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letter from the editor ACHAIKI IATRIKI   |   2025; 44(1):6

Dear colleagues,
In the current issue, the editorial by Palaiologou et al. 

highlights the opportunities that artificial intelligence 
(AI) has primarily brought to public health and health-
care administration, while also exploring its potential 
future impact on disease prediction, epidemiology, and 
the improvement of healthcare quality. The editorial by 
Syrmas et al. reviews the current applications of AI in 
liver ultrasound elastography, with a particular focus 
on the assessment of chronic liver disease.

The original research article by Leontari et al. evalu-
ates serum vitamin D levels among the residents of 
Karystos, investigating vitamin D status in a population 
with sufficient sun exposure throughout the year.

The first review, authored by Papageorgiou et al., 
discusses current diagnostic and therapeutic algorithms 
for primary angiitis of the central nervous system, em-

phasizing the need for continued research on this rare 
neurological condition. The review by Malliou et al. 
delves into the therapeutic benefits of thermal water 
therapy for patients with rheumatic and musculoskeletal 
diseases. Finally, the review by Zarkavelis et al. presents 
the latest insights on the optimal sequencing of thera-
pies for metastatic colorectal cancer, emphasizing the 
role of molecular characteristics in shaping treatment 
strategies.

Yours sincerely,

C. Triantos
Associate Professor in Internal Medicine
and Gastroenterology Faculty of Medicine,
School of Health Sciences, University of Patras
Editor-in-Chief of the journal “ACHAIKI IATRIKI”
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Artificial Intelligence and Public Health  
in new Era

Athanasia Palaiologou, Rafail Fokas, Apostolos Vantarakis

Department of Public Health, Medical School,  
University of Patras, Greece
Received: 14 Aug 2024; Accepted: 17 Sep 2024

consist of a branch of artificial intelligence enable AI to 
imitate the way that humans learn, improving its accu-
racy in time. Those algorithms can analyse big datasets 
from various sources including electronic health records 
(EHRs), databases on a global scale and social media 
targeting not only the prediction of disease outbreaks 
but also the ability to monitor ongoing threats. For in-
stance, AI and Machine Learning (ML) were adequately 
applied to COVID-19 issues, including the identification 
and evaluation of clinical and social factors linked with 
the risk of COVID-19 cases and deaths, the advancement 
of spatial risk maps and eventually, the development 
of vaccination approaches [3]. 

The implications in epidemiology are to predict the 
future spread of diseases accurately. Especially, tradi-
tional methods related to statistical techniques are not 
sufficient enough and struggle to evolve patterns and 
capture complex information. AI, particularly machine 
learning algorithms, address the issue by identifying 
hidden relationships and detecting health related trends, 
thus producing more accurate predictions. They aim 
to provide early warnings and strategies for mitigat-
ing disease outbreaks. A considerable advancement 
is related to Google AI, which has developed a model 
that can predict the number of COVID-19 cases in each 
region up to two weeks in advance [4].

Personalized Medicine and Health Interventions
AI may analyze individual health data to provide 

healthcare recommendations promoting personalized 
medicine. In public health, this involves personalized 

Introduction
Artificial Intelligence (AI) has emerged as an effec-

tive and innovative technology in various and different 
sectors, including public health. It has rapidly been 
transformed into a tool revolutionizing numerous as-
pects of public health playing a significant role in it, 
mostly with its applications, benefits, several prospects 
but also with many challenges [1]. In this editorial, we 
explore the opportunities AI has predominantly offered 
in public health and healthcare administration and its 
future impact on disease prediction, epidemiology and 
healthcare quality (Table 1). Despite its capabilities in the 
healthcare domain, AI’s evolvement in public health sys-
tems also poses various ethical and technical challenges 
that will be considerably addressed. In recent years, the 
focus of AI in public health has been expanded mostly 
because of its potential, regarding big data processing, 
recognizing patterns and making predictive analysis [1]. 
Therefore, using AI may result in the enhancement of 
disease surveillance, efficient health interventions and 
the optimization of healthcare delivery. 

Disease Surveillance and Prediction
Disease surveillance is a major component of AI in 

public health, offering the potential improvement of our 
ability to predict the spread of infectious diseases ena-
bling the health care officials to take preventive mecha-
nisms with the appropriate public health measures. In 
parallel, AI plays a significant role in the limitation of 
disease outbreaks before they occur contributing to an 
efficient disease surveillance system in public health [2].

More specifically, machine learning algorithms which 

Key words: Artificial intelligence; disease surveillance; 
prediction; risk analysis; personalized medicine; ethical 
frameworks; decision – making systems; healthcare man-
agement; resource optimization; telemedicine
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interventions focused on disease prevention and health 
promotion at the population level. It aims to benefit 
personalized medicine by providing medical treatment 
to individuals based on factors like genetic profiles, 
lifestyles or environment. 

Simultaneously, AI can contribute to the develop-
ment of genetic analysis by processing genomic data 
to identify individuals at high risk of developing certain 
conditions. More specifically, the evaluation of vast 
amounts of genomic data gives the healthcare provid-
ers the opportunity to suggest measures regarding the 
prevention of the given situation. It can also efficiently 
contribute to early therapeutic protocols, especially 
when the aim is the management of chronic diseases 
[5]. An important application of AI in health interven-
tion procedures are AI-tools applied in oncology which 
can analyze genetic tumors and can help to identify 
the best possible treatment plan on patients based on 
their genetic profiles. 

Furthermore, AI plays an important role in enhancing 
the treatment precision by predicting how patients re-
spond to various therapies. Based on the genetic profile 
of a specific individual, AI strengthens the possibility of 

predicting how this patient will respond to a particular 
drug. This fact is very beneficial for the options that are 
given to healthcare providers to select the most effective 
treatment, reducing multiple errors associated with the 
quest of the right treatment strategy [6]. 

Medical Diagnostics  
Medical diagnostics evaluates medical conditions 

based on symptoms, medical history data, and test 
results. The main scope of medical diagnostics is the 
determination of the cause of a medical problem and 
provide an accurate diagnosis that benefits the patient, 
ensuring the correct treatment is administered.. AI plays 
a significant role in medical diagnostics, contributing to 
improvements to the prediction precision, accuracy and 
efficiency of the diagnostic procedures. AI algorithms 
can be utilized to analyse medical images and offer 
the opportunity for healthcare providers to effectively 
identify diseases as soon as massive amounts of patient 
data, demographic information, medical history data, 
and laboratory test results are being assessed. This is 
an important advantage considering the help health-
care providers can be provided to make more accurate 

Table 1. Public health domains and potential uses of AI-based measures.

Potential use of artificial  
intelligence

Example

Health protection Analysing patterns of data for almost real-time 
surveillance and disease detection 

Using Google search and phone GPS information 
to predict restaurants that are causing foodborne 
illness

Health promotion Offering targeted and personalised health 
advice based on personal risk profile and 
behavioural patterns

Using machine learning to generate improved 
cardiovascular disease risk models

Increasing efficiency of 
health services

machine learning facilitated automated 
evidence synthesis

Human Behaviour-Change Project uses machine 
learning for evidence 

Synthesis and interpretation around behaviour 
change

Epidemiology COVID-19 outbreaks surveillance Identify COVID-19 outbreaks from contact-tracing 
interview forms Mask wearers facial recognition 
surveillance

COVID-19 misinformation control Use of social media companies like Facebook, 
Twitter, Instagram, TikTok, and LinkedIn to curb 
misinformation

Transmission prediction Machine learning models to forecast infectious 
disease spread

Prediction models Forecast using HealthMap Forecast COVID-19 spread from social media and 
other web data
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decisions about patient care [7]. Especially, utilizing 
multiple data sources, a more complete understand-
ing of a patient’s health can be succeeded as well as 
a more elaborating view regarding the causes of their 
symptoms. It is highly unlikely for misdiagnosis to occur 
by combining several and various data sources with the 
accuracy of diagnosis as a major result [7]. 

Health Systems and Resource Management
The optimization of healthcare delivery utilizing AI 

strategies can play a major role in improving resource 
allocation and management. Taking into consideration 
the needs in public health, this translates to more ef-
fective use of limited resources, such as hospital beds, 
medical supplies, and healthcare providers [8,9]. AI 
models give the possibility of the prediction of demands 
in healthcare services, aiming to supply public health 
personnel to allocate resources efficiently. At the same 
time, AI-driven decision support systems contribute to 
clinical decision-making resulting timely to appropriate 
patient care. 

It is important that AI can be used in resource-
poor settings as soon as AI systems can be utilized 
to benefit health programmes in various ways. AI has 
already played a major part in predicting, modelling 
and ceasing the spread of disease in epidemic situa-
tions worldwide, including in resource-poor settings. 
For instance, research has been made, leading to a ML 
tool for the identification of weather and land patterns 
linked with dengue fever transmission in Manila. That 
specific machine learning algorithm has learnt how to 
adjust its model to make predictions regarding dengue 
cases with high accuracy [10].

Prospects and Recommendations 
One important perspective of AI in public health 

is related to its integration with other technologies. 
The evolvement of AI in the public health domain can 
strongly be associated with other imminent technolo-
gies, such as the Internet of Things (IOT) and big data 
analytics. Merging these technologies can effectively 
improve the capabilities of AI systems, enabling more 
comprehensive, secure and accurate public health 
interventions [11]. As an example,  the IOT can offer 
real-time health data to AI systems, improving disease 
monitoring and intervention procedures.

Moreover, another asset of AI in public health is the 
empowerment of ethical and regulatory frameworks. 
This is a recommendation which can be established with 

the development of specific and relevant guidelines 
for the ethical use of AI, setting the seal on the fact 
that sensitive data privacy and bias in AI algorithms 
are being secured [12]. Similarly, regulatory agencies 
are obliged to adapt to the challenges introduced by 
AI, providing supervision for the secure and adequate 
use of AI systems.

In addition, developing an adequate workforce is sig-
nificant for the beneficial implementation of AI in public 
health sectors. This is a strategy that involves training 
healthcare professionals working in AI technologies as 
well as partnerships between governments, universities 
and the private sector which can introduce and support 
knowledge innovation, resulting in the adoption of AI 
in public health [13,14].

Considering the great significance of AI in the do-
main of public health, it is understood that it improves 
healthcare accessibility. In many parts of the world, one 
of the challenges public health faces is the lack of remote 
and automated healthcare services. This obstacle can be 
buried with the development of telemedicine platforms 
powered by AI which can diagnose and recommend treat-
ments for common health cases by minimising the need 
of in-person visits to healthcare facilities, mostly in rural 
areas where medical services are sometimes scarce [15].

Limitations and Challenges
One of the primary challenges of integrating AI into 

public health are ethical matters related to data privacy. 
The requirement of AI systems to have access to a huge 
volume of personal health data, does how the data is 
gathered, stored, and utilized quite sensitive [16]. It is 
a matter of paramount importance to secure that AI 
systems are transparent and accountable regarding 
the individuals’ privacy.

Another limitation posed using AI in public health 
is the bias in AI algorithms. Specifically, AI algorithms 
are being used beneficially if the data they are trained 
on are accurate. In other words, considering the train-
ing data is biased, the AI system will also be biased, 
affecting negatively the patient outcomes and leading 
to unequal and untrustworthy results [17]. Google has 
developed a Testing with Concept Activation Vectors 
(TCAV) programme in which test decision-making al-
gorithms are being used to reduce bias and gender 
discrimination [18]. As an example, to this issue is the 
fact that an AI model which is trained on data from a 
white population, it may not perform as well when ap-
plied to non-white patients. 
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The role of AI in public health systems introduces 
technical and logistical oppositions. More especially AI 
systems require significant computing analysis, massive 
data storage and skilled individuals to develop and 
maintain. Also, merging AI systems with existing health 
frameworks can be complex, rendering investment and 
coordination crucial [9].

AI in public health plays an important role in the 
addressing of regulatory and legal issues. As soon as 
current healthcare regulations are failing to present the 
challenges posed by AI, such as liability and accuracy 
for AI-driven decisions, the development of a regulatory 
base that assures the efficient utilization of AI in public 
health is excessively significant [19]. One important im-
plication of facing such limitations is the procedure of 
training the application which may incorporate existing 
values and biases. Also, AI in healthcare can clash with 
data protection legislation, which in many situations 
requires only the collection of data associated with the 
purpose which is being examined [20].

Conclusion 
Artificial intelligence promises a plethora of great 

and massive opportunities for public health, introducing 
new tools, approaches and strategies regarding disease 
surveillance, epidemiology, personalized medicine, 
and health systems management. Particularly, looking 
ahead, AI is set to evolve and expand even further if 
advances in AI technology will enable more accurate 
and sophisticated interventions. As follows it can play 
a major role in addressing global health challenges like 
climate change health impacts and it can help identify 
efficient strategies to combat such issues and improve 
population health on a global scale. All in all, AI prom-
ises great advances in public health from predicting 
disease outbreaks and generally improving healthcare 
to enhancing operational procedures. Considering the 
limitations concerning the ethical principles, it can be 
assumed that artificial intelligence can become a pow-
erful ally in the quest for a healthier world.

Conflict of interest: The authors declare that there are no 
conflicts of interest associated with the publication of this 
editorial. The research was conducted independently, and 
the findings and opinions expressed herein are those of the 
authors alone. No financial or personal relationships with 
other people or organizations that could inappropriately 
influence (bias) the content of this publication have been 
identified.

Declaration of funding sources: None to declare.

Author contributions: AP, Literature review, Writing – 
Original Draft, Supervision; RF, Writing – Review & Editing; 
AP, Conceptualization, Supervision, – Review & Editing

References

	 1.	Olawade DB, Wada OJ, David-Olawade AC, Kunonga E, 
Abaire O, Ling J. Using artificial intelligence to improve 
public health: a narrative review. Fron Public Health. 2023; 
11:1196397. 

	 2.	Zhao AP, Li S, Cao Z, Hu PJH, Wang J, Xiang Y, et al. AI for sci-
ence: Predicting infectious diseases. JSSR. 2024; 5(2):130–46. 

	 3.	Payedimarri AB, Concina D, Portinale L, Canonico M, Seys 
D, Vanhaecht K, et al. Prediction models for public health 
containment measures on covid-19 using artificial in-
telligence and machine learning: A systematic review.  
Int J Environ Res Public Health. 2021; 18(9):4499. 

	 4.	Chakraborty C, Bhattacharya M, Pal S, Lee SS. From ma-
chine learning to deep learning: Advances of the recent 
data-driven paradigm shift in medicine and healthcare. 
Curr Res Biotechnol. 2024; 7:100164.

	 5.	Raparthi M. Deep Learning for Personalized medicine-
Enhancing precision health with AI. JST. 2020; 1(1):82-90. 

	 6.	 Johnson KB, Wei WQ, Weeraratne D, Frisse ME, Misulis K, 
Rhee K, et al. Precision Medicine, AI, and the Future of 
Personalized Health Care. Clin Transl Sci. 2020;14(1):86–93.

	 7.	Al-Antari MA. Artificial Intelligence for Medical Diagnos-
tics—Existing and Future AI Technology. Diagnostics. 2023; 
13(4):688.

	 8.	Anesi GL, Kerlin MP. The impact of resource limitations on 
care delivery and outcomes: routine variation, the coro-
navirus disease 2019 pandemic, and persistent shortage. 
Curr Opin Crit Care. 2021;27(5):513–9.

	 9.	Maleki Varnosfaderani S, Forouzanfar M. The Role of AI in 
Hospitals and Clinics: Transforming Healthcare in the 21st 
Century. Bioengineering. 2024; 11(4):337.

	 10.	C ossy-Gantner A, Germann S, Schwalbe NR, Wahl B. Artificial 
intelligence (AI) and global health: How can AI contribute 
to health in resource-poor settings? BMJ Glob Health. 
2018;3(4):e000798. 

	 11.	Gouiza N, Jebari H, Reklaoui K, Essaâdi A. Integration of iot-
enabled technologies and artificial intelligence in diverse 
domains: recent advancements and future trends. JATIT. 
2024;102(5):1975-2029. 

	 12.	Díaz-Rodríguez N, Del Ser J, Coeckelbergh M, López de 
Prado M, Herrera-Viedma E, Herrera F. Connecting the dots 
in trustworthy Artificial Intelligence: From AI principles, 
ethics, and key requirements to responsible AI systems 
and regulation. Information Fusion. 2023; 99:101896.

	 13.	Francisca Chibugo Udegbe, Ogochukwu Roseline Ebulue, 
Charles Chukwudalu Ebulue, Chukwunonso Sylvester 
Ekesiobi. The role of Artificial Intelligence in healthcare: A 
systematic review of applications and challenges. Int Medi 
Sci Res J. 2024;4(4):500–8. 



AI and Public Health 11

ACHAIKI IATRIKI January - March 2025, Volume 44, Issue 1

	 14.	Morandini S, Fraboni F, De Angelis M, Puzzo G, Giusino D, 
Pietrantoni L. The impact of artificial intelligence on work-
ers’ skills: Upskilling and Reskilling in organisations. Inf Sci. 
2023; 26:39–68. 

	 15.	Bekbolatova M, Mayer J, Ong CW, Toma M. Transformative 
Potential of AI in Healthcare: Definitions, Applications, and 
Navigating the Ethical Landscape and Public Perspectives. 
Healthcare. 2024; 12(2):125.

	 16.	Al-Hwsali A, Alsaadi B, Abdi N, Khatab S, Alzubaidi M, 
Solaiman B, et al. Scoping Review: Legal and Ethical Prin-
ciples of Artificial Intelligence in Public Health. Stud Health 
Technol Inform. 2023; 305:640-3.

	 17.	Arora A, Alderman JE, Palmer J, Ganapathi S, Laws E, Mc-
Cradden MD, et al. The value of standards for health datasets 
in artificial intelligence-based applications. Nat Med. 2023; 
29(11):2929–38. 

	 18.	Dr. Varsha P.S. How can we manage biases in artificial intel-
ligence systems – A systematic literature review. Int J Inf 
Manag Data Insights. 2023;3(1):1-9. 

	 19.	Mennella C, Maniscalco U, De Pietro G, Esposito M. Ethical 
and regulatory challenges of AI technologies in healthcare: 
A narrative review. Heliyon. 2024;10(4):e26297.

	 20.	 McKee M, Wouters OJ. The Challenges of Regulating Artificial 
Intelligence in Healthcare Comment on “Clinical Decision 
Support and New Regulatory Frameworks for Medical De-
vices: Are We Ready for It? -A Viewpoint Paper.” Int J Health 
Policy Manag. 2023;12(1):7261. 

Corresponding author:

Apostolos Vantarakis
Tel.: +30 6945336243, E-mail: avanta@upatras.gr



Editorial ACHAIKI IATRIKI   |   2025; 44(1):12–15

The Role of Artificial Intelligence  
in Liver Ultrasound Elastography: 
Challenges and Future Directions

Efstratios Syrmas1, Ilias Gatos1, Paraskevi F. Katsakiori2, Stavros Tsantis1,  
Stavros Spiliopoulos3, George C. Kagadis1

1�3DMI Research Group, Department of Medical Physics,  
School of Medicine, University of Patras, Rion, Greece

2Health Center of Akrata, Akrata, Greece
3�Second Department of Radiology, School of Medicine, 
University of Athens, Athens, Greece

Received: 28 Mar 2024; Accepted: 05 Apr 2024

(USE) [4]. Both have gained popularity due to their easy 
applicability and high-performance in differentiating 
various severity stages of CLD. Elastography constitutes 
a rather recent non-invasive modality for the assessment 
of liver fibrosis and has already started revolutionizing 
CLD diagnosis. Elastography basic principle is to gener-
ate a vibration within the tissue of interest, record the 
vibration’s propagation through the tissue and sub-
sequently deduce elasticity from the tissue response. 
Ultrasound (US) system manufacturers have used dif-
ferent technological interpretations of this principle 
leading to US systems that are different in terms of use 
in clinical practice. 

