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Examination of thoracic deformities in patients with different clinical types of
cerebral palsy
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aSiirt University, Faculty of Medicine, Department of Anatomy, Siirt, Türkiye
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dMardin Artuklu University, Faculty of Medicine, Department of Anatomy, Mardin, Türkiye
*Corresponding author: sevdacnby@hotmail.com (Sevda Canbay Durmaz)

MAIN POINTS

• Thoracic deformities in cerebral
palsy are very important because
they are life-threatening.

• In thoracic deformities, PE defor-
mity was the most common in the
anterior chest wall, while scoliosis
was seen in spinal deformities.

• In CP, chest deformity evaluation
should be done at an early age.
Measurements should be evaluated
by comparing over the years.

Cite this article as: Solgun Dag S, Ozbag D,
Kizilay E, Canbay Durmaz S. Examination
of thoracic deformities in patients with dif-
ferent clinical types of cerebral palsy. Ann
Med Res. 2025;32(12):521--527. doi:
10.5455/annalsmedres.2025.06.148.

ABSTRACT

Aim: Cerebral Palsy is a clinical condition that causes permanent but non-progressive damage to
the developing brain and can affect multiple systems. This study aimed to evaluate functional
levels by assessing thoracic deformities across different clinical types of cerebral palsy (CP)
and by gender, while also comparing anthropometric measurements between individuals with
CP and a healthy control group.
Materials and Methods: Between the ages of 6 and 12 years, a total of 154 patients diagnosed
with cerebral palsy (91 males, 63 females) and 40 healthy individuals (20 males, 20 females)
were included in the study. Demographic characteristics, clinical type of CP, secondary findings,
thoracic deformity, anthropometric measurements, and functionality levels were obtained from
the patients. A tape measure and caliper were used for anthropometric measurements.
Results: The results indicated that the spastic type was the most prevalent clinical presentation
of CP, with intellectual disability being the most common secondary problem. Among thoracic
deformities, pectus excavatum was the most frequent anterior chest wall deformity, observed
in 9.52% of females and 16.48% of males. Scoliosis was the most common spinal deformity,
affecting 26.98% of females and 21.98% of males. Functionally, most patients were classified
at GMFCS level II and Ambulation Group 1, although thoracic deformities were more prevalent in
Group 2 patients. Furthermore, anthropometric measurements of patients with CP were signifi-
cantly lower than those of healthy individuals, with statistically significant differences observed
between Group 1, Group 2, and the healthy control group (p<0.05).
Conclusion: Cerebral palsy has a substantial impact on anthropometric measurements, mus-
culoskeletal integrity, and the functional performance of the patients. Consequently, regular
monitoring of the thoracic area is essential. The inclusion of thoracic evaluations in routine
follow-up and treatment plans will likely have a positive impact on the disease's progression.

Keywords: Anthropometry, Functionality, Cerebral palsy, Thoracic deformity
Received: Jun 16, 2025 Accepted: Aug 28, 2025 Available Online: Dec 25, 2025

Copyright © 2026 The author(s) - Available online at annalsmedres.org. This is an Open
Access article distributed under the terms of Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.

INTRODUCTION

Cerebral Palsy (CP) is a group of permanent disorders associ-
ated with non-progressive issues in the developing fetal or in-
fant brain, leading to activity limitations that persist through-
out life in movement and posture development [1]. Children
with CP are generally classified into pyramidal (spastic) and
extrapyramidal (non-spastic) types, based on the location and
nature of neurological damage. Spastic CP results from corti-
cospinal tract injury and is characterized by increased muscle

tone and stiffness, while extrapyramidal CP involves damage
to the basal ganglia or cerebellum, causing movement disor-
ders. The non-spastic subgroup includes dyskinetic, ataxic,
and hypotonic types. This classification supports individu-
alized assessment and guides functional and therapeutic plan-
ning. Spasticity is very common inCP, accounting for 70-80%
of cases [2].

The etiology is unknown in 30-40% of CP cases. It has been
observed that the most significant cause of CP is prenatal
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pathologies in 70-80% of cases. Among these, prematurity is
the most common [3]. Motor disorders are often accompa-
nied by secondary problems in CP. A heterogeneous picture
emerges, as it may include neurological, psychological, behav-
ioral, social, nutritional, and other issues [4].
The healthy growth and development of the spine happen
alongside well-coordinated systems. If the spine experiences
uneven muscle strength during growth, deformity can occur
[5]. In neuromuscular diseases, abnormal loads result from
muscle imbalance in the spine. This imbalance causes asym-
metric growth of the vertebral bodies in individuals with im-
mature skeletal systems. Spinal deformity occurs more fre-
quently in CP patients than in the general population. The
rate varies depending on the severity of the neurological con-
dition. The incidence of spinal deformity in all CP patients is
25% [6].
Anterior chest wall deformities result from the abnormal
development or deformation of the thoracic skeleton. In
most cases, these deformities do not cause significant or life-
threatening functional impairment of intrathoracic organs
[7].
The primary objective of this study is to evaluate thoracic de-
formities and functional levels in children diagnosedwith var-
ious clinical types of cerebral palsy—a condition known to
affect multiple physiological systems—while examining vari-
ations based on gender. A secondary objective is to compare
anthropometric measurements between the cerebral palsy
group and a healthy control cohort to identify significant dis-
parities.

MATERIALS ANDMETHODS
Study design and ethical approval

This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki. Ethical approval was
obtained from the Inonu University Health Sciences Non-
Interventional Clinical Research Ethics Committee (decision
no. 2021/1001). The study is based on a doctoral thesis
completed at Inönü University. After providing comprehen-
sive information about the study’s objectives and procedures,
written informed consent was obtained from the parents or
legal guardians of all participants.

Participants and recruitment

This study included 154 children (91 male, 63 female) aged
6-12 years with a diagnosis of cerebral palsy (CP) and 40
age-matched healthy controls (20 male, 20 female). Partici-
pants with CP were recruited from five different rehabilita-
tion centers in Malatya using a purposive sampling method.
This non-probability technique allowed for the targeted en-
rollment of individuals whomet the specific inclusion criteria
for the study.
Individuals were excluded from the study if they had received
botulinum toxin injections within the last six months, had a

(a) Round Back: Characterized by an exaggerated thoracic kyphosis,
leading to a posterior convex curvature of the upper spine and slouched

posture.

(b) Pectus Carinatum: Also known as “keel chest,” this deformity involves
anterior protrusion of the sternum and costal cartilages, resulting in a

rigid and elevated chest wall appearance.

Figure 1. Visual representation of two distinct thoracic deformities com-
monly encountered in children with spastic CP.

co-existing lung disease, a history of thoracic surgery, or short-
extremity stature.

