 years, this
interval is commonly shortened to 6 months and even less in women aged
>40 years.

In the infertility workups, the treatment of 4 areas should be included:
the assessment of oocyte quantity and quality; assessment of ovulation,
ovulatory disorders, and amenorrhea; assessment of other endocrine
disorders, which may compound infertility; and genetic screening and in
future maybe expanded carrier screening (ECS).

1. Assessment of oocyte quantity and quality using different
clinical markers is needed for optimizing ovarian stimulation (0S).

1.1. Clinical biomarkers

1.1.1 Age Women are born with a given number of nongrowing follicles
(NGFs), and this number is progressively declining with age.
However, the NGF decline rate may widely vary among individuals,
but around 80% of the variance in the NGF populations is because
of age alone. Ovarian surgery, gonadotoxic therapy, and genetic or
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1.2.2.

1.2.3.

1.2.4.

idiopathic causes may be associated with an accelerated decline in
the number of NGFs, leading to primary ovarian insufficiency (POI).
Still, age is by far the most reliable biomarker for the prediction of
oocyte quality. Embryo euploidy rates show a consistent continuous
decline with age starting from approximately the age of 36 years (1).

Body mass index BMI is not independently associated with ovarian
reserve. However, BMI does affect response to stimulation because
it is inversely associated with the circulating follicle-stimulating
hormone (FSH) level after exogenous administration. Women with
obesity are at increased risk of an inadequate response leading to
ART cancellation. Altered follicular environment, due to lipotoxicity
and increased production of reactive oxygen species causes oocyte
organelle damage. It is assumed that obesity also negatively affects
endometrial receptivity (2).

Hormonal biomarkers

Basal FSH has been one of the first biomarkers for the pretreatment
assessment of ovarian function. It is elevated in women with
diminished ovarian reserve (DOR) and is not biomarker of oocyte
quality.

Basal estradiol (E2) alone should not be used as a marker of ovarian
reserve. However, it is essential for the correct interpretation of a
normal basal FSH value. An elevated serum E2 level in advanced-age
patients can lower an otherwise elevated basal FSH level into the
normal range, thereby causing a misinterpretation of the test.

The basal LH levels are not associated with ovarian reserve and
oocyte quality. Low basal LH levels are associated with a suboptimal
oocyte yield after trigger with a GnRH agonist, and thus, it may be
considered when a freeze-all strategy is planned.

Antimullerian hormone (AMH) has undeniably been one of the
most important pretreatment biomarkers of the general workup
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1.3.

of patients with infertility. Being produced by the granulosa cells
of large preantral and antral follicles, AMH has proven to be an
excellent biomarker of ovarian reserve with an excellent ability to
predict the extremes of ovarian response. It has low intercycle and
intracycle variability and remains same at least up to 12 months.
Smoking and the use of combined contraceptives, may suppress
the serum AMH levels, and seems to be reversible. AMH is not a
biomarker associated with oocyte quality.

Androgens testosterone levels may be lower in women with DOR
because of the reduction of the number of follicles. It is also known
that the androgens decline with age.

On the other hand, serum androgens may be associated with oocyte
quality in women with PCOS. Hyperandrogenism alters intrafollicular
microenvironment, leading to abnormal folliculogenesis and
premature arrest of immature developing oocytes. The most
common provocative factors of ovarian hyperandrogenism appear
to be obesity and insulin resistance, which occur in 50% of the
patients. In this context, obesity up-regulates ovarian androgen
production primarily via insulin-resistant hyperinsulinemia and, to
some extent, via inflammatory cytokines (3).

Functional Biomarkers

Antral follicle count (AFC) is one of the best biomarkers of ovarian reserve
and response to stimulation with an excellent ability to predict low and
excessive response to stimulation. Its low intercycle and intracycle
variability makes it, along with AMH, a very reliable biomarker. Regarding,
oocyte quality AFC is a weak biomarker (4).

1.4.

Genetic Biomarkers

Fragile X mental retardation 1 (FMR1) (>200 CGG repeats) can cause
intellectual disability, and premutation (approximately 55-200 repeats)
has been associated with POI (5).
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2. Assessment of ovulation, ovulatory disorders, and
amenorrhea

Ovulation can be detected by transvaginal ultrasonography, urinary LH
kits and progesterone level of > 3 ng/mL in the mid-luteal phase. They are
classified by the nonfunctioning level in the reproductive axis.

World Health Organization (WHO) type I includes disorders of hypothalamic
and pituitary origin. Central nervous system abnormalities and/or pituitary
tumors should be excluded.

The most common ovulatory disorders are WHO type Il disorders, which
refer to oligo-anovulation or PCOS. Classically, there have been 3 sets of
criteria for diagnosing PCOS, androgen excess, ovulatory dysfunction,
or polycystic ovaries. Owing to the fact that PCOS is a more complex
metabolic disorder, associated with various degrees of insulin resistance
and metabolic syndrome (commonly associated with hyperandrogenism),
general workup may require additional examinations. Disorders that mimic
the clinical features of PCOS: thyroid disease, hyperprolactinemia; and
non-classic congenital adrenal hyperplasia (NCAH) should be excluded.

World Health Organization type Il ovulatory disorders— with or without
amenorrhea—are associated with elevated gonadotropin levels. This is
often associated with autoimmune alterations (3).

3. Assessment of other endocrine disorders

3.1.  Screening for thyroid disorders has become a standard, given their
potential association with early miscarriage rates.

3.2.  Other hormonal markers Apart from estrogens and progesterone,
the measurement of other steroid hormones should be limited to
specific patients’ categories. Androgens play a role in women with
PCOS and may be associated with oocyte quality.

3.3. Determination of cortisol and other hormones involved in the
steroidogenic pathway is essential in cases of suspicion of specific
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conditions, such as congenital adrenal hyperplasia (CAH), non-
classic NCAH or late-onset CAH which tend to manifest later, with
more discrete signs, ranging from premature adrenarche and/or
various degrees of masculinization.

In addition, Cushing syndrome, a disorder of cortisol excess, can be
confused with PCOS because symptoms of hyperandrogenism, such
as hirsutism, and menstrual irregularities are often present (6).
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Introduction

Cancer epidemiology studies the distribution of cancer in populations and
its changes over time. It looks at characteristics of different population
groups, not only those who get the disease but also those who do not,
to find out how these groups differ. The continuous and systematic
collection, storage, and analysis of data on all cancer patients is the basis
for controlling this significant public health problem. The population-based
cancer registries play a crucial role in this. In this abstract, we present the
data on new cancer cases (incidence), mortality, and survival of pancreatic
cancer patients in Slovenia, Europe, and globally. In the last part, we also
give a short overview of known and possible risk factors for developing
pancreatic cancer.

The burden of pancreatic cancer

With almost half a million new cases annually, pancreatic cancer is
estimated to be the 12t most common cancer worldwide in 2020; more
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than half of the new cases occurred in countries at high or very high levels
of human development (1). The geographical differences within Europe are
not so pronounced; the highest crude incidence rates in 2020 were noted
in Germany, Hungary, and Finland (app. 25/100,000) and the lowest (app.
15/100,000) in Poland, Ireland, and Cyprus (2). In Slovenia, the pancreatic
cancer incidence is around 400 (20/100,00) which represents 2.5% of all
new cancers. The estimated lifetime risk of being diagnosed with pancreatic
cancer is 1% for those born after 2010 in Slovenia. The estimated annual
change of crude incidence rate over the latest ten years in Slovenia was
2,7% (3). Along with risk factors, the differences in access to health care can
affect the reported rates (4). The incidence of pancreatic cancer is projected
to rise in the next two decades by more than 60%, and the rise will be
steeper in the currently less developed areas (1). There were an estimated
466,000 deaths from pancreatic cancer in 2020, and because of its very
high fatality, pancreatic cancer is the seventh most common cause of death
from cancer worldwide (1). Given the overall mortality-to-incidence ratio of
0.98, the geographical patterns and trends for mortality are very similar
to those observed for incidence (4). Finally, on the global scale, there was a
two-times increase in disability-adjusted life-years due to pancreatic cancer,
increasing from 4.4 million in 1990 to 9.1 million in 2017 (5).

Characteristics of patients and their disease

Pancreatic cancer is most frequent in elderly people. The risk of developing
pancreatic cancer increases as people age: about 85% are at least 60 years
old; pancreatic cancer is unusual in people younger than 45 years (3).
Pancreatic cancer affects men and women equally. In Slovenian patients
with pancreatic cancer diagnosed between 1997 and 2016, most cases
(40%) occurred in the head of the pancreas, in 6%, the disease occurred
in the tail of the pancreas, and in 5%, in the body of the pancreas. In 4%
of cases, the disease occurred as an overlapping lesion of the pancreas.
In 35% of cases of pancreatic cancer, the site was not specified. Around
40% of patients did not have their disease confirmed microscopically. The
most common histological type among all microscopically confirmed cases
was adenocarcinoma, which occurred in 87% of cases. In 10% of cases,
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the histological type was not specified. The disease was most commonly
diagnosed in the distant stage (55%), one-third of patients were diagnosed
with the regional disease (6).

Survival

According to the Concord-3 global research of patients diagnosed with
cancer during the 15 years between 2000 and 2014 in 71 countries,
pancreatic cancer has the lowest survival of all common cancers, with a
five-year survival of less than 7% (7). Early diagnosis is crucial to improve
survival outcomes for people with pancreatic cancer; with one-year survival
in those diagnosed at an early stage six times higher than one-year survival
in those diagnosed at stage four (6, 7). Very important is also the age at
diagnosis. A study by Huang et al. et al. comparing survival by stage and
patient age in four European countries (Norway, the Netherlands, Belgium,
and Slovenia) and the United States shows that the three-year survival of
patients with stage I-1l who were younger than 60 years at diagnosis was
20-34%, in patients aged 60-69 years 14-25%, and in patients over 70 years
9-13%. In patients with stage IlI-1V, survival was in the range of 2-5% (under
60 years), 1-2% (60-59 years), and 1% (over 70 years) (8).

Risk factors and prevention possibilities

Without effective screening methods, options for primary prevention of
pancreatic cancer are of significant importance. Risk factors such as age,
race, and family history cannot be modified. Still, primary prevention by
altering modifiable risk factors has the potential to decrease the overall risk
of pancreatic cancer and warrants further study. Potentially modifiable risk
factors include smoking, obesity, diabetes, diet, and alcohol consumption.
The best strategy for risk reduction is lifestyle modification: smoking
cessation, maintaining a healthy weight, a diet high in fruits and vegetables,
regular physical activity, and avoiding heavy alcohol consumption (4).
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Introduction

Pancreatic cancer is one of the cancers with the fastest increasing
incidence. It is a leading cause of cancer death worldwide (1). At the same
time, survival is still among the lowest. Five years after diagnosis, only
a few percent of patients are still alive, which makes it one of the five
deadliest cancers (2). The medical profession around the world is currently
looking for solutions to this problem and an investment in the research of
risk prediction, prevention and early detection of pancreatic cancer is fully
encouraged. Given that treatment outcomes are better in localized disease,
we expect that personalized screening and diagnosing of asymptomatic,
potentially curable pancreatic cancers could improve overall survival.

Risk factors

Ageing of the worldwide populations represents an important factor for the
increase in the incidence. Anyway, there are other known non-modifiable and
also modifiable risk factors. Both may act either independently or jointly.
Many modifiable risk factors such as cigarette smoking, obesity, diabetes
and alcohol intake are well known and researched. On the other side, we
are aware that there are some families where the clustering of pancreatic
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cancer is detected. This may be attributed either to common environmental
factors or to an underlying genetic predisposition. The proportion of
pancreatic cancers that are due to inherited genetic risk factors has been
estimated to be between 21.4-36% (3, 4). Lately, several studies have
revealed both, high-penetrance rare variants (i.e. BRCAZ, PALB2, BRCA],
ATM, STK11, CDKN2A, PRSS1, MLH1, MSH2, MSH6 and PMS2), and also low-
penetrance common variants that are associated with an increased risk of
pancreatic cancer (5-8). However, the identified genetic variations explain
only 20-25% of the heritability (4-5% of all pancreatic cancers) (3). For
the 20% of familial pancreatic cancers for which a causative mutation has
been identified, knowledge of the precise genetic variation can help guide
therapeutic decisions for those who develop pancreatic cancer and prompt
early detection screening choices for at-risk relatives.