While there is mainly one MRE variant, multiple USE 
variants are nowadays commercially available includ-
ing Vibration Controlled Transient Elastography (VCTE), 
widely known as Fibroscan, Real Time Elastography 
(RTE), Acoustic Radiation Force Impulse (ARFI) Elastog-
raphy, Shear Wave Elastography (SWE) and Sound Touch 
Elastography (STE) to name a few. All these techniques 
(except for RTE which makes a qualitative relative elas-
ticity estimation) make a quantitative tissue stiffness 
estimation in an area of interest. Currently, most of 
these variants provide a colored elasticity map to visu-
ally guide the examiner to an optimum measurement. 
These techniques have been extensively studied and 
demonstrate USE’s high diagnostic performance in CLD 
fibrosis stage differentiation. 

USE techniques show certain limitations such as 

Introduction
Chronic Liver Disease (CLD) is a leading public health 

concern [1]. CLD progresses through inflammation to 
fibrosis, and – if left untreated – to cirrhosis. Cirrhosis, 
the end-stage of the disease, may lead to hepatocellular 
carcinoma, liver failure, portal hypertension and even-
tually death. Accurate diagnosis of CLD is essential to 
secure effective clinical management and intervention 
strategies. Liver biopsy (LB) is considered the ‘Gold Stand-
ard’ for CLD diagnosis as it provides direct and detailed 
histological information. Nonetheless, LB is invasive and 
prone to sampling errors leading to significant inter- 
and intra-observer variability. These limitations have 
stimulated the quest for less or non-invasive diagnostic 
approaches leading to the adoption of elastography 
that demonstrates high correlation between liver stiff-
ness and liver fibrosis [2]. Several literature reports aim 
to demonstrate the accuracy of this correlation. Their 
outcome is to calculate the liver stiffness cut-off values 
with the aid of ROC analyses. Fibrosis stages should be 
differentiated optimally to offer the radiologist a simple 
tool that corresponds stiffness values to fibrosis stages 
using a certain examination protocol [3]. 

Two modalities are mainly employing elastography, 
MR-Elastography (MRE) and Ultrasound Elastography 

Key words: Chronic liver disease; liver ultrasound elas-
tography; artificial intelligence; machine learning; deep 
learning; diagnostic accuracy
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significant inter- and intra-observer variability, best 
stiffness cut-off values overlap between studies, and 
presence of non-liver fibrosis related factors that affect 
stiffness measurements leading to over- or under-
estimation of patient’s clinical condition. To overcome 
these limitations, Artificial Intelligence (AI) has recently 
been used and boosted the performance of computer 
aided diagnosis (CAD) systems in the pursuit of accurate 
CLD stage assessment. AI algorithms achieve - or even 
outperform - experts’ accuracy in CLD assessment with 
USE, rendering them a useful tool in clinical practice 
[5]. In this editorial, the current state of AI applications 
along with their challenges and future perspectives in 
USE for CLD assessment are presented.

Main Body
AI applications can be categorized in Machine Learn-

ing (ML) and Deep Learning (DL) based ones [6]. ML 
requires feature extraction (radiomics in the case of 
radiological features) and manipulation from raw data 
to model input. DL directly evaluates raw data bypass-
ing manual or semi-automated feature extraction and 
analysis for model input. In the case of CLD assessment 
various studies exist that deploy ML or DL models and 
attempt to address USE limitations or further improve 
diagnostic accuracy.

Machine Learning Studies 
Few approaches with the use of image processing 

and analysis for feature extraction from US images 
have been proposed in ML studies. Gatos et al. made 
an inverse Red-Green-Blue (RGB) to stiffness mapping 
of 2D elastogram of SWE images and extracted and 
analyzed features from the resulting region of interest 
(ROI). They fed a Support Vector Machine (SVM) with 
the extracted features and differentiated CLD patients 
from healthy subjects with high accuracy surpass-
ing clinical studies’ performance [7, 8]. Furthermore, 
they suggested specific feature combinations and 
value ranges to indicate fibrosis existence [8]. More 
analyses on other fibrosis stage groups and their dif-
ferentiation are deemed necessary to complete the 
deployed algorithms’ potential on fully assessing CLD 
fibrosis staging.

Durot et al. also noted that SVMs, a multimodel ML 
algorithm, can effectively grade liver fibrosis through 
USE [9]. This approach showed diagnostic performance 
comparable to MRE, further broadening the scope of 
non-invasive liver fibrosis assessment tools. A hybrid 

ML methodology, combining a Convolutional Neural 
Network (CNN) with dual classifiers - SoftMax and SVM 
- was proposed by Sattar Jabbar et al. for the identifica-
tion of liver fibrosis through the analysis of 700 US shear 
wave elastography images [10].

Deep Learning Studies
Several studies have recently shown that DL is a 

powerful tool with increased diagnostic accuracy over 
clinical or ML studies. Gatos et al. employed an elasto-
gram reliability tool that temporally excluded unstable 
areas of the image [11]. Afterwards, they compared the 
examiners and DL performance on both filtered and full 
elastograms. Their results indicated that the examiners’ 
measurements’ accuracy was poor on the excluded ar-
eas. However, on the areas left intact, performance was 
relatively accurate. DL showed marginal improvement on 
performance when fed with the filtered images. Kagadis 
et al. further explored the diagnostic performance on the 
filtered and non-filtered images on a variety of settings 
and DL schemes validating their superior performance 
over clinical and ML approaches [12].

Subsequently, the implementation of DL radiomics of 
elastography demonstrated superior accuracy compared 
to traditional methods for accurately staging liver fibrosis 
in chronic hepatitis B patients through non-invasive 2D-
SWE image analysis as shown by Wang et al. [13]. Xue et 
al. employed transfer learning to analyze elastogram and 
grayscale US images that further improved diagnostic 
accuracy, demonstrating the benefit of integrating both 
modalities over using them separately [14]. Meng et al. 
developed a liver fibrosis classification method using 
transfer learning with VGGNet and a deep classifier, 
FCNet, for ultrasound elastography images [15].

Challenges
Application of AI tools in medical imaging and 

diagnosis has been accelerated and facilitated the 
emergence of new pathways of optimizing CLD prog-
nosis and management [16]. However, a few challenges 
need to be considered before such AI tools become 
fully operational in the clinical set-up. Although the 
integration of AI into hepatic elastography seems prom-
ising, it encounters several limitations. The robustness 
of AI models is often reduced when faced with data 
from diverse patient populations or imaging systems. 
These include data heterogeneity and quality issues 
arising from varied acquisition protocols and operator 
techniques, which challenge AI’s ability to general-
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ize. The ‘black box’ nature of DL models complicates 
their interpretability, a critical factor for clinical ac-
ceptance. Furthermore, the absence of standardized 
validation protocols for USE makes benchmarking 
AI tools challenging [17]. USE is used in real-time 
clinical procedures, requiring immediate analysis and 
interpretation. Integrating AI to enhance or automate 
this process demands high computational efficiency 
to provide instant feedback without disrupting the 
clinical workflow. Additionally, when introducing AI, it 
is important to deal with complicated rules and ethi-
cal issues to keep patients safe and their information 
private [18]. We also need to conclude on common 
rules for testing these AI systems in USE.

Future Directions
A complex and careful approach is deemed neces-

sary to overcome the limitations faced by AI in hepatic 
elastography. Firstly, enhanced representability of the 
sample used can be achieved through inter-institutional 
collaboration to create large, diverse, and well-annotated 
datasets. This advancement could contribute to the 
development of AI models that exhibit improved gen-
eralizability and robustness, particularly in varying USE 
techniques and patient populations, ensuring consistent 
performance across different clinical settings. Secondly, 
enhancing AI model interpretability can involve incorpo-
rating explainable AI (XAI) techniques in the case of USE. 
These methods may explain the AI’s decision-making 
pathways in elastographic analysis and offer a clearer 
understanding of its diagnostic predictions. Thirdly, a 
collaborative effort is needed to establish standardized 
validation protocols. These standards will help make sure 
that AI tools are reliable and useful in medical practices. 
Finally, general dealing with the detailed rules and 
ethical issues requires a firm commitment to privacy 
standards like the General Data Protection Regulation 
(GDPR), and a focus on ethical guidelines that prioritize 
patient safety and data security. 

To conclude, current data demonstrate that AI could 
be implemented to improve the diagnostic accuracy of 
USE and avoid a great number of liver biopsies, which 
are related to low but not insignificant morbidity and 
mortality, and their use should be carefully reconsid-
ered especially in more sensitive subgroups such as 
the pediatric population [19, 20]. Further investigation 
is required to validate these initial results and address 
current issues as to introduce AI-assisted hepatic elas-
tography into everyday clinical practice.
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Vitamin D is unique because it is produced endog-
enously in the body through the effect of sunlight on 
the skin. Some researchers have proposed that sun 
exposure of 15-20 minutes a day is sufficient to pro-
duce the necessary amount of vitamin D for the body 
[3]. Vitamin D consists of several compounds, with the 
main representatives being ergocalciferol (D2), derived 
from plants and commonly added to foods, and chole-
calciferol (D3), synthesized from 7-dehydrocholesterol 
in the skin.

During sun exposure, UVB radiation is absorbed by 
7-dehydrocholesterol and converted into previtamin 
D3 (precalciferol). Over two-three days, previtamin D3 
undergoes thermal isomerization leading to vitamin D3 
(cholecalciferol). Once in circulation, any form of vitamin 

Abstract
Background: According to recent studies, a considerable portion of the population in Greece demonstrates vitamin 
D insufficiency [25(OH)D < 30 ng/ml] and severe deficiency [25(OH)D < 12 ng/ml] [1]. The current study was designed 
based on the “Mediterranean Paradox,” which highlights that residents of sunny regions, such as the Mediterranean, 
often exhibit vitamin D deficiency despite adequate solar exposure. The purpose of the study was to evaluate the 
serum vitamin D levels of the residents of Karystos and investigate vitamin D levels in a population where sun expo-
sure is considered adequate throughout the year.
Materials and Methods: The research was conducted from September 2022 to September 2023 and included the 
analysis of serum vitamin D levels in Karystos residents undergoing routine examinations at the Biopathology Labo-
ratory of the General Hospital of Karystos.
Results: The study results revealed that despite adequate sunlight throughout the year, a considerable percentage 
of Karystos residents exhibited vitamin D deficiency. 
Conclusion: These findings support the “Mediterranean Paradox” phenomenon and indicate the need for further in-
vestigation and possible intervention to address vitamin D deficiency in populations with sufficient sunlight exposure.

Key words: Vitamin D; mediterranean paradox; Karystos; vitamin levels

Introduction
Vitamin D is one of the most important vitamins for 

human health, playing a multifaceted role in the body’s 
physiology. Although primarily known for its contribu-
tion to calcium and phosphorus metabolism regulation, 
recent scientific studies highlight its broader significance 
in immune system function, cardiovascular health, and 
the prevention of various chronic diseases. Addition-
ally, vitamin D deficiency has been linked to numerous 
pathological conditions, making it a considerable target 
for public health prevention and intervention [2].
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D is hydroxylated to 25(OH)D3 in the liver and then in 
the kidneys, where it is hydroxylated to 1,25-dihydroxy-
cholecalciferol (1,25(ΟΗ)2D3), the active metabolite of 
vitamin D (calcitriol) [4]. Calcitriol, once released into 
circulation, binds to a specific carrier protein and is 
transported to target organs to exert its effects. However, 
the best indicator for studying vitamin D is the circulat-
ing concentration of 25(OH)D, representing the vitamin 
obtained from both sun synthesis and diet. It has a half-
life of two weeks, compared to 1,25-dihydroxycholecal-
ciferol, which has a half-life of just four-six hours [4,5].

Additionally, vitamin D is provided through diet in 
the form of provitamin. Natural dietary sources include 
fatty fish (salmon, mackerel, tuna), cod liver oil, eggs, 
beef liver, and others. In the USA and some EU countries, 
certain foods such as milk, cereals, margarine, juices, 
and bread are fortified with vitamin D [6, 7].

Guidelines for vitamin D deficiency and insuffi-
ciency vary among organizations, reflecting different 
research methods and clinical experiences. According 
to some international clinical guidelines, serum 25(OH)
D levels below 10 ng/mL (25 nmol/L) are considered 
deficient. However, the Institute of Medicine states 
that serum 25(OH)D levels should not fall below 20 
ng/mL (50 nmol/L), while the Endocrine Society sug-
gests that optimal skeletal health and muscle strength 
require serum 25(OH)D levels of at least 30 ng/mL (75 
nmol/L) [8, 9]. The Endocrine Society defines vitamin D 
deficiency as 25(OH)D < 20 ng/mL and insufficiency as 
21-29 ng/mL, with some authors recently advocating 
for values between 40 ng/ml and 60 ng/ml for better 
health [10].

The World Health Organization (WHO) has not issued 
specific guidelines for vitamin D but recommends en-
suring adequate sun exposure and consuming vitamin 
D-rich foods to prevent deficiency. For most people, 
90% of their vitamin D requirements are met through 
sun exposure and only 10% through their diet [10]. 
Therefore, one would expect that residents of sunny 
countries like those in the Mediterranean would have 
adequate 25(OH)D levels in their blood. However, 
studies in recent years highlight vitamin D deficiency 
in these populations, referring to the “Mediterranean 
Paradox” [11, 12].

This study was designed to evaluate the serum 
vitamin D levels of people living in the Karystos area, 
where sun exposure is considered adequate for most 
of the year. The study took place from September 2022 
to September 2023 during routine examinations at 

the Biopathology Laboratory of the General Hospital 
of Karystos.

Materials and Methods
Study Population

The study population included 1,199 Greeks, catego-
rized by gender and age into three groups: 20-44, 45-64, 
and ≥65 years. No information was obtained on Body 
Mass Index (BMI), medical history, or current medication.

Sample Collection and Measurement
Vitamin D levels were measured using the Vit D 

Roche Elecsys reagent from Roche. Measurements 
were conducted using the electrochemiluminescence 
immunoassay method on the cobas e411 analyzer 
from Roche. Blood samples (3.5 - 5 ml) were taken 
from each volunteer in a special tube without antico-
agulant, as serum is required for measuring 25(OH)D. 
The tubes were left to stand for a few minutes before 
centrifugation.

Definition of Levels
Vitamin D levels were defined as follows:

•	Sufficient: 25(OH)D > 30 ng/mL
•	 Insufficient: 25(OH)D < 30 ng/mL
•	Deficient: 25(OH)D < 20 ng/mL

A value of 3 ng/mL was set as the lower detection 
limit of 25(OH)D.

Statistical Analysis
Statistical analysis of the data was conducted using 

p-value and chi-square analysis to compare vitamin D 
levels based on age and gender, utilizing Python, the 
SciPy library and the statistical tool R. A significant level 
was set at P<0.05. 

Results
Demographic Characteristics

Participants included men and women aged 20 to 
88 years. The sample distribution by age group was: 20-
44 years (21.55%), 45-64 years (33.17%), and ≥65 years 
(45.27%). Women accounted for 64.49% and men for 
35.51% of the participants (Figure1, figure 2). 

Vitamin D Levels
The mean serum 25(OH)D concentration in the entire 

sample was below the laboratory’s reference normal limit 
(30 ng/mL). Specifically, the mean vitamin D value for 
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the 2022-2023 period was 24.33±5.46 ng/mL, indicating 
insufficiency. The prevalence of vitamin D insufficiency 
(25(OH)D < 30 ng/mL) was 61.38%, while 23.32% of the 
population had vitamin D deficiency (25(OH)D < 20 ng/
mL). Only 15.3% of the population had sufficient vitamin 
D levels (Figure 3).

Correlation with Age and Gender
Age was not considerably associated with the 

prevalence of vitamin D insufficiency, although a 
linear trend with increasing age was observed (t-
statistic: -1.432, p-value: 0.37). The chi-square statistic 
based on the p-value and the degrees of freedom was 
calculated to 4.36. There was also a differentiation in 
vitamin D levels between women and men. Women 
had lower average vitamin D levels compared to men, 
but this difference was not statistically considerable 
(t-statistic:-1.016, p-value:0.16). The chi-square statistic 
based on the p-value and the degrees of freedom 
was calculated to 1.88. Overall, the effect of age and 

gender did not show a statistically significant impact 
on the results.

Monthly Variation
During the first half of 2022-2023, the mean serum 

25(OH)D concentrations were 23.58 (8.21; 66.46) ng/mL 
and 25.05 (3.00; 50.45) ng/mL for the second half, re-
spectively. Significant seasonality effects were observed 
in vitamin D concentrations. The highest insufficiency 
and deficiency rates were recorded in February, with a 
mean vitamin D concentration of 19.40 ng/mL, while 
the lowest insufficiency rates and highest mean vitamin 
D concentrations were observed in September, with a 
mean value of 35.13 ng/mL. Below are the charts illus-
trating the levels of vitamin D by age group (Figure 4).

The variation in vitamin D levels seems to be ex-
plained by seasonality. February follows the month 
where sun exposure is limited, reducing vitamin D 
production in the skin. Conversely, September follows 
the summer months, where sun exposure is increased, 
leading to higher vitamin D levels.

Discussion
This study aimed to evaluate vitamin D levels among 

adults living in a sunny region in Greece for most of the 
year. The Karystos area has a mild Mediterranean climate 
with approximately 270 sunny days per year.

 The main finding was that a high percentage of 
participants (over 80%) had serum 25(OH)D concentra-
tions below the reference limit of 30 ng/mL, while only 
16% had 25(OH)D levels above 30 ng/mL. This result 
contradicts the expected relationship between sunlight 
and adequate vitamin D levels.

Despite Greece’s known sunshine, even during win-

Figure 1. Distribution of the Sample by Age (%). Figure 2. Distribution of the Sample by Gender (%).

Figure 3. Percentage (%) of the Population with sufficient, insuffi-
cient, and deficient Vitamin D levels from 01/09/2022 to 31/09/2023.
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ter, previous research has shown that most of the popu-
lation suffers from vitamin D deficiency [1]. Our study 
confirms this phenomenon, as more than two-thirds of 
the population did not have sufficient vitamin D levels. 
Significant study limitations include the absence of 
information on BMI, medical history, current medica-
tion, and lack of data on factors affecting vitamin D 
absorption, such as dietary habits and lifestyle.

It is known that there is a strong correlation between 
high body weight and vitamin D deficiency. Specifically, 
obese men and women (BMI > 30) are 75% more likely 
to present with vitamin D deficiency compared to those 
of normal weight, due to the deposition of vitamin D in 
subcutaneous fat tissue [1]. Additionally, reduced physi-
cal activity and a sedentary lifestyle limit sun exposure 
and may contribute to obesity. Dietary habits, such as 
insufficient consumption of fatty fish, eggs, and vitamin 
D-fortified products, may also contribute to inadequate 
vitamin D intake.

The lack of adequate sunlight exposure, especially 
during the winter months, appears to be the main rea-
son for the low vitamin D levels in the Karystos region. 
Increased sun exposure is recommended, particularly 
during the hours when sunlight is most intense (morn-

ing and afternoon) throughout the year, to address this 
deficiency.

Furthermore, this study indicates that perhaps the 
cut-off levels of vitamin D should be re-evaluated and 
revised for a more accurate assessment. Revising the 
reference thresholds may provide a more accurate 
assessment of vitamin D status in the population and 
contribute to improving the prevention and manage-
ment of deficiencies through increased sun exposure, 
appropriate supplementation, and dietary interven-
tions.