Data collection and assessments
For each patient with CP, the following data were collected:
demographic information, clinical type of CP, secondary
medical findings, and Gross Motor Function Classification
System (GMFCS) level.

• Thoracic Deformity Assessment: The presence of tho-
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racic deformities (Figure 1a, 1b) was determined by a
physical therapy doctor through a comprehensive clin-
ical protocol that combined visual inspection with radi-
ological imaging to ensure diagnostic accuracy.

• GrossMotor FunctionClassificationSystem (GMFCS):
The GMFCS scale for the 6-12 age range was used to
classify the functional mobility of the patients. The
scale consists of five levels, with Level I representing the
highest level of function and Level V representing the
most limited. For analytical purposes, patients were di-
vided into two groups based on their ambulation capac-
ity: Group1 (GMFCS levels I-III), consisting of patients
who can walk, and Group 2 (GMFCS levels IV-V), con-
sisting of patients who cannot walk [8].

• Anthropometric Measurements: To enhance reliabil-
ity and minimize observational bias, all anthropometric
measurements were conducted by two independent ob-
servers using a standard 1.5-meter tape measure and a
Harpenden caliper.

Anthropometric measurement procedures

• Chest Circumference: Measured with a tape measure
passing horizontally at the level of the xiphoid process
and below the axilla during normal, quiet breathing [9].

• Abdominal Circumference: Measured at the level of the
umbilicus with the participant in a supine position.

• Shoulder Circumference: Measured around the shoul-
der at the most prominent point of the deltoid muscle,
passing under the acromion [10].

• ThoraxWidth: Measured from the anterior aspect at the
level of the angulus costae of the 6th rib using a digital
caliper.

• Shoulder Width: Measured from the posterior aspect,
with the caliper endsplacedon themostprominentparts
of the deltoid muscles while the arms were relaxed at the
sides [11].

• Biacromial Width: Measured from the posterior aspect,
with the caliper ends placed on themost lateral points of
the acromion processes [10].

Statistical analysis

All statistical analyses were performed using IBMSPSS Statis-
tics (version 26.0).
Quantitative data were summarized as mean ± standard de-
viation for normally distributed variables and as median
(minimum–maximum) for non-normally distributed data.
Qualitative variables were expressed as frequencies and per-
centages. The Shapiro-Wilk and Kolmogorov-Smirnov tests

(a) Female.

(b)Male.

Figure 2. GMFCS Group 1 and Group 2 distributions of the patient group
by gender. (Group 1 includes children with higher functional mobility
(Levels I and II), while Group 2 represents those with greater motor limi-
tations (Levels III to V). Notable differences in subgroup prevalence may
reflect gender-based variation in clinical presentation and severity).

were used to assess the normality of data distribution. For
comparing two groups, the Independent Samples t-test was
used for normally distributed variables, while the Mann-
Whitney U test was used for non-parametric data. For cate-
gorical variables, the Pearson Chi-square test was used; if ex-
pected cell counts were low, Fisher’s exact test was applied.
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Table 1. Distribution of thoracic deformities in the patient group by gender.

Thoracic Deformity Female n(%) Male n(%) p-value
Spastic Dyskinetic Ataxic Hypotonic Spastic Dyskinetic Ataxic Hypotonic

Kyphosis 1 (3.13) 0 (0.00) 0 (0.00) 0 (0.00) 5 (8.20) 2 (20.00) 0 (0.00) 0 (0.00) 0.048
Scoliosis 10 (31.25) 3 (27.27) 2 (20.00) 2 (20.00) 12 (19.67) 2 (20.00) 2 (20.00) 4 (40.00) 0.037
Hyperlordosis 3 (9.38) 0 (0.00) 0 (0.00) 0 (0.00) 6 (9.84) 0 (0.00) 0 (0.00) 0 (0.00) 0.092
Round Back 2 (6.25) 0 (0.00) 0 (0.00) 1 (10.00) 4 (6.56) 0 (0.00) 2 (20.00) 2 (20.00) 0.066
Flat Back 2 (6.25) 0 (0.00) 0 (0.00) 1 (10.00) 3 (4.92) 2 (20.00) 0 (0.00) 1 (10.00) 0.085
Pectus Excavatum 3 (9.38) 1 (9.09) 0 (0.00) 2 (20.00) 11 (18.03) 0 (0.00) 1 (10.00) 3 (30.00) 0.022*
Pectus Carinatum 2 (6.25) 0 (0.00) 0 (0.00) 1 (10.00) 6 (9.84) 1 (10.00) 2 (20.00) 1 (10.00) 0.059
*Calculated using Pearson Chi-square or Fisher’s exact test depending on expected cell counts. Values in bold indicate statistically significant group differences (p = 0.022).

Table 2. Distribution of Gross Motor Function Classification System (GMFCS) levels by gender in the patient group.

GMFCS Female n(%) Male n(%) p-value
Spastic Dyskinetic Ataxic Hypotonic Spastic Dyskinetic Ataxic Hypotonic

Level I 4 (12.50) 0 (0.00) 0 (0.00) 3 (30.00) 18 (29.51) 0 (0.00) 0 (0.00) 0 (0.00) 0.021*
Level II 11 (34.38) 2 (18.18) 3 (30.00) 3 (30.00) 18 (29.51) 3 (30.00) 2 (20.00) 1 (10.00) 0.133
Level III 6 (18.75) 5 (45.45) 6 (60.00) 2 (20.00) 6 (9.84) 5 (50.00) 4 (40.00) 1 (10.00) 0.038*
Level IV 3 (9.38) 2 (18.18) 1 (10.00) 0 (0.00) 4 (6.56) 1 (10.00) 3 (30.00) 1 (10.00) 0.092
Level V 8 (25.00) 2 (18.18) 0 (0.00) 2 (20.00) 15 (24.59) 1 (10.00) 1 (10.00) 7 (70.00) 0.011*
* Derived using Pearson Chi-square or Fisher’s exact test depending on cell frequencies. Bold values indicate statistically significant differences (p<0.05) across gender and
clinical types.

Table 3. Thoracic deformity distribution of patients in Group 1 and Group 2 by gender.