Pancreatic Cancer Screening

Our ability to detect pancreatic cancer and its precursor lesions is slowly
improving. Understanding the underlying risk factors and their interactions
will enable prevention efforts, like primary prevention strategies, to reduce
exposures and to identify high risk individuals. At the moment, screening of
the general population for pancreatic cancer is not recommended, since no
screening test has proven to be effective in lowering the incidence and/or
mortality. Individuals who are at higher risk of developing pancreatic cancer,
on the basis of a family burden of pancreatic cancer or a proven genetic
predisposition, could be suitable candidates for selective personalized
screening with endoscopic ultrasound (EUS) and/or magnetic resonance
imaging (MRI) or magnetic resonance cholangiopancreatography. The
International Cancer of the Pancreas Screening Consortium have agreed
that screening should be conducted as part of a clinical trial, or if that is
not possible, at a center with experience in pancreatic cancer screening
(9). The consensus statements support screening using EUS or MRI (9).
EUS-based screening trials in both the USA and Europe have shown that
asymptomatic precursor lesions as well as cancers, can be detected at an
earlier stage. Yet additional research is needed to prove that early detection
screening improves pancreatic cancer outcomes (9, 10).
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Conclusion

Pancreatic cancer incidence is increasing. The main causes are ageing of the
population, as well as increase in the prevalence of modifiable pancreatic
risk factors like obesity, diabetes and cigarette smoking (11). The burden of
this disease may be therefore reduced by public health interventions such
as smoking cessation, obesity prevention and weight loss. On the other
side, the inherited genetic pathogenic variants also play an important role
in pancreatic cancer risk. Identifying high-risk individuals and offering
them pancreatic cancer screening in a research setting, might provide
opportunities for earlier detection. Furthermore, the identification of the
genetic changes that underlie pancreatic cancer may provide insight into
the etiology of this cancer and the opportunity to implement personalized
treatment for cancer patients and screening, early detection and cascade
genetic testing for relatives at risk (11).
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Whoisthe patient with mild autonomous cortisol secretion (MACS)? A patient
with an adrenal mass and biochemical evidence of hypercortisolemia but
without the classical clinical manifestations of overt Cushing’s syndrome.
MACS encompasses subclinical Cushing’s syndrome (CS), subclinical
hypercortisolemia, pre-clinical Cushing’s, and subclinical autonomous
glucocoricoid hypersecretion. Up to 50% of benign adenomas present
some degree of cortisol excess depending on diagnostic criteria applied.
Prevalence of MACS is estimated to be 1-2% in general population. The
main diagnostic criterion is the result of the 1 mg overnight dexamethasone
suppression test. Possible autonomous cortisol secretion is diagnosed if the
morning cortisol level is in the range 1.9-5 pg/dL (51-138 nmol/L) (1).

Just under 1% of patients with mild autonomous adrenal cortisol secretion
will progress to overt CS in the following years. Comorbidities potentially
related to MACS are: glucose intolerance or type 2 diabetes mellitus,
dyslipidemia, increased visceral fat and low muscle mass, hypertension,
increased left ventricular mass, osteoporosis (2, 3, 4).

Based mostly on retrospective observational studies, MACS is reported to
be associated with an increased risk of cardiovascular events, increased
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mortality, and increased risk for bone fractures. Adrenalectomy or intensive
medical treatment of comorbidities? Should all patients with subclinical
Cushing’s syndrome undergo unilateral adrenalectomy? In the absence of
a prospective randomized study, it is reasonable to consider that younger
patients and those who have disorders potentially attributable to excess
glucocorticoid secretion and have well documented glucocorticoid secretory
autonomy are candidates for adrenalectomy.

If adrenalectomy is performed, perioperative glucocorticoid coverage should
be administered because of the risk of adrenal insufficiency, hemodynamic
crisis, and death.

Is adrenalectomy effective? Adrenalectomy results in improvement of
cardiovascular risk factors, improved blood preassure, and metabolic
control in patients with possible autonomous cortisol secretion (5). When
compared to conservative management, patients with MACS undergoing
adrenalectomy experienced improvement in hypertension (RR 11, 95% Cl
4.3-27.8), diabetes mellitus (RR 3.9, 95% Cl 1.5-9.9) but not in dyslipidemia
or obesity.

Adrenalectomy is the way to improve the bone mineral density. In the study
of 32 MACS surgically treated patients and 23 MACS non-surgical patients,
surgically treated patients showed 30% reduction in vertebral fractures; in
the conservatively treated group, follow-up showed 15 times higher risk of
new vertebral fractures (6, 7).

Optimal management of MACS is still a matter of debate. The problems are
identification of patients likely to benefit, active approach to screening for
comorbidities, discussion of treatment options and lack of evidence-based
data.

In conclusion, adrenalectomy as a treatment option for MACS is safe
and effective. A surgeon experienced in adrenal surgery who will be able
to minimize the risk of complications should be engaged. Adrenalectomy
may be done laparoscopically, endoscopically via the posterior approach, or
as an open procedure. Laparoscopic adrenalectomy, compared with open
adrenalectomy, is associated with less pain, shorter hospitalization time,
less blood loss, and faster recovery (8). Furthermore, patient’s anxiety
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and cost of healthcare for extensive follow-up should be considered as
important factors. After surgical treatment of MACS, quality of life of
these patients improves; however, it remains below that of age and gender
controls without MACS for up to 15 years (9).
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Mild hypercortisolism (mHC) describes an excessive cortisol secretion in
patients without the classical clinical manifestations (especially without
catabolic characteristics, e.g., proximal muscle weakness, striae, skin
fragility, etc.) of Cushing’s syndrome (CS) (1). It is also named “subclinical
hypercortisolism” or “subclinical CS” (2). However, the term “subclinical”
is misleading, as these patients have a higher prevalence of diabetes
mellitus type 2 (DM type 2), hypertension, hyperlipidemia, osteoporosis,
cardiovascular events, neuropsychologic disorders, and increased mortality
(3). In some patients, mHC may also be completely hidden, meaning they
only have biochemical (and no clinical) evidence of hypercortisolism. In this
case, the term “hidden hypercortisolism” (HidHyCo) has been proposed (4).
The term “mild autonomous cortisol secretion” (MACS) defines the presence
of mHC in patients with adrenal incidentalomas (Al) (5). Patients with mHC
rarely progress towards CS; therefore, mHC is a distinctive chronic disorder
rather than a pre-step of CS (3).

The diagnostic criteria used for defining mHC are inconsistent. Most
guidelines agree that the first-line test is a 1 mg overnight dexamethasone
suppression test (DST), but the cutoff level of cortisol after the test is still
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a matter of debate. Suggested cutoff values are 50 nmol/L (1.8 pg/dL), 51
nmol/L (1.9 pg/dL) and 138 nmol/L (5.0 pg/dL) (6). The European guidelines
suggest that cortisol levels between 1.9 and 5.0 pg/dL indicate “possible”
autonomous cortisol secretion (7). In the presence of mHC, the ACTH levels
above 4.4 pmol/L (20 pg/mL) suggest a pituitary origin (1).

The estimated prevalence of mHC is up to 2% in individuals older than 60
and even higher in patients with uncontrolled hypertension, DM type 2, and
osteoporosis (4, 8). It is frequently associated with Al, with high variability
in prevalence ranging between 5 and 50% (the high variability results from
different criteria for diagnosing this condition) (9). It is even more frequent
(about 22-42%) in patients with bilateral Al and with larger adrenal tumors
(i.e., above 2.4 cm) (9, 10). Mild hypercortisolism has also been described in
patients with pituitary incidentalomas with an estimated prevalence of 5%
(11).

Patients with mHC have a higher prevalence of osteoporosis and
cardiovascular risk factors (hypertension, DM type 2, dyslipidemia, and
obesity). Therefore, they have increased cardiovascular events and mortality
rates (3,12, 13). Some data suggest that the extent of comorbidities in mHC
depends not only on the amount of adrenal glucocorticoid (GC) production
but also on the peripheral activation of cortisone-to-cortisol by the 11 beta-
hydroxysteroid dehydrogenase (11BHSD) enzymes and by the GC receptor
(GR) sensitivity (14, 15).

Treatment of mHC can be surgical or conservative. Guidelines from 2016
recommend adrenalectomy in patients with MACS (cortisol after DST >138
nmol/L or 5.0 pg/dL) who have at least two comorbidities potentially related
to cortisol excess (e.g., DM type 2, hypertension, obesity, osteoporosis),
of which at least one is poorly controlled (7). In patients with bilateral
adrenal masses and MACS, 2016 guidelines recommend against bilateral
adrenalectomy and suggest unilateral adrenalectomy of the dominant
lesion in selected patients (considering age, degree of cortisol excess,
general condition, comorbidities, and patient preference) (7). However, the
adrenalectomy of the dominant lesion is associated with a high number
of relapses of hypercortisolism (16). The surgical treatment (i.e., removal
of the pituitary adenoma and/or pituitary surgical exploration) in patients
with mHC of pituitary origin has never been investigated (1).

156

Medical therapy in mHC is required in most patients with bilateral
adrenal adenomas, in patients refusing surgery, or in whom surgery is not
reasonable or safe (e.g., due to advanced age and the high risk of surgical
complications). In rare patients with pituitary mHC, scarce data have been
provided on the medical therapy with somatostatin analog pasireotide
and dopamine agonist cabergoline (1). In the MACS, data are available for
some steroidogenesis inhibitors and glucocorticoid receptor antagonists.
Metyrapone successfully restored normal cortisol circadian rhythm in six
patients with MACS. They also noted a reduced cardiovascular risk marker
IL-6 (17). Metyrapone treatment was also used in a prospective study
on seven patients with MACS who received a short-term (a few months)
metyrapone course as preoperative therapy. In this study, all patients
normalized UFC levels and reduced serum and salivary cortisol levels (18).

The use of ketoconazole in mHC was reported in a case report of a
48-year-old woman with bilateral macronodular adrenal hyperplasia
(BMAH). Ketoconazole therapy caused rapid normalization of cortisol
and ACTH that persisted over ten years of treatment, with no adrenal
changes in size (19). We have no data on levoketoconazole and
osilodrostat in patients with mHC. Nowadays, two glucocorticoid receptor
antagonists are available: mifepristone and relacorilant. Mifepristone
was first studied in six patients with MACS, who were treated for four
weeks. There was a significant reduction in insulin resistance and
cardiovascular benefit in two patients (20). These results were confirmed
by the second study performed on eight patients who were treated with
mifepristone for six months (21). In the same year, another study showed
that mifepristone improved cardiometabolic parameters two weeks after
treatment initiation in 4 patients with BMAH, who also experienced an
amelioration of glycemic control and hypertension as well as weight
loss (22). Relacorilant is a selective GR antagonist that does not bind to
the progesterone receptor. Presently, a phase lll, randomized, double-
blind, placebo-controlled study (GRADIENT, NCT04308590) is in progress
assessing the efficacy and safety of relacorilant to treat hypercortisolism
in patients with cortisol secreting adrenal adenoma or hyperplasia
associated with impaired glucose metabolism and uncontrolled systolic
hypertension.
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When deciding on the type of medical therapy in patients with mHC, we
must consider the side effects of steroidogenesis inhibitors. For example,
ketoconazole can be a better choice than metyrapone in women to avoid
hirsutism, whereas metyrapone is a better choice in men to prevent
hypogonadism. We must avoid ketoconazole in patients taking medication
that affects CYP3A4 P450 metabolism. If hepatic aminotransferases
significantly increase on ketoconazole, we can use metyrapone as a
substitute (23).
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Introduction

Adrenal tumors are among the most common tumors in humans. In
addition to defining hormonal activity, the radiological appearance of the
tumor is crucial for the patient. Therefore, we introduced a multidisciplinary
endocrinological and radiological adrenal tumor board at the UMC Ljubljana
in 2014.

Analysis of the work of the board

In the first eight years, we discussed 786 patients (469 women (59%),
average age 61.47 + 13.74 years) at 196 meetings (average 2.1 per month).
There were mostly unilateral tumors (572, 73%), of which 336 were on the
left side (59%). The mean tumor size was 36.21 mm+24.88 mm. Most of
the growths appeared benign, i.e., adenomas (n = 382, 48%), myelolipomas
(n =79, 10%), hyperplasia (n = 56, 7%) or cysts (n = 25, 3%). There were
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39 nodules defined as a pheochromocytoma (5%), 27 as an adrenocortical
carcinoma (3%) and 15 as metastases (2%). In 57 cases the change was too
small for a precise diagnosis, or it was not visible at all (7%). In 106 cases
there was a formation of another or unexplained etiology or a tumor was
outside the adrenal gland (13%).

Conclusion

Adrenal tumors are predominately benign. If their nature can be reliably
confirmed at the tumor board, additional examinations or surgical
treatment can be spared for relatively rare patients with suspicious tumors.
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Uvod

Ekonomsko breme posameznih bolezni zajema njihove neposredne
zdravstvene in nezdravstvene stroSke, posredne stroSke zaradi izgub
produktivnosti ter neotipljive stroske (1, 2). Gre za stroSke, ki bremenijo
vse relevantne deleZnike, torej bolnike, njihove druZine, zdravstveni sistem,
delodajalce itd. UpoStevanje druzbenega vidika omogoca ugotavljanje
razporeditve ekonomskega bremena med deleznike, nacrtovanje bodocih
stroskov glede na demografske in druge trende, z identifikacijo razlinih
uCinkovnarazlicnedeleznike patudiustreznejSe zasnove analizupraviCenosti
ukrepov za obvladovanje bolezni. Pregled tujih raziskav o ekonomskem
bremenu sladkorne bolezni (SB) kaZe na precejSnjo variabilnost ocenjenega
bremena, kar je posledica razlik v uporabljeni metodologiji, zajemu zapletov
ter naboru upoStevanih stroSkov, pri Cemer vecina rezultatov kaze, da so
neposredni stroski SB visji od njenih posrednih stroSkov (3, 4).

1 Ekonomska fakulteta Univerze v Ljubljani, Kardeljeva ploS¢ad 17, 1000 Ljubljana
2 Zavod za zdravstveno zavarovanje Slovenije, MikloSiceva cesta 24, 1000 Ljubljana

3 Splosna bolnisnica Jesenice, Cesta marsala Tita 112, 4270 Jesenice in Zavod za zdravstveno
zavarovanje Slovenije, MikloSiceva cesta 24, 1000 Ljubljana, karmen.jansa@zzzs.si
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Podobne razlike razkrivajo tudi obstojece raziskave posameznih elementov
ekonomskega bremena SB v Sloveniji (5-8).

Namen

V tem ¢lanku na podlagi primerjave obstojecih analiz stroSkov SB v Sloveniji
predlagamo razsirjen zajem neposrednih zdravstvenih stroSkov SB z vidika
placnika in podajamo oceno tega bremena na podlagi podatkov ta leto 2019.