In conclusion, this study demonstrates the need 
for regular monitoring of vitamin D levels and fur-
ther research on the factors influencing these levels, 
even in populations with high sun exposure. The study 
highlights the importance of individualized health ap-
proaches, considering demographic, geographic, and 
seasonal factors to improve overall health.
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to Calabrese and Mallek, who first proposed diagnostic 
criteria in 1988, the diagnosis of PANCS is based on the 
presentation of a neurological or psychiatric manifestation 
along with characteristic angiographic or histopathologi-
cal findings, while ruling out any other systemic vasculitis 
or other condition demonstrating similar clinical or imag-
ing features [5]. Consequently, Birnbaum and Hellman 
proposed a revision of the previous diagnostic criteria in 
2009, due to the necessity of distinguishing PANCS from 
Reversible Vasoconstriction Syndrome (RCVS) and other 
similar clinical conditions [6]. According to these criteria 
the terms “definite” and “probable” were suggested to 
define the strength of PANCS diagnosis. A “definite” diag-
nosis required histopathological evidence of vasculitis on 
cerebral biopsy, while “probable” diagnosis required the 
combination of a high-probability angiographic pattern 
with Magnetic Resonance Imaging (MRI) and cerebrospi-
nal fluid (CSF) analysis indicating PACNS. 

A probable diagnosis is considered when the follow-

Abstract
Primary angiitis of the Central Nervous System (PANCS) stands out as a particularly demanding neurological disorder, 
presenting obstacles in both the diagnostic process and the subsequent treatment strategies. Two subtypes of PACNS 
have been described in medical literature: small vessel disease typically diagnosed by biopsy and large/medium-
vessel disease typically diagnosed through angiography. Clinical manifestations vary widely, with most laboratory and 
imaging tests demonstrating low specificity in the diagnostic process. In clinical practice, brain Magnetic Resonance 
Imaging (MRI) is typically abnormal and further confirmation through histopathological or angiographic assess-
ment is required. It is essential to differentiate PACNS from many inflammatory, infectious, vascular, and malignant 
neurological conditions that present similar clinical manifestations in order to ensure a definite diagnosis. Treatment 
strategies are developed based on prolonged administration of corticosteroids combined with immunosuppressive 
agents. As evidence arises only from observational data, a multidisciplinary team approach in a specialized center is 
recommended. Multicenter prospective clinical trials are also needed to standardize the diagnostic techniques and 
determine the optimal therapeutic strategies.

Key words: Angiitis; stroke; angiography; biopsy; central nervous system 

Introduction
Primary Angiitis of the Central Nervous System 

(PANCS) is an uncommon neurological condition char-
acterized by targeted inflammation of the small to 
medium-large vessel of the brain and/or spinal cord 
[1]. Although PANCS was first described by Harbitz in 
1922 [2], the diagnostic process and treatment remains 
challenging, due to limited specificity of both its clinical 
manifestations and its primary diagnostic tests.  

PACNS has an annual incidence of 2.4 cases per 1 
million person-years with  an equal sex distribution [3], 
while the condition affects predominantly median-aged 
patients, typically around 50 years of age [4]. According 



22 Ermioni Papageorgiou, et al

ACHAIKI IATRIKI January - March 2025, Volume 44, Issue 1 

ing findings emerge on angiography [7]:
•	  Cerebral arterial areas with a pattern of smooth-wall 

stenosis followed by vessel dilatation 
•	Multiple arterial stenoses/occlusions 
•	Absence of proximal vessel atherosclerosis or other 

abnormalities
 Based on the size of the affected arteries, PANCS 

can be categorized into two distinct types: small vessel 
disease (SV PANCS) and large/medium vessel disease 
(LV PANCS) [8]. Concordance between positive biopsy 
and positive angiography is observed in the minority of 
patients (<20%), probably reflecting the pathophysiologi-
cal differences between LV-PACNS and SV-PACNS [3,9]. 
According to the current diagnostic criteria [6], SV-PACNS 
can be diagnosed only by biopsy, as Digital Subtraction 
Angiography (DSA) can detect abnormalities only in large 
and medium-sized cerebral vessels. Therefore, SV-PACNS 
diagnosis always meets the criteria of definite PACNS. Only 
LV-PACNS can correspond to probable PACNS [10,11]. 

In December 2023, the European Stroke Organiza-
tion (ESO) published the first European guidelines on 
PACNS diagnosis and management, in order to establish 
an optimal approach in PANCS diagnosis and treatment 
[12]. A collaborative study group of specialists addressed 
17 queries regarding SV-PANCS and LV-PANCS diagnosis 
and treatment. The lack of evidence-based diagnostic 
and treatment protocols emphasized the necessity for 
the development and implementation of standardized 
brain and vessel imaging examinations to enhance the 
diagnostic and therapeutic yield. 

The aim of this narrative review is to outline current 
diagnostic and therapeutic algorithms in PACNS and to 
underline the importance for ongoing research on this 
rare neurological disease. We conclude by emphasizing 
the critical role of a multidisciplinary team approach 
in specialized centers for patients presenting with sus-
pected PACNS [12]. 

Diagnostics
In medical daily practice PACNS’ diagnosis is based on 

a combination of clinical, laboratory and neuroimaging 
findings, with brain biopsy remaining the gold standard 
as a diagnostic tool. However, biopsy is an invasive sur-
gical procedure and carries the risk of a non-diagnostic 
or false (positive or negative) results [13-15].

Clinical
 PACNS presents a wide variety of clinical symptoms, 

many of which are non-specific. Sarti et al, conducted 

a review of 24 case series with a total of 585 patients 
and categorized the clinical features into two groups, 
based on their frequency: major (≥42.7%) and minor 
(<42.7%). Major clinical features of PACNS include new 
onset or altered headache, focal neurological deficits, 
stroke/TIA, and subacute cognitive impairment, while 
minor clinical features comprise seizures, altered level of 
consciousness, and psychiatric disturbances. To suspect 
PACNS, the authors suggested that one clinical and one 
major neuroradiological or two clinical and one minor 
neuroradiological feature should exist and that other dif-
ferential diagnostic considerations should be excluded. 
Major neuroradiological findings encompassed multiple 
parenchymal lesions with vessel occlusion, vessel wall 
enhancement and parenchymal or meningeal contrast 
enhancement, while hemorrhagic lesions and/or a single 
parenchymal lesion were considered as minor features [16]. 

PANCS clinical manifestations are diverse, most 
often subacute or chronic and insidious. However, 
acute symptomatology may occur occasionally [17]. The 
occurrence of thunderclap headache, i.e., very severe, 
explosive, abrupt onset headache reaching its maximum 
intensity within < 1 minute, may also be a feature of 
RCVS [18]. Clinical scenarios that arouse suspicion are 
subacute encephalopathy of unknown etiology, men-
ingitis after exclusion of infection and neoplasms, and 
multiple ischemic strokes in different vascular territories. 
In a retrospective analysis of 187 patients of rapidly 
progressive dementia, [19], PACNS comprised 5.3% of 
cases. Often, the most common clinical manifestations 
are not present in some cases [3]. 

Imaging
Conventional brain MRI reveals abnormal findings in 

nearly all patients with PACNS [20]. MRI demonstrates 
high sensitivity of approximately 90-100% [6,21-23]. 
However, findings are nonspecific and include [12]:
•	  Acute/subacute infarcts, either single or multiple 

and affecting multiple arterial territories
•	Small vessel disease (SVD)
•	 Intracerebral Hemorrhage (ICH)
•	Subarachnoid Hemorrhage (SAH)
•	Tumefactive pattern (t-PACNS)
•	Parenchymal contrast enhancement
•	Spinal cord involvement
•	Leptomeningeal enhancement

The working group of the recent ESO guidelines [12] 
extracted data from 18 studies conducted between 1987 
and 2020 that examined patterns of parenchymal abnor-



Primary CNS angiitis 23

ACHAIKI IATRIKI January - March 2025, Volume 44, Issue 1

malities on MRI. Parenchymal contrast enhancement was 
the most frequent neuroimaging pattern (20.4%), followed 
by multiple ischemic lesions (18.6%). An ICH/SAH pattern 
was reported in 13.6%. SVD pattern was probably under-
reported (8.8%), and a single ischemic lesion pattern was 
found in 6.4%. The pseudotumoral pattern was rare (4.1%), 
and spinal cord involvement was even rarer (0.8%). The 
expert consensus committee concluded that there is no 
specific neuroimaging pattern of parenchymal signal 
change that can be attributed to any PACNS subtype. 
Therefore, it is questionable whether the description of 
neuroimaging patterns is crucial for the diagnosis [12]. 

During the last years, 3D-High Resolution Vessel Wall 
Imaging-MRI (HRVWI-MRI) has enabled the visualization 
of the vessel wall in three dimensions, thus facilitating the 
detection of internal pathological signs within it [24,25] 
(Figure 1). This MRI technique has been increasingly used 
to differentiate PACNS from intracranial atherosclerotic 
disease and other inflammatory or non-vasculopathies, 
by demonstrating concentric vessel wall enhancement 
(VWE) in the stenotic arteries. Although it seems a promis-
ing technique, further validation is needed, highlighting 
the necessity of combining the results with other imaging 
modalities in order to reach a diagnosis [12].

Figure 1. A 73-year-old male was transferred to our department with an eight-day history of limb weakness and gait unsteadiness. His 
medical history was remarkable for colon cancer surgically treated 20 years ago, coronary heart disease and diabetes. Neurological exami-
nation revealed paraparesis and left arm ataxia. Brain MRI demonstrated multiple infarcts of different time points and in several arterial 
territories (acute ischemic lesions in the left temporal lobe and subacute middle/anterior watershed ischemic lesions) (Panel A). An em-
bolic mechanism was suspected, and a transesophageal echocardiogram demonstrated a mobile atheromatous plaque in the ascending 
aorta. The patient received double antiplatelet therapy (aspirin and clopidogrel) and rosuvastatin. Nine days later, he developed right 
facial palsy, right hemiparesis, and bilateral upper limb ataxia. A new MRI scan demonstrated new acute infarcts in the right parietal lobe 
and the left precentral area (Panel B) as well as prominent leptomeningeal enhancement. An extensive panel of blood test examinations 
were within normal limits. CSF protein concentration was 170mg/dl, and the rest of the CSF analysis was normal. DSA demonstrated the 
involvement of multiple large and medium-sized vessels, with multiple alternating areas of vessel stenosis and dilatations (Panels C&D). 
3D HRVWI-MRI showed concentric vessel wall enhancement in the multiple stenotic arteries, namely the middle cerebral arteries and 
the basilar artery (Panels E&F).  PACNS diagnosis was established based on the currently available diagnostic criteria and the patient was 
treated with 1g intravenous methylprednisolone for five days followed by oral prednizolone 100mg/day and monthly intravenous CYC 
pulse doses. However, his situation continued to deteriorate, so rituximab infusion as a rescue therapy was introduced, but unfortunately 
without significant response to treatment. This is a case of highly active and aggressive PACNS with minimal response to first- and second-
line treatment regimens.
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 Non-invasive vascular imaging techniques, i.e., 
Cerebral Computed Tomographic Angiography (CTA) 
and Magnetic Resonance Angiography (MRA), have 
been increasingly utilized in recent years, while the 
implementation of DSA has been declining [12]. It is 
suggested that DSA, a less invasive procedure than brain 
biopsy, should be considered for all patients suspected 
of having PACNS, when MRA or CTA fail to indicate a high 
probability pattern and the clinical symptoms strongly 
suggest the presence of PACNS. DSA represents the 
gold standard technique for disclosing medium-sized 
vessel involvement in PACNS. Regarding CTA, its mul-
tislice technique exhibits similar diagnostic yield with 
MRA. Nevertheless, comparative analyses between the 
two imaging techniques are lacking. DSA remains the 
gold standard in PACNS diagnosis involving large and 
medium sized vessels, with a sensitivity reaching 70%, 
but a poor specificity as low as 30% [21,26]. The main 
limitations of DSA are its relatively low specificity and 
its limited sensitivity for SV-PACNS. 

Biopsy
According to Birnbaum’s criteria, SV-PACNS diagnosis 

requires a positive biopsy, whereas histopathological 
confirmation is needed in order to conclude to a “defi-
nite” PANCS diagnosis [12]. Biopsy exhibits sensitivity 
between 53-74%, and specificity between 90-100%, 
particularly when areas of imaging abnormalities are 
examined [1,27]. Although a negative biopsy cannot en-
tirely rule out the diagnosis, it may be helpful to exclude 
PANCS mimics, especially infections and malignancies 
[17,28]. However, it should be noted that the histological 
features may resemble that of secondary vasculitis or 
of other immune-mediated inflammatory diseases [29]. 
The diagnosis is established through the identification 
of transmural lymphocytic infiltration and vascular wall 
destruction [30]. The literature describes the presence of 
three histopathological types: granulomatous (58%-27% 
of these cases associated with β-A4 amyloid deposition), 
lymphocytic (28%) and necrotizing (14%) [28].  

 Brain biopsy is an even less commonly used method 
to diagnose PACNS in clinical practice. This is due to the 
requirement for a surgical procedure and the fact that 
angiographic patterns are often highly indicative of 
PACNS [12]. Controversy exists about the utility of biopsy 
due to a high rate of false negative results, the risk of 
complications associated with an invasive diagnostic 
method, and the lack of standardized protocols. How-
ever, if all other diagnostic imaging methods do not yield 
a definitive diagnosis, a stereotactic brain biopsy should 

not be delayed in PACNS suspected cases. Samples from 
the meninges, superficial cortex, and lesion sites should 
be preferred to increase the diagnostic yield. Targeting 
acute gadolinium-enhancing MRI lesions may further 
improve the diagnostic process. If the affected lesion is 
not accessible for surgery, it is recommended to perform 
a biopsy from the non-dominant right frontal lobe [29]. 

The ESO guidelines highlight the requirement of CNS 
biopsy when SV-PANCS is speculated. Before proceeding 
to biopsy, DSA should be undertaken to demonstrate 
possible medium sized vessel involvement. SV-PACNS 
is associated with more gadolinium-enhancing lesions 
and fewer acute cerebral infarctions on MRI, compared 
to LV-PACNS. For patients exhibiting vascular abnormali-
ties on DSA, CTA or MRA, a specialized medical team 
should be recruited in order to design a personalized 
management, including the assessment of the necessity 
for a brain biopsy. 12]. 

Laboratory tests and cerebrospinal fluid (CSF) 
analysis

As with clinical manifestations, there is no single labo-
ratory test available to diagnose PACNS [22]. Therefore, 
the laboratory investigation involves a comprehensive 
screening of serological and immunological parameters, 
along with CSF analysis to rule out other potential di-
agnoses, such as infections, rheumatological diseases, 
and malignant disorders [1,17,21,32]. 

Lumbar puncture should be performed in all patients, 
as CSF is found abnormal in 80-90% of biopsy-proven 
PACNS [33]. Typically, CSF reveals mild lymphocytic ple-
ocytosis (defined as >5 cells/ml) and/or elevated protein 
levels (defined as protein >45 mg/dl). Occasionally, 
oligoclonal bands or immunoglobulin IgG synthesis can 
be detected [21,34-35]. To exclude malignant vasculitis, 
CSF cytology and flow cytometry should be performed. 
If the number of cells exceeds 200/ml, an infection might 
be present and further analysis is required. 

After analyzing data from 17 case-series and cross-
sectional studies involving 763 patients, the ESO working 
group determined the sensitivity (77.7%), specificity 
(68.3%), positive predictive value (PPV: 86.6%), negative 
predictive value (NPV: 53.6%), and diagnostic accuracy 
(75.1%) of abnormal CSF analysis in PACNS patients. The 
working group determined that in addition to cell count 
and protein concentration measurement, oligoclonal 
bands detection and cytological analysis should be 
conducted. Results within the normal range should not 
solely exclude PACNS [12].
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Differential diagnosis 
An important non-inflammatory differential di-

agnosis to PACNS is RCVS. Formerly called benign 
angiopathy of the CNS [36], it occurs more frequently 
in young women, often presenting with sudden onset 
of focal neurologic deficit or thunderclap headache 
and is associated with a normal CSF analysis. Risk 
factors related to RCVS are exposure to vasoac-
tive drugs and blood products, migraine and other 
headache disorders, eclampsia, pregnancy and early 
puerperium [37,38]. Diagnostic criteria include mul-
tifocal segmental cerebral artery vasoconstriction 
confirmed by angiography that must be reversed 
within three months, exclusion of aneurysmal SAH, a 
normal CSF, and severe acute headaches (“thunder-
clap headaches”) [37-39]. Signs of focal neurological 
CNS disturbances, or seizures may occur, too. RCVS 
may be regarded as an underdiagnosed condition, 
and its differential diagnosis from PACNS is extremely 
important since corticosteroids worsen its outcome 
[37]. Angiogram shows multifocal cerebral artery 
vasoconstriction [40]. Black blood MRI usually dem-
onstrates a short stenosis without wall thickening or 
enhancement, whereas in PACNS, long concentric ar-
terial wall thickening with gadolinium enhancement 
is a characteristic finding [41]. On December 2023, 
the REversible cerebral Vasoconstriction syndrome 
intERnational CollaborativE (REVERCE) project was 
announced in European Stroke Journal, a prospective 
international observational study across multiple 
hospitals in four European and Asian countries, aim-
ing to enhance the identification of the disease and 
to better understand its epidemiological and clinical 
characteristics [42]. 

Premature intracranial atherosclerosis’ prevalence 
increases with age and is more likely associated with 
vascular risk factors (i.e. diabetes, hypertension). Unlike 
in PACNS, CSF analysis is typically normal, the infarcts 
are usually restricted to a single vascular territory and 
3D-HRVWI-MRI demonstrates eccentric enhancement of 
atherosclerotic plaques, whereas brain CT/CTA exhibits 
calcified proximal cerebral arteries with irregular focal 
stenosis [1]. Other non-inflammatory vasculopathies 
as fibromuscular dysplasia and moyamoya disease 
are easily distinguished from PACNS based on their 
characteristic angiographic image and their effect on 
extracranial and proximal intracranial cerebral arteries 
[1,17,21]. Intravascular lymphomatosis (IVL) is a rare and 
aggressive form of extranodal non-Hodgkin’s lymphoma 

that mainly affects elderly patients. It typically targets 
the brain, skin, and lungs, where malignant cells selec-
tively invade the lumina of vessels.  IVL is associated 
with high mortality, due to its challenging diagnostic 
process and its aggressiveness. Early diagnostic indica-
tors include MRI ischemic lesions primarily located in 
subcortical regions, as well as elevated levels of serum 
lactate dehydrogenase (LDH), erythrocyte sedimenta-
tion rate (ESR), C-reactive protein (CRP), interleukins, 
microglobulin, and CSF protein. Apart from direct tissue 
examination, the diagnosis may be confirmed by CSF 
polymerase chain reaction analysis. [43,44]. Cerebral 
autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy (CADASIL) is a ge-
netic disorder that presents with a variety of clinical 
manifestations including migraine, multiple strokes, 
psychiatric symptoms, seizures, motor, and cognitive 
deficits. Family history of stroke and dementia along 
with characteristic MRI features of bilateral external 
capsule and temporal pole hyperintensities usually 
raise suspicion of the diagnosis, which is further con-
firmed by genetic testing (NOTCH3 gene mutation) [45]. 
Characteristic MRI lesion topography and fundoscopic 
examination can contribute to the differential diag-
nosis of PACNS from demyelinating disorders, Susac 
syndrome and genetic disorders such as Hereditary 
Endotheliopathy with Retinopathy, Nephropathy and 
Stroke [21]. 

Importantly, infectious arteritis should be excluded, 
as most infectious diseases respond to antibiotic treat-
ment. Varicella zoster virus (VZV) vasculopathy usually 
affects both large and small sized vessels [46]. However, 
in 37% of cases, VZV vasculitis affects only small-sized 
vessels, thus eliminating DSA’s diagnostic efficacy. It’s 
worth noting that a zoster rash does not always precede 
the clinical manifestations. Brain MRI usually dem-
onstrates multiple cerebral infarcts at the grey-white 
matter junction. Confirmation of the diagnosis requires 
the detection of viral DNA or anti-VZV antibodies in the 
CSF, with the former being a more sensitive biomarker 
[47] (Figure 2). 