Thoracic Deformity Female n(%) Male n(%) p-value
Group 1 Group 2 Group 1 Group 2

Kyphosis 0 (0.00) 1 (5.56) 4 (6.90) 3 (9.09) 0.291
Scoliosis 9 (20.00) 8 (44.44) 5 (8.62) 15 (45.45) 0.014*
Hyperlordosis 2 (4.44) 1 (5.56) 6 (10.34) 0 (0.00) 0.036*
Round Back 2 (4.44) 1 (5.56) 0 (0.00) 8 (24.24) 0.019*
Flat Back 2 (4.44) 1 (5.56) 4 (6.90) 2 (6.06) 0.837
Pectus Excavatum 1 (2.22) 5 (27.78) 6 (10.34) 9 (27.27) 0.022*
Pectus Carinatum 1 (2.22) 2 (11.11) 3 (5.17) 7 (21.21) 0.038*
*Indicates the statistical significance of deformity distribution between Group 1 and Group 2 (by gender), calculated using Pearson Chi-square or Fisher’s exact tests. Bold
values denote statistical significance (p<0.05).

Table 4. Anthropometric measurements and significance values of female Group 1 and Group 2 patients and the healthy group.

Anthropometric Axillar Xiphoid Subcostal Abdominal Shoulder Thorax Shoulder Biacromial
Measurements Circumference Circumference Circumference Circumference Circumference Width Width Circumference

Group 1 63ab* 63ab 57ab 57ab 24b 16ab 25ab 19ab
(52-95)** (54-86) (45-86) (42-95) (15-33) (11-24) (18-37) (14-30)

Group 2 58.50b 58b 52b 49.50b 21b 14b 22b 17b
(48-71) (48-72) (43-63) (42-63) (7-28) (11-19) (18-28) (12-24)

Healthy 69.50 67.50 62.50 66 26.50 18 27.50 23
(58-96) (58-89) (52-86) (53-90) (21-42) (14-27) (22-40) (18-29)

p*** <0.001 <0.001 <0.001 <0.001 0.00334 <0.001 <0.001 <0.001

*a: Different according to the dyskinetic group, b: Different according to the ataxic group, c: Different according to the hypotony group, d: Different according to the healthy
group. **: Variables, ’median (min.-max.)’ ***:Kruskal Wallis test.

TheKruskal-Wallis test was used for comparisons acrossmore
than two independent groups. A p-value of less than 0.05was
considered statistically significant. An a priori power analysis
indicated that a minimum of 64 participants per group was
required to achieve 80% power with amedium effect size (Co-

hen’s d = 0.5) at a significance level of α = 0.05. The sample
sizewas increased to ensure adequate statistical power for sub-
group analyses. Prior to analysis, all data were pre-processed
to identify and handle outliers, missing values, and inconsis-
tencies
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Table 5. Anthropometric measurements and significance values of male Group 1 and Group 2 patients and the healthy group.

Anthropometric Axillar Xiphoid Subcostal Abdominal Shoulder Thorax Shoulder Biacromial
Measurements Circumference Circumference Circumference Circumference Circumference Width Width Circumference

Group 1 64.50b* 63.50b 57b 56.50ab 23b 16b 24b 18.50b
(53-91)** (53-88) (42-85) (46-90) (16-35) (11-24) (19-35) (13-27)

Group 2 61b 62b 56b 52b 21b 15b 24b 18b
(49-78) (47-78) (42-75) (39-73) (12-34) (10-25) (17-35) (14-31)

Healthy 72.50 69.50 65.50 66.50 25.50 18.50 29 23
(59-90) (61-89) (53-84) (51-87) (21-33) (16-28) (24-36) (18-27)

p*** <0.001 <0.001 <0.001 <0.001 0.00379 <0.001 <0.001 <0.001

*a: Different according to the dyskinetic group, b: Different according to the ataxic group, c: Different according to the hypotony group, d: Different according to the healthy
group. **: Variables, ’median (min.-max.)’ ***:Kruskal Wallis test.

RESULTS
A total of 154 CP patients (41% female, 59% male) and 40
healthy individuals (50% female, 50% male) were included in
the present study. The CP patients comprised the “patient
group,”while healthy individuals formed the “control group.”
According to GMFCS classifications, Levels I–III (Group 1)
included ambulatory patients, and Levels IV–V (Group 2)
comprised non-ambulatory individuals.
Height and weight were significantly lower in the patient
group compared to the control group. Although BMI values
were also lower in the patient group, the difference did not
reach statistical significance.
Distribution of CP clinical subtypes among females included
spastic (n = 32), dyskinetic (n = 11), ataxic (n = 10), and hy-
potonic (n = 10) presentations. Among males, subtypes were
spastic (n = 61), dyskinetic (n = 10), ataxic (n = 10), and hy-
potonic (n = 10). Secondary conditions frequently observed
in CP patients included intellectual disability, speech impair-
ment, behavioral problems, swallowing and drooling difficul-
ties, epilepsy, and visual impairments.
Thoracic deformity distribution by gender is shown in Table
1, while GMFCS levels are provided in Table 2. The distribu-
tion of Group 1 and Group 2 patients by gender is visualized
in Figure 2, and Table 3 details thoracic deformity distribu-
tions across these functional groups. Anthropometric mea-
surements and their statistical comparisons by gender are pre-
sented in Tables 4 and 5.

DISCUSSION
This study provided a comprehensive evaluation of thoracic
deformities, functional capacity, and anthropometric charac-
teristics in children with various clinical subtypes of cerebral
palsy (CP), with a specific focus on gender differences. Un-
like previous research that has concentrated primarily on ex-
tremity deformities, our study emphasized structural devia-
tions in the spinal and anterior chest wall—areas often over-
looked in routine clinical evaluations. Our findings confirm
that children with CP exhibit significantly altered anthropo-
metric profiles and a high prevalence of thoracic deformities,
the severity of which correlates with functional impairment.