Metode

Ocena stroskov je pripravljena na podlagi administrativne baze podatkov
Z77S o izdatkih za zdravila in medicinske pripomocke, izdatkih za
zunajbolnisni¢no dejavnost diabetologije, za prejemnike zdravil za zniZevanje
glukoze v krvi pa tudi o izdatkih v splodni in drugih zunajbolniSnicnih
specialistitnih dejavnostih. Prav tako so na podlagi relevantnih diagnoz
upoStevani izdatki za bolniSni¢ne obravnave oseb s SB in njenih akutnih ter
kasnih zapletov. Ocenjeni so tako skupni stroski kot njihova struktura, pa
tudi spolno-starostni profili izdatkov.

V Sloveniji so leta 2019 neposredni zdravstveni stroski SB znasali 197,7 milijona
evrov, od tega 18,3% za zdravila iz skupine A10, 12,3% za zdravila za zdravljenje
zapletov, 10,7% za medicinske pripomocke, 26,4% odstotkov za dejavnost
splosnih in specialisticnih ambulant ter 32,2% za bolniSnicno dejavnost.

Razprava in zakljucek

Ocenjevanje neposrednih zdravstvenih stroSkov SB bi bilo smiselno izvajati
letno, kar bi na podlagi spolno-starostnih profilov izdatkov omogocalo
nacrtovanje bodocih izdatkov za placnika. Za potrebe celovite presoje ukrepov
za obvladovanje SB pa bi bilo nujno razviti tudi metodologijo za zajem
neposrednih stroSkov ostalih deleZnikov, zlasti pacientov, ter predvsem
posrednih stroSkov, ki jih je do sedaj v omejenem ohsegu naslovila zgolj
analiza NIJZ (5).
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Financna podpora in konflikt interesov: Zasnovo raziskave ekonomskega bremena
sladkorne bolezni z opredelitvijo razliénih razpoloZljivih administrativnih baz in
podatkov v Sloveniji, ki omogocajo oceno tega bremena (npr. NIJZ, ZZZS, ZPIZ,...), je
financiral Mednarodni forum znanstvenoraziskovalnih farmacevtskih druzb, Gz,
izvedena pa je bila preko Centra poslovne odlocnosti Ekonomske fakultete. 1zvedba
raziskave na podlagi podatkov ZZZS pa ni bila finan¢no podprta in avtorji tako podajajo
izjavo o odsotnosti konflikta interesov.
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Izhodiséa

Hashimotov tiroiditis je najpogostejSa avtoimunska bolezen S¢itnice, pri
kateri so v zgodnjem poteku mozna kratkotrajna obdobja hipertiroze.
Razlikovanje hipertiroticne faze HT (HHT) od bazedovke je teZzavno, saj se
klini¢ni sliki prekrivata, laboratorijsko diagnosticiranje ni vedno zanesljivo,
ultrazvona ocena morfologije Zleze pa se ne razlikuje znacilno. Elastografija
je novejSa metoda za oceno elasti¢nosti tkiva S¢itnice, ki nima prepoznane

.....

pripomore K razlikovanju HHT od bazedovke.

Metode

V prospektivno raziskavo smo med oktobrom 2021 in julijem 2022 vkljucili 16
bolnikov s HHT (starost, 41,5+13,9 let) in 33 bolnikov z bazedovko (starost,
36,9+10,5 let) pred pricetkom zdravljenja. V kontrolno skupino smo vkljucili
34 Scitnicno zdravih preiskovancev (starost, 49,7+15,3 let). Ultrazvocno
smo izmerili elasti¢nost parenhima Scitnice z metodo elastografije striznih
valov (»shear-wave« elastografija, SWE). Za izraCun SWE smo uporabili
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mediano vrednost desetih meritev nad obema reznjema SCitnice. Za
primerjavo skupin preiskovancev smo uporabili test Mann-Whitney. Za
izraCun uporabne vrednosti metode SWE smo uporabili analizo ROC ter
tofnost metode SWE izrazili z meritvijo AUC.

Rezultati

Meritev SWE je bila pri HHT 18,2 kPa (9,0-31,3), pri bazedovki 22,3 kPa
(4,8-41,1 kPa), pri zdravih preiskovancih pa 13,2 kPa (5,8-35,0). Med HHT in
bazedovko nismo ugotovili statisticno pomembne razlike v rezultatih SWE
(p=0,332). Ce smo za razlikovanje med HHT in bazedovko dolo¢ili mejno
vrednost 21,7 kPa, je bila obCutljivost metode SWE 57,6 %, specifitnost pa
75,0 % (AUC=0,587). Pri bolnikih s HHT je bila vrednost SWE znacilno visja
kot pri zdravih preiskovancih (p<0,001). Ce smo za razlikovanje med HHT
in kontrolno skupino dolocili mejno vrednost 16,5 kPa, je bila obCutljivost
metode SWE 81,3 %, specifitnost pa 73,5% (AUC=0,778). Tudi pri bolnikih z
bazedovko je bila vrednost SWE znacilno visja kot pri zdravih preiskovancih
(p<0,001). Ce smo za razlikovanje med bazedovko in kontrolno skupino
dolocili mejno vrednost 18,5 kPa, je bila obCutljivost metode SWE 63,6 %,
specifi¢nost pa 91,2 % (AUC=0,770).

Zakljuéek

Z metodo elastografije S¢itnice ne moremo zanesljivo razlikovati med HHT
in bazedovko, lahko pa razlikujemo HHT in bazedovko od ¢itnino zdravih
preiskovancev. Za tocnejSo opredelitev vloge elastografije bo potrebna
vkljucitev vecjega Stevila preiskovancev.

Konflikt interesov: ni konflikta interesov
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Background

Central precocious puberty (CPP) is a premature activation of the
hypothalamic-pituitary-gonadal axis. Important negative consequence
is compromised final height (FH) due to premature growth plate fusion.
GNRH analogues (GnRHa) act by suppressing the HPG axis and stopping the
progression of puberty and prolonging growth period.

Objectives

We aimed to evaluate the effect of the GnRHa on FH and identify factors
that predict FH in children with CPP.
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Population and Methods

A retrospective study included 93 children (12 boys and 81 girls) with CPP or
menarche before 10 years, that reached their FAH (68 with idiopathic (iCPP)
and 25 with an identified likely cause of CPP (nCPP)). Clinical characteristics
including FH between the two groups were compared. We also compared FH
between the children treated with triptorelin depo (n=71) and untreated
children (n=22). Finally, to determine predicting factors for FH, a multiple
regression analysis including 48 treated girls with iCPP was conducted.
Target height (TH) was calculated based on parental heights. Predicted
adult height (PAH) was calculated based on bone age, chronological age,
height at diagnosis and ethnicity.

Results

Children with iCPP reached higher FH than children with nCPP (p=0.002).
Negative FH SDS in both groups indicated children with CPP are smaller
compared to the general population. There was no significant difference
in FH between the treated and untreated children. However, the study
was retrospective and not randomised. Nonetheless, the treated group
gained 31.2 cm since diagnosis compared to 23.7 cm in the untreated
group. Predicting factors for FH were bone age at diagnosis, BMI SDS at
diagnosis, basal LH, age at initiation and cessation of treatment, height at
cessation of treatment, TH SDS and PAH SDS. Our model explained 72% of
FH variance (R2=0.72).

Conclusion

Children with nCPP reached lower FH compared to iCPP group. From CPP
diagnosis, the treated children gained 7.5 cm more than the untreated;
yet, the FAH was not different. Factors that influence FAH are numerous,
and should be considered at individualized decision-making. The most
important factors that can be influenced are timely diagnosis and therapy,
height at treatment cessation and prudent selection of children that can
benefit from treatment.
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Background

Endocrine myopathy refers to muscle symptoms such as weakness, myalgia,
or flexion contractures, caused by endocrine disorders. Edema can occur in
systemic diseases, including endocrinopathies. We present a 42-year-old
male with myopathy and edema who has remained without diagnosis and
proper treatment for two years despite several examinations.

Case report

A 42-year-old male presented to the emergency unit with intractable chronic
pain in the right leg and bilateral perimalleclar edema. An angiologist,
neurologist, and orthopedist were unable to resolve his problems. Two
years ago, he also started to notice reduced body and facial hair, low
libido, and erectile dysfunction. On physical examination the patient was
hemodynamically stable, but pale, with reduced facial and body hair, and
bilateral perimalleolar edema. Antalgic gait with protective guarding and
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partial flexion contracture of the right hip were noted. Initial laboratory
tests were notable for increased myoglobin, CK, and liver function tests.
Chest X-rays showed accentuated hilar shadows. After confirming
panhypopituitarism, we initiated hydrocortisone and levothyroxine, which
resolved the edema. Testosterone was added in due course. A pituitary
MRI was suspicious for neurosarcoidosis. Enlarged hilar, mediastinal, and
mesenteric lymph nodes were visible on CT scans and on PET/CT. An enlarged
lymph node was noted in the region of the right obturator muscle. Mild
sensory and motor polyneuropathy was diagnosed with EMG. MRI revealed
mild bilateral hip osteoarthrosis. Sarcoidosis was pathohistologically
confirmed after mediastinoscopy with lymphadenectomy. After introduction
of methylprednisolone, there was rapid and significant amelioration of right
leg pain.

Conclusions

Clinical manifestations of sarcoidosis are heterogeneous, so diagnostics
is challenging. Our patient presented with severe right leg pain, which
subsided with methylprednisolone, probably due to shrinkage of the
enlarged lymph node in the region of the right obturator muscle. However,
since musculoskeletal symptoms might occur in 6-13% of hypoadrenalism
cases, panhypopituitarism could have also contributed not only to
perimalleclar edema, but also to myalgia. In patients with unexplained
general complaints, such as pain and edema, we should always search for
accompanying clinical symptoms and signs that might reveal an underlying
endocrine or other systemic etiology.
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Izhodis¢éa

SARS-CoV-2, ki povzro€a koronavirusno bolezen 19 (COVID-19), vstopa v celice
preko receptorja za angiotenzin konvertazo 2. Izrazenost tega receptorja je
celo vecja v SCitnici kot v pljucih, zato bi lahko bila tudi SCitnica tarca SARS-
CoV-2. Z raziskavo smo Zeleli ugotoviti, ali je bila v ¢asu epidemije COVID-19
izrazenost S¢itnicnih bolezni drugacna kot pred epidemijo.

Metode

Raziskava je bila retrospektivna in klinicna. Primerjali smo izraZenost
SCitnicnih bolezni pri bolnikih, ki so bili prvic v Zivljenju pregledani v Ambulanti
za bolezni S€itnice na Kliniki za nuklearno medicino Univerzitetnega klini¢nega
centra Ljubljana med 1. 4. 2019 in 29. 2. 2020 (pred epidemijo COVID-19)
ter med 1. 4. 2020 in 28. 2. 2021 (med epidemijo COVID-19). Primerjali smo
izrazenost subakutnega tiroiditisa, Hashimotovega tiroiditisa, bazedovke
in avtonomnega tkiva v S€itnici. V analizi smo upoStevali koncentracijo
tirotropina (TSH), prostega tiroksina (pT4) in prostega trijodtironina (pT3),
vrednost razmerja pT4/pT3, pri subakutnem tiroiditisu pa tudi hitrost
sedimentacije eritrocitov, pri bazedovki pa Se koncentracijo protiteles proti
receptorju za TSH. Primerjali smo tudi ultrazvono izmerjen volumen
SCitnice. Za statisticno obdelavo smo uporabili Mann-Whitneyev test.
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Ugotovili smo, da so imeli bolniki s subakutnim tiroiditisom med epidemijo
COVID-19 statistitno znacilno vecji volumen 3€itnice kot pred epidemijo
(p=0,003). Bolniki s hipotirozo zaradi Hashimotovega tiroiditisa so imeli
med epidemijo statisti¢no znacilno visjo koncentracijo TSH (p=0,001), viSjo
koncentracijo pT3 (p=0,005) in niZje razmerje pT4/pT3 (p=0,031) kot bolniki
pred epidemijo. Bolniki z bazedovko so imeli med epidemijo statisti¢no
znacilno visjo koncentracijo pT4 (p=0,007) in pT3 (p=0,028). Ugotovili pa smo
tudi, da je bila pri bolnikih z avtonomnim tkivom v 3€itnici v obdobju med
epidemijo koncentracija TSH znacilno niZja (p=0,0003) kot pred epidemijo.

Zakljucek

Zakljucimo lahko, da sta bili med epidemijo COVID-19 bolj izraZeni hipotiroza
zaradi Hashimotovega tiroiditisa in hipertiroza zaradi bazedovke in
avtonomnega tkiva v S€itnici, kar bi lahko pripisali zakasnjeni obravnavi
bolnikov v Ambulanti za bolezni Scitnice. To pa bi lahko bila posledica slabse
dostopnosti do zdravstvenih storitev na primarni ravni v opazovanem
obdobju.
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Background

Telemedicine improves glycemic and perinatal outcomes when used as an
adjunct to standard in-person care in gestational diabetes (GDM). However,
little is known about its effectiveness when used instead of standard
in-person care. Therefore, we aimed to compare the outcomes of the
telemedicine care and the standard care in women with GDM.