Finally, PACNS should be distinguished from CNS 
secondary vasculitis related to rheumatological dis-
eases. The latter typically present with systemic signs 
and symptoms affecting multiple organs (lungs, renal 
system, etc.) and are associated with elevated ESR and 
serum CRP, as well as specific autoantibodies that should 
be screened for (antinuclear, antineutrophil cytoplasmic, 
anti-MPO, anti-PR3) [1]. The data regarding the differ-
ential diagnosis are presented in Table 1.



26 Ermioni Papageorgiou, et al

ACHAIKI IATRIKI January - March 2025, Volume 44, Issue 1 

Treatment
Two primary therapeutic categories exist for PANCS: 

induction and maintenance therapies [20]. Induction 
therapy aims to achieve disease remission, usually 
using a combination of corticosteroids and an immu-
nosuppressive agent. The maintenance phase aims to 
eliminate relapses and usually requires the addition 
of an immunosuppressive treatment along with corti-
costeroids in a tapering regimen [12]. Unfortunately, 
treatment is not based on randomized clinical trials 
[23] and is primarily derived from retrospective studies, 
with significant variations in the therapeutic strategies 
[8,12,48-50]. The clinical advantage of combining immu-
nosuppressants and steroids still remains unclear. Given 
the potential severity as well as the relapsing course 
of PACNS, the ESO working group suggested adding 
an immunosuppressant to corticosteroid therapy to 
minimize the side effects from long-term corticosteroid 
administration. Developing a treatment protocol that is 
customized to the patient’s specific clinical profile and 
medical history is crucial for achieving optimal results. 

Corticosteroid monotherapy might be considered in 
milder disease phenotypes [12]. The optimal administra-
tion route for corticosteroids is still questionable, but 
some experts suggest that it depends on the disease’s 
initial severity [3,20,51]. Selecting the most suitable 
immunosuppressive agent is also a matter of debate. 
While cyclophosphamide (CYC) has been administered 
extensively, mycophenolate mofetil (MMF), studied in 
the Mayo Clinic series, was correlated  with a better 
response to treatment, higher number of patients in 
remission off treatment, and lower  disability scores 
[49]. Therefore, the ESO working group suggested 
initiation of treatment with either CYC or MMF in con-
junction with corticosteroids. The decision between 
CYC and MMF should be personalized according to 
the patient’s requirements [12]. CYC is preferably ad-
ministered through intravenous monthly pulses over a 
period of up to 1 year [50,51]. The ESO working group 
also encouraged the use of aspirin in patients with 
large/medium vessel involvement, as it was found to 
be positively associated with long-term remission in 

Figure 2. A 76-year-old patient was admitted at our de-
partment with a two-day history of diplopia and gait 
disturbance. Twenty days before admission he had been 
treated with empiric antibiotic therapy for an upper tract 
respiratory infection with concurrent headache and diz-
ziness. His medical history was otherwise unremarkable. 
The neurologic assessment revealed mild confusion and 
deterioration in time, horizontal diplopia, right central 
type facial nerve paresis, right sided hemiparesis, and a 
sensory level at C7-C8. Brain MRI disclosed an acute infarct 
in the left middle cerebral artery territory (Panel A). In ad-
dition, a spinal cord MRI, with contrast injection, showed    
two enhancing intramedullary lesions in the cervical and 
thoracic spinal cord levels (Panel B&C). CSF disclosed 
150cells/mm and elevated protein levels (126mg/dl), 
therefore an empiric antibiotic therapy with ceftriaxone, 
acyclovir and vancomycin for meningoencephalitis was 
initiated. A repeat brain MRI scan two days later demon-
strated multiple foci of parenchymal enhancement in the 
pons and the left cerebellar hemisphere (Panels D&E), as 
well as diffuse leptomeningeal enhancement. High dose 

intravenous corticosteroid treatment was also introduced. CSF flow cytometry demonstrated multiple lymphoid cells suggesting pos-
sible lymphoproliferative disease. DSA revealed   no abnormal findings, excluding large and medium vessel vasculitis. Finally, anti VZV IgG 
antibodies at high titers were detected in the CSF, whereas CSF PCR failed to demonstrate the presence of viral DNA. The diagnosis of VZV 
vasculopathy and myelopathy in an immunocompetent patient without rash was made and the patient was discharged ten days later 
with mild neurological deficits. One year later he remains stable, without any significant disability.
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three retrospective studies [8,34,49].
The need for long-term use of immunosuppression is 

also controversial. In a Mayo clinic cohort, maintenance 
therapy did not appear to have any effect on long-term 
remission rates, however the risk of selection bias in 
these non-randomized studies is probably high [12,49]. 
In a French cohort, duration of corticosteroid treatment 
of approximately two years combined with prolonged 
immunosuppressive maintenance therapy were associ-
ated with prolonged remission and better functional 
status [50]. In this cohort, immunosuppression was 
added to corticosteroids about four months after their 

initiation and was continued for a mean duration of 2 
years. The currently available data strongly supports the 
use of azathioprine as one of the favorable treatment op-
tions. Concerning patients with progressive disease who 
had previously received CYC or with a contraindication 
to CYC, rituximab proved to be highly effective [52,53]. It 
has been used both as induction as well as maintenance 
therapy [48-49,52,54-55] and demonstrated its efficacy 
in non-responders to azathioprine, MMF and methotrex-
ate [49,55]. The latter is generally less preferable since it 
does not cross the blood-brain barrier effectively [56]. 
Importantly, if a patient relapses despite optimal treat-
ment with corticosteroids and CYC, reconsidering the 
PACNS diagnosis is recommended [57].

Tumor necrosis factor-alpha blockers (Infliximab, 
Etanercept) have been also used in some patients with 
relapsing and/or refractory disease, but the evidence is 
extremely limited and only derived from isolated case 
reports [58-59]. 

Finally, the ESO working group suggested consider-
ing intravenous thrombolysis (IVT) in patients present-
ing with symptoms of acute ischemic stroke, accord-
ing to ESO/ESMINT guidelines [12,60]. Endovascular 
thrombectomy (EVT) seems also a reasonable option in 
these patients when admitted within the eligible time 
window, since large vessel occlusion related stroke is 
typically associated with significant morbidity and 
mortality [12,61,62]. 

Prognosis
PACNS is an inflammatory vascular disease caus-

ing potentially significant morbidity and mortality 
[52]. Relapses may affect the 30-50% of patients, 
with high risk of residual disability [3,63-64]. In the 
Mayo clinic cohort, high disability scores and death 
were more frequently observed in patients with Aβ-
related angiitis, cerebral infarction on initial MRI and 
angiographically proven large vessel involvement. In 
addition, advanced age and cognitive impairment at 
the time of the initial diagnosis were also negative 
prognostic factors [49]. According to Salvarani et al, 
PACNS represents a diverse group of diseases, each 
with unique clinical characteristics, outcomes, and 
treatment responses, depending mostly on the size 
of the affected vessels. Notably, LV-PACNS patients 
typically suffer from severe neurologic deficits, infarc-
tions on MRI at diagnosis and have increased mortality 
rates, whereas SV-PACNS patients have overall better 
functional outcomes with lower mortality rates but 

Table 1. Differential diagnosis-mimics.

VASCULAR DISEASES

Reversible cerebral vasoconstriction syndrome 

Posterior Reversible Encephalopathy Syndrome

Fibromuscular dysplasia

CADASIL

Hereditary Endotheliopathy with Retinopathy,

Nephropathy and Stroke

Moyamoya disease 

Intracranial atherosclerosis

NEOPLASTIC DISEASES

Intravascular lymphoma

Hodgkin’s and non-Hodgkin lymphoma, leukaemia

Gliomatosis Cerebri

Glioma/glioblastoma

Non-bacterial endocarditis

Post irradiation intracranial vasculopathy

SYSTEMIC DISEASES

ANCA related vascilitis, Neuro-Behcet’s disease, Sjogren 
syndrome, Polyarteritis nodosa, Antiphospholipid 
Syndrome, Systemic Lupus Erythematosis, Sarcoidosis, 
Crohn’s disease

DEMYELINATING DISEASES

Multiple Sclerosis

Neuromyelitis optica

Acute Disseminated Encephalomyelitis

INFECTIONS

Viral (VZV)

Bacterial (Tuberculosis, Syphilis)

Fungal (Aspergillosis, Cryptococcus)
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have higher recurrence rates [3]. Furthermore, the 
granulomatous and necrotizing histological patterns 
are associated with more aggressive disease pheno-
types [65,66]. On the other hand, the lymphocytic 
histological pattern has better prognosis. However, the 
quality of evidence is low, therefore the ESO working 
group suggested that histological patterns should not 
guide treatment decisions [12]. 

Amyloid-β-related cerebral angiitis (ABRA) is a 
PACNS subtype that primarily affects older patients 
[67,68]. Histopathological examination reveals granu-
lomatous vasculitis related to β amyloid infiltrated ar-
terial vessels walls.  It is typically associated with a high 
frequency of cognitive dysfunction and can manifest 
with seizures. CSF demonstrates high protein levels 
and brain MRI scan may reveal contrast-enhancing 
leptomeningeal lesions. However, this subtype is 
characterized by a good prognosis if treatment with 
corticosteroids and CYC is initiated without delay. Ce-
rebral angiography is often negative in these patients, 
and biopsy is needed to establish the diagnosis [69]. 
ABRA is a pathological subtype of sporadic cerebral 
amyloid angiopathy (CAA), a common degenerative 
small vessel disease of the brain, characterized by the 
cerebrovascular deposition of β-amyloid, affecting 
mainly the cortical and leptomeningeal vessels [70,71].

In a single-center retrospective observational study 
assessing relapses, remission, and long-term outcome, 
male sex was the only significant predictor of relapse. 
Favorable outcome was evident in 80% of patients after 
two years of immunotherapy. The study underlined the 
need for further PACNS subtype stratification to evaluate 
predictors of response [48]. 

However, there are some limitations in the currently 
available literature data concerning the disease prog-
nosis, since a definition of favorable outcome is lacking, 
and since most studies have included patients with 
non-biopsy proven vasculitis. Mortality rate may exceed 
15% within the first three years after the diagnosis, and 
consequently, timely treatment is crucial [57]. 

To monitor response to treatment and disease 
activity, serial brain and angiographic imaging is re-
quired and according to the disease evolution [72]. 
Color duplex sonography is a bedside tool that might 
be useful to monitor patients with cerebral artery 
stenosis [73,74].

Conclusion
PACNS is a rare inflammatory disease affecting the 

central nervous system, characterized by a relapsing 

or progressive clinical course, and associated with sig-
nificant morbidity and mortality. The diagnosis is chal-
lenging since various other diseases may present with 
similar clinical presentations and neuroimaging findings. 
Although biopsy is the gold standard diagnostic method, 
it may be negative in patients with isolated LV-PACNS, 
where the diagnosis is based on angiographic modali-
ties, mainly DSA. Due to the lack of randomized control 
trials, there is no conclusive data and recommenda-
tions on the diagnostic process and the therapeutic 
strategies. However, precise diagnosis is vital due to the 
need of identifying the patients requiring prolonged 
and aggressive treatment. A specialized medical team 
with expertise in PANCS should ideally orchestrate this 
process. Prospectively designed controlled international 
studies and trials are needed to promote diagnostic 
accuracy and ensure the development of standardized 
treatment protocols. 
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Due to methodological difficulties and lack of research 
funding, the effects of “water therapies” on pain have 
rarely been evaluated with randomized control trials-
RCTs. However, existing RCTs show that pain can be 
relieved in inflammatory and non-inflammatory rheu-
matic diseases, chronic low back pain and fibromyalgia 
with results lasting from three to nine months [1]. The 
adjective “thermal” indicates that the water has a tem-
perature of 20º C or higher. The term balneotherapy used 
interchangeably to thermal water is difficult to study, 
as it is usually part of the overall spa therapy treatment. 
However, it has been possible to compare the effects of 
balneotherapy with those of hot tap water therapy in 
double-blind trials in knee osteoarthritis and rheumatoid 
arthritis. In controlled studies, ambulatory bath therapy 
was tested in patients for pain due to chronic low back 
pain [2] and fibromyalgia [3] making an effort to exclude 
the “spa atmosphere”. Balneotherapy (BT) is a popular 
treatment for many diseases. The mechanisms by which 

Abstract
The use of thermal water therapy or balneotherapy as a complementary form of non-pharmacological treatment is 
common in clinical practice and has sparked some renewed interest in research the past few years. Aim of this narrative 
review was to investigate the therapeutic properties of thermal water therapy in patients with rheumatic diseases. 
The keywords that were used were thermal water therapy, balneotherapy, spa therapy and rheumatic diseases and 
the search was done in databases such as PubMed, Cochrane, and Scopus for systematic and narrative reviews as well 
as for clinical trials and RCTs. Thermal water therapy or balneotherapy or spa therapy is used for its anti-inflammatory 
effect as a supplement to the pharmacological treatment of patients with rheumatic diseases with or without skin 
symptoms to improve pain, functionality and QoL and the patients’ wellbeing. There is a consensus that double-
blinded RCTs are missing to evaluate the primary and secondary outcomes of the trials. Researchers are reporting a 
high amount of heterogeneity in both research design and methodology as well as in the quality of samples. Further 
research is required to address the limitations and to verify the beneficial properties of this therapeutic modality to 
be used in the treatment of rheumatic diseases. 
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Introduction
The use of water for medical purposes is probably 

as old as humanity itself. Spas, including hydrotherapy 
and bathing, remained popular until effective analgesics 
became available. However, no analgesic can eliminate 
pain, and severe adverse reactions led to renewed 
interest in spa therapy. There is some confusion about 
hydrotherapy and spa therapy. The former uses plain, 
cool water. The latter uses natural thermal mineral water. 
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mineral or thermal water immersion, or in several cases 
combined with mud application, relieve symptoms, are 
not fully understood. The net benefit is probably the 
result of a combination of factors. Buoyancy, immer-
sion, resistance and temperature all play important 
roles. According to the gateway theory [4], pain relief 
may be due to water pressure and temperature on 
the skin; hot stimuli may affect muscle tone and pain 
intensity, helping to reduce muscle spasm and increase 
pain threshold. Spa therapy has been found to cause 
an increase in insulin-like growth factor-1 (IGF1), which 
stimulates cartilage metabolism, and transforming 
growth factor-β (TGF-β). There is also evidence for the 
positive effect of mud baths and spas on the oxidative/
antioxidant system, with a reduction in the release of 
reactive oxygen species (ROS) and nitrogen (RNS). Over-
all, heat stress has an immunosuppressive effect. Many 
other non-specific factors may also contribute to the 
beneficial effects observed after spa therapy in certain 
rheumatic diseases, including effects on cardiovascular 
risk factors and changes in environment, pleasant sur-
roundings and absence of work obligations [5].

In BT the whole or part of the body is immersed in 
water bathing in individual or group baths or douches, 
i.e. for a certain period the body is exposed to thermo-
metallic water, which comes at a low or high pressure. 
This is mainly of interest for skin diseases, arthropathies 
and rheumatic diseases. Peloid therapy is the application 
of cured clay (usually mixed with mineral water) to the 
points indicated for rheumatism and skin diseases.  Three 
types of stimuli are applied during spa therapy. First, 
the mechanical stimuli, which are due to the physical 
properties of water. A mechanical stimulus is hydrostatic 
pressure, which is the effect of the water pressure on the 
body of the bather. Secondly, the thermal stimuli, which 
are due to the heat of the water and causes vasodilation 
or vasoconstriction. Finally, the chemical stimuli that 
facilitate the change of the internal state of the body 
through transdermal absorption [6].

One systematic review aimed primarily at evaluating 
whether BT, mud therapy and spa therapy can affect 
cortisol levels. The secondary aim was to understand 
whether these interventions can improve stress resil-
ience. Five studies investigated the biological effects of 
spa therapy alone. Ten studies investigated the biological 
effects of spa therapy with or without the inclusion of 
mud/peloid treatment and all, but two studies reported 
significant changes in cortisol levels. The main findings 
suggest that spa therapy may have the potential to affect 

cortisol levels in healthy individuals in a way that im-
proves stress resilience, hence bathing and spa therapy 
can be considered useful interventions for the manage-
ment of stressful situations [7]. There is also increased 
interest in using preclinical models to investigate the 
effects of BT on inflammation, immunity, cartilage, and 
bone metabolism. The aim of another comprehensive 
analysis was to summarize current knowledge on in 
vitro studies in BT and to review the results obtained 
on the biological effects of thermal mineral waters. 
Particular attention was paid to main rheumatological 
and dermatological diseases, as well as to the regulation 
of the immune response. Human and animal samples 
were used. In particular, the properties of a thermal 
water, as a whole, of an inorganic molecule such as 
hydrogen sulfide, in different cell cultures (keratino-
cytes, erythrocytes, chondrocytes and peripheral blood 
cells), or of the organic component were analyzed. The 
results confirmed the scientific value of in vitro studies 
demonstrating the anti-inflammatory, antioxidant, 
chondroprotective and immunosuppressive role of 
thermal water therapy at the cellular level. However, the 
validity of the cell culture model is limited by several 
sources of bias, such as differences in experimental pro-
cedures, high heterogeneity among available studies, 
and difficulties in considering all chemical and physical 
factors of BT [8]. The validity of such results depends 
on the experimental procedure and the particular and 
complex composition of the mineral waters used to 
perform the preclinical studies. Analyzing the inorganic 
composition of the waters may not be adequate rather 
than considering including the organic composite that 
may play a role in the observed therapeutic effect and 
other biological mechanisms like toxicity [9]. Finally, 
BTs benefits for chronic back pain (cLBP) were shown 
to also induce changes in proteins involved in functions 
such as modulation of gene expression, differentiation, 
angiogenesis, tissue repair, acute and chronic inflamma-
tory response [10]. 66 patients with cLBP secondary to 
OA were randomly enrolled and treated with daily mud 
packs and bicarbonate-alkaline mineral water baths, 
or a thermal hydrotherapy rehabilitation scheme, the 
combination of the two regimens for two weeks.  Control 
group of patients received only meditation sessions. 
Clinical variables were evaluated at entry level, in 2- and 
12-weeks’ time. 1000 serum proteins were tested before 
and after a two-week mud bath therapy. Spa treatment 
groups showed clinical benefits, shown from improved 
VAS scores, Roland Morris disability questionnaire and 
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neck disability indexes. A few serum proteins were in-
creased (≥2.5 fold) after spa treatment: inhibin beta A 
subunit (INHBA), activin A receptor type 2B (ACVR2B), 
angiopoietin-1 (ANGPT1), beta-2-microglobulin (B2M), 
growth differentiation factor 10 (GDF10), C-X-C motif 
chemokine ligand 5 (CXCL5), fibroblast growth factor 
2 (FGF2), fibroblast growth factor 12 (FGF12), oxidized 
low density lipoprotein receptor 1 (OLR1), matrix met-
allopeptidase 13 (MMP13). Three proteins were found 
greatly decreased (≤0.65 fold): apolipoprotein C-III 
(Apoc3), interleukin 23 alpha subunit p19 (IL23A) and 
syndecan-1 (SDC1). Balneophototherapy (BPT), further 
enhances the anti-inflammatory effects. In a review 
[11], authors described BT and BPT use in three differ-
ent treatment sites, with unique climates and chemical 
properties of the mineral water which proved to be an 
effective complementary therapy for inflammatory and 
autoimmune skin diseases; however, the burden of the 
travel to the site and the long duration of therapy could 
be prohibitive for a wider use of this form of treatment.