In our cohort, height and weight were significantly lower in
individuals with CP compared to healthy controls, a finding
consistentwith thework ofUygur et al. [12]. However, while
we observed lower (BMI) values in the patient group, the dif-
ference did not achieve statistical significance. The prevalence
of secondary conditions in our sample—such as intellectual
disability, speech difficulties, and epilepsy—alignswith trends
reported by Durmaz et al., reinforcing the multi-systemic na-
ture of CP. These comorbidities likely compound muscu-
loskeletal dysfunction, limiting growth and contributing to
the development of thoracic deformities [13-15].
The rate of thoracic and spinal deformities in our study was
notable. We identified pectus excavatum (PE) in 9.52% of fe-
males and 16.48% of males, and scoliosis was the most com-
mon spinal deformity. This contrasts with earlier studies,
such as by Ersöz et al. [16], who found no anterior chest
wall deformities, and Öneş et al. [17], who reported a lower
overall rate of spinal deformities. We attribute the develop-
ment of these deformities to a combination of factors inher-
ent toCP, including biomechanical imbalances, asymmetrical
muscle tone, impaired proprioception, and postural instabil-
ity against gravity.
Functionally, our patient cohort demonstrated a higher level
of motor ability compared to those in previous Turkish stud-
ies. While Karabay et al. [9] and Atay et al. [18] reported
a majority of patients in GMFCS Levels III–V, our study
found that most participants (71.43% of females and 63.74%
of males) were classified in Group 1 (GMFCS Levels I–II).
This encouraging trend may reflect advancements in early di-
agnosis and rehabilitation services. As expected and consis-
tent with the literature [8], our results confirmed a strong re-
lationship between functional level and deformity prevalence;
both anterior chest wall and spinal deformities were signif-
icantly more common in non-ambulatory Group 2 patients
(GMFCS IV-V). As patients’ motor independence decreased,
the rates of deformity increased.
Our anthropometric findings largely support previous re-
search showing reduced growth parameters in children with
CP [10,14]. We observed significantly lower chest (axillary,
xiphoid, subcostal), abdominal, and shoulder circumferences,
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as well as reduced thorax, shoulder, and biacromial widths.
These results expand on the findings of Uygur et al. [12], as
we also identified significant reductions in xiphoid and sub-
costal circumferences, which they did not. This discrepancy
may be due to our inclusion of more severely affected spastic
and dyskinetic subtypes. Furthermore, contrary to the find-
ings of Kosif et al. [19], who reported no significant differ-
ences in girls, our study found lower anthropometric values in
bothmales and females. An exceptionwas observed in females
with ataxic CP, whose measurements were closer to controls.
This can likely be explained by their high functional status,
as 90% of them were in GMFCS Level I. This highlights the
critical role that motor function plays in musculoskeletal de-
velopment.

Limitations

This study has certain limitations that should be acknowl-
edged. The sample size, while substantial,may limit the gener-
alizability of our findings to the broader CP population. Ad-
ditionally, some observed thoracic deformities were complex
and could not be classified into standard categories, which
may have influenced our reported prevalence rates. Future
longitudinal studies are warranted to track the progression of
these deformities over time and to assess their impact on res-
piratory function and quality of life.

CONCLUSION
Cerebral palsy significantly impactsmusculoskeletal integrity,
anthropometric development, and functional capacity. Our
findings underscore the high prevalence of thoracic defor-
mities in this population and their strong correlation with
motor impairment. Therefore, routine thoracic evaluation
should be integrated into standard physiotherapy assessments
for children with CP. Regular monitoring can aid in the early
detection of deformities, allowing for timely interventions
that may positively influence the disease trajectory and im-
prove long-term outcomes.

This study was previously presented as a oral presentation at 4rd In-
ternational 33rdNational Turkish Biophysics Congress (31 August-
1-3 September Adıyaman).
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MAIN POINTS

• Malignant dentomaxillofacial lesi-
ons demonstrated significantly
higher FDG uptake (mean SUVmax
=12.5) than all non-malignant
conditions.

• Among benign pathologies, maxil-
lary sinus diseases and periodontal
infections showed moderate FDG
uptake, which may mimic malig-
nancy.

• TMJ disorders and dental artifacts
exhibited minimal metabolic activ-
ity, aiding in their differentiation
from true lesions.

• This study highlights the value of
SUVmax comparisons to avoid mis-
interpretation of FDG-PET/CT in the
head and neck region.

• The integration of CT/MRI with
PET/CT improves diagnostic accu-
racy in differentiating benign and
malignant dentomaxillofacial con-
ditions.

Cite this article as: Ocbe M, Medisoglu
MS. Metabolic imaging of head and
neck lesions: Differentiating dental and
maxillofacial conditions using positron
emission tomography/computed tomogra-
phy. Ann Med Res. 2025;32(12):528--534.
doi: 10.5455/annalsmedres.2025.06.162.

ABSTRACT

Aim: Fluorine-18-labeled fluoro-2-deoxy-D-glucose positron emission tomography/computed to-
mography (FDG-PET/CT) is an essential oncologic imaging modality, but its uptake patterns
may also be seen in benign inflammatory or structural oral conditions, leading to diagnostic
confusion. This study aims to compare metabolic activity with maximum standardized uptake
value (SUVmax) among common dento-maxillofacial conditions---dental artifacts, periodontal
infections, maxillary sinus pathologies, and temporomandibular joint (TMJ) disorders---against
confirmed malignant lesions, to guide differential diagnosis and improve clinical interpretation.

Materials and Methods: A total of 100 FDG-PET/CT scans were retrospectively analyzed. In-
clusion criteria comprised pre-treatment scans with available CT or magnetic resonance imag-
ing (MRI) acquired within four weeks. Patients were categorized into five groups: Dental Arti-
facts (n=19), Periodontal Infections (n=23), Maxillary Sinus Pathologies (n=21), TMJ Patholo-
gies (n=19), and Malignant Dento-maxillofacial Lesions (n=18; control group). All scans were
reviewed by an oral and maxillofacial radiologist and a radiologist. SUVmax were calculated
using a 42% threshold. Statistical analyses were conducted using Kruskal-Wallis and Mann-
Whitney U tests with Bonferroni correction.

Results: Significant differences in SUVmax were observed across all groups (χ² = 77.4,
p<0.000001). The malignant lesion group demonstrated the highest metabolic activity (mean
SUVmax = 12.5 ± 3.0), significantly greater than all other groups (p<0.000001). Among non-
malignant conditions, maxillary sinus pathologies showed the highest SUVmax (4.2 ± 1.0), fol-
lowed by periodontal infections (3.5 ± 0.8). TMJ pathologies and dental artifacts exhibited the
lowest FDG uptake (2.0 ± 0.6 and 2.5 ± 0.7, respectively), suggesting minimal metabolic activity.

Conclusion: This study confirms that malignant dento-maxillofacial lesions exhibit significantly
higher FDG uptake compared to inflammatory and mechanical conditions. Understanding these
uptake patterns is crucial to avoiding false-positive interpretations, especially in oncologic pa-
tients. Multimodal imaging and interdisciplinary evaluation are recommended for accurate dif-
ferentiation of dental and maxillofacial pathologies in FDG-PET/CT interpretation.

Keywords:
FDG-PET/CT, SUVmax, Dento-maxillofacial lesions, Oral cancer, Metabolic
imaging
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INTRODUCTION

Fluorine-18-labeled fluoro-2-deoxy-D-glucose-positron emis-

sion tomography/computed tomography (FDG-PET/CT) is

important in the detection, treatment and follow-up for ma-

lignant diseases. This imaging technique provides molecular-

level information, allowing early detection of disease activity.

It is recognized as a reliable and precise tool for diagnosing

and quantifying disease burden, especially in clinical settings.