Methods

In a single-centre, parallel, randomized controlled trial, women were
randomized to: (1) telemedicine group, sending glucose readings via an
application installed on a smartphone and monthly individual videocalls
replacing on-site visits or (2) standard care group with routine monthly on-
site visits. The primary outcome was the effectiveness of glycemic control.
The secondary outcomes were gestational weight gain, perinatal data,
including birth weight, gestational age, incidence of the offspring large for
gestational age, preterm birth, preeclampsia and caesarean section.
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Results IMMUNE CHECKPOINT INHIBITOR-ASSOCIATED
A total of 106 women were randomized to the telemedicine (n=54) and AUTOIMMUNE DIABETES PRESENTING

the standard care group (n=52). The telemedicine group demonstrated less AS DIABETIC KETOACIDOSIS:
postprandial measurements above the glycemic target (10.4% [3.9-17.9] A SINGLE-GENTRE CASE SERIES

vs. 14.6% [6.5-27.1]; p=0.015), together with lower average postprandial
glucose (5.6+0.3 vs. 5.9+0.4; p=0.004). Percentage of caesarean section was
lower in the telemedicine group (9 (17.3%) vs. 18 (35.3%); p=0.038), with no

Eva Podbregar Kolar ?, Mojca Lunder *2, Miodrag Jani¢ 2

other differences in perinatal outcomes detected. ! Department of Endocrinology, Diabetes and Metabolic Diseases,
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with GDM. Research, focused on optimizing the tele-care delivery, limiting
the extent of health professional’s involvement with the use of automated evapodbregar@gmail.com
decision support tools is needed to achieve optimal prenatal care via
telemedicine and at the same time to alleviate the burdened health system.

Introduction

Immune checkpointinhibitor (ICI) therapy transformed oncologic care (1). Its
use increased due to outstanding efficiency and a significant improvement
in patient prognosis (2). The key representatives are monoclonal antibodies
targeting programmed cell death protein 1 (pembrolizumab, nivolumab)
and its ligand and cytotoxic T lymphocyte-associated protein 4 (ipilimumab)
(3). One of their immune-related adverse effects is irreversible pancreatic
B-cell failure leading to the so-called ICl-associated autoimmune diabetes
(CIADM). Although rare, it usually presents with diabetic ketoacidosis (DKA)
(4). We review the clinical characteristics of patients hospitalized in our
department for DKA and CIADM to explore possible predictive factors for
CIADM.
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Presentation of cases

Three patients (2 men, 1 woman; aged 56+15 years; body mass index
31+4 kg/m2) were hospitalized in our clinical department with newly
diagnosed CIADM and DKA. Two were treated with pembrolizumab
(malignant melanoma), one received ipilimumab and nivolumab (renal
cell carcinoma). Before confirmation of diabetes, they received 12.5 doses
[4-21] of pembrolizumab; 3 doses of ipilimumab and 6 doses of nivolumab.
The median time from the last immunotherapy to the presentation of
diabetes was 20 days [7-39]. A personal history of diabetes was negative
with normal fasting blood glucose prior to immunotherapy. The 3 patients
presented with DKA. At the presentation of DKA, the median HbAlc was 10.6
% [7.8-12.2]; the plasma glucose 31.6 mmol/L [18.9-42.2], the pH 7.18+0.2,
HCO3- 9.7+4.6 mmol/L, with an anion gap of -17.6+9.4 mmol/L. 2/3 patients
had positive ketones urinalysis. Low levels of C-peptides and negative
pancreatic autoantibodies were determined. In one patient, asymptomatic
COVID-19 infection was confirmed at the time of presentation of the DKA.
Ketoacidosis was treated according to the standard protocol and resolved
in all patients. They were discharged with multiple daily subcutaneous
insulin injections.

Conclusions

In the three patients, ICl-associated autoimmune diabetes and DKA were
confirmed; no other predictive parameters were found. To avoid life-
threatening DKA, insulin treatment is suggested after confirmation of
diabetes (4). Guidelines for the detection of hyperglycemia must be strictly
followed during the use of ICI to diagnose diabetes and begin treatment
promptly (3).
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Uvod

Za dobro presnovno urejenost bolnika s sladkorno boleznijo (SB) in arterijsko
hipertenzijo (AH) je potrebno kontinuirano spremljanje bolnikovega
zdravstvenega stanja in pridruzenih bolezni, pri ¢emer sta kljuéna
vsezivljenjsko izobraZevanje in podpora, ki bosta bolnika opolnomotila,
da bo lahko samostojno in optimalno skrbel za svojo bolezen (1-3).
Uporaba modela integrirane oskrbe je pokazala, da je v Sloveniji najslab3e
implementirano prav podrocje samoobvladovanja bolezni in samopomodi
(4). Ena izmed moznih resitev, kako nadgraditi obstojeCi model celostne
oskrbe kroni¢nih bolnikov s SB in AH, je uvedba in ustrezna organizacija
lai€ne podpore bolnikom in njihovim oskrbovalcem s pomocjo posebej
usposobljenih oseb, ki bodo svoje znanje, izkuSnje in podporo prostovoljno
prenasali na druge bolnike s SB in AH.
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Metode

V Zdravstvenem domu (ZD) Ljubljana in ZD Slovenj Gradec smo pridobili
36 bolnikov s SB in/ali AH, ki so se v manjsih skupinah udeleZili 15-urnega
strukturiranega izobrazevanja. 31 posameznikov je uspeSno zakljucilo
program, ki je obsegal 2 skupinski in 2 individualna izobraZevanja z
edukatorico. UdeleZenci so pred in po zaklju¢ku edukacije izpolnili vpradalnike
0 socio-demografskih in klini¢nih podatkih, poznavanju SB (5) in AH (6),
kakovosti Zivljenja s SB (7) in sprejemljivosti intervencije (8).

Rezultati

Za nudenje lai¢ne podpore bolnikom s SB in AH se je usposobilo 10 moskih in
21 Zensk. Njihova povprecna starost je bila 63,9 + 8,9 let, za SB so se zdravili
14,3 £ 11,7 let in za AH 7,9 £ 8,1 let. V primerjavi z znanjem ob vstopu v
raziskavo se je pomembno povecalo njihovo znanje o SB (p<0,001) kot tudi o
AH (p=0,022). Vpliv na kvaliteto Zivljenja je bil nepomembno boljsi (p=0,146).
UdeleZenci so izobrazZevalni program ocenili kot visoko sprejemljiv v vseh 7
domenah sprejemljivosti. Skupna povprecna ocena na 5-stopenjski lestvici
je bila 4,45 + 0,50.

Zakljucki

Protokol izobraZevalnega programa za usposabljanje oseb, ki bodo nudile
lai¢no podporo bolnikom s SB in AH, se je izkazal za visoko sprejemljivega in
uCinkovitega, kar nakazuje velik potencial za uspeSno implementacijo laicne
podpore na primarni zdravstveni ravni.
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Background

Diabetes is widely present in older adults and consequently this chronic
disease is affecting health and emotional wellbeing of a vast portion of
worlds’ population. Health related quality of life (HRQOL) is an independent
predictor of health outcomes that predicts mortality in patients with
diabetes, even more prognostic than some physiological diabetes specific
factors. The aim of the present study was to determine differences in
Health-related quality of life (HRQOL) and self-rated mental health between
older adults of both diabetes types and associations of diabetes control,
complications, and comorbidities with HRQOL domains.

Methods

We included type 1 (T1D) and type 2 diabetes (T2D) patients, aged >
60 years (n=56), age- and HbAlc- matched. They completed validated
Questionnaires (Short Form-36, The EuroQol-5 Dimensions/Visual Analog
Scale, The Hospital Anxiety and Depression Scale, The Problem Areas in
Diabetes). The outcomes were compared between diabetes types by
independent sample t-test. Univariate linear regression analysis was used
to establish disease-related factor’s impacts on self-rated health scores.
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Results

The average age of patients was 68.9 + 7.8 years, 55% had T2D. General
health assessment differed between diabetes types in older T2D and T1D,
that reported of better outcomes, while no differences in self-reported
diabetes distress, anxiety or depression were proven. Mean EQ-5D VAS
score was significantly lower in T2D (61.6 £ 17.2 vs. 77.5 + 16.2, p=0.002)
indicating worse overall impression of self-rated health compared to T1D
(Figure 1). Most of the domains of HRQOL were not associated with HbAlc
and neither presence of complications. However, multiple regression model
suggested that BMI is a predictor of HRQOL.

Conclusion

Older T1D patients rated their general health better compared to their
T2D counterparts. Most of the domains od HRQOL were not associated
with HbAlc or presence of complications, BMI could be a predictor of
some physical health domains. Given the complex nature of interaction of
diabetes- related factors with HRQOL, this research argues that HRQOL and
glycaemic control are central outcomes in clinical diabetes care but should
be evaluated separately.

Figure 1. EQ-VAS score according to diabetes type.

EQ-VAS

T2D

0 10 20 30 40 50 60 70 80 90 100

Legend: EQ-VAS - EuroQoL-Visual analog scale, T1D Type 1 diabetes patients,
T2D Type 2 diabetes patients, values are presented as mean + SD,
*Denotes statistical significance at P < 0.05
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Postmenopausal hyperandrogenism results from absolute or relative
androgen excess. It presents with hirsutism, acne, and androgenetic
alopecia, in most severe cases with virilisation. We must differentiate
between rare tumorous, and common, nontumorous (functional) causes.
Diagnosis is based on detailed history and clinical examination, followed by
measurement of dehydroepiandrosterone-sulphate and testosterone with
additional hormone testing and imaging when necessary (1).

We present a 51-year-old postmenopausal patient with severe, rapidly
progressing hyperandrogenism and substantially elevated total testosterone.
She was diagnosed with acromegaly due to elevated insulin-like growth factor
1 and pituitary tumour on MRI, despite lacking acromegalic features and
appropriate growth hormone suppression after glucose load (2). A second
opinion was requested by neurosurgeon. We found a Leydig cell tumour
of the right ovary. After bilateral salpingo-oophorectomy, testosterone
levels normalised and hyperandrogenism subsided. Since insulin growth
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factor 1 also normalised, we concluded that its high levels were caused
by the stimulatory effect of testosterone on the somatotropic axis (3).
The pituitary tumour was recognized as macroprolactinoma. Prolactin
normalised with a dopaminergic agonist. A follow-up MRI is scheduled to
confirm the tumour shrinkage.

If hyperandrogenism is clinically suspected in a postmenopausal female,
a diagnostic algorithm should be followed. In addition to serum androgen
value, the timing of onset, progression and severity of hyperandrogenism
are also very important (1). When there is a combination of aetiologies
for hyperandrogenism, the diagnosis can be challenging - as it was in the
presented case. Only testing of all pituitary-peripheral axes enables optimal
management of patients with a pituitary tumour (2).
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Background

Long-term glycemic control can be challenging with long-lasting type 1
diabetes. Advanced technology, the MiniMed 780G system with an advanced
hybrid closed-loop (AHCL) algorithm, enables automated delivery of basal
and correction bolus insulin, thus overcoming several obstacles to reach
optimal glycemic control (1). Our objective was to evaluate the effect of the
introduction of the AHCL system on glycemic parameters in eligible middle-
aged patients with type 1 diabetes.

Methods

Seventeen patients with type 1 diabetes were included, 53 % were women,
the mean age was 48.4 £ 2.9 years, and the mean duration of diabetes
was 22.5 * 3.9 years. The parameters analyzed were glycated hemoglobin
(HbA1c), time in range (TIR), time above range (TAR) and time below range
(TBR). In addition, associations were established between the use of the
SmartGuard function and glycemic parameters.
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Results

Before the introduction of the AHCL system, glycemic control was poor
(HbAlc 7.7 + 0.3 %; TIR 58.4 + 3.3 %). Sixty days after the introduction
of the AHCL system, the HbAlc level decreased to 6.8 + 0.1 % (P=0.001),
while TIR increased to 76.2 £ 1.7 % (P=0.03). After the introduction of the
AHCL system, the average TAR was 21.2 + 1.9 % and the TBR 2.5 + 0.6
%. The patients used the SmartGuard function 83.9 + 5.9 % of the time.
SmartGuard use was associated with improved HbAlc (R=-0.49; P=0.05).
HbA1c after the introduction of the AHCL system correlated with TIR (R=-
0.63; P=0.01). Most patients evaluated the use of the new AHCL system as
easy while providing satisfactory glycemic control results.

Conclusion

The introduction of the new AHCL MiniMed 780G system resulted in a
significant improvement in glycemic control in middle-aged patients with
type 1 diabetes in our outpatient clinic; the results were similar to those in
other studies (2, 3), but the data are limited. Optimal glycemic control was
already achieved 60 days after the introduction of the new device. These
results are promising and merit longer-term studies to further explore the
new AHCL system in the population with type 1 diabetes.

References

1. Ferrito L, Passanisi S, Bonfanti R, Cherubini V, Minuto N, Schiaffini R, et al. Efficacy
of advanced hybrid closed loop systems for the management of type 1 diabetes in
children. Minerva Pediatr (Torino). 2021;73(6):474-85.

2. Silva JD, Lepore G, Battelino T, Arrieta A, Castaneda J, Grossman B, et al. Real-World
Performance of the MiniMed 780G System: First Report of Outcomes from 4120 Users.
Diabetes Technol Ther. 2022;24(2):113-9.

3. Beato-Vibora PI, Gallego-Gamero F, Ambrojo-Lopez A, Gil-Poch E, Martin-Romo |,
Arroyo-Diez FJ. Rapid Improvement in Time in Range After the Implementation of an
Advanced Hybrid Closed-Loop System in Adolescents and Adults with Type 1 Diabetes.
Diabetes Technol Ther. 2021;23(9):609-15.

1396

FIRST CLINICAL EXPERIENCE
OF THE EFFICACY AND SAFETY
OF ORAL SEMAGLUTIDE IN POORLY
CONTROLLED TYPE 2 DIABETES

Marija Jovanovic %, Miodrag Janic *?,
Andrej Janez *?, Mojca Lunder *2

T Faculty of Medicine,
University of Ljubljana, Ljubljana

2 Clinical Department of Endocrinology, Diabetes and Metabolic Diseases,
University Medical Centre Ljubljana, Ljubljana

mojca.lunder@kclj.si

Background and aim

Recently, the first oral glucagon-like receptor agonist (GLP-1RA), oral
semaglutide (1), became available in Slovenia, thus allowing the removal of
the frequent treatment barrier of injectable therapy (2). Oral semaglutide
proved effective in glycaemia control and body mass reduction in randomised
controlled trials (3). However, data from everyday clinical practice are
missing. Therefore, we explored the efficacy and safety of oral semaglutide
in our outpatient clinic in the first patients with poorly controlled type 2

diabetes who received oral semaglutide.