Methodology 
The scope of this narrative review was to focus on 

the therapeutic effects of BT for rheumatic and muscu-
loskeletal diseases. Therefore, this was set as the basic 
research question and the related key terms used for 
the bibliographical research were balneotherapy, spa 
therapy including mud and/or peloid therapy and ther-
mal water treatment, therapeutic properties, following 
the aforementioned clarifications and definitions. In that 
aspect, some inclusion and exclusion criteria were set, 
even though in narrative reviews the search protocol is 
not as strict as in systematic reviews and meta-analyses 
[12]. The rationale for the databases’ search was to in-
clude clinical trials, especially RCTs, double blind and 
randomized, to be able to comment on their results. 
Apart from that, multicenter trials and systematic re-
views and meta-analyses were also included due to the 
added benefits they could offer to the discussion on 
the therapeutic effects of these modalities [13]. On the 
other, one basic exclusion criterion was the modality of 
thermal water (BT) was clearly defined and differentiated 
from the use of hydrotherapy, where the use of water 
in most cases pool water (no minerals, mud, peloid, 
sulphur or any other ingredient added) and normal 
(room/environmental) temperature. Databases that were 
searched were Scopus, PubMed and Cochrane. Initially, 
110 research articles were identified. Research articles 
were removed based on relativity, presence of key terms, 

meeting or not the inclusion/exclusion criteria. Finally, 
21 articles were the ones used for this narrative review 
focusing specifically on the therapeutic effects of these 
modalities on RMDs [12]. 

Results 
In many European countries and in Turkey [1, 14], BT 

is used in daily clinical practice however, there are few 
studies on the effectiveness of spa therapy in real life [15]. 
Naiade, an Italian national project, was a longitudinal 
observational study aimed at providing knowledge on 
the social, epidemiological, efficacy and economic char-
acteristics of spa treatments in eight disease subgroups 
one of them being the rheumatic disease subgroup 
including 11,437 patients with osteoarthritis. The results 
showed that spa therapy is beneficial and could be 
cost-effective. A wider range of RMDs population was 
included in a similar study and provided more detailed 
information on the effectiveness of spa treatment in 
daily clinical practice. Findings showed that spa therapy 
is prescribed and practiced mainly for osteoarthritis, 
then fibromyalgia, lumbar/cervical disc herniation, 
and nonspecific low back pain; and less for ankylosing 
spondylitis, rheumatoid arthritis and improvements 
were basically for pain and function [2]. 

Rheumatoid arthritis (RA) is the most common in-
flammatory rheumatic disease. The symptoms of RA 
make the disease disabling and strongly affect qual-
ity of life (QoL). Spa therapy appears to be one of the 
most common forms of non-drug treatment for RA 
which benefits the QoL of patients. There seem to be 
positive effects in both mineral baths and sand or mud 
immersion [16]. The sulphur mineral water has special 
benefits during active inflammatory phases. A systematic 
review aimed to summarize the available evidence on 
the effects of balneotherapy on patients with RA. The 
systematic search was done in articles, published from 
1980 to 2014, which have compared balneotherapy with 
other therapeutic modalities or with no intervention 
considered. Eight RCTs were found and included for 
full review involving a total of 496 patients. The studies 
highlighted an important improvement and statistically 
significant in several clinical parameters. Improvement 
on functional capacity up to six months of follow-up 
(FU) was emphasized in one article. Some of the studies 
reveal an improvement on morning stiffness (five stud-
ies), number of active joints (three studies), Ritchie index 
(two studies) and activities of daily living (two studies 
) up to three months of FU. Three studies revealed the 
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improvement on handgrip strength up to one month 
of FU. Three studies evaluating the parameter of pain 
(VAS) were inconclusive about any improvement. This 
review comments on differences of methodologies, 
treatment modalities, outcomes and their analyses as 
issues to be taken into account when considering the 
strength of the data collected. Homogeneity of the stud-
ied population (patient’s clinical heterogeneity, diverse 
clinical course of the disease, variety of the medications 
received), natural mineral water composition and their 
potential specific biological effects [17]. A prospective, 
observational study in 49 Spanish patients aged 60-80 
years with RA aimed at analyzing the influence of this 
modality on patients’ functionality and QoL. After 10 
sessions of BT and an additional technique (a circular 
shower, footbath, mobilization in the pool, steam room), 
the outcome variables were the Health Related QoL 
(HRQoL), EuroQoL 5d-5l and the Health Assessment 
Questionnaire (HAQ). The scores obtained in the variable 
“current health state” of EuroQol 5D-5L increased by 6.73 
in the first and by 6.26 points in the third month. The 
EuroQol index decreased by 0.121 and 0.098 points in 
the first t and the third month. In all cases, the differences 
were statistically significant. Regarding functionality, 
the mean scores obtained in the HAQ decreased in all 
the follow up periods, although statistical significance 
was only reached at three months after the end of the 
balneotherapeutic treatment. The beneficial effects 
of balneotherapy on health-related quality of life and 
functionality in individuals with rheumatoid arthritis 
can be positive, although the effect size seems to be 
slightly lower than that found in RCTs [18].

Similarly, overall evidence of another systematic 
review [19] assessing benefits and harms of BT for RA 
patients in terms of pain, improvement, disability, tender 
joints, swollen joints and adverse events was not suf-
ficient to prove that BT is more effective compared to 
no treatment or that one type of bath is more effective 
than another or that it’s more effective than exercise 
or relaxation therapy. The review was the update from 
the previous one, from 2004 and updated in 2008. RCTs 
were included with participants having a RA diagnosis. 
Two new studies were included, in total nine studies 
involving 579 participants. One study involving 45 
participants with hand RA compared mudpacks versus 
placebo. There was a very low level of evidence of re-
duction in the number of tender joints on a scale from 
0 to 28 (MD -4.60, 95% CI -8.72 to -0.48; 16% absolute 
difference). Two studies involving 194 participants with 

RA evaluated the effectiveness of additional radon in 
carbon dioxide baths. There was some benefit of addi-
tional radon at six months in terms of pain frequency 
(RR 0.6, 95% CI 0.4 to 0.9; 31% reduction; improvement 
in one or more points (categories) on a 4-point scale; 
moderate level of evidence) and 9.6% reduction in pain 
intensity on a 0 to 100-mm VAS (MD 9.6 mm, 95% CI 1.6 
to 17.6; moderate level of evidence). Some benefit was 
found in one study including 60 participants in terms 
of improvement in one or more categories based on a 
4-point scale (RR 2.3, 95% CI 1.1 to 4.7; 30% absolute 
difference; low level of evidence). Study authors did not 
report physical disability, tender joints, swollen joints, 
withdrawals due to adverse events or serious adverse 
events. One study involving 148 participants with RA 
compared balneotherapy (seated immersion) versus 
hydrotherapy (exercises in water), land exercises or 
relaxation therapy. One study involving 57 participants 
with RA evaluated the effectiveness of mineral baths 
(balneotherapy) versus Cyclosporin A. Some benefit of 
balneotherapy was observed in overall improvement 
on a 5-point scale at eight weeks of 54% (RR 2.35, 95% 
CI 1.44 to 3.83) and some benefit of Cyclosporin A in 
the number of tender joints (MD 8.9, 95% CI 3.8 to 14; 
very low level of evidence). 

Despite advances in pharmacological treatment, 
physical therapy is important for the management of 
AxSpA. Aim of a study was to evaluate the effects and 
tolerability of combined spa therapy and rehabilitation 
with physical therapy in a group of 30 patients treated 
with TNF inhibitors: 15 were prescribed 10 sessions of spa 
therapy (mud packs and thermal baths) and rehabilita-
tion (exercises in a thermal pool) and the other 15 were 
considered controls. The patients in both groups had 
been receiving anti-TNF agents for at least three months. 
Outcome measures were scores of BASFI, BASDAI, BASMI, 
VAS for back pain and HAQ. Assessments were done 
at entry level, after three and six months. Most of the 
evaluation indices were significantly improved at the 
end of the spa treatment, as well as at the three- and 
six-month follow-up assessments. The control group pa-
tients showed no differences. Combined spa therapy and 
rehabilitation caused a clear, long-term clinical improve-
ment in AS patients being treated with TNF inhibitors 
with no shown disease relapses [20]. BT was also com-
pared to water-based exercise and land-based exercise 
regarding their effects on disease activity, symptoms, 
sleep quality, quality of life, and serum sclerostin level 
(SSL) in patients with axial spondyloarthritis (AxSpA) and 
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were all found effective and beneficial with a duration 
of the benefits of up to 12 weeks [21]. Between January 
2019 and January 2020, a total of 60 patients (35 males, 
25 females; mean age: 40.9±11.2 years; range, 18 to 55 
years) who were diagnosed with AS were randomly 
divided into the balneotherapy (n=20), WBE (n=20), and 
LBE (n=20) groups (20 sessions of treatment in groups 
of five to six patients). Evaluations were done at entry 
level, at 4 and 12 weeks with BASDAI, BASFI, BASMI, 
ASDAS-CRP, Maastricht Ankylosing Spondylitis Enthesitis 
Score (MASES), Ankylosing Spondylitis Quality of Life 
(ASQoL) Scale, Fatigue Severity Scale (FSS), and Pittsburg 
Sleep Quality Index (PSQI). Serum sclerostin levels (SSL) 
were measured for all participants who had improved 
indices at four- and 12-weeks follow-up (p<0.05). A 
significant improvement in sleep latency was seen in 
the balneotherapy and WBE groups. Changes in SSL 
were not statistically significant in any group (p>0.05).

As discussed previously, BT is effective for fibro-
myalgia [16]. It has been found that patient education 
combined with a two-week application of BT has more 
beneficial effects in patients with fibromyalgia syndrome 
compared to patient education alone. Similarly, heat 
therapy may after all have a positive effect on specific 
symptoms. BTs effects for most patients appear after 
treatment, and are not noticeable after three months, 
mud bath therapy has longer lasting effects [22] when 
investigated in patients with primary fibromyalgia (FM) 
using rheumatological, psychiatric, biochemical, and 
proteomic approaches. 41 patients, 39 females and two 
males, with FM diagnosis, received a two-week thermal 
therapy once daily for six days/week. Twenty-one pa-
tients received mud-bath treatment, while the other 
twenty balneotherapy. Pain, symptoms, and quality of 
life were assessed. Oxytocin, brain-derived neurotrophic 
factor (BDNF), ATP and serotonin transporter levels dur-
ing therapy were analyzed. Comparative whole saliva 
(WS) proteomic analysis was performed using a com-
bination of two-dimensional electrophoresis (2DE) and 
mass spectrometry techniques. Both groups of patients 
showed reduction in pain, FIQ values and improvement 
of SF36, receiving either mud-bath or balneotherapy. 
The improvement of the outcome measures occurred 
with different timing and duration in the two spa treat-
ments. Accordingly, patients in both groups showed 
a significant decrease in BDNF concentrations after 
twelve weeks, but no significant changes in oxytocin, 
ATP levels and serotonin transporter were detected. 
Significant differences were observed for phosphoglyc-

erate mutase1 (PGAM1) and zinc alpha-2-glycoprotein 
1 (AZGP1) protein expression.

In another RCT, a fibromyalgia-specific standardized 
spa therapy (SST) was assessed (through Fibromyalgia 
Impact Questionnaire-FIQ) for its efficacy and safety 
at six months in the context of a fibromyalgia-specific 
therapeutic patient education (TPE) program, com-
pared to SST alone. The differences between groups 
were significant for primary parameters (pain and FIQ 
scores) at each time point. Similar results were obtained 
for the other secondary outcomes except for anxiety. 
Short- and long-term therapeutic efficacy of BT in FM 
is supported [23]. The beneficial effects of BT are sup-
ported also from a single blind RCT [3] that evaluated 
the effectiveness of BT in fibromyalgia management 
in fifty women under pharmacological treatment. Fifty 
women with FM under pharmacological treatment 
were randomly assigned to either the balneotherapy 
(n=25) or the control (n=25) group. The patients in the 
balneotherapy group had two thermomineral water 
baths daily/two weeks in Tuzla Spa Center. The patients 
in the control group received the standard of care for FM. 
Assessments were done four times, at entry level, at two 
weeks, in the first and third month. Outcome measures 
were pain intensity, Fibromyalgia Impact Questionnaire 
(FIQ), Beck Depression Inventory (BDI), patient’s global 
assessment, investigator’s global assessment, SF-36 
scores, and tender point count. Balneotherapy was 
found to have an effect, and be a better modality, at the 
end of the cure period in terms of pain intensity, FIQ, 
BDI, patient’s global assessment, investigator’s global 
assessment scores, and tender point count as opposed 
to the standard of care. Benefits of BT lasted up to the 
end of the third month, except for the BDI score and the 
investigator’s global assessment score [3]. 

Another rheumatic disease, Osteoarthritis (OA), is 
currently one of the leading causes of Disability Adjusted 
Life Year (DALY) indicators worldwide. BT is one of the 
most used non-pharmacological approaches for OA 
in many European countries, as well as in Japan and 
Israel. One review attempted to summarize the clinical 
effects and mechanisms of action of spa therapy in KOA. 
Several RCTs were conducted to evaluate the efficacy 
and tolerability of spa therapy and mud bath therapy in 
patients with KOA which support a beneficial effect of 
spa therapy on pain, functionality and quality of life that 
lasts over time, up to six-nine months after treatment. 
The net benefit is probably the result of a combination 
of factors, among which mechanical, thermal and chemi-
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cal effects that are the most important and have been 
shown to be effective in the treatment and secondary 
prevention of KOA, reducing pain, consumption of 
NSAIDs and functional limitation while improving the 
QoL of patients [24]. Similarly, the results of another 
systematic review confirmed the beneficial effect for 
patients with chronic back pain, knee and hand osteo-
arthritis and chronic inflammatory pelvic disease of BT 
on pain with weight-bearing and at rest in patients with 
degenerative joint and spinal diseases. This review also 
revealed that spa therapy affects the antioxidant status 
and metabolic and inflammatory parameters [25]. 

A systematic review and meta-analysis on the effect 
of spa therapy and spa treatment on the QoL of patients 
with KOA when comparing spa therapy interventions 
with placebo interventions had results that favored 
the former in terms of long-term pain improvement, 
while no significant difference was found in terms of 
social functioning. The evidence suggested that spa 
therapy and treatment could significantly improve the 
quality of life of patients with KOA with reduction in 
medication consumption and improvement in algo-
functional indicators [26]. The primary objective of a 
randomized RCT [27] was to evaluate the effectiveness 
of mud and thermal water baths compared with thermal 
water baths alone in Hand osteoarthritis-HOA and knee 
osteoarthritis-KOA. Investigators randomly assigned 
patients to either mud plus bath therapy (group 1) or 
balneotherapy (group 2). The primary outcome was a 
change in AUSCAN questionnaire for HOA and in the 
WOMAC for KOA at 12 months. Evaluations were per-
formed at baseline (B), at week 2 (W2) after the inter-
ventions and after three (M3), six (M6), nine (M9) and 12 
(M12) months. 37 patients with KOA and 52 with HOA 
participated. In HOA patients, AUSCAN pain improved 
more in group 1 compared to group 2 at M3, M6 and M12 
(p<0.001, p=0.001 and p=0.038, respectively). AUSCAN 
stiffness improved more in group 1 at M3 (p=0.001). 
AUSCAN function improved more at M3, M6, M9 and 
M12 (p=0.001, p=0.001, p=0.014 and p=0.018, respec-
tively). In KOA patients, WOMAC function decreased 
more prominently in group 1 compared to group 2 at 
M9 (p=0.007). The absolute values of WOMAC function 
at M6 and M9 were lower in group 1 compared to group 
2 (p=0.029 and p=0.001, respectively). WOMAC pain ab-
solute values were lower in group 1 at W2 (p=0.044) and 
at M9 (p=0.08). In conclusion, mud plus balneotherapy 
was more effective than balneotherapy alone on clinical 
outcomes of HOA. Differences in clinical outcomes of 

KOA were not significant, yet numerically higher [28]. 
Similarly, in a blind RCT, that evaluated the effectiveness 
of hot sulphur and non-sulphur waters in the treatment 
of KOA results showed that there was a significant re-
duction in VAS pain scores (pain on movement, at rest 
and at night) and use of pain medication, as well as 
improvement in WOMAC and LAFI scores (P<0.05) [29]. 

Among the available treatments, several health ben-
efits of bathing in natural mineral water for a three-week 
bathing intervention in patients with KOA have been 
proposed for pain, functionality, emotional and social 
aspects and QoL. Those were the primary outcomes of 
this RCT in 120 patients with OA who were randomized 
in the experimental group (60 patients) and the control 
group (60 patients). Findings showed benefits for 45 
patients of the experimental group who were found to 
benefit from the therapeutic intervention in terms of 
pain relief. Improvements were often clinically signifi-
cant and, in most patients, persisted three months after 
the start of treatment [30]. Another review focused on 
preclinical studies, RCTs and clinical trials. The results 
of the clinical studies confirmed beneficial properties 
on various mediators and factors of inflammation, oxi-
dative stress, cartilage metabolism and humoral and 
cellular immune responses in patients suffering from 
chronic degenerative musculoskeletal disorders. Data 
from mouse models of OA and RA revealed the efficacy 
of various BT therapies in reducing pain, inflamma-
tion and improving mobility, as well as reducing the 
expression of matrix-degrading enzymes and markers 
of oxidative stress damage. Different in vitro studies 
have analyzed the potential effect of a mineral water, 
as a whole, or a mineral element, demonstrating their 
anti-inflammatory, antioxidant and chondroprotective 
properties in OA cartilage, articular and chondrocytes, 
as well as osteoblast and osteoclast cultures. The data 
presented are promising and confirm BT as an effective 
complementary approach in the management of vari-
ous low-inflammatory, degenerative and stress-related 
pathological conditions such as rheumatic diseases [31].

The short-term efficacy of different thermal modali-
ties, such as BT, mud therapy and spa therapy in patients 
with OA were assessed in another systematic review. The 
primary outcomes for the included articles were pain, 
stiffness and QoL. BT was found to be effective in all three 
outcomes, mud therapy significantly reduced pain and 
stiffness, and spa therapy showed pain relief. However, 
heterogeneity of research designs, methodologies and 
quality of sample sizes raised serious consideration as 
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well as the lack of double-blind design RCTs. Still, some 
evidence was suggestive of these thermal modalities 
being effective at least for the long-term basis of treat-
ing patients with OA [32]. While the mechanism of spa 
therapy is yet to be defined clearly, it is suggested that 
adipocytokine, including leptin and adiponectin, may 
play an important role in the pathophysiology of OA. 
This RCT study [33] tried to assess whether during spa 
therapy there is evidence of plasma modified levels of 
leptin and adiponectin in thirty patients with knee OA 
treated with a cycle of a combination of locally applied 
mudpacks and bicarbonate-sulphate mineral bath water 
daily. Plasma levels of the adipocytokines leptin and 
adiponectin, which play an important mediating role on 
cartilage metabolism, were assessed at baseline and at 
week 2. Concentrations of leptin and adiponectin were 
measured by ELISA. At basal time, plasma leptin levels 
were significantly correlated with body mass index (BMI) 
and gender, but no significant correlation was found 
with age, disease duration, radiographic severity of 
knee OA, VAS score or Lequesne index as well as for the 
plasma adiponectin levels. For plasma adiponectin levels 
a correlation was found only with the Lequesne index. 
At the end of the mud-bath therapy cycle, serum leptin 
levels showed a slight but not significant increase, while 
a significant decrease (P < 0.05) in serum adiponectin 
levels was found. Data showed that spa therapy can 
modify plasma levels of the adipocytokines leptin and 
adiponectin. Whether this effect may play a potential 
role in OA needs to be further investigated and clarified.