Recent advancements have broadened its clinical use in infec-

tious and inflammatory conditions. The distribution of FDG

in these diseases is based on the samemechanisms as in malig-

nancies, characterized by increased cellular metabolism [1,2].
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All cells use glucose for energy, but most prefer the more ef-

ficient aerobic oxidative phosphorylation. Cancer cells, how-

ever, favor the less efficient glycolytic pathway evenwhen oxy-

gen is present. They meet their high glucose demand by in-

creasing the active glucose transporter (GLUT), leading to

higher FDG uptake. Once inside the cell, glucose is phos-

phorylated for further processing, while excess is expelled af-

ter dephosphorylation [2,3]. FDG, gets trapped inside cancer

cells because it can’t beprocessed further and isn’t expelled, re-

sulting in high intracellular concentration. This was initially

thought tobe specific to cancer cells, but itwas discovered that

immune cells also use this mechanism, causing false positives

in FDG-PET/CT scans [1,4,5].

This manuscript has two primary aims. The first aim is to

guide medical radiologists in accurately distinguish dental le-

sions from potential metastases. By presenting detailed case-

based illustrations, the manuscript seeks to prevent misdiag-

nosis, particularly in complex head and neck regions where

PET/CT imaging can present challenges. The second aim

is to serve as an educational resource for oral radiologists. It

provides insights into the interpretation of PET/CT images

specifically in dento-maxillofacial conditions, helping them

understand the unique imaging characteristics and potential

diagnostic pitfalls associated with these lesions. This study

highlights the importance of a multidisciplinary approach in

ensuring accurate diagnosis of head and neck lesions.

MATERIALS ANDMETHODS

This study was conducted in accordance with ethical guide-

lines and received approval from theKocaeliHealth andTech-

nology University, Non-invasive Clinical Research Ethics

Committee (ProjectNo: 2024-101) at 10.10.2024. The study

protocol was reviewed and approved by the Institutional Re-

view Board (IRB), ensuring compliance with ethical stan-

dards. All procedures performed were in accordance with the

ethical standards of the institutional research committee and

with the 1964HelsinkiDeclaration and its later amendments.

All patient data were anonymized tomaintain confidentiality.

Patient selection

This research was designed as a retrospective observational

cross-sectional study. The study analyzed existing FDG-

PET/CT, CT, and MRI images to compare metabolic activ-

ity (SUVmax values) in dentomaxillofacial conditions. The

study was conducted and reported in accordance with the

STROBE (Strengthening the Reporting of Observational

Studies in Epidemiology) guidelines to ensure transparent

and standardized reporting of observational research [6]. A

total of 463 images obtained fromKocaeli CityHospital, De-

partment of Radiology were evaluated. The aim was to in-

vestigate dentomaxillofacial lesions, including bone defects,

maxillary sinus diseases and inflammatory conditions, using

FDG-PET/CT imaging which were not only specifically ac-

quired for head and neck pathology but were evaluated for

detection of hypermetabolism in the area. Between Jan-

uary 2022 and March 2024, a total of 2,843 FDG-PET/CT

scans of the head and neck region were reviewed. Each case

was screened systematically according to predefined inclusion

and exclusion criteria. Inclusion criteria were; availability of

pre-treatment FDG-PET/CT imaging of the head and neck

region, accompanying diagnostic CT or MRI of the same

region performed within four weeks of the PET/CT scan,

histopathological confirmation of diagnosis for all malignant

lesions, images of high diagnostic quality without severe ar-

tifacts and patients who provided informed consent for the

scientific use of their imaging data. Exclusion criteria were;

prior surgery, chemotherapy, or radiotherapy before the imag-

ing date, missing or incomplete correlation studies (CT or

MRI not performed within four weeks), motion-degraded or

low-resolution scans unsuitable for accurate SUV measure-

ment, lack of consent for scientific use of data. Following

these criteria, 100 patients were included in the study. Pa-

tientswere categorized into five diagnostic groups based on ra-

diological and clinical interpretation: Dental artifacts (n=19),

Common dental and periodontal infections (n=23), Max-

illary sinus pathologies (n=21), Temporomandibular joint

(TMJ) pathologies (n=19), Malignant dentomaxillofacial le-

sions (n=18, control group). This study included all eligible

cases identified fromthe institutional imaging archive. Anon-

probability purposive sampling strategy was applied.

All imaging data were fully anonymized before analysis, with

identifying patient information removed from Digital Imag-

ing and Communications in Medicine (DICOM) headers.

The images were reviewed blinded to patient names, demo-

graphic details, and clinical history beyond basic inclusion cri-

teria. Group categorization was based on imaging findings.

Imaging protocols

Fasting patients with serum blood glucose levels below 12

mmol/L were administered a standardized dose of 18F-FDG

in accordance with the protocol of Kocaeli City Hospital.

Following injection, patients rested supine for one hour in

a warm environment. FDG-PET/CT, CT, and MRI images

were evaluated in an optimal environment. Scans were con-

ducted using integrated PET/CT systems. FDG-PET/CT

scans were analyzed on a GE Healthcare Workstation, en-

abling the viewing of CT, MRI, and PET/CT images in

overlay mode across three planes simultaneously. PET/CT

scans were evaluated for maximum standardized uptake val-

ues (SUVmax) to measure metabolic activity. Abnormally

increased FDG uptake in the dentomaxillofacial region was

identified and recorded. The SUVmax within regions of in-

terest was assessed using a volume-of-interest tool with a 42%

SUVmax threshold, with manual adjustments for individ-

ual lesions when necessary. The Revolution™ EVO/Op-

tima™CT660 CT Scanner (GE Healthcare Japan Corpora-

tion, Tokyo, Japan)was used forCT scans, and the SIGNA™

Pioneer (GEMedical Systems, Waukesha, USA) was used for
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MR imaging.

The primary outcome of this study was the SUVmax

of fluorine-18-labeled FDG within each identified dento-

maxillofacial lesion. Secondary outcomes included quali-

tative imaging characteristics (lesion location, structural in-

volvement, presence of dental artifacts) and descriptive anal-

ysis of patient demographics (age, sex, and diagnostic cate-

gory). Maxillary sinus pathologies in this study included mu-

cosal thickening, retention cysts, and inflammatory polyps,

while TMJ pathologies included degenerative and structural

changes such as condylar flattening, osteophyte formation,

and joint space narrowing. Cases classified as benign showed

no radiological evidence of aggressive behavior, bone destruc-

tion, or suspicious enhancement and were confirmed by clin-

ical records when accessible. Inclusion of malignant or suspi-

cious lesions in this study required histopathological confir-

mation.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics

forWindows, Version 23.0 (IBMCorp., Armonk,NY,USA).