Methods

In this analysis, the first 20 patients with poorly controlled type 2 diabetes
(11 men, 9 women) were included in whom oral semaglutide was prescribed
in our outpatient clinic. The baseline average HbAlc was 9.4 + 0.3%. We
followed glycated haemoglobin (HbA1c), fasting blood glucose, and body
weight after oral semaglutide introduction. Adverse effects were also
recorded.
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Results

The mean age of the included patients was 59.9 + 1.5 years, the mean
duration of diabetes 8.5 + 1.4 years, and the mean body mass index was
34.6 + 1.4 kg/m? Seven patients received two antidiabetic medications
(metformin + sulphonylurea) while 13 patients received three medications
(metformin + sulphonylurea + SGLT-2 or DPP-4 inhibitor) prior to oral
semaglutide introduction. Oral semaglutide at doses of 7 mg or 14 mg daily
significantly improved glycaemic parameters: HbAlc (-1.2%; p<0.05 and
-1.6%; p<0.01, respectively) and fasting blood glucose values (-17.8% and
-20.4%; both p<0.05), respectively). Body weight decreased significantly
during oral semaglutide treatment at a dose of 14 mg daily (-11.9%;
p<0.05). Gastrointestinal adverse effects (particularly reduced appetite,
nausea, and obstipation) were recorded in half of the patients; they were
mainly mild and transient.

Conclusions

Oral semaglutide, the first GLP-1RA available for oral administration,
improved glycaemic parameters and decreased body weight in daily clinical
practice in our outpatient clinic, even in patients with poorly controlled
type 2 diabetes and in addition to substantial previous oral antidiabetic
therapy. Therefore, oral semaglutide appears to be an effective and safe
treatment option in uncontrolled type 2 diabetic patients.
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Izhodisce

Centralna prezgodnja puberteta (CPP) je prezgodnja aktivacija hipotalamo-
hipofizno-gonadne (HHG) osi. Razlitna bolezenska stanja, predvsem v
povezavi z osrednjim Zivéevjem, lahko pozvrocijo CPP, veCinoma pa je
idiopatska. Dejavniki tveganja za razvoj CPP niso natancno opredeljeni. Nizka
porodna teZa je povezana z vecjim pridobivanjem telesne teZe v otroStvu,
kar lahko sproZi prezgodnjo adrenarho in pubarho, vendar povezava s CPP v
literaturi zaenkrat ni opisana
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Namen

Zeleli smo opredeliti, ali imajo otroci s CPP niZje porodne mere kot splo3na
populacija in, ali je nizka porodna teZa lahko dejavnik tveganja za CPP.

Metode

Retrospektivno smo analizirali klinine podatke 142 otrok s CPP, ki smo jih
razdelili na skupino z idiopatsko CPP (iCPP) (n=104) in neidiopatsko CPP
(nCPP) (n=38) ter primerjali klinitne znacilnosti med skupinama z metodami
opisne statistike. Prevalenco nizke porodne teZe in nizke gestacijske starosti
smo primerjali s populacijskimi nacionalnimi podatki s testom za testiranje
enakosti deleza.

Otroci z nCPP so imeli znacilno niZjo gestacijsko starost od otrok z iCPP
(p=0,031). Med otroci s CPP je hil delez nedonoSenih 11%. Med iCPP so najvedji
deleZ predstavljali zmerno nedonoseni (32-36 tednov), med nCPP pa izjemno
nedonoSeni (<28 tednov). Pod 50. percentilom porodne teZe je bilo 70% otrok
ZiCPP in 62% z nCPP. Pod 50. percentilom porodne dolZine je bilo 53% otrok z
iCPP in 73% otrok z nCPP. Razlika med skupinama ni hila statisti¢no znacilna.
V primerjavi s slovensko populacijo novorojenckov rojenih leta 2015, so imeli
otroci s CPP nizjo porodno teZo in porodno dolzino glede na gestacijsko
starost. Med nCPP je bil znacilno vecji delezZ izjemno nedonoSenih. Med CPP je
bil vecji delez otrok z nizko porodno tezo neodvisno od gestacijske starosti:
pri iCPP je hila razlika pri nizki (2499-1400q) in pri zelo/iziemno nizki
(<1500q) porodni tezi, pri nCPP pa le pri zelo/izjemno nizki porodni tezi.

Zakljucek

Porodna teZa in dolZzina pri otrocih s CPP sta pomaknjeni k niZjim
vrednostim v primerjavi s slovensko populacijo. Izrazita nedono3enost je
znatilna le za nCPP in je povezana s spremembami 0Z ter tudi etiolodko
s CPP. Nizka porodna teZa je bolj pogosto prisotna pri otrocih s CPPkot v
splodni populaciji in lahko predstavlja dejavnik tveganja za njen nastanek.
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Primary hyperparathyroidism is usually caused by parathyroid adenoma or
hyperplasia. Parathyroid carcinoma is a rare cause of hyperparathyroidism,
accounting for approx. 0.74% of cases. Features that increase the likelihood
of parathyroid carcinoma in patients with primary hyperparathyroidism
are larger tumor size, symptomatic disease, marked hypercalcemia and
very high serum parathyroid hormone (iPTH) concentrations. Preoperative
localization studies do not reliably distinguish carcinoma from adenoma,
a definitive diagnosis is made if there is local invasion or lymph node or
distant metastases.

Case report

65-year-old asymptomatic patient with diabetes mellitus and arterial
hypertension was referred to our outpatient clinic because of accidentally
found hypercalcemia, with calcium 2.79 mmol/l (normal range 2.2-
2.6 mmol/l), ionized-calcium 1.40 mmol/l (1.12-1.23 mmol/l) and intact
parathyroid hormone 194 ng/l (10-65 ng/l). We performed ultrasonography
of neck region and subtraction thyroid scan. Investigations did not confirm
neck mass. We performed choline PET CT that showed larger cystic mass
on the right side of thyroid gland, suspicious for parathyroid carcinoma.
Before surgery he did CT scan of neck and thorax, which showed large
4x3x5 cm tumor of parathyroid gland, without distant metastases. The
patient was referred to a thoracic surgeon. Histological findings of resected
tumor confirmed parathyroid carcinoma, TNM stage was TINOMO. His
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serum calcium and iPTH concentrations after surgery were normal (Ca 2.12
mmol/l, iPTH 30 ng/l). There were no other complications of the disease.
During 5 years of follow-up, his condition has been stable, there has not
been any other endocrine disorder. Genetic testing (for mutation of HRPT2)
has not yet been completed.

Conclusions

Primary hyperparathyroidism is often recognized as a result of biochemical
screening. Most patients are asymptomatic with mildly elevated serum
calcium. Although there is overlap in the clinical in biochemical presentation
of benign parathyroid disease and parathyroid cancer, there are some
features that increase likelihood of parathyroid cancer, one of them is
tumor size. Follow-up is indicated as the recurrence rate is high.

203
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Uvod

Feokromocitom in paragangliom sta redka nevroendokrina tumorja, ki
izlo¢ata kateholamine. Povzrocata razlicne sréno-Zilne zaplete, ki so lahko
usodni: ventrikularne aritmije, akutni miokardni infarkt, hipertenzivo krizo
in kardiogeni Sok.

Prikaz primera

51- letni bolnik, ki se je ve€ let zdravil zaradi AH z vectirno terapijo, je bil
napoten v endokrinoloSko ambulanto zaradi suma na sekundarno AH.

V januarju 2022 je dozivel zunajbolniSnicni srcni zastoj, prvi ritem VF. S
preiskavami v Casu hospitalizacije so izkljucili kardialne vzroke srénega
zastoja in zaradi zastoja srca nejasnega vzroka vstavili ICD. Zaradi visokih
vrednosti krvnega pritiska so postavili sum na sekundarno AH. DoloCili so
kateholamine v 24 urnem urinu 3x. V enem vzorcu je bil mejno povisan
normetanefrin (2,48 umol/dan, meja 2,13).

Opravil je CT trebuha, kjer je bila vidna 12 mm velika okrogla sprememba
v desni nadledvicnici, ki po radioloskih kriterijih ni predstavljala mascobno
bogatega adenoma. Ob tem je bila vidna mehkotkivha sprememba pred
desnim m. psoas - sum na NET.
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0b 4 tirni antihipertenzivni terapiji je bil krvni pritisk dobro urejen. Napadov
tipicnih za feokromocitom ni navajal. V statusu z izjemo prekomerne
telesne teZe ni bilo posebnosti.

Ambulanto smo 2x dolocili plazemske metanefrine in normetanefrine, ki so
bili negativni.

Opravil je PET CT (F-18 FDG), ki je pokazal nizko metabolno aktivno formacijo
pred desnim m. psoas. Glede na karakteristike je sprememba predstavljala
NET ali paragangliom.

Priporocen je hil PET/CT z 68Ga-DOTATAT, ki je potrdil paragangliom.
Sprememba v desni nadledvicnici ni bila metabolno aktivna.

Ponovno smo dolocili kateholamine in dopamin v 24 urnem urinu 2x.
V enkratnem vzorcu sta bila povisana metanefrin 2,07 (do 1,62) in
normetanefrin 7,32 (do 2,13). Povisan je bil tudi kromogranin A: 1094,0 (ref.
obmodje 19,4 - 101,9).

Bolnika smo predstavili na uroloSkem konziliju, priporocena je laparoskopska
odstranitev paraganglioma po ustrezni predoperativni pripravi.

Razprava

S kateholamini povzrocena kardiomiopatija je redek, vendar nevaren zaplet
feokromocitoma in paraganglioma. Nenadno sproS¢anje kateholaminov
iz tumorja povisa sréni utrip, sistemsko Zilno upornost, kontraktilnost
miokarda in zmanjSa vensko komplianco. Ob preveliki adrenergicni
stimulaciji pride do hude vazokonstrikcije in koronarnega vazospazma.

Smernice priporocajo slikovno diagnostiko ob sumu na feokromocitom/
paragangliom le ob pozitivnih biokemicnih testih. Pri bolniku smo, kljub
negativnim biokemicnim testom, ob visokem sumu na endokrini vzrok
hipertenzije opravili slikovno diagnostiko, s katero smo potrdili paragangliom
in s tem verjeten vzrok srénega zastoja.
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Background

Decreasing age at the onset of puberty, but stable age at menarche is
observed in recent decades in several populations (1). In line with this
observation, a rising incidence of central precocious puberty (CPP) is
identified in some countries (2). Precocious adrenarche is in most cases an
isolated condition of early rise in adrenal androgens, commonly associated
with childhood obesity (3). Precocious telarche sometimes occure as
an isolated temporal or persistent condition unrelated to activated
hypothalamic-pituitary-gonadal axis.
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Objectives

We aimed to define the national incidence and trends of CPP, isolated
precocious adrenarche (PA) and isolated persistent precocious telarche (PT).

Population and Methods

In a retrospective study, the data on Slovenian national incidence on
CPP, PA and PT was collected from an electronic system at the national
referral center for pediatric pubertal disorders, Department of Pediatric
Endocrinology, Diabetes and Metabolic diseases of the University Children’s
Hospital of Ljubljana for the time frame between 2011 and 2021. The
population of risk was defined as girls of 7 years of age or younger and
boys of 8 years of age or younger that lived in Slovenia in a specific year.

Results

The national incidence of CPP was 12.97/100,000 (23.11/100,000 girls,
4.42/100,000 boys). The incidence in girls was rising from 12.57/100,000
in 2011 up to 34.31/100,000 in 2021. In 83.25% of girls, CPP was idiopathic
(iCPP), while in boys, the potential cause of the condition was found in 77%
of the cases (non-idiopathic CPP - nCPP). There was no sex difference in the
incidence of nCPP. The incidence of PA in girls was 35.33/100,000 and in
boys 4.195/100,000 and showed no rising trend. The Incidence of PT in girls
was 6.04/100,000 and remained stable during observation period.

Conclusions

It is possible that better CPP recognition due to ameliorated education of
primary pediatricians impacted rising numbers of identified children with
CPP. However, rising CPP incidence during short observation period could also
suggest important contribution of yet unidentified environmental factors
in iCPP etiology, particularly in girls. However, these may not have the
same effect on PA and PT incidence. Earlier pubertal maturation should be
acknowledged as an increasing need for care by the national health system.
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Introduction

Anticytotoxic T-lymphocyte-associated protein 4 (anti-CTLA-4) and anti-
programmed cell death protein 1/programmed death-ligand 1 (anti-PD-1/
PD-L1) immune checkpoint inhibitors (ICl) have significantly improved
cancer outcomes (1). However, due to their mechanism of action, immune-
related adverse events, most often endocrine dysfunctions (thyroiditis,
hypophysitis, adrenal gland disorders, diabetes) can be triggered (2).
Combined therapy has shown the highest risk of occurrence of adverse
events (3). We present a patient who suffered insufficiency of three
endocrine glands after combined immunotherapy with ipilimumab (anti-
CTLA-4) and nivolumab (anti-PD-1).