BT applied in combination with physical therapy 
(PT) could have a more positive effect in patients. That 
was the aim of a study on 305 patients aged 65 years 
and older with knee osteoarthritis (KOA) compared to 
physical therapy (PT) alone. Findings supported the 
original hypothesis that BT plus PT would be more ef-
fective than PT in KOA for patients aged over 65 years 
supporting the notion that reducing pain is a treatment 
goal that positively contributes to functionality, qual-
ity of life, fatigue and sleepiness of patients living with 
knee osteoarthritis [34]. Similar findings showed that 
spa treatment reduced the level of pain in the majority 
of patients in the short- and long-term follow-up and 
contributed to improving the quality of life both in their 
social relations and their environment [35]. In this study, 
the aim was to evaluate the short- and long-term effects 
of spa therapy on quality of life and pain in 70 patients 
aged 60 years and older with OA. Spa treatment lasted 
three weeks (15 days of treatment) and was applied 
during a session lasting 120 to 150 minutes a day. BT can 

become an alternative to pharmacological treatment 
for KOA patients who do not tolerate pharmacological 
treatments well. In this prospective, single blind RCT BT 
with mineral sulphate-bicarbonate-calcium water was 
used for its potential to offer substantial symptomatic 
improvement, and to create any changes in the QoL 
of 60 patients with symptomatic KOA. A significant 
reduction of drug consumption was noted. The differ-
ences between the two groups were significant for all 
considered parameters already from the 15th day and 
persisted during follow-up. Tolerability of BT seemed to 
be good, with light and transitory side effects. Results 
confirmed that BT with mineral sulphate-bicarbonate-
calcium water has beneficial effects on pain, function 
and QoL in patients with KOA who last over time [36]. On 
the same notion, BT as well as terrain therapy is making 
use of microclimate factors. In a study designed to as-
sess the short- and long-term effects of spa therapy, 102 
patients with osteoarthritis (OA) of the spine received 
treatment in health resorts. The main conclusion was 
that spa therapy reduces pain, improves functionality, 
and enhances life satisfaction in these patients. Nota-
bly, the positive effects were sustained for at least six 
months. Spa therapy was more effective long-term, than 
outpatient treatment for OA of the spine [37]. 

Conclusion
From all the above (Table 1), it becomes clear that 

there is evidence to support that thermal water therapy 
or balneotherapy or spa therapy have therapeutic prop-
erties and are beneficial for people living with rheumatic 
diseases. BT in particular is a beneficial therapeutic 
modality and can be used as a supplement or comple-
mentary treatment, but its mechanisms are yet to be 
defined [38]. There is also evidence to support the notion 
that BT has proven to be beneficial mainly for patients 
with OA, hand OA and/or knee OA [15,33,35,36,37,39]. 
Patients with rheumatoid arthritis also benefit from 
the use of BT alone or in combination with mud packs, 
peloid therapy or other therapeutic modalities such 
as physiotherapy [11,16,17,18,19]. There is evidence of 
BT being effective for FM patients alleviating pain and 
functionality having a positive effect even on mood 
indices [3,23.40,41]. For AxSpA patients BT has shown 
some efficacy when combined with physiotherapy or 
even alone and positive effects have been shown to 
last in time, for at least three months [42,20,21]. Still, 
there are not enough systematic reviews and RCTs 
for this group of patients. General consensus among 
researchers is that there is a lack of double-blind RCTs 
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Table 1. Data from patient groups using BT alone or in combination with other modalities.

Authors
Type  
of study

Aim of study Methodology Outcome measures Conclusion

Coccheri  
et al. 2008

Multicenter 
Study

Investigate whether appro-
priately applied spa therapy 
in several indications could 
be associated with a subse-
quent fall in the need for 
costly health services and 
missed working days due 
to sick-leave

39,943 patients divided into 
eight diseases subgroups 
(rheumatic, respiratory, 
dermatologic, gynecologic, 
otorhInologic, urinary, vas-
cular and gastroenteric) un-
derwent entry inquiry and 
appropriate spa treatment. 
11,437 patients with OA

The Naiade project was a 
multicenter observational, 
longitudinal, questionnaire-
based study comparing an 
"entry" inquiry addressed 
to patients before an entry 
thermal cycle, and a "return" 
inquiry after 1 year. Was 
carried in 297 Italian spa 
centers

The results showed that spa 
therapy is beneficial and 
could be cost-effective

Fraioli  
et al. 2018

Review Investigate the evidence of 
the efficacy of BT, Mud-Pach 
therapy, Mud-Bath therapy 
on pain, functional limita-
tion, drug use, and quality 
of life

Studies published between 
2002 and 2017

35 studies were examined 
among which 12 were se-
lected and included

The mud-pack therapy, 
balneotherapy, mud-bath 
therapy, and spa therapy 
have proved effective in the 
treatment and in the sec-
ondary prevention of knee 
osteoarthritis, by reducing 
pain, nonsteroidal anti-in-
flammatory drug consump-
tion, and functional limita-
tion and improving quality 
of life of affected patients

Antonelli 
et al. 2018

Meta-
Analysis

Assess if balneotherapy 
and spa therapy can sig-
nificantly improve Quality 
of Life (QoL) of patients with 
knee OA

Searched for articles about 
trials involving patients 
with knee OA and measur-
ing the effects of balneo-
therapy and spa therapy 
on study participants' QoL 
with validated scales

Seventeen studies were 
considered eligible and 
included.  Fourteen trials 
reported significant im-
provements in at least one 
QoL item after treatment

Evidence shows that BT and 
spa therapy can significant-
ly improve QoL of patients 
with knee OA. Reduction 
of drug consumption and 
improvement of algofunc-
tional indexes may be other 
beneficial effects.

Benini  
et al. 2021

RCT Assess the efficacy of mud 
plus bath therapy in com-
parison to bath therapy 
alone in hand and knee os-
teoarthritis (HOA and KOA)

Patients were randomly as-
signed to either mud plus 
bath therapy (group 1) or 
balneotherapy (group 2)

The primary outcome was a 
change in AUSCAN question-
naire for HOA and in WOMAC 
for KOA at month 12. Evalu-
ations were performed at 
baseline (B), immediately af-
ter the interventions (week 2, 
W2) and after 3 (M3), 6 (M6), 
9 (M9) and 12 (M12) months. 
37 patients with KOA and 52 
with HOA were randomized 
in the study

Mud plus balneotherapy 
was more effective than bal-
neotherapy alone on clini-
cal outcomes of HOA. Differ-
ences in clinical outcomes 
of KOA were not significant, 
yet numerically higher

Cantista  
& Maraver 
2020

RCT (1) to identify possible 
health benefits (in terms 
of effects on dimensions 
of pain, functionality, emo-
tional and social aspects, 
and quality of life) of a 
3-week balneotherapy in-
tervention in patients with 
knee osteoarthritis; (2) to 
assess the clinical relevance 
of any benefits detected; 
and (3) to determine if these 
effects persist

120 patients randomly 
assigned to (1) an experi-
mental group (3 weeks of 
balneotherapy consisting 
of daily whirlpool baths, 
hydrokinesitherapy ses-
sions, and knee shower/
massages) or (2) control 
group in which no form of 
treatment apart from their 
usual analgesia medication 
was given

(1) visual analogue scale 
(VAS) of pain, (2) Timed Up 
& Go Test (TUG), (3) WOMAC 
osteoarthritis questionnaire, 
and (4) SF 36 health survey 
questionnaire. In the exper-
imental group, these tests 
were conducted immediate-
ly before treatment, immedi-
ately after treatment, and at 3 
months of follow-up. Patients 
assigned to the control group 
were assessed at the study 
start and 3 months later

Out of 60 patients in the ex-
perimental group, 45 were 
found to benefit from the 
treatment intervention in 
terms of pain relief among 
other aspects, and also 
when test scores were com-
pared to those obtained in 
the control group. Improve-
ments were often clinical 
relevant and in most pa-
tients persisted 3 months 
after treatment onset.
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Authors
Type  
of study

Aim of study Methodology Outcome measures Conclusion

Branco et 
al. 2016

RCT Evaluate the effectiveness 
of hot sulfurous and non-
sulfurous waters in the 
treatment of knee osteo-
arthritis

140 patients, both genders, 
mean age of 64.8±8.9 years, 
with knee osteoarthritis and 
chronic knee pain. Patients 
were randomized into three 
groups: the sulfurous water 
(SW) group (N.=47), non-
sulfurous water (NSW) 
group (N.=50), or control 
group (N.=43) who received 
no treatment. Treatment 
groups received 30 indi-
vidual thermal baths (three 
20-minute baths a week for 
10 weeks) at 37-39 °C

Pain (visual analog scale, 
VAS), physical function 
(Western Ontario and Mc-
Master Universities Osteo-
arthritis Index, WOMAC; 
Lequesne Algofunctional 
Index, LAFI; Stanford Health 
Assessment Questionnaire, 
HAQ), and use of pain 
medication. Patients were 
assessed before treatment 
(T1), at treatment endpoint 
(T2), and two months post-
intervention (T3)

Both therapeutic methods 
were effective in the treat-
ment of knee osteoarthritis; 
however, sulfurous baths 
yielded longer-lasting ef-
fects than non-sulfurous 
water baths.

Fernandez-
Gonzalez 
et al. 2021

Review Explore the effectiveness 
of balneotherapy for im-
proving the quality of life 
of patients with RA

Spanish, English RCT or CCT 
until May 2021

A total 535 records were 
retrieved, and seven met 
the inclusion criteria

Balneotherapy benefits the 
quality of life of people with 
RA. Positive effects for both 
mineral bathing and immer-
sion in sand or mud on the 
quality of life of people who 
suffer from RA

D' Angelo 
et al. 2021 

Review Evaluate the short-term ef-
ficacy of different thermal 
modalities in patients with 
osteoarthritis

Systematic Reviews from 
inception until October 
2020, with no language 
restrictions, including: pain, 
stiffness and quality of life

Seventeen systematic re-
views containing 27 unique 
relevant studies were in-
cluded

BT was effective in reduc-
ing pain and improving 
stiffness and quality of life, 
mud therapy significantly 
reduced pain and stiffness, 
and spa therapy showed 
pain relief. The evidence 
supporting the efficacy of 
different thermal modalities 
could be seriously flawed 
due to methodological 
quality and sample size, to 
the presence of important 
treatment variations, and to 
the high level of heteroge-
neity and the absence of a 
double-blind design

Dilekçi  
et al. 2019

RCT Investigate whether bal-
neotherapy (BT) applied 
in combination with physi-
cal therapy (PT) has a more 
positive effect in patients 
aged 65 years and older 
with knee osteoarthritis 
(KOA) compared to PT alone

305 individuals were ran-
domized into two groups. 
Group I was applied PT 
alone; group II was applied 
PT + BT

Assessments were made us-
ing the Pain (VAS), EQ-5D-
3L Scale, Western Ontario 
And McMaster Universities 
Osteoarthritis Index (WOM-
AC), Functional Assessment 
of Chronic Illness Therapy-
Fatigue (FACIT-F) Scale, Ep-
worth Sleepiness scale (EP-
WORTH) and the Outcome 
Measures in Rheumatology-
The Osteoarthritis Research 
Society International set of 
responder criteria for osteo-
arthritis (OMERACT-OARSI) 
at the beginning (T0) and at 
the end (T1) of treatment

Balneotherapy plus physical 
therapy was more effective 
than physical therapy alone 
in KOA patients aged over 
65 years. Reducing pain, 
especially, positively con-
tributes to functionality, 
quality of life, fatigue and 
sleepiness of KOA patients

Table 1. Data from patient groups using BT alone or in combination with other modalities (continued).
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Authors
Type  
of study

Aim of study Methodology Outcome measures Conclusion

Fioravanti 
et al. 2011

RCT Assess whether spa therapy 
modified plasma levels of 
leptin and adiponectin in 
thirty patients with knee 
OA treated with a cycle of 
a combination of daily lo-
cally applied mud-packs 
and bicarbonate-sulphate 
mineral bath water

30 patients with KOA Leptin and adiponectin 
plasma levels were as-
sessed at baseline and after 
2 weeks, upon completion 
of the spa treatment period. 
The concentrations of leptin 
and adiponectin were mea-
sured by ELISA. Parameters: 
BMI, age, disease duration, 
radiographic severity of OA, 
VAS score, Lequesne index

Data showed that spa thera-
py can modify plasma levels 
of the adipocytokines leptin 
and adiponectin, important 
mediators of cartilage me-
tabolism.

Zwolińska 
et al. 2018

CT Evaluate the short- and 
long-term effects of spa 
therapy on quality of life 
and pain in patients aged 
60 years and older with 
osteoarthritis

70 patients with general-
ized osteoarthritis were 
enrolled in the study. Spa 
treatment lasted 3 weeks 
(15 days of treatment) 
and was applied during a 
session lasting 120 to 150 
minutes a day

Visual Analogue Scale 
(VAS) for pain, the Laitinen 
scale, and WHOQOL-BREF 
questionnaire were used 
to assess the condition of 
the patients. The examina-
tions were performed three 
times: at the beginning of 
the spa treatment, after 
three months, and one year 
after the first examinations

Spa treatment reduced the 
level of pain in majority of 
the patients in short- and 
long-term follow-up and 
contributed to improving 
the quality of life in the do-
main of social relations and 
environment.

Zwolińska 
& Gasior 
2022

CT Assess short- and long-term 
effects of spa therapy ad-
ministered to patients with 
osteoarthritis of the spine 
who received treatment in 
health resorts located in 
Poland

102 patients receiving treat-
ment in health resorts, a 
group of subjects receiv-
ing outpatient treatment 
(100 patients) and a group 
receiving no therapy (100 
patients)

Pain VAS and Laitinen, 
LISAT-9 and HAQ-20 ques-
tionnaires. Assessments 
three times: at the start of 
the therapy program, as 
well as one month and six 
months after the end of the 
program

Spa therapy reduces pain, 
improves functional effi-
ciency and increases the 
level of life satisfaction in 
patients with osteoarthri-
tis of the spine. Its effects 
are sustained for at least 
six months. Spa therapy is 
more effective long-term, 
than outpatient treatment.

Santos  
et al. 2016

Review Summarize the available 
evidence on the effects of 
balneotherapy on patients 
with rheumatoid arthritis

Articles published from 
1980 to 2014, RCTs, Eng-
lish, French, Spanish, Italian, 
Portuguese, participants 
with RA

A total of eight articles doc-
umenting RCTs, involving 
496 patients

There are very few pub-
lished studies about the use 
of natural mineral water in 
RA. International multicen-
tre studies, using the same 
methodologies, could be 
achieved by carrying the 
scientific arguments

Verhagen 
et al. 2015

Review Evaluate the benefits and 
harms of balneotherapy in 
patients with RA

Search various databases 
up to December 2014, BT 
the intervention under 
study, compared with 
another intervention or 
with no intervention. Pain, 
improvement, disabil-
ity, tender joints, swollen 
joints and adverse events 
among the main outcome 
measures

Nine studies were included 
involving 579 participants

Overall evidence is insuf-
ficient to show that balneo-
therapy is more effective 
than no treatment; that one 
type of bath is more effec-
tive than another or that 
one type of bath is more 
effective than exercise or 
relaxation therapy

Ciprian  
et al. 2013

RCT Evaluate the effects and tol-
erability of combined spa 
therapy and rehabilitation 
in a group of AS patients 
being treated with TNF in-
hibitors

30 AxSpA patients being 
treated with TNF inhibitors 
for at least 3 months were 
randomized: 15 were pre-
scribed 10 sessions of spa 
therapy (mud packs and 
thermal baths) and rehabili-
tation (exercises in a thermal 
pool) and the other 15 were 
considered controls

BASFI, BASDAI, BASMI, VAS 
for back pain and HAQ. As-
sessments at entry, end 
of treatment, 3 months, 6 
months

Combined spa therapy 
and rehabilitation caused 
a clear, long-term clinical 
improvement in AS patients 
being treated with TNF 
inhibitors. Thermal treat-
ment was found to be well 
tolerated and none of the 
patients had disease relapse

Table 1. Data from patient groups using BT alone or in combination with other modalities (continued).
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Type  
of study

Aim of study Methodology Outcome measures Conclusion

Bestaş  
et al. 2021

prospective 
random-
ized study

Compare the effects of 
balneotherapy, water-
based exercise (WBE), and 
land-based exercise (LBE) 
on disease activity, symp-
toms, sleep quality, quality 
of life, and serum sclerostin 
level (SSL) in patients with 
ankylosing spondylitis (AS)

Between January 2019 and 
January 2020, a total of 60 
patients (35 males, 25 fe-
males; mean age: 40.9±11.2 
years; range, 18 to 55 years) 
who were diagnosed with 
AS were randomly divided 
into the balneotherapy 
(n=20), WBE (n=20), and LBE 
(n=20) groups (20 sessions 
of treatment in groups of 
five to six patients)

Evaluations before treat-
ment and at 4 and 12 weeks 
using the Bath Ankylosing 
Spondylitis Disease Activ-
ity Index (BASDAI), Bath 
Ankylosing Spondylitis 
Functional Index (BASFI), 
Bath Ankylosing Spondylitis 
Metrology Index (BASMI), 
Ankylosing Spondylitis 
Disease Activity Score-C-
reactive protein (ASDAS-
CRP), Maastricht Ankylos-
ing Spondylitis Enthesitis 
Score (MASES), Ankylosing 
Spondylitis Quality of Life 
(ASQoL) Scale, Fatigue 
Severity Scale (FSS), and 
Pittsburg Sleep Quality In-
dex (PSQI), and SSL were 
measured

Balneotherapy, WBE, and 
LBE are effective in the 
treatment of AS, and the 
beneficial effects may last 
for at least 12 weeks.

Ozkurt  
et al. 2012

RCT Effectiveness of balneo-
therapy in fibromyalgia 
management

BT group (n=25) Control 
group (n=25) BT daily/2 
weeks vs standard of care 
patients with FM

Pain intensity, Fibromyalgia 
Impact Questionnaire (FIQ), 
Beck Depression Inventory 
(BDI), patient's global as-
sessment, investigator's 
global assessment, SF-36 
scores, and tender point 
count.

Balneotherapy was found to 
be superior. The superiority 
of balneotherapy lasted up 
to the end of the 3rd month, 
except for the Beck Depres-
sion Inventory score and 
the investigator's global 
assessment score.

Bazzichi  
et al. 2013

RCT Study the effects of both 
balneotherapy and mud-
bath therapy treatments 
in patients affected by 
primary fibromyalgia (FM) 
using rheumatological, psy-
chiatric, biochemical and 
proteomic approaches

41 FM patients (39 female 
and 2 male) received a 
2-week thermal therapy 
programme consisting 
of therapy once daily for 
6 days/week. Twenty-one 
patients received mud-bath 
treatment, while the other 
twenty balneotherapy

Pain, symptoms, and qual-
ity of life were assessed. 
Oxytocin, brain-derived 
neurotrophic factor (BDNF), 
ATP and serotonin trans-
porter levels during therapy 
were assayed. Comparative 
whole saliva (WS) pro-
teomic analysis was per-
formed using a combina-
tion of two-dimensional 
electrophoresis (2DE) and 
mass spectrometry tech-
niques

Thermal treatment might 
have a beneficial effect on 
the specific symptoms of 
the disease. In particular, 
while balneotherapy gives 
results that in most patients 
occur after the end of the 
treatment but which are 
no longer noticeable after 
3 months, the mud-bath 
treatment gives longer last-
ing results.