Prior to hypothesis testing, the normality of SUVmax distri-

butions was assessed using the Shapiro–Wilk test, and homo-

geneity of variances was evaluated with Levene’s test. As SU-

Vmax values were not normally distributed, non-parametric

tests were applied. The Kruskal–Wallis H test was used to

compare SUVmax values among the five diagnostic groups.

For pairwise group comparisons, Mann–Whitney U tests

were conducted with Bonferroni correction to control for

multiple comparisons. Quantitative variables are reported as

mean ± standard deviation (SD) and range (min–max); cat-

egorical variables are presented as counts and percentages.

Quantitative variables (e.g., SUVmax values, age) were sum-

marized using mean ± standard deviation (SD), minimum

and maximum values, and medians with interquartile ranges

(IQRs) when appropriate. Qualitative variables (e.g., gender,

diagnostic group) were summarized as counts and percent-

ages. Receiver Operating Characteristic (ROC) curve analy-

sis was performed to assess the diagnostic performance of SU-

Vmax in differentiating malignant lesions from benign con-

ditions. The optimal cut-off value was determined using the

Youden index, and the area under the curve (AUC), sensitiv-

ity, and specificity were calculated. Statistical significance was

defined as p<0.05, and exact p-values are reported in all tables.

RESULTS

Demographic analysis

A total of 100 patients were included in the study. The mean

age of participants varied across groups, with the Malignant

Lesions group presenting the highest average age at 59.3 years

(SD:7.09; range: 47–74years). Thiswas followedby theMax-

illary Sinus Pathologies group, which had a mean age of 57.8

years (SD: 9.56; range: 34–72 years). Participants in the Peri-

odontal Infections group had a mean age of 51.95 years (SD:

Figure 1. Receiver Operating Characteristic (ROC) curve of SUVmax

in differentiating malignant lesions from benign dento-maxillofacial

pathologies.

Figure 2. Axial CT section of an apical osteitis lesion in the anterior

mandible (A) was revealed high FDG uptake (B). Note that bone socket

after the extraction of rightmandibular canine (C) also revealed high FDG

uptake (D).

10.65; range: 32–68 years), while the Temporomandibu-

lar Joint (TMJ) Pathologies and Dental Artifacts groups had

slightly younger averages of 50.95 years (SD: 12.66; range:

28–77 years) and 49.7 years (SD: 9.70; range: 32–67 years),

respectively (Table 1).

Regarding gender distribution, theDental Artifacts group in-

cluded 11 females and 8 males, showing a slight female pre-

dominance. The Periodontal Infections group consisted of 9

females and 11 males, while the Maxillary Sinus Pathologies

group had a nearly balanced distribution of 9 females and 12

males. The TMJ Pathologies group also showed a similar dis-

tribution with 10 females and 9 males. In contrast, the Ma-

lignant Lesions group had amarkedmale predominance with

13 males and 5 females (Table 1).
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Table 1. Demographic features of the groups.

Group Mean Age SD (Age) Age Range Female (n) Male (n)

Dental Artifacts 49.7 9.70 32 -- 67 11 8

Periodontal Infections 51.95 10.65 32 -- 68 9 11

Maxillary Sinus Pathologies 57.8 9.56 34 -- 72 9 12

Temporomandibular Joint Pathologies 50.95 12.66 28 -- 77 10 9

Malignant Lesions (Control) 59.3 7.09 47 -- 74 5 13

Table 2. Distribution of SUVmax values according to diagnostic group.

Diagnostic Group Mean ± SD Minimum Maximum

Dental Artifacts 2.5 ± 0.7 1.4 3.9

Periodontal Infections 3.5 ± 0.8 2.1 5.2

Maxillary Sinus Pathologies 4.2 ± 1.0 2.7 6.1

Temporomandibular Joint Pathologies 2.0 ± 0.6 1.0 3.1

Malignant Lesions (Control) 12.5 ± 3.0 7.9 18.1

Table 3. Pairwise comparisons of SUVmax amongst the diagnostic groups and malignant lesions.

Comparison Group Test Used Adjusted p-value (Bonferroni)

Dental Artifacts vs. Malignant Lesions Mann-Whitney U p = 0.00000128

Periodontal Infections vs. Malignant Lesions Mann-Whitney U p = 0.00000285

Maxillary Sinus Pathologies vs. Malignant Lesions Mann-Whitney U p = 0.00000323

TMJ Pathologies vs. Malignant Lesions Mann-Whitney U p = 0.00000156

Table 4. Normal FDG uptake in oral and maxillofacial PET/CT imaging: Regions and Reasons.

Region FDG Uptake Characteristics

Waldeyer’s ring Presence of lymphatic tissue

Nasopharyngeal tonsils Lymphatic tissue activity

Major salivary glands Accumulation and secretion with saliva, potential asymmetrical uptake due to pooling,

which can mimic malignancy

Muscle (scalene, sternocleidomastoid, pterygoid, etc.) Increased metabolic activity, often associated with muscle use or tension

Brown fat Function of producing thermal energy, requiring CT correlation

Table 2 presents the descriptive statistics for standardized up-

take values (SUVmax) across the five diagnostic groups. The

MalignantLesions groupdemonstrated the highestmetabolic

activity, with amean SUVmaxof 12.5±3.0 (range: 7.9–18.1),

whichwas significantly greater than all other groups (p<0.001

for all comparisons). This finding aligns with the high gly-

colytic activity commonly observed in malignant tumors.

Among the non-malignant conditions, the Maxillary Sinus

Pathologies group exhibited the highest mean SUVmax, mea-

sured at 4.2 ± 1.0 (range: 2.7–6.1). Although elevated,

these values were still markedly lower than those observed in

malignant lesions, indicating limited but notable metabolic

activity—likely due to inflammatory or reactive changes. The

Periodontal Infections group followed, with a mean SU-

Vmax of 3.5 ± 0.8 (range: 2.1–5.2), consistent with the

metabolic demand associated with acute or active dental in-

fections. Dental Artifacts and Temporomandibular Joint

(TMJ) Pathologies groups exhibited the lowest SUVmax val-

ues, withmeans of 2.5 ± 0.7 and 2.0 ± 0.6, respectively. These

low values suggest minimal FDG uptake, consistent with the

non-inflammatory, mechanical, or artifact-related nature of

these findings. The TMJ group in particular showed the

lowest overall metabolic activity (range: 1.0–3.1), reinforcing

that structural joint changes are not typically associated with

hypermetabolism (Table 2).