Case presentation

A 58-year-old man with a history of several chronic non-communicable
diseases and metastatic clear cell renal carcinoma of the right kidney on
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maintenance chemotherapy with nivolumab was hospitalized after a newly
discovered diabetes presented as diabetic ketoacidosis (DKA). In the weeks
following his last round of chemotherapy, he noticed general weakness,
headaches, and dizziness. Polydipsia, nocturia, and urinary frequency
became more evident days before hospitalization. When examined, he
was hypotensive and nauseous with episodes of vomiting; laboratory
tests showed hyponatremia, hyperkalemia, hyperglycaemia, and metabolic
acidosis (low bicarbonate and pH). Ketoacidosis was treated according to
the standard protocol and resolved completely. However, the patient tested
positive for COVID-19 and received remdesivir, remaining asymptomatic
throughout the infection. During hospitalization, hypothyroidism, and
adrenal insufficiency (basal cortisol 40 nmol/L and 98 nmol/L 30 minutes
after stimulation, respectively) were diagnosed. Substitution treatment
with levothyroxine and hydrocortisone was introduced. Hyperglycemia
was regulated with multiple daily insulin injections. Higher sodium values
found in the urine suggested the concomitant syndrome of inappropriate
antidiuretic hormone secretion (SIADH). This, among hypophysitis,
hypothyroidism and diabetes, could also be a side effect of nivolumab
immunotherapy.

Conclusions

In the case presented, we confirmed multiple endocrinopathies (diabetes,
hypothyroidism, and probably secondary adrenal insufficiency due to
hypophysitis) as a consequence to ICl oncologicalimmunotherapy treatment.
Therefore, in patients who receive this class of immunotherapy, caution
is advised for endocrinopathies due to possible life-threatening adverse
events (ketoacidosis, adrenal crisis, etc.) and appropriate substitution
therapy should be introduced promptly (3).
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Background and aim

GLP-1 receptor agonists (GLP-1RA) are suggested in patients with type 2
diabetes at increased cardiovascular risk or with established atherosclerotic
cardiovascular disease (ASCVD) (1, 2). Until recently, GLP-IRA was only
available in injectable form, which frequently caused treatment barriers
from the patient or medical personnel (3). Oral semaglutide, the first GLP1-
RA in oral form, could overcome these barriers (4). The purpose of the
present study was to analyse the clinical characteristics of the first patients
who received oral semaglutide in Slovenia in four different hospitals.
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Methods

The first 45 patients (23 women, 22 men) with type 2 diabetes who were
treated with oral semaglutide were analysed. We establish background
antidiabetic treatment, the reason for the introduction of oral semaglutide,
and their risk of ASCVD. Glycated haemoglobin (HbAlc) and fasting blood
glucose were also collected at the start of the study.

Results

The patients were 61.9 1.5 years old, obese (stage 3, mean body mass index
35.8 £ 0.8 kg/m2) with a duration of type 2 diabetes of 9.8 + 1.6 years. Most
patients received a triple combination of metformin, gliclazide, and SGLT-2
inhibitor (45%) or a dual combination of metformin and gliclazide (40%),
others received a combination of metformin and SGLT-2 inhibitor (8%) or
metformin, gliclazide, and DPP-4 inhibitor (7%) prior to oral semaglutide
introduction. In most patients, oral semaglutide was introduced due to
poorly controlled glycemia (45%), fear of injections (20%), obesity (22%). 11
patients (24.5%) had known ASCVD; 19 patients (42.2%) had a high risk of
ASCVD. The mean HbA1c at the introduction of oral semaglutide was 9.3 +
0.3% and fasting blood glucose 10.8 + 0.5 mmol/I.

Conclusion

In a Slovenian cohort of the first 45 patients with type 2 diabetes who
received oral semaglutide, the main reasons for its introduction were
poorly controlled glycemia, fear of injections, and obesity. Most of the
patients had received triple antidiabetic treatment before and were at high
cardiovascular risk. Due to the change in the insurance policy in Slovenia,
we expect more patients to benefit from oral semaglutide sooner after the
diagnosis of type 2 diabetes.
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Background

Cardiovascular benefits of antihyperglycemic drugs have become one
of the key criteria for choosing the type 2 diabetes treatment (1). The
empagliflozin-metformin combination improved endothelial function and
reduced arterial stiffness, thus proving functional cardiovascular benefit (2).
However, the mechanisms behind this finding are not yet fully understood.
Therefore, the purpose of our study was to explore the possible antioxidant
and anti-inflammatory action of empagliflozin-metformin combination in
patients with type 1 diabetes, naive to any antihyperglycemic therapy with
cardiovascular protection.
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Methods

Forty male patients with type 1 diabetes were randomly assigned to four
groups: (1) control (placebo), (2) empagliflozin 25 mg daily, (3) metformin
2000 mg daily, and (4) empagliflozin-metformin combination (25 mg and
2000 mg daily, respectively) in addition to their regular insulin therapy
(multiple daily injections or continuous subcutaneous insulin infusion). Their
average age was 44.7 + 2.5 years and the average duration of diabetes was
22.6 £ 3.9 years. Blood samples were collected to determine the parameters
of oxidative stress (total antioxidative status (TAS), superoxide dismutase
(S0D), glutathione peroxidase (GPx), uric acid, advanced oxidation
protein products (AOPP), advanced glycosylation end products ((AGE) and
isoprostane), and inflammation parameters (C-reactive protein (CRP) and
interleukin-6 (IL-6)) parameters at inclusion and after 3 months of therapy.

Results

The empagliflozin-metformin combination increased antioxidant levels
(TAS, SOD and GPx up to 1.1-fold; P < 0.01), decreased pro-oxidant levels
(AOPP and isoprostanes up to 1.2 times, P < 0.01; AGE up to 1.5-fold, P <
0.01), and decreased inflammatory parameters (up to 1.5-fold, CRP P < 0.01;
IL-6 P <0.001). The antioxidant action was associated with an improvement
in arterial function in the empagliflozin-metformin combination group.

Conclusions

The empagliflozin-metformin combination had a strong antioxidant and
anti-inflammatory action, which was greater compared to individual drugs
in patients with type 1 diabetes. In addition, the antioxidant activity of the
empagliflozin-metformin combination could at least partially explain the
improvement in arterial function. We propose that these results could be
extrapolated to patients with type 2 diabetes.
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Uvod

Bolniki s sladkorno boleznijo (SB) tipa 2 so pogosto prekomerno prehranjeni
ali debeli. V tuji literaturi se tako vse pogosteje uporablja skovanka
»diabesity« (1). Zmerna izguba telesne teZe ugodno vpliva na urejenost
glikemije, zato smernice bolnikom priporo€ajo izgubo vsaj 5% telesne mase,
pri izbiri zdravil za zdravljenje SB pa njihov ucinek na telesno tezo. Med
novejsa zdravila z ugodnim ucinkom ne telesno teZo spadajo tudi agonisti
receptorjev GLP1 (GLP1-RA) (2).

Namen, cilji in metode

Da bi pridobili osnovni vpogled v ucinek GLP1-RA na telesno tezo nasih
bolnikov, smo v diabetoloSki ambulanti BolniSnice TopolSica retrospektivno
analizirali podatke o telesni teZi pri bolnikih s SB tipa 2 in predpisanim
enim od GLP1-RA, ki so v zadnjih 6 mesecih prisli na redni kontrolni pregled.
Drugih pomembnih dejavnikov, ki bi lahko vplivali na rezultate, nismo
preverjali (urejenost glikemije, so¢asna terapija, doslednost jemanja zdravil,
frekvenca kontrolnih pregledov ipd.). Analiza je potekala z vgrajenimi
osnovnimi statisti¢nimi funkcijami programa Microsoft Excel.

Rezultati

Skupaj smo pregledali podatke za 89 bolnikov, med katerimi je 28 prejemalo
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dulagutid, 18 liraglutid (vsi v kombinaciji z inzulinom), 23 semaglutid s.c. in
20 semaglutid p.o.

Dinamiko telesne teZe bolnikov skozi Cas prikazuje Graf 1.

GRAF 1.

Spremembe izhodi$cne telesne teze pri bolnikih s SB tip 2, zdravijenih z GLP1-RA.
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Gibanje telesne teze za posamezne GLP1-RA med trajanjem zdravljenja
prikazuje Tabela 2.

TABELA 2.
Gibanje telesne teze za posamezne GLP1-RA med trajanjem zdravljenja.
Trajanje 0 3 6 12 18 24 30 36 48
zdravljenja
[meseci] >
Povpre¢na Dulaglutid 0 -06 -1 +01 -0,7 +14 O -5 -15
sprememba Liraglutid 0 +2,4  +16 +19 +3 +2,7 +52 +85 +8
izhodiséne Semaglutidsc 0 -31 -34 -74 -9 -125 -5
telesne teZe  semaglutidpo 0 -13 -5 0
Za posamezne = GLP1-RA 0 -05 -07 -09 -09 -12 +26 +35 +33
GLP1-RA skupaj
[kal
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Zakljucek

Rezultati kaZejo zaCeten ugoden ucinek na znizZanje izhodis¢ne telesne teze
zavse GLP1-RA z izjemo liraglutida (v kombinaciji z inzulinom). V nadaljevanju
zdravljenja ucinek izzveni. Pri interpretaciji podatkov je potrebno upoStevati,
da predstavlja naSa analiza zaradi Stevilnih omejitev (majhen vzorec,
manjkajo¢i podatki, soasna terapija, doslednost jemanja zdravil, kratka

prisotnost peroralnega semaglutida na domacem trZiSCu) zgolj omejen
vpogled v ucinek razlicnih GLP1-RA na telesno teZo pri bolnikih s SB tipa 2.
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Uvod

SARS-CoV-2, ki povzrota COVID-19, vstopa v celice preko receptorja za
angiotenzin konvertazo 2, Cigar izrazenost je celo vecja v SCitnici kot v
pljucih. Poleg tega se pri okuzbi s SARS-CoV-2 mocno odzove imunski sistem,
kar lahko vpliva tudi na pojavnost bolezni S€itnice. V literaturi so opisane
moZne povezave med okuzbo s SARS-CoV-2 in subakutnim tiroiditisom, zato
smo Zeleli raziskati vpliv pandemije COVID-19 na pojavnost subakutnega
tiroiditisa.

Metode

V klini¢ni retrospektivni raziskavi smo pregledali zdravstveno dokumentacijo
vseh bolnikov, ki so bili prvi¢ v Zivljenju pregledani v Ambulanti za bolezni
SCitnice na Kliniki za nuklearno medicino Univerzitetnega klinicnega centra
Ljubljana med 1. 4.2019 in 29. 2. 2020 (obdobje pred COVID-19) ter med 1. 4.
2020 in 28. 2. 2021 (obdobje med COVID-19). V to ustanovo Ze leta prihajajo
bolniki iz polovice Slovenije, v kateri Zivi priblizno milijon prebivalcev. Zaradi
stabilnega podrocja zajemanja bolnikov lahko iz Stevila novih primerov
ugotavlijamo pojavnost posamezne bolezni. Pri vsakem bolniku so po
opravljenem klinicnem pregledu, ultrazvoku Scitnice in laboratorijskih
meritvah specialisti za bolezni S€itnice postavili diagnozo 5¢itnicne bolezni.
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Rezultati

V obdobju enajstih mesecev pred COVID-19 je hilo pregledanih 4844
bolnikov (1139 moskih in 3705 Zensk) s povprecno starostjo 54+22,9 let, v
enajstih mesecih med COVID-19 pa je bilo pregledanih 4048 bolnikov (1042
moskih in 3006 Zensk) s povprecno starostjo 53,6+18,6 let. Med obdobjema
nismo ugotovili razlik v starosti (p=0,438), je pa bil delez moskih vecji med
pandemijo COVID-19 kot pred njo (p=0,030). V obdobju pred COVID-19 smo
odkrili 65 primerov subakutnega tiroiditisa (1,2 % vseh diagnoz), medtem ko
smo v obdobju med COVID-19 zabelezili 81 primerov subakutnega tiroiditisa
(2 % vseh diagnoz). Pojavnost subakutnega tiroditisa je bila statisti¢no
znactilno vecja med pandemijo COVID-19 kot pred njo (p = 0,022).

Zakljugki

Ugotovili smo, da je pojavnost subakutnega tiroiditisa statisticno
znacilno porasla med pandemijo COVID-19. Domnevamo, da je to posledica
neposrednega vpliva virusa SARS-CoV-2 na SCitnicne celice ter vpliva okuzbe
na imunski sistem.

Reference
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Background

Based on the Attachment theory and the Common Sense Madel of illness
perceptions, the current study focused on the identifying potential
differences in the formation of perception about gestational diabetes
mellitus (GDM) according to four attachment styles - secure, fearful,
preoccupied and dismissing. Namely, illness perception can significantly
influence the management of the disease, which can be a problem in GDM
requiring immediate adjustment and treatment.

Method

The sample consisted of 107 women (age 32.5+4.7 years) newly diagnosed
with GDM. Participants completed the Brief lliness Perception Questionnaire
(BIPQ) and the Relationship Questionnaire (RQ). The Spearman correlation
coefficient was used to determine the association between variables and
the Mann Whitney U test was used to compare the difference among
attachment styles.
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Results

The expressiveness of the fearful attachment style (n=21) was associated
with a more negative experience of GDM. It was associated with higher
impact of GDM to their everyday life (r=0.378; p<0.001), more concerns
about GDM (r=0.324, p=0.001) and higher emotional burden of the
disease (r=0.329, p=0.001). Moreover, even though GDM is known as an
asymptomatic disease, fearful attachment style was positively associated
with experiencing the symptoms attributed to GDM (r=0.225, p=0.022).
Expressions of other attachment styles were not significantly associated
with dimensions of illness perception.