Fioravanti 
et al. 2018

RCT Assess the efficacy and 
tolerability of balneother-
apy (BT) in patients with 
primary fibromyalgia syn-
drome (FS)

100 FS patients were ran-
domized to receive a cycle 
of BT with highly miner-
alized sulfate water (BT 
group) or with tap water 
(control group)

Primary outcome mea-
sures were the change of 
global pain on the Visual 
Analogue Scale (VAS) and 
Fibromyalgia Impact Ques-
tionnaire total score (FIQ-
Total) from baseline to 15 
days. Secondary outcomes 
included Widespread Pain 
Index, Symptom Severity 
Scale Score, Short Form 
Health Survey, State-Trait 
Anxiety Inventory (STAI), 
and Center for Epidemio-
logic Studies Depression 
Scale

The differences between 
groups were significant 
for primary parameters at 
each time point. Similar 
results were obtained for 
secondary outcomes except 
for the STAI outcome. Our 
results support the short- 
and long-term therapeutic 
efficacy of BT in FS

Table 1. Data from patient groups using BT alone or in combination with other modalities (continued).
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and studies to confirm the mechanisms of this type of 
therapy and its therapeutic properties [9,16,17,18,37,33]. 
In addition to that, lack of homogeneity in study designs, 
methodologies, quality of sample sizes and analysis 
and parameters to be considered create discrepancies 
in the findings and the need for further research on 
the subject area to confirm findings [17,31,32]. Despite 
all that, evidence suggests that there are benefits and 
apparent therapeutic potential to this modality for 
patients with rheumatic diseases and could become 
a valid supplement to the available pharmacological 
treatment to be used in daily clinical practice.  
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therapeutic strategies, patients may achieve a median 
survival that exceeds 30 months according to current 
published data [4,5].

During the last decade, major advances have been 
made towards expanding the available therapeutic 
choices for patients with metastatic colorectal can-
cer. Tumor sidedness, extent of the disease, molecular 
characteristics of the tumor, aim of the applied therapy, 
patients’ overall needs, and performance status are some 
of the key factors to be considered when deciding on 
the optimal therapeutic approach, ideally in the con-
text of a multidisciplinary team [6]. When the disease is 
deemed incurable, the aim is to prolong life expectancy 
and palliate symptoms. The continuum of care concept, 
where all available therapies are applied serially, may 
improve survival rates and extend disease control [7].

First line therapy for pMMR tumors
It has been historically established that 5-fluorouracil 

(5-FU) is the cornerstone of stage IV colorectal cancer 

Abstract
Colorectal cancer management remains a significant challenge in contemporary oncology. Although current therapies 
have improved median survival rates, the overall prognosis for patients with stage IV disease remains dismal. Over the 
past decade, significant advances have expanded the available therapeutic options. The molecular characteristics of 
the tumor now play a pivotal role in therapy selection, both in the first line and subsequent lines of treatment in the 
metastatic setting. Chemotherapy remains the cornerstone of therapeutics for the disease while immunotherapy and 
targeted therapies implementation in the treatment algorithm continues to evolve rapidly. The idea of a “continuum 
of care” is currently fundamental, aiming at providing all the available therapeutic options to our patients to maximize 
the derived clinical benefit. Ongoing research efforts aim at further elucidating the underlying molecular biology of 
the tumor and eventually addressing the optimal sequencing of therapies in patients with metastatic colorectal cancer.

Key words: Metastatic colorectal cancer; molecular characteristics; sequential therapy; pMMR tumors; dMMR tumors

Introduction
Colorectal cancer ranks third among the most com-

mon types of cancer and is the second leading cause of 
cancer deaths globally [1]. Current estimates foresee an 
increase of incidence reaching up to 3 million deaths by 
2040 with a concurrent decline in the age standardized 
mortality rate [2,3]. Although current therapies have led 
to improved median overall survival (OS) rates in patients 
with early colon cancer, a considerable proportion will 
eventually develop metastatic disease. Additionally, 
approximately 25% of patients are diagnosed with 
metastatic spread of the disease upon presentation 
[3]. The 5-year OS of patients with stage IV disease is 
estimated at 15%. However, with the advent of new 
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treatment. Both intravenous 5-FU and oral capecit-
abine have been shown to provide comparable results 
regarding their estimated survival benefit [8]. Further 
improvements in survival rates and progression-free sur-
vivals (PFS) estimates can be achieved by incorporating 
oxaliplatin and/or irinotecan with 5-FU in the first-line 
setting, using doublets or triplets i.e., FOLFOX, FOLFIRI 
or FOLFOXIRI [9].

Numerous clinical trials have explored the role of 
anti-EGFR targeted therapy in therapeutic regimens for 
metastatic disease. Results have clearly demonstrated 
that the presence of KRAS/NRAS and BRAF mutations 
precludes the use of EGFR monoclonal antibodies due 
to lack of efficacy and even detrimental effects in this 
population. On the other hand, in patients with tumors 
harboring RAS/RAF wild-type tumors, the addition of 
either cetuximab or panitumumab provides significant 
clinical benefits. The combination of FOLFIRI plus pani-
tumumab in patients without KRAS mutations led to a 
significantly reduced risk of disease progression and 
improved OS compared to FOFLIRI alone [10]. Further-
more, the combination of FOLFOX plus cetuximab led 
to improved response rates and PFS in patients with RAS 
wild-type metastatic colorectal cancer [11]. Thus, the 
combination of 5-FU based doublets with the addition 
of anti-EGFR targeted therapy has been established as 
a valid first-line option for patients with KRAS/NRAS/
BRAF wild type tumors.

Apart from targeting the EGFR axis, the benefits of 
antiangiogenic compounds have also been explored 
and incorporated in current treatment algorithms. 
Bevacizumab, a selective VEGF-A inhibitor, has been 
investigated in numerous clinical trials. When com-
bined with capecitabine, its addition led to improved 
PFS, and when combined with irinotecan plus 5-FU 
plus leucovorin positive results in terms of OS were 
demonstrated [12,13]. Taken together, although beva-
cizumab provides modest results, it is a valid option in 
the treatment of patients with metastatic colorectal 
cancer, as it can be used for all patients regardless of 
molecular status. 

At the time point of first-line therapy selection, the 
absence of mutations in both KRAS/NRAS and BRAF 
genes allows for the addition of EGFR monoclonal 
antibodies whereas their presence precludes their ad-
ministration, and then bevacizumab is selected along 
with backbone cytotoxic chemotherapy if not con-
traindicated. However, primary tumor sidedness has 
also emerged as a key factor that affects the treatment 

strategy. Combined analyses from studies investigat-
ing anti-EGFRs highlighted the benefit of cetuximab 
or panitumumab addition in patients with left sided 
primary tumors [14]. On the contrary, patients with 
right-sided primary tumors fared better with the addi-
tion of bevacizumab to first-line therapy, while the use of 
anti-EGFR antibodies had limited impact in this popula-
tion [15]. Recently, the question of how primary tumor 
sidedness impacts the selection of optimal therapy 
was investigated in a phase III clinical trial. PARADIGM 
confirmed the added benefit of anti-EGFR antibodies 
in left sided primary tumors while also providing better 
results in the entire population of the study regardless 
of primary tumor location. Improved OS was recorded 
mainly in patients with left sided primaries. Thus, it is 
wise to provide anti-EGFR targeted therapy in patients 
with left-sided primaries that are KRAS/NRAS/BRAF wild 
type based on the aforementioned data [16]. For patients 
with right-sided tumors or those harboring KRAS/NRAS/
BRAF mutations, bevacizumab can be incorporated into 
the applied regimen.

First line in dMMR tumors
Current guidelines advise checking the microsatellite 

instability (MSI) status at presentation of any patient 
with colorectal cancer. MSI, when present, is the result 
of either sporadic events or Lynch syndrome. Genetic 
testing to confirm or exclude possible Lynch syndrome 
is of utmost importance for both patients and their 
families. Apart from familial and personal medical his-
tory, MSI status is characteristic of hypermutated tumors 
that usually also have higher tumor mutational burden, 
making them the perfect candidates for immunotherapy 
application [6,17,18].

In cases of early colon cancer, MSI status may have 
both prognostic and predictive role when it comes 
to adjuvant therapy selection [6,17]. However, this 
molecular feature, encountered in approximately 5% 
of patients with metastatic disease, is indicative of 
immunotherapy application in the first-line setting, 
or in later lines if not previously given. The results of 
KEYNOTE 177, where patients with MSI metastatic 
colorectal cancer tumors had significantly improved 
PFS with pembrolizumab versus chemotherapy, es-
tablished immunotherapy as the ideal option for this 
subset of patients [18]. Furthermore, recent data of 
CHECKMATE 8HW confirmed the superiority of im-
munotherapy versus chemotherapy, in patients with 
MSI/dMMR stage IV colon cancer [19].
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In addition, DNA polymerase epsilon (POLE) muta-
tions, which lead to DNA-repair deficiencies, have been 
associated with high tumor mutational burden. POLE 
mutated colorectal cancers have a hypermutated pro-
file, and their microenvironment is rich in neoantigens. 
They are usually present in male patients of younger 
age, with a higher incidence reported in right-sided 
primaries [20]. Somatic POLE mutations are present in 
less than 1% of colon cancer cases and are associated 
with microsatellite stable (MSS)/pMMR tumors whereas 
germline POLE mutations correlate with MMR germline 
variants in MSI high/dMMR tumors. According to recently 
published data, patients with tumors harboring POLE 
mutations may be candidates for immunotherapy due 
to the expected high response rates [21.22].

To conclude, in the first line setting of therapy for pa-
tients with metastatic colorectal cancers, Either chemo-
therapy plus targeted therapy or immunotherapy alone 
can be offered according to the molecular character-
istics of the tumor. For pMMR/MMS tumors backbone 
chemotherapy consisting of 5-FU-based doublet may 
be selected with either anti-EGFR antibody addition 
if KRAS/NRAS/BRAF wild-type tumor is identified, es-
pecially if left-sided, or bevacizumab when mutations 
are present. If MSI/dMMR status is identified during 
molecular testing, then immunotherapy is the optimal 
treatment choice.

Further lines of therapy
After the failure of first-line therapy, patients proceed 

with second and further lines while aiming to receive all 
available antineoplastic agents under a continuum of 
care in order to prolong their life expectancy and palli-
ate their symptoms. The optimal treatment choice and 
sequence rely on tumor mutational profile that is ideally 
acquired at presentation. Recent advances in colorectal 
cancer therapeutics have led to the incorporation of 
further targeted agents according to druggable muta-
tions discovered when sequencing the tumor. BRAF 
inhibitors, anti-HER2 targeted agents, KRAS inhibitors, 
NTRK gene fusion therapies are among the available 
further treatment choices [23-26].

Targeting BRAF V600E mutation
BRAF mutations are usually present in right-sided 

colorectal cancers with an estimated incidence of 10-
15%. BRAF mutant right-sided cancers may also have a 
MSI high/dMMR status due to MLH1 promoter methyla-
tion. For patients with metastatic disease, this mutation 

confers a poor prognosis and relative resistance to 
chemotherapy, while clinical trials conducted in the 
past, clearly demonstrate a lack of anti-EFGR antibody 
efficacy in this subset of patients. The most common 
BRAF mutation is V600E accounting for approximately 
80% of all BRAF mutations in metastatic colorectal 
cancers [23,24].

Until today, patients presenting with BRAF-mutated 
tumors undergo standard first-line therapy, as already 
analyzed, mainly the combination of backbone cytotoxic 
chemotherapy plus bevacizumab with chemotherapy tri-
plets leading to higher response rates in numerous clini-
cal trials [6]. Although anti-EGFR resistance is expected 
when BRAF V600E mutation is present, the combination 
of a BRAF inhibitor plus anti-EGFR therapy has become 
a standard treatment in the second or further line. The 
combination of a BRAF inhibitor plus a MEK inhibitor and 
anti-EGFR antibody overcomes the reported resistance 
in patients with BRAF V600E mutated tumors. Based on 
the results of BEACON study, encorafenib plus cetuxi-
mab plus binimetinib versus FOLFIRI or irinotecan plus 
cetuximab resulted in improved OS and response rates 
[25]. Moreover, the doublet consisting of encorafenib 
plus cetuximab provided comparable median OS to 
the triplet combination with fewer toxicities. Both the 
doublet and triplet combination therapy are approved 
choices for patients harboring BRAF V600E mutated 
tumors [25,26].

As expected, triplet targeted therapy has also been 
investigated in the first line setting in a phase II clini-
cal trial with promising results, while phase III clinical 
trials are underway to explore the administration of 
encorafenib plus anti-EGFR as the first-line treatment 
choice. Initial data have also emerged regarding the 
combination of BRAF inhibitor plus anti-EGFR plus im-
mune checkpoint inhibitors in an attempt to investigate 
the impact of immunotherapy when combined with 
BRAF inhibitors in this population [27,28].

Targeting KRAS G12C mutation
Novel potent KRAS inhibitors have come into the 

spotlight recently, rendering the once undruggable 
KRAS mutation sensitive to selective inhibition. KRAS 
G12C mutated metastatic colorectal cancers account 
for approximately 2-4% of all metastatic colon cancers. 
Both sotorasib and adagrasib have been investigated 
in clinical trials with positive results. In CodeBreak 100 
phase I clinical trial sotorasib provided low response 
rates in patients with KRAS G12C tumors [29]. How-
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ever, when combined with the anti-EGFR antibody 
panitumumab improved response rates of 30% and 
a 5,7-month median PFS were recorded in CodeBreak 
101 clinical trial [30]. In parallel, adagrasib alone pro-
vided a response rate of 19% in pretreated patients, 
but when combined with cetuximab the responses 
improved, climbing up to 46%, with a median PFS of 
6,9 months [31].

Thus, the combination of targeted KRAS G12C in-
hibition along with anti-EGFR monoclonal antibodies 
seems to overcome the upstream signaling of EGFR 
activation. Recently the results of CodeBreak 300 phase 
III clinical trial depicted that the combination of soto-
rasib plus panitumumab resulted in tumor shrinkage 
in 81% of the patients and led to 51% reduction in the 
risk of disease progression. Skin-related toxicities and 
hypomagnesemia were the most common adverse 
events noted, with no new safety signals raised [32]. 
The scientific data provide a new therapeutic option for 
previously treated patients with KRAS G12C mutated 
metastatic colon cancer.

HER2 amplification targeting
HER2 amplification can be detected in 1-5% of all 

metastatic colorectal cancers, primarily in RAS/RAF 
wild-type tumors. Both immunohistochemistry (IHC) 
and next generation sequencing (NGS) can be applied 
to tumor specimens as detection methods [33]. Multiple 
clinical trials have explored the potency of sole anti-
HER2 directed therapies with initially modest results. On 
the other hand, dual anti-HER2 targeting is approved 
for previously treated patients having HER2-positive 
tumors. The MOUNTAINEER clinical trial investigated 
the efficacy of tucatinib plus trastuzumab in 117 pa-
tients with response rates of 38% [34]. In addition, the 
combination of trastuzumab plus lapatinib provided 
an overall response rate of 30% in patients with HER2-
positive tumors that were previously treated according 
to the results of HERACLES [35]. In the MyPathway phase 
II clinical trial, trastuzumab plus pertuzumab combined 
resulted in 32% overall response rates [36].

In DESTINY-CRC01 phase II clinical trial, previously 
treated patients with HER2 IHC +3 metastatic colorectal 
cancer underwent therapy with trastuzumab deruxtecan 
(T-Dxd), an HER2 antibody and topoisomerase inhibitor 
conjugate. The results were very promising with overall 
response rates of 45,3% and a median PFS of 6,9 months. 
Approximately one-third of those patients had already 
received prior anti-HER2 targeted therapy. Apart from 

the positive results, higher rates of T-Dxd-related pneu-
monitis were also announced [37]. The overall positive 
results of these studies, indicative of anti-HER2 targeted 
therapy efficacy, led to the approval of trastuzumab with 
either pertuzumab, lapatinib or tucatinib in the treat-
ment algorithm of metastatic colon cancer, along with 
trastuzumab deruxtecan for chemotherapy-refractory 
HER2-positive patients. Ongoing clinical trials are aiming 
to assess the efficacy of anti-HER2 therapy in the first 
line setting [34-37].

NTRK and RET gene fusions
NTRK and RET gene fusions are rare, accounting for 

less than 1% of mutations in metastatic colorectal cancer. 
When present, targeted therapy can lead to high objec-
tive responses [38]. In particular, for patients harboring 
NTRK fusions that lead to activation of the chimeric tro-
pomyosin receptor kinase, larotrectinib and entrectinib 
provide promising results. In 19 patients with metastatic 
colon cancer, larotrectinib resulted in responses reach-
ing up to 47%, a median PFS of 5,6 months, and OS of 
12 months [39]. Furthermore, entrectinib, tested in 10 
patients, provided response rates of 20%, a PFS of three 
months and 16 months OS [40]. Both agents have been 
approved for use in patients with previously treated 
metastatic colon cancers. The LIBRETO-001 basket trial 
investigated the efficacy of selpercatinib in patients with 
RET gene fusions, resulting in an overall response rate 
of 20% and median duration of response of 9,4 months, 
leading to approval for RET-positive pretreated patients 
with metastatic colorectal cancer [41].

MSI in the non-first line setting
Since MSI high/dMMR tumors respond to immu-

notherapy, monoclonal antibodies targeting the PD1/
PD-L1 axis have been incorporated in the first-line 
therapy setting of metastatic colorectal cancer therapy. 
However, if for any reason patients with dMMR tumors 
were not initially treated with immune checkpoint 
inhibitors, immunotherapy should be provided in the 
second or further lines of therapy. According to KEY-
NOTE 164, in pretreated patients with metastatic colon 
cancer pembrolizumab resulted in overall response 
rates of 33% [42]. Nivolumab also led to response 
rates of 30% when tested alone, while the combina-
tion of nivolumab plus ipilimumab provided higher 
responses of 55% with significantly improved quality 
of life [43]. Dostarlimab-gxly was also investigated in 
the COARNET phase I clinical trial where the cohort of 
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patients with dMMR or POLE mutated tumors achieved 
response rates of 36% [44]. Hence, immune checkpoint 
inhibitors should be part of the treatment sequence if 
not contraindicated, in previously treated metastatic 
colorectal cancer patients who have not already re-
ceived immunotherapy.

Anti-EGFR targeted therapy  
in subsequent therapy lines

Patients who have KRAS/NRAS/BRAF wild-type tu-
mors and who have not, for any reason, received anti-
EGFR targeted therapy in the first line, the combination 
of cetuximab or panitumumab with chemotherapy is 
a valid option in further lines. The addition of panitu-
mumab to FOLFIRI as a second line option resulted in 
improved PFS with evident differences in OS versus 
chemotherapy alone [45]. When tested as monotherapy, 
panitumumab led to improved OS versus best support-
ive care (BSC) after oxaliplatin and irinotecan failure [46]. 
Cetuximab, when combined with irinotecan also led 
to improved PFS however, without OS benefit versus 
irinotecan alone [47].

Whether anti-EGFR therapy is more effective after 
prior anti-angiogenesis administration or vice versa 
has been an area of investigation and controversy, with 
more recent studies indicating that anti-EGFR after a 
prior bevacizumab-containing regimen results in no 
difference in PFS compared to bevacizumab continua-
tion therapy [48]. The concept of anti-EGFR rechallenge 
strategies in further lines of therapy has been extensively 
investigated in recent years due to the advent of liquid 
biopsies. Several clinical trials have led to the conclusion 
that acquired anti-EGFR resistance may be overcome 
upon anti-EGFR therapy withdrawal since resistant 
clones tend to decay exponentially [49]. The use of liq-
uid biopsies for applying anti-EGFR is compelling and 
data demonstrating high response rates and prolonged 
PFS, compared to historical benchmarks, have come to 
spotlight further supporting the notion of anti-EGFR 
rechallenge when patients are found to carry RAS/Raf 
wild-type tumors using peripheral blood [48,49].

Anti-angiogenesis in subsequent lines of therapy
Bevacizumab continuation combined with standard 

second-line chemotherapy led to improved OS when 
compared to chemotherapy alone, according to the 
results of ML18147 study [50]. The same conclusion 
has been drawn by the GONO phase III BEBYP clinical 
study. Although modest, these results indicate that 

continuing anti-VEGF therapy can lead to marginal 
improvements in survival. The addition of bevacizumab 
after the failure of the first-line bevacizumab-free regi-
men also led to modest improvements [51]. Apart from 
bevacizumab, ziv-aflibercept, which functions as a 
VEGF trap and inhibits angiogenesis, is also approved 
as a component of second and further line of therapy 
in metastatic colorectal cancer patients. The VELOUR 
trial met its primary endpoint, providing improved OS 
even in patients previously treated with bevacizumab-
containing regimen [52,53].