All diagnostic groups demonstrated significantly lower SU-

Vmax values compared to the malignant lesion group

(p<0.001 in all cases) (Supplementary Table). Among the

non-malignant conditions, maxillary sinus pathologies exhib-

ited the highest mean SUVmax, yet remained significantly

lower than malignant lesions. TMJ pathologies and den-

tal artifacts showed the lowest SUVmax values, indicating

minimal metabolic activity in these structural or mechanical

conditions (Table 3). ROC analysis showed that SUVmax

had excellent discriminative ability for differentiating malig-

nant lesions from benign conditions (AUC = 0.96, 95% CI:

0.91–0.99, p<0.001). A cut-off value of 6.6 provided a sensi-

tivity of 92% and specificity of 90% (Figure 1).
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Figure 3. A66-year-oldmalewith sinonasal carcinoma invading themax-

illa and maxillary sinus region (A, B), demonstrating high metabolic ac-

tivity on FDG-PET/CT imaging (C, D, E). A 19-year-old female presenting

with increased metabolic activity observed in the masseter and medial

pterygoid muscles bilaterally, attributed to temporomandibular overuse,

as depicted on PET/CT imaging. The patient had no previous TMJ

pathology diagnosis (F, G, H, I).

DISCUSSION

This study evaluated the role of FDG-PET/CT imaging and

SUVmaxmeasurements in differentiatingmalignant frombe-

nign oral and maxillofacial pathologies, using histopatholog-

ical confirmation for all malignant lesions and imaging-based

Figure 4. A 70-year-old male diagnosed with squamous cell carcinoma

(SCC) of the tongue, characterized by a contrast-enhancing lesion mea-

suring 20x14x35 mm in the left posterior region (A). PET/CT imag-

ing showed a maximum standardized uptake value (SUVmax) of 20.75

within the lesion (B, C). Additionally, enlargement of the left submandibu-

lar gland was noted (D). A 53-year-old male diagnosed with SCC of the

anterior tongue as the primary lesion. PET/CT imaging revealed mild

FDG uptake in 11 mm lymph nodes in the left submandibular and upper

jugular regions, indicative of metastasis (E, F).

criteria for benign diagnoses. The results demonstrated that

SUVmaxwere significantly higher inmalignant lesions than in

all benign groups, supporting previous reports [8-14]. Rep-

resentative images for each group are presented in Figures 2-5.

Figures illustrate the wide spectrum of SUVmax observed in

both malignant and benign dento-maxillofacial conditions.

Malignant lesions consistently demonstrated high FDG up-

take (Figure 4), and this showed their high metabolic activ-

ity, while benignfindings—including inflammatorymaxillary

sinus disease, periodontal infections, and degenerative tem-

poromandibular joint changes—showed variable but occa-

sionally lower SUVmax. Benign lesions with inflammatory or

reparative activity canmimicmalignancy on PET/CT.Misin-

terpretation of these findings may lead to unnecessary biop-

sies, treatment delays, or unwarranted anxiety. This study also

highlights that low SUVmax do not always rule out malig-

nancy. Some malignant tumors, especially low-grade, early-

stage, or histologically less metabolically active cancers can

demonstrate SUVmax overlapping with benign conditions
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Figure 5. A 60-year-old female diagnosed with adenocystic carcinoma

of the left parotid gland. Imaging revealed a solid lesion measuring

27x25x40 mm in the posterior inferior part of the gland (A), character-

ized by hypointense lesion on axial LAVA Flex MR image (B). A 45-year-

old male initially diagnosed with a pleomorphic adenoma of the right

parotid gland based on imaging findings showing dimensions of 12.5 x

13.5 x 13mmwithmild hypointense lesion on coronal Fast Spin Echo T1-

weighted images (C). PET/CT imaging, however, revealed no malignant

activity within the lesion (D).

(Figure 5). Such findings present a critical limitation of re-

lying only on SUVmax thresholds for diagnosis. Careful

interpretation of imaging context, lesion morphology, and

histopathological confirmation remains essential to avoidmis-

diagnosis or delayed treatment.

FDG-PET/CT is a powerful diagnostic tool but must be in-

terpreted with caution in the head and neck due to physio-

logical uptake. As summarized in Table 4, normal uptake in

Waldeyer’s ring, salivary glands, muscles, and brown fat may

mimicmalignancy [1,3,5,7]. Co-registrationwithCTenables

precise localization of FDG activity, helping distinguish nor-

mal physiology from pathology (Table 4).

Our findings demonstrate that malignant lesions displayed

higher SUVmax than benign conditions (p<0.01). Prior stud-

ies reporting SUVmax thresholds of 6.0–12.0 for head and

neck squamous cell carcinoma and other malignancies [8-

13]. The ROC analysis of this present study revealed a cut-

off of 6.6, which is a correlated finding with Schwaninger

et al. [8]. Schwaninger et al. [8] reported FDG accumu-

lation in acute periapical inflammation, though they found

no correlation with periapical index scores. Ito et al. [9]

demonstrated the value of PET/CT in assessing periodon-

tal disease and predicting complications such as osteonecro-

sis. Yamashiro et al. [10] similarly noted that FDG uptake

was present in acute infections but absent in chronic apical

infections, supporting PET/CT as a screening tool for high-

risk infections. Our results are consistent with these findings,

as no FDG uptake was observed in chronic periodontal dis-

ease cases in this study. Chronic maxillary sinusitis typically

demonstrates minimal or absent hypermetabolic activity on

PET/CT, whereas sinonasal carcinoma shows markedly in-

creased FDG uptake (Figure 3). These imaging patterns cor-

relate with CT findings; sinonasal carcinoma often exhibits

ill-defined, irregular borders and invasive features, helping ra-

diologists differentiate malignant tumors from inflammatory

or benign sinonasal conditions [12,13].

Identifying infection foci before cancer therapy is critical, es-

pecially in patients scheduled for head and neck radiother-

apy or chemotherapy. Chronic lesions may appear inactive

on PET/CT but can exacerbate during treatment, leading to

osteonecrosis or delayed healing [9,13,14]. Schuurhuis et al.

[15] emphasized that severe periodontal disease increases the

risk of post-radiotherapy complications. Early detection of

hypermetabolic lesions on PET/CT can guide referral to oral

care specialists [10,15,16].

This study identified dental prosthetic artifacts affecting

FDG-PET/CT quality, emphasizing the need to remove den-

tures before scanning. PET/CT also revealed the heterogene-

ity of FDGuptake inmalignancies; SUVmax variability across

tumor types and stages reflects the biological diversity of can-

cers [17,18]. Prior studies indicate SUVmax can predict dis-

ease progression and survival [17,19], which is valuable as a

biomarker.

Limitations

This study is limited by its retrospective design, single-

center scope, and small sample size. Intraoral examinations,

which are critical for comprehensive cancer treatment plan-

ning, were not available. Additionally, SUVmax variabil-

ity can be influenced by patient preparation, imaging proto-

cols, and FDG uptake timing; standardizing these parame-

ters could improve reproducibility. Larger, prospective stud-

ies are needed to validate these findings and further character-

ize FDG uptake in diverse dentomaxillofacial pathologies.