Conclusions

For the first time, our results show an association of attachment styles
with GDM perceptions. These could affect coping with illness and could
have consequences on glycemic control and pregnancy outcomes.
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Introduction

MIDDS is a rare monogenic disease due to a mitochondrial DNA mutation
- A to G transition at position 3243 within MT-TL1 gen*. MIDDS could
also be associated with neuromuscular and psychiatric manifestations,
cardiomyopathy as well as renal disease, macular dystrophy and endocrine
and gastrointestinal disorders and short or thin statue (1). The most
common phenotype of this mutation (80% of cases) manifest as MELAS
syndrome (2).

Case report

We report the case of a 42-year-old thin male who suffer from insuline
dependent DM, which started at age 27 years with ketoacidosis (c peptid
level was 0.14 nmol/l), complaining of muscle cramps and myalgia with
normal electrolyte and myoglobin levels), headaches and depressia, at
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hospital admission also lactatemia of unknown origin was confirmed . Two
years after that sensorineural deafness was proved. He also manifest
erectile dysfunction we confirmed hypogonadotropic hypogonadism and
after one year also pituitary hypothyroidism. Cardiac disease started
with paroxysmal arrithmia as WPW syndrome . At age of 37 years he
manifest cardiogenic shock during pneumonia. His coronary angiography
was normal, on cardiac echosonography hypertophic cardiomyopathy with
diastolic dysfunction was confirmed. Cardiac muscle biopsy was done and
confirm the A3243G mutation in the mitochondrial gene MT-TL1 compatible
with MIDDS diagnosis of very rare phenotypic mitochondrial mutation
manifestation, which manifest de novo - there were no diabetes, deafness
or cardiac disease in his family history. The patient is treated with insulin,
hormonal replacement, ACE inhibitors, spironolactone and empaglifiozine
with good clinical response.

Discussion

This rare mitochondrial disease decline mitochondrial oxidation and increase
ROS** which affect organs depending on energy, such as central nervous
system, skeletal muscle, heart, kidney, and endocrine glands (3). Mutation
could be asymptomatic or can manifest with different syndromes, some
mitochodrial disease phenotypes overlap as in our patient who also has
some symptoms of MELAS - except strokes (4, 5). In UK Cohort Study 6%
patients were associated with combined MELAS/MIDDS overlap syndromes
(6). The disease remains progressive and fatal, with lower mortality with
adult disease onset. There is no curative treatment, but some antioxidants
can lower ROS and rise NO production, SGLT 2 inhibitors could have promising
role.

MT-TL1* gene for tRNA (Leu UUR) in mitochondria
ROS** - reactive oxygen species
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Introduction

Chronic non-healing ulcers do not progress through the normal phases of
healing in an orderly and timely manner (1). The selection of dressings is very
important for the ulcer healing process; a new available option are copper-
based wound dressings. Copper is known to modulate several cytokine and
growth factor mechanisms and plays a key role in skin regeneration and
angiogenesis (2). It enhances hypoxia inducible factor (HIF-1a) expression,
which was recognized as a critical factor in wound healing (3). The purpose
of the present analysis was to review the potential of copper-based wound
dressings (MEDCu) in chronic non-healing diabetic foot ulcers.

Presentation of cases

Five patients (3 men and 2 women with a mean age of 65 + 7.8 years and an
average duration of type 2 diabetes of 13.6 + 1.6 years) with chronic non-
healing diabetic foot ulcers (persisting from four months to two years) were
prescribed MEDCu wound dressing and included in the analysis. A standard
chronic wound management protocol (debridement, local treatment,
systemic antibiotic treatment, offloading and supportive angiology,
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dermatology or surgical care) was followed. The wound characteristics were
followed during the use of MEDCu, patient satisfaction was also observed.
The mean observation period was 29.4 + 4.0 days. In four patients, the use
of MEDCu accelerated the ulcer healing process, which was observed by
reducing wound surface area (WSA) by up to 46.3 + 10.3%. In one patient,
WSA and wound characteristics did not change during the use of MEDCu,
which could be due to intense physical activity. Furthermore, in three
patients, a regression of the wound inflammation process was observed
with the use of MEDCu. All patients were very satisfied with the use of
MEDCu dressings.

Conclusions

The use of MEDCu wound dressings improved chronic diabetic foot
ulcer healing, which was observed as WSA reduction and attenuation of
surrounding tissue inflammation. The patients were very satisfied with
the MEDCu dressings. Therefore, MEDCu dressings represent a potentially
effective option in the treatment of chronic diabetic ulcers.
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Introduction

Sodium-glucose cotransporter-2 inhibitors (SGLT-2i) have changed in the
last 5 years from convenient to ultimate treatment in type 2 diabetes (1).
Their safety profile is generally good (2). Diabetic ketoacidosis (DKA) rarely
occurs during SGLT-2i treatment, but can be a major concern, as a life-
threatening condition. The purpose of the present study was to review the
clinical cases of DKA associated with using SGLT-2i in our department to
explore possible causal risk factors.

Presentation of cases

Seven patients (4 men and 3 women, aged 6046 years; average body mass
index 27.2+3.5 kg/m2) with DKA associated with SGLT-2i were hospitalised in
our department in the last 4 years. Four received empagliflozin and three
dapagliflozin. All were previously diagnosed with type 2 diabetes (median
duration 18 years [8-33]); median HbAlc at the presentation was 8.6 %
[6.9-11.6]). DKA occurred 4 days to several years after the introduction of
SGLT-2i. One patient received SGLT-2i in monotherapy, others additionally
received metformin (6/7), sulfonylurea/repaglinide (5/7), basal insulin
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(2/7) and/or incretin therapy (2/7). The median plasma glucose at the
presentation of DKA was 14.6 mmol/L [8.2-40.2], the mean pH was 7.0+0.2,
HCO3- 4.2+1.8 mmol/L, with an anion gap of 27.3x4.3 mmol/L. 4/7 patients
underwent urinalysis, all positive for ketones. In 4 patients, the infection
was recognized as the cause of the DKA. Ketoacidosis was treated according
to the standard protocol and resolved in all patients. The median fasting
C-peptide was 0.29 nmol/L [0.03-0.35] and 0.40 nmol/L [0.03-0.79] after
food stimulation. Autoantibodies were determined in 4/7 patients and
were negative. In all patients, SGLT-2i was withdrawn without attempted
rechallenge.

Conclusions

Based on our case series analysis, one of the critical triggers for the
development of DKA associated with the use of SGLT-2i is infection.
Therefore, general educational measures must be strictly followed,
particularly stopping SGLT-2i in the setting of any acute illness or major
event (surgery, etc.) (3). Other factors for the increased risk of developing
DKA associated with the use of SGLT-2i could not be defined from our
analysis; therefore, more studies are needed.
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Znana je vzro€na povezanost hipertiroze z razvojem nekaterih sréno-Zilnih
dogodkov (SZD). Hipertiroza se znailno pojavija tudi pri bazedovki, ki
v primeru teZjega poteka oz. potrebe po dolocenih terapevtskih ukrepih
(intravenski tirostatik, radiojodno zdravljenje, tiroidektomija) zahteva
bolni3ni¢no obravnavo. Zelela sem preveriti, &e pri bolnidni¢no obravnavanih
bolnikih (BOB) s hipertirozo zaradi bazedovke obstaja povetano tveganje
za SZD.

V retrospektivno raziskavo sem vkljucila v obdobju 01.01.2018-31.12.2021
prvi¢ obravnavane bolnike z bazedovko na Kliniki za nuklearno medicino
Univerzitetnega klininega centra Ljubljana (1113 bolnikov). Hipertiroti¢nih
(znizan TSH, poviSana pT4 in pT3) je bilo 781 bolnikov, 210 (26,9 %) BOB
in 571 (73,1%) ambulantno obravnavanih bolnikov (AOB). Skupini sem s
Pearsonovim y*testom oz. t-testom za neodvisna vzorca primerjala po
pojavnosti akutnih SZD in prisotnosti dejavnikov tveganja.

BOB so hili glede na AOB znaCilno starejSi (50,8+16,1 proti 44,4+14,4 let,
p<0,001), prevladovali so moski (28,6 proti 20,7 %, p=0,017), imeli so vecjo
pojavnost arterijske hipertenzije (23,3 proti 8,2 %, p<0,001), hiperlipidemije
(17,6 proti 8,1 %, p=0,001) in kajenja (35,2 proti 23,6 %, p<0,001). Indeks
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telesne mase (24,6+4,5 proti 24,3+5,6 kg/m?, p=0,851), pojavljanje sladkorne
bolezni (6,2 proti 6,7 %, p=0,127), ravni TSH, pT4, pT3, antiTg in antiTPO se
med skupinama niso znacilno razlikovali, znacilno viSja pri BOB kot pri AOB
je bila raven antiTSH-R (24,3+44,1 proti 9,9+16,0 IU/L, p<0,001).

SZD je doZivelo 74 (9,4 %) bolnikov (Tabela 1), znacilno ve¢ BOB (54,0 %
dogodkov) kot AOB (46,0 % dogodkov), p<0,001. Med skupinama v starosti
ob SZD (63,5+11,8 proti 60,8+17,9 let, p=0,063) ni bilo znacilne razlike.
NajpogostejSi zaplet bazedovke, AF, je bil pogostejsi pri BOB (p=0,034).

TABELA 1.
Pojavljanje sréno-Zilnih dogodkov.
Vsi BolnisSnicno Ambulantno
Sréno-Zilni dogodek NeT4 obravnavani bolniki obravnavani bolniki
B N=40 N=34
Akutna ishemija uda 1 0 1
Akutni miokardni infarkt 14 9 5
Atrijska fibrilacija 36 24 12
Atrio-ventrikularni blok 1 0 1
Mozganska kap 3 2 1
Nestapllna angina 8 3 5
pectoris
Prehodni ishemicni 3 0 3
napad
Tahikardna motnja
srénega ritma (brez 7 1 6
sinusne tahikardije in AF)
Venska tromboza 1 1 0

Izsledki kaZejo, da so se SZD in dejavniki tveganja zanje pri BOB z bazedovko
pojavljali statisti¢no znacilno pogosteje kot pri AOB.
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Introduction

Precautionary measures during the COVID-19 pandemic facilitated use of
telemedicine for routine diabetes care. Therefore, we aimed to assess the
implementation of telemedicine in diabetes out-patient care nationally and
across different Slovenian regions during the COVID-19 pandemic.

Methods

We analysed national and regional data of the Health Insurance Institute
of Slovenia about on-site and telemedicine visits from years 2019 to
2021. Moreover, healthcare professionals’ experience on telemedicine
was collected using an online questionnaire, sent to all members of the
Diabetology Association of Slovenia.
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In the year 2020, the number of all diabetes out-patient visits in Slovenia
was lower (n=158,339) than in year 2019 (n=173,375) or 2021 (n =168,462).
The number of telemedicine visits increased 5- times from the year 2019 (n
=6,118; 3.5% of all visits) to 2020 (n=29,695; 18.8% of all visits) with a 1.8%
decline from the year 2020 to 2021. The extent of telemedicine practices
varied across Slovenia (Figure), with the highest share of telemedicine
visits in 2020 in Podravska (37.1%) and the lowest in Savinjska region
(2.1% of all visits). The most frequently tool used was telephone call and
e-mail. Telemedicine was most commonly used for elderly and pregnant
women. Healthcare professionals experienced both advantages (mainly
good accessibility for patients and cost-effectiveness) and disadvantages
(mainly personal burden and worse treatment control) with telemedicine
approach.

Discussion and conclusion

During the COVID-19 pandemic, use of telemedicine increased profoundly,
however, its implementation in daily clinical practice is not increasing
after the year 2020. Experience and implementation rate varied across
regions and practices. Nevertheless, telemedicine offers useful tools that
can be well implemented in diabetes care also outside the COVID-19 frame,
complementary to on-site visits, in certain groups of individuals and specific
settings, yet improvements in many aspects are needed.
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FIGURE 1.
Number of on-site and telemedicine visits in Slovenia and its regions between
years 2019 and 2021.
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Background and aims

Flash glucose monitoring (FGM) has become widely used and recognized as
a “beyond glycated haemoglobin (HbA1c)” tool. According to the consensus
recommendations, several metrics, such as time in range (TIR), time above
range (TAR) and time below range (TBR) can be used. Associations between
TIR (70 - 180 mg/dL; 3.9 - 10 mmol/L) and diabetes complications have
been investigated to corroborate the relationship between TIR and HbAlc.
However, most data were gathered by paired HbAlc and %TIR metrics from
frequent self-monitoring of blood glucose (SMBG) data or data provided
by continuous glucose monitoring (CGM). Currently, the most frequently
used device in clinical practice is FGM. Therefore, device (e.g., FGM) specific
TIR-HbA1c relations should be established. This pilot study aimed to
establish real world data-based correlations between several metrics
measured by FGM and well-established laboratory parameter of glycaemic
control, HbAlc.
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Methods

Included subjects (n=32, age 59 + 17 years) were both Type 1 (64%) and
Type 2 diabetes patients, treated with insulin, who had central-laboratory
measurements of HbAlc. They were monitored for a up to 20-month period
in their daily life through commercial FGM devices, reimbursed by the
National Health System. FGM metrics were calculated and compared with
each other and with HbA1c cross-sectionally. Paired FGC metrics and HbA1c
were evaluated by Pearson’s correlation coefficient.

Results

The average TIR and HbA1C were 63.9+20.4 % and 7.5 + 1.2 %, respectively,
and were linearly correlated. The correlation coefficient (R) of mean TIR
with mean HbA1C was -0.802; P<0.01 (2-tailed). For every absolute 10%
change in %TIR, there was a 0.85 % change in HbAlc (Figure 1). TIR was
strongly correlated with TAR (R= -0.995; P<0.01), but, not with TBR (R=
-0.066, NS). HbAlc was strongly correlated with TAR (R=-0.790; P<0.01),
but not significantly with TBR (R=-0.025, NS).