Ramucirumab, a monoclonal anti-VEGFR2 antibody, 
blocks VEGF signaling. The phase III RAISE clinical study 
investigated the addition of ramucirumab to FOFLIRI 
versus FOLFIRI plus placebo and resulted in improved 
OS in the experimental arm [54]. It is of note that an-
giogenic agents may lead to thromboembolic events, 
hypertension, or bleeding. However, a meta-analysis 
performed on this subject concluded that ramucirumab 
administrations did not increase the probability of 
thromboembolic or bleeding events [55].

Regorafenib is a multiple kinase inhibitor including 
VEGFR, that is incorporated in the treatment algorithm 
in the metastatic setting. In the phase III CORRECT trial, 
regorafenib led to improved survival (rates) compared 
to placebo, as well as in the phase III CONCUR trial. 
Main adverse events included hand-foot skin reaction, 
fatigue, hypertension, and diarrhea [57]. The subse-
quent phase II ReDOS trial evaluated an alternative 
dose-escalating schedule for regorafenib making it a 
valid option [58].

FRESCO and FRESCO2 are two phase clinical studies 
that explored the use of fruquintinib, an oral VEGFR 1,2,3 
inhibitor, in patients with metastatic colon cancer who 
had undergone at least two prior lines of therapy, with 
a median of four lines in FRESCO2. When compared to 
placebo, fruquintinib improved OS including patients 
with prior anti-VEGF therapy exposure. Hypertension 
was the most reported adverse event [59,60].

TAS-102
Trifluridine tipiracil consists of trifluridine and tipiracil 

hydrochloride which block the degradation of the triflu-
ridine component. This oral combination was evaluated 
in the phase III RECOURSE trial providing improved 
overall survival compared to placebo [61]. Furthermore, 
the combination of TAS-102 plus bevacizumab led to 
improved PFS when tested in a phase I/II clinical trial 
in patients previously treated with chemotherapy and 
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anti-VEGF therapy or anti-EGFR monoclonal antibodies 
[62,63].

Continuum of care
Recent advances in colorectal cancer therapy have 

improved patents’ OS with metastatic disease. In some 
studies, survival that exceeds 32 months has been re-
ported. However, the overall prognosis of patients with 
stage IV disease remains dismal. Contrary to previous 
scientific research aimed at addressing the optimal 
sequence of therapies, the idea of a “continuum of care” 
is gaining grounds, aiming to provide all the available 
therapeutic options to maximize the derived clinical 
benefit [64].

The issue of first-line therapy has been extensively 
studied and clearly addressed. It is wise to test patients 
at presentation for possible KRAS/NRAS/BRAF muta-
tions, as well as for MSI status, to implement the ap-
propriate therapy. It would be wise for both time and 
cost-effectiveness to evaluate a larger gene panel for 
existing mutations before the initiation of therapies, 
which can also assist in determining a median or long-
term therapeutic plan. The molecular signature of the 
tumor seems to evolve as the cornerstone for both first 
and subsequent lines of therapy [6].

Among strategies to prolong patients’ PFS, one 
might also opt for maintenance therapy after first-line 
application. This subject has been evaluated in different 
clinical trials, including CAIRO3, AIO 0207, PRODIGE9 
amongst others [65,66,67]. According to the results 
of a systematic review, maintenance therapy with a 
fluoropyrimidine combined or not with bevacizumab 
improves PFS but has no impact on OS of patients [68]. 
Thus, one might opt for chemotherapy break based on 
scientific data from eleven randomized clinical trials 
where intermittent versus continuous systemic therapy 
was investigated. Opting for therapy holidays and inter-
mittent treatment delivery did not lead to significant 
effects on OS when compared to continuous therapy 
administration [69].

Ongoing research
Despite the significant advances in the therapeutic 

landscape of colorectal cancer with the application of 
a more personalized pattern of therapy, unexplored 
areas still exist. Clustered regularly interspaced short 
palindromic repeat (CRISPR)- associated protein 9 can 
be used to identify previously undiscovered cancer 
genes in colorectal cancer based on genome editing 

techniques [70]. Epigenetic modifications have also 
been associated with colorectal cancer incidence and 
development [71]. Recently, scientific data highlighted 
the impact of microbiota in colorectal cancer and may 
unfold to a field of active research to further expand 
therapy armamentarium [72].

The relatively accessible next-generation sequencing 
platforms make it much more possible to identify new 
targets and unravel ways to inhibit signaling pathways 
and proteins such as TGFβ, p53, PI3K/AKT/mTOR [73]. It 
is of note though, that apart from the ongoing attempts 
to identify new targets and refine metastatic colorectal 
cancer therapy, resistance to currently available regi-
mens remains a big subject. A gap in our knowledge 
regarding biomarker-based therapy sensitivity should 
be a primary focus of scientific research [74].

Under this scope, circulating tumor DNA (ct-DNA) 
may become a valuable tool in metastatic colorectal 
cancer therapeutics. Although of currently limited 
clinical use, the possible applications in patients’ man-
agement are further investigated. Apart from mutation 
identification in cases where little time to therapy 
initiation is available or when anti-EGFR rechallenge 
strategies are applied, ct-DNA may be used to identify 
mechanisms of resistance to applied therapy or even 
detect the upcoming disease progression months 
before it is clinically evident. Monitoring the patient’s 
journey from diagnosis of metastatic colorectal cancer 
throughout the application of different therapeutic 
regimens is an area of intense scientific research that 
aims to highlight ct-DNA as a useful biomarker in eve-
ryday clinical practice [75].

Conclusion
Metastatic colorectal cancer therapeutics have sub-

stantially evolved over the years, with new treatment 
options now readily available in clinical practice. Despite 
these advancements, conventional chemotherapy re-
mains the mainstay of treatment across the various lines 
of therapy. Table 1 shows the line of therapy depending 
on the tumor mutations. However, with the advent of 
immunotherapy as well as new targeted therapies, regi-
men sequencing in the era of personalized metastatic 
colorectal cancer therapy can be rather challenging. In 
order to facilitate therapy sequencing and application, 
an in-depth comprehension of underlying molecular 
biology of the tumor as well as patients’ characteristics 
and available treatment options is a fundamental pre-
requisite. Exposing the patient to all accessible options 
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should remain the primary focus of clinicians in order 
to maximize the derived benefit for their patients while 
waiting for results of continuing research to refine the 
optimal sequencing of therapies and improve outcomes 
for patients with metastatic colorectal cancer. 
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Iatriki Journal. The maximum length is 800 words (excluding 
references, table, and figure legend). A total number of 1 table 
or figure is allowed and up to 10 references. Such letters will 
be passed to the authors of the original paper, who will be 
offered an opportunity to reply. Letters to the Editor may have 
a maximum of two (2) authors.

Case Reports 
Case reports should ideally include a short introduction, the 
case presentation and a brief discussion. The maximum length 
is 1500 words (excluding references, tables, and figure legend). 
A total number of 2 tables or figures is allowed. References 
should not exceed a maximum of 15. 

Formatting guide
The articles must by typewritten and double spaced. They 
should include the following sections, each starting on a 
separate page: 
•	 Title Page
•	 Abstract and Key Words
•	Main Text
•	 Acknowledgements
•	 References
•	 Tables 
•	 Figures
Margins should be not less than 2.5 cm. Pages should be 
numbered consecutively.

Abbreviations
Do not use non-standard abbreviations. The use of abbrevia-
tions in the title and abstract should be avoided. Abbreviations 
should be defined on their first appearance in the text; those 
not accepted by international bodies should be avoided.

Title page
The title page should include: 
•	 Title of the manuscript
•	 Short title which will be used as a running head
•	 Full name of each author 
•	 �Full location of department and institution where work was 

performed
•	 �Name and address for correspondence, including fax number, 

telephone number, and e-mail address. 
•	 Conflict of interest disclosure.  
•	 Declaration of funding sources.  
•	 �Author Contributions according to the following criteria for 

authorship: conception and design; analysis and interpreta-
tion of the data; drafting of the article; critical revision of the 
article for important intellectual content; final approval of 
the article.

Abstract 
For Original Articles, structured abstracts should be 250 words 
or less and include the following sections: Background, Meth-
ods, Results and Conclusion. Review articles should carry an 
unstructured abstract which should not exceed 200 words. 

Key words 
The abstract should be followed by a list of 3–5 keywords which 
will assist the cross-indexing of the article and which may be 
published separated by semicolons.

Main Text
For the main body of the text, the recommended structure of 
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the manuscript is: 
•	 Introduction
•	Materials and Methods
•	 Results
•	 Discussion
Define abbreviations at first mention in text and in each table 
and figure.

Introduction
State the objectives of the work and provide an adequate 
background, avoiding a detailed literature survey or a sum-
mary of the results.

Materials and Methods
Provide sufficient detail to allow the work to be reproduced. 
Methods already published should be indicated by a reference. 
This includes a description of the design, measurement and 
collection of data, type and source of subjects, inclusion and 
exclusion criteria and measures of outcome, number of subjects 
studied and why this number was chosen. Any deviation from 
the study protocol should be stated. Randomized controlled 
trials should adhere to the CONSORT guidelines that can be 
found at: http://www.consort-statement.org. Observational 
studies should also adhere to Strobe statement: http://www.
strobe-statement.org/. Diagnostic accuracy studies should 
follow the Stard statement: http://www.stard-statement.org/. 
Systematic Reviews and Meta-Analyses should adhere to the 
PRISMA statement: http://www.prisma-statement.org/.

Statistical analysis
The statistical methods used should be relevant and clearly 
stated. Special or complex statistical methods should be 
explained and referenced. Describe statistical methods with 
enough detail to enable a knowledgeable reader with access to 
the original data to verify the reported results. When possible, 
quantify findings and present them with appropriate indica-
tors of measurement error or uncertainty (such as confidence 
intervals). Avoid relying solely on statistical hypothesis testing, 
such as P values, which fail to convey important information 
about effect size. Define statistical terms, abbreviations, and 
symbols. Specify the software used. 

Units
Follow internationally accepted rules and conventions: use 
the internal system of units (SI). 

Results
Results should be clear and concise. Results should be explained 
and illustrated by using Tables and Figures. Do not duplicate 
information contained in tables and figures.

Discussion
Discussion should directly relate to the results of the study and 
should explore their significance. Do not provide a general 
review of the topic. 

Conclusions
The conclusions should provide a summary of the key results 
and discuss the appropriateness and impact of this original 
work.

Acknowledgements
Collate acknowledgements in a separate section at the end of 
the article before the references. Acknowledgements should 
be made only to those who have made a substantial contri-
bution to the study. Authors are responsible for obtaining 
written permission from people acknowledged by name in 
case readers infer their endorsement of data and conclusions.

References
Ensure that every reference cited in the text is also present 
in the reference list (and vice versa). References should be 
numbered in the order they appear in the text. Manuscripts 
should follow the style of the Vancouver agreement detailed 
in the International Committee of Medical Journal Editors’ 
revised ‘Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals: Writing and Editing for Biomedical 
Publication’, as presented at http://www.ICMJE.org/. In the text, 
references should be cited using Arabic numerals enclosed in 
square brackets [1]. The last names and initials of all authors 
should be referred to if they are up to six, otherwise only the 
first six are referred, with et al following. References should 
also include full title and source information. Journal names 
should be abbreviated according to the standard in the Index 
Medicus. No periods should be placed at the end of abbrevia-
tions of the journal.   

Journal article, up to 6 personal author(s):
Example: Al-Habian A, Harikumar PE, Stocker CJ, Langlands K, 
Selway JL. Histochemical and immunohistochemical evaluation 
of mouse skin histology: comparison of fixation with neutral 
buffered formalin and alcoholic formalin. J Histotechnol. 
2014;37(4):115-24.

Journal article, more than 6 personal author(s):
Example: Liaw S, Hasan I, Wade, V, Canalese R, Kelaher M, Lau P, 
et al. Improving cultural respect to improve Aboriginal health 
in general practice: a multi-perspective pragmatic study. Aust 
Fam Physician. 2015;44(6):387-92.

Journal article/ Issue with a supplement
Example: Bonda C, Sharma P, LaFaver K. Clinical reasoning: a 28 
year-old woman with lower extremity spasticity and microcytic 
anemia. Neurology. 2015;85(2) Suppl:e11-4.

Electronic journal article:
Example: Poling J, Kelly L, Chan C, Fisman D, Ulanova M. Hos-
pital admission for community-acquired pneumonia in a First 
Nations population. Can J Rural Med [Internet]. 2014 Fall [cited 
2015 Apr 27];19(4):135-41. Available from: http://www.srpc.
ca/14fal.html by selecting PDF link in table of contents.

Book, personal author(s):
Example: Buckingham L. Molecular diagnostics: fundamentals, 
methods and clinical applications. 2nd ed. Philadelphia: F.A. 
Davis; c2012.

Book or pamphlet, organization as both author and publisher:
Example: College of Medical Radiation Technologists of Ontario. 
Standards of practice. Toronto: The College; 2011.
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Book, editor(s):
Example: Kumar V, Abbas AK, Aster JC, editors. Robbins basic 
pathology. 16th ed. Philadelphia: Elsevier Saunders; c2013.

Poster presentation/session presented at a meeting or conference:
Example: Chasman J, Kaplan RF. The effects of occupation on 
preserved cognitive functioning in dementia. Poster session 
presented at: Excellence in clinical practice. 4th Annual Confer-
ence of the American Academy of Clinical Neuropsychology; 
2006 Jun 15-17; Philadelphia, PA.

Tables
Tables should be typewritten, double-spaced, each one on a 
separate page and numbered consecutively with Arabic numer-
als in the order of their appearance in the text. Do not duplicate 
material presented in a figure. Tables should include a short but 
concise title. Tables should read vertically when possible. Place 
explanatory matter in footnotes, including any non-standard 
abbreviation. If data from another published or unpublished 
source are used, obtain permission and acknowledge fully.

Figure legends
Figure legends should be listed one after the other, as part 
of the main text, separate from the figure files. Each figure 
legend should have a brief title (in bold with figure number) 
followed by a description of each panel, and the symbols 
used. The statistical test used as well as the values of statisti-
cal significance (whether significant or not) should always be 
included in the figure legends. If a figure has been published 
previously, acknowledge the original source and submit written 
permission from the copyright holder to reproduce it. Authors 
will be required to pay for the extra cost of printing illustrations 
in color. However, there is an option to have their images in 
color in the electronic version of their manuscript and in grey 
scale in the printed version. 

Figures 
All figures for review should be submitted as a separate file in 
JPEG or TIFF format in grayscales or in RGB color mode with a 
resolution of at least 300 dpi. Number figures consecutively 
using Arabic numerals. 
Photographs should be submitted as TIFF with a resolution of 
at least 300 pixels per inch; or Illustrator compatible EPS files 
with RGB color management or Photoshop or editable PDF 
files (grayscales or RGB).
Photographs of identifiable patients should be accompanied 
by written permission to publish from patient(s). 
RGB figures will be presented in color in the electronic version 
and in grey scale in the printed version. 

Ethical Considerations
An author should not publish manuscripts describing essen-
tially the same research in more than one journal or primary 
publication. It must not be under consideration for publication 
elsewhere, and, if accepted, must not be published elsewhere 
in similar form, in any language. The International Committee 
of Medical Journal Editors has a full description about duplicate 
or redundant publication (http://www.icmje.org). 

Authorship should be limited to those who have made a sig-
nificant contribution to the conception, design, execution, or 
interpretation of the reported study. 
The ‘Achaiki Iatriki’ editors endorse the principles of the Decla-
ration of Helsinki and expect that all investigations involving 
humans will have been performed in accordance with these 
principles. 
Authors should carefully protect patients’ anonymity. Manu-
scripts reporting data from research conducted on humans 
must include a statement of assurance in the materials and 
methods section describing that: written informed consent 
was obtained from each patient included in the study and that 
the study protocol conforms to the ethical guidelines of the 
1975 Declaration of Helsinki as reflected in a priori approval 
by the institution’s human research committee. 
Do not use patients’ names, initials, or hospital numbers, 
especially in illustrative material. 
For animal experimentation reported in the journal, it is expect-
ed that investigators will have observed the Interdisciplinary 
Principles and Guidelines for the Use of Animals in Research, 
Testing, and Education issued by the New York Academy of 
Sciences’ Adhoc Committee on Animal Research. 

Disclosures: Conflict of interest 
All authors are required to provide a Declaration of Interest 
Statement recognizing and disclosing financial and other 
conflicts of interest that might bias their work. Particularly, 
they disclose any actual or potential conflict of interest includ-
ing any financial, activities, additional affiliations, personal or 
other relationships with other people or organizations within 
three years of beginning the submitted work that could inap-
propriately influence, or be perceived to influence, their work.
Further information at International Committee of Medical 
Journal Editors (“Uniform Requirements for Manuscripts Sub-
mitted to Biomedical Journals”) -- February 2006

Disclosures: Financial disclosure
Authors are requested to identify who provided financial sup-
port for the conduct of the research and/or preparation of the 
article and to briefly describe the role of the sponsor(s), if any, 
in study design; in the collection, analysis and interpretation of 
data; in the writing of the report; and in the decision to submit 
the article for publication. If the funding source(s) had no such 
involvement then this should be stated.

Inform Consent  
Patients have a right to privacy that should not be infringed 
without informed consent. Information such as patients’ names, 
initials, or hospital numbers, should not be published in written 
descriptions, photographs, and pedigrees unless the informa-
tion is essential for scientific purposes and the patient (or parent 
or guardian) gives written informed consent.
Identifying details should be omitted if they are not essential. 
Complete anonymity is difficult to achieve, however, and in-
formed consent should be obtained if there is any doubt. For 
example, masking the eye region in photographs of patients 
is inadequate protection of anonymity. If identifying charac-
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teristics are altered to protect anonymity, such as in genetic 
pedigrees, authors should provide assurance that alterations 
do not distort scientific meaning.
Further information at International Committee of Medical 
Journal Editors (“Uniform Requirements for Manuscripts Sub-
mitted to Biomedical Journals”) -- February 2006

Human and Animal Rights
Manuscripts reporting experiments using humans or animals 
must include a statement giving assurance that all humans or 
animals received human care and that study protocols comply 
with the institution’s guidelines. When reporting experiments 
on human subjects, authors should indicate whether the pro-
cedures followed were in accordance with the ethical standards 
of the responsible committee on human experimentation 
(institutional and national) and with the Helsinki Declaration 
of 1975, as revised in 2000. When reporting experiments on 
animals, authors should be asked to indicate whether the insti-
tutional and national guide for the care and use of laboratory 
animals was followed.
Further information at International Committee of Medical 
Journal Editors (“Uniform Requirements for Manuscripts Sub-
mitted to Biomedical Journals”) -- February 2006

Copyright assignment
Upon acceptance of an article, authors will be asked to complete 

a copyright assignment indicating that exclusive copyright in 
the paper is assigned to the Publisher. 

MANUSCRIPT PROCESSING AND REVIEW

Submission 
You can submit your manuscript either in Journal’s website 
submission system or via emaill to achaiki.iatriki@gmail.com

Review process
Each manuscript submitted to ACHAIKI IATRIKI is assigned to a 
Section Editor who has expertise on the subject of the manu-
script. The Section Editor initially evaluates the manuscript if 
it is appropriate and competitive for publication and sends 
the manuscript to 2-4 reviewers who are experts in the field. 

PUBLICATION

Proofs
Proofs will be made available to the author(s) to be checked. 
It is the responsibility of the author(s) to make sure that the 
quality and accuracy of the manuscript, figures, and tables 
in the proofs is correct. At this stage, authors may make only 
minor corrections. Authors should return their proofs within 
48 hours, by e-mail. At this point the author may order reprints, 
which are charged according to the number of reprints and 
the number of pages of the article.
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