Conclusions

Real world data demonstrated a strong linear correlation between %TIR
captured by FGM and HbA1c. The assessment of device-specific TIR-HbA1c
relationship in real-life conditions is important for diabetologists to gain
trust and rely on FGM-derived metrics in every day clinical practice.
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FIGURE 1.

Correlation between %TIR (Flash Glucose Monitoring-Derived Time In Range)

and HbA1lc.
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KRONICNA LEDVICNA BOLEZEN
PRI SLADKORNEM BOLNIKU -
JO PODCENJUJEMO?
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Uvod

Sladkorna bolezen je kronicna metabolna bolezen, njena pojavnost pa po
svetu vse bolj narasta (1). Osebe s sladkorno boleznijo ogrozajo zapleti,
najbolj pogosto sréno-Zilna obolenja, retinopatija in okvara ledvic (1). Slednja
predstavlja glavni vzrok kroni¢ne ledvicne bolezni, njeno zdravljenje pa
predstavlja velik zdravstveni izziv (2). Pristop mora biti multidisciplinaren,
pri zdravljenju pa sledimo sodobnim smernicam ZdruZenja za nefrologijo
(KDIGO) (2). Osebe s sladkorno boleznijo in ledvi¢no boleznijo zdravimo z
novejsimi antihiperglikemicnimi zdravili, predvsem so se na tem podrocju
izkazali zaviralci natrij-glukoznih transporterjev (SGLT2 zaviralci) (3).
Raziskave s SGLT2 zaviralci so pokazale odlicne ledvi¢ne izide ter manjSo
umrljivost pri osebah s kroni¢no ledvicno boleznijo. (3)

Ali na ledviéno bolezen pomislimo dovolj pogosto?

V Ambulanti za diabetike v Kopru smo se odlo¢ili, da na vzorcu bolnikov
preverimo, koliko dejansko je ledvicne okvare in ali bolniki prejemajo
sodobna zdravila z ugodnimi ucinki na ledvice*.
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Metode

Med 1. 5.in 31. 7. 2022 smo pregledali kartoteke naklju¢no izbranih bolnikov.
Stevilka predstavlja priblizno 10% bolnikov, zdravljenih v nasi ambulanti.
Pregledali smo laboratorijske izvide kreatinina in ocenjene glomerulne
filtracije (CKD-EPI), morebitno Ze postavljeno diagnozo ledvi¢ne bolezni ter
napotitev k nefrologu, bolnikove ostale zaplete in zdravila, ki jih prejema.

Analizirali smo 700 kartotek bolnikov. Povpre¢na starost bolnikov je hila
68 let, 57% je bilo moskih, povpre¢ni Hbalc je bil 7,2 %. Sladkorna bolezen
je v povprecju trajala 12,5 let. Diagnoza ledvicne bolezni je bila postavljena
pri 91 bolnikih (13%), po pregledu podatkov pa je kriterijem za postavitev
diagnoze (po KDIGO) ustrezalo 234 bolnikov (34%). Manj kot cetrtina je
imela e ostale zaplete (ASZB n=170 (24%), SP n=103 (15%) in retinopatija
n=81 (12%)). Pogledali smo 3e, ali bolniki prejemajo terapijo, ki ugodno vpliva
na ledvicne bolezni. 0d bolnikov, ki so imeli postavljeno diagnozo ledvitnega
zapleta, je terapijo s SGLT2 zaviralci prejemalo 34 bolnikov (37%), od tistih,
ki ustrezajo kriterijem, vendar diagnoze Se nimajo zavedene, pa je SGLT2
zaviralec prejemalo 98 bolnikov (42%).

Zakljucéek

Rezultati so pokazali, da (pre)pogosto ne postavimo diagnoze kronicne
ledvicne okvare dovolj zgodaj. Postavitev zgodnje diagnoze kronicne
ledvicne bolezni in uvedba terapije s SGLT2 zaviralci pa je pomembna pri
prepreCevanju progresa ledvicnih zapletov. Verjamemo, da nam bodo
rezultati pregleda pomagali k boljsi obravnavi bolnikov s sladkorno boleznijo
in kronicno ledvi¢no okvaro.
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SPREMEMBA NOHTA NA NOGI -
POT DO DIAGNOZE
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Uvod

Tezave z nohti so pri diabetikih pogoste. Navadno so posledica okvare
Zivcev ali prekrvitve spadnjih okoncin. Na njih se lahko razvijejo tudi okuzbe,
najpogosteje glivicne(1). V€asih pa na pogled nedolZna okuZzba razvije tezke
posledice.

Prikaz primera

63-letni bolnik se v Ambulanti za Diabetike Koper obravnava od leta 2011.
Pri zdravljenju ne potrebuje terapije, upoSteva nefarmakoloske ukrepe. V
letoSnjem letu je ambulanto obiskal zaradi sprememb na nohtu prvega
prsta leve noge. Preden je obiskal naSo ambulanto, je bila sprememba
nohta prisotna Ze priblizno pol leta, prejemal je antibiotike. Stanje se ni
izboljSevalo.
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Ob obravnavi v nasi ambulanti je bila na nohtu prisotna razjeda nohta-
noht je deloval »poZrt«, rana je bila brez sekrecije ali znakov vnetja. Ob prvi
obravnavi smo opravili diagnostiko nevropatije, ki ni bila prisotna, stopalni
pulzi so bili dobro tipni. Napotili smo ga na pregled h kirurgu. Opravljen je
bil RTG prsta, ki je pokazal znake akutnega osteomielitisa. Uvedena je bila
dvotirna antibioti¢na terapija, ki jo je gospod prejemal 8 tednov. Odvzet je
bil tudi bris, iz katerega so porasle Stevilne bakterije, ki so bile obCutljive
na uvedeno terapijo. Svetovana je hila kontrola pri Zilnem kirurgu, ki pa je
gospod ni opravil. Kljub terapiji, se stanje ni izboljSevalo, zato smo gospoda
napotili e na dermatolo3ki pregled. Ta je svetoval dodatno diagnostiko ter
antibioti¢na mazila. 0b ponovni napotitvi k Zilnemu kirurgu, so gospodu
amputirali del prsta. Izvid histopatoloSkega pregleda govori, da gre za
invazivni plos¢atoceli¢ni karcinom, ki je bil odstranjen v zdravo. Zaradi blage
limfocitne infiltracije je svetovana Se odstranitev varovalne bezgavke.
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Zakljucek

Rakava obolenja so pri sladkornih bolnikih pogostejSa kot v populaciji
brez sladkorne bolezni. Zaradi slab3ega celjenja ran in pogostejSih okuzb,
se pogosteje pojavljajo kozni malignomi. V primerjavi z zdravo populacijo
je prezivetje pri koznih karcinomih slabSe (2), zato je pomembno, da ob
nenavadnih ranah pomislimo tudi na to diagnozo. Zgodnje prepoznavanje
je kljucno.
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Background

Despite proven benefits of regular physical activity (PA) in diabetes patients,
physical inactivity and sedentary lifestyle is increasing across all age groups.
The aim of the present study was to examine self-reported PA and sedentary
behaviour in older adults with type 1 diabetes (T1D) and type 2 diabetes (T2D)
patients and possible differences between diabetes types. The associations
of PA and sitting time (ST) with glycaemic control and BMI were also explored.

Methods

This cross-sectional cohort non-exposure study included 117 patients, aged
>60 years, treated with insulin regimens. Statistical analyses were conducted
on data gathered by the International Physical Activity Questionnaire - IPAQ.
Data was presented as mean + standard error of mean (SEM).

Results

Patients were aged 71.6 + 1.1 years, majority had T2D (75%). T1D patients
were active 162 + 32 minutes weekly and sedentary 4.45 + 0.7 hours daily,
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while T2D were active 72 + 12 min and sedentary 6.71 + 0.9 h (p <0.01 for
both). T1D patients had longer duration of vigorous PA (up to 7.2-fold; p
<0.05). PA and BMI were associated in subjects with T1D (r = -0.5; p <0.01),
however, in T2D subjects sitting time (ST) and BMI were associated (r=0.2; p
<0.05). Regular physical activity was not associated with improved glycaemic
control. Only the patients achieving >1500 metabolic equivalent-minutes
weekly had significantly lower HbA1c (7.9% + 1.6% vs. 7.3% + 1.2% (p <0.05).

Conclusion

The results suggest that older age itself is not a barrier to engagement in PA.
Older T1D patients were in general more active and less sedentary compared
to T2D counterparts and performed longer duration of vigorous PA, whereas
T2D patients engaged in mostly low or moderate PA, e.g. walking. The
expected beneficial affect of PA on glycaemic control was observed only in
the very active older diabetic patients. Therefore, tailored advice targeting
physical inactivity is important during lifelong diabetes education, since
it can guide older adults of both diabetes types towards better metabolic
health.
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Predstavljamo analizo dinamike krvnih mas¢ob (KM) in glukoze (G) glede na
starost in spol, pri cemer so nas zanimali vplivi uporabe antidiabeticnih in
hipolipemicnih zdravil ter smrtnosti na analizirane meritve. Osnovna analiza
temelji na anonimiziranih podatkih Zdravstvenega doma Dr. A. Drolca za
holesterol (celokupni holesterol, LDL, HDL, TG) in glukozo v obdobju 2008-
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2019 (506.083 laboratorijskih testov, 63.606 pacientov). Glede na znano
povezavo dislipidemije in hiperglikemije (1) smo se vpraSali ali se motnji
pojavljata socasno in ali je razlika po spolu. V drugi fazi raziskave smo vkljucili
anonimizirane podatke porabe zdravil Zavoda za zdravstveno zavarovanje
Slovenije za obdobje 2013-2018 za dve anatomsko terapevstski skupini (ATC
A10 - zdravila za sladkorno bolezen in ATC C10 - hipolipemiki) (392.171
razlicnih pacientov). Zanimalo nas je, ali in kako se laboratorijski podatki
spreminjajo glede na porabo omenjenih skupin zdravil. V zadnji fazi raziskave
smo dodali Se podatke o smrtnosti Statisticnega urada republike Slovenije za
leto 2018 z namenom analize vpliva umrljivosti na statistiko meritev KM in G.

Zakljucki

et

pojavljapriblizno 20 let kasneje kot najvedji procent populacije z hiperlipidemijo.
Uporabili smo tri razlitne podatkovne baze, kar ni dopuscalo longitudinalne
raziskave, vendar je omogocalo dokazati, da so profili KM in G v populacijski
statistiki kvalitativno spremenjeni z zdravili in s smrtnostjo. Zaznali smo dve
prelomni tocki, prva v starosti 55-59 let ustreza najvecjemu porastu uporabe
zdravil in druga sovpada z naglim porastom smrtnosti v starosti 75-79 let
(2). V kasnejSi, dodatni Studiji smo z metodo matematitnega modeliranja
opozorili Se na nekatere kljucne celicne mehanzme v celicah beta, ki lahko ob
kroni¢nih pogojih hiperlipidemije vodijo v poviSano bazalno izlo€anje inzulina
in pomanjkanje inzulinske sekrecije po hrani (3).
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Introduction

Symptomatic hyperglycemia in newly diagnosed type 2 diabetes
demands prompt pharmacological treatment, generally with a dual oral
antihyperglycemic regime or insulin (1). Due to good effectiveness, relative
safety and low cost, sulphonylureas are preferable antihyperglycemic agents
in addition to metformin. Renal impairment and high risk of hypoglycemia
limit its use and frequent dose adjustment is required. Oral semaglutide is a
novel antihyperglycemic with proven clinical effectiveness and safety even
in case of renal or liver impairment (2). Due to its mechanism through the
incretin system, it does not cause hypoglycemia. Could oral semaglutide be an
alternative choice along with metformin for the treatment of symptomatic
hyperglycemia in newly diagnosed type 2 diabetes?

Methods

The study was conducted from April 2022 to August 2022 in the outpatient
diabetes clinic of the University Medical Centre Ljubljana. Nine patients with
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newly diagnosed type 2 diabetes and symptomatic hyperglycemia without
previous antihyperglycemic treatment were enrolled and put on a dual
therapeutic regimen with metformin and oral semaglutide. The titration
was performed according to the protocol provided by the manufacturer. The
follow-up was scheduled between 30 and 45 days after the initial visit. For
the statistical analysis, we used the t-test.

Results

Of nine patients three were females. The mean age was 44 years (SD+/-7,6).
Mean baseline blood glucose was 13,8 mmol/L (SD+/-1,7). All patients reported
symptoms of hyperglycemia. At the follow-up, six patients had received a
cumulative daily dose of metformin 2000 mg, three 1000 mg. Five patients
received oral semaglutide 7 mg and four patients 3 mg per day. Hyperglycemic
treatment was effective. Baseline HbA1c 10,7 % (SD+/-2,0) has decreased to
8,9 % (SD+/-1,3), change -1,9% (SD+/-1,5; 95 % CI 0,7, 3,0; p<0,006). The effect
on bodyweight was evident, albeit statistically not significant, with baseline
body mass index 35,9 kg/m2 (SD +/- 7,1) reduced to 33,6 kg/m2 (SD +/-6,0),
change -2,3kg/m2 (SD +/-3,4; 95 %, Cl -0,6, 5,1; p=0,104). All the reported
hyperglycemia-associated symptoms resolved. Treatment was generally well
tolerated. One patient complained of mild gastrointestinal symptoms. No
patients discontinued with treatment.

Conclusions

Oral semaglutide in combination with metformin offers a safe and effective
alternative treatment of symptomatic hyperglycemia in patients with newly
diagnosed type 2 diabetes.
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