CONCLUSION

The objectives of this study were to evaluate the distribu-

tion andmetabolic activity of dento-maxillofacial lesions and

potential inflammatory pathologies on FDG-PET/CT scans,

and to compare these findings on CT and MR images. This

study indicated that a significant proportion of radiologically

detectedperiapical lesions, areas ofmarginal periodontal bone

loss, and other possible inflammatory jaw pathologies did not

exhibit increased metabolic activity or signs of acute inflam-

mation on FDG-PET/CT, regardless of their radiological ex-

tent or location. However, the study did identify various cases
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that could be valuable for future research and radiologic as-

sessments. These findings show the necessity for further stud-

ies to evaluate a broader range of images, potentially improv-

ing our understanding of the metabolic activity in various

dento-maxillofacial pathologies.
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MAIN POINTS

• The hOGG1 Ser326Cys polymorphism was
significantly associated with severe ulcera-
tive colitis activity, suggesting its potential
role in disease progression.

• The APE1 Asp148Glu polymorphism
showed no significant association with
disease presence or severity.

• Impaired base excision repair (BER) capac-
ity may contribute to increased oxidative
DNA damage and inflammation in UC.

• The hOGG1 Ser326Cys variant could serve
as a genetic biomarker for disease severity
and guide personalized management in UC
patients.
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ABSTRACT

Aim: Ulcerative colitis (UC) is a chronic inflammatory disease of the colon characterized
by excessive oxidative stress and impaired DNA repair mechanisms. This study aimed to
investigate the relationship between two key base excision repair gene polymorphisms---
APE1 (Asp148Glu) and hOGG1 (Ser326Cys)---and clinical features of UC, particularly dis-
ease activity.

Materials and Methods: Ninety-nine UC patients, 50 colorectal cancer (CRC) patients,
and 50 age- and gender-matched healthy controls were enrolled. Peripheral blood sam-
ples were collected for DNA extraction, and genotyping was performed using real-time
PCR and melting curve analysis. Clinical data, including disease duration, location, and
activity based on the Truelove-Witts index, were analyzed about genetic variants.

Results: No significant differences were found in the genotype or allele frequencies of
APE1 and hOGG1 between UC, CRC, and control groups. However, the hOGG1 Ser326Cys
polymorphismwas significantly more frequent in UC patients with severe disease activity
(p = 0.034), suggesting a possible role in disease progression.

Conclusion: The hOGG1 Ser326Cys polymorphismmay be associated with increased dis-
ease severity in UC and could serve as a potential prognostic biomarker. Further studies
are needed to validate this finding in larger cohorts.
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species

Received: Jul 17, 2025 Accepted: Sep 09, 2025 Available Online: Dec 25, 2025

Copyright © 2025 The author(s) - Available online at annalsmedres.org. This is an
Open Access article distributed under the terms of Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License.

INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory disorder

characterized by recurring inflammation of the colonic mu-

cosa, often extending from the rectum to the cecum [1]. One

of the key pathogenic mechanisms in UC is oxidative stress,

which arises from an imbalance between prooxidant and an-

tioxidant systems. This imbalance promotes the excessive pro-

duction of reactive oxygen species (ROS) that interact with

cellular components, leading to damage to DNA, proteins,

and lipids [2,3].

In addition to oxidative stress and impaired DNA repair, ul-

cerative colitis is increasingly recognized as an autoimmune

disorder driven by complex immune dysregulation. Imbal-

ances in innate and adaptive immunity, particularly alter-

ations in T helper subsets, regulatory T-cell dysfunction, and

plasmablast-skewed humoral responses, play central roles in

sustaining chronic mucosal inflammation [4,5]. Further-

more, environmental and dietary factors are now considered

important modulators of oxidative stress and disease course,

with evidence linking processed food intake, microbiota com-

position, and eating behaviors to UC pathogenesis [6-8]. In-

tegrating genetic, immunological, and environmental per-

spectives therefore provides a more comprehensive frame-

work for understanding UC pathophysiology.

DNA damage caused by ROS includes single-base modifi-

cations, strand breaks, and intra/inter-strand cross-links [3].
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Under physiological conditions, such damage is counteracted

by complex DNA repair systems, among which base exci-

sion repair (BER) plays a central role in repairing oxida-

tive lesions [9–11]. Key enzymes in this pathway include

apurinic/apyrimidinic endonuclease 1 (APE1) and human 8-

oxoguanineDNAglycosylase (hOGG1),which recognize and

excise oxidized bases to maintain genomic stability [12,13].

Genetic polymorphisms in BER enzymes may impair their

activity and contribute to reduced DNA repair capacity. In

particular, the APE1 Asp148Glu and hOGG1 Ser326Cys

polymorphisms have been associated with altered enzymatic

function [13,14]. These polymorphisms can potentially ex-

acerbate oxidative stress by reducing DNA repair efficiency,

thereby contributing to persistent inflammation and increas-

ing susceptibility to neoplastic transformation [15,16].

Although much of the literature has focused on the role of

these variants in colorectal cancer (CRC), their impact on the

severity and clinical course of UC remains less clear. Given

the shared pathophysiological mechanisms of oxidative stress

and inflammation in UC and CRC, investigating these poly-

morphisms in UCmay offer insights into disease progression

and outcomes.

This study aims to investigate the prevalence of APE1

(Asp148Glu) and hOGG1 (Ser326Cys) polymorphisms in

UCpatients and to assess their associations with clinical char-

acteristics, including disease duration, location, and activity.

By comparing UC patients with CRC patients and healthy

controls, this study seeks to clarify whether these DNA repair

variants play a role in the clinical phenotype of UC and may

serve as potential biomarkers for disease severity or prognosis.

MATERIALS ANDMETHODS

Study design and participants

This cross-sectional study included three groups: 99 patients

diagnosedwithUC, 50 patients with histopathologically con-

firmed CRC, and 50 age- and gender-matched healthy con-

trols. Ethical approval was obtained from the İnönü Univer-

sity Ethics Committee (Approval Number: 2017/58). Writ-

ten informed consentwas obtained fromall participants in ac-

cordance with the Declaration of Helsinki.

The required sample size was estimated using G*Power soft-

ware for a chi-square test comparing genotype distributions

across three independent groups (UC,CRC, andhealthy con-

trols). Assuming amedium effect size (w = 0.3), a significance

level of α = 0.05, and a power of 0.80, the minimum recom-

mended sample size was 108 participants (approximately 36

per group). Our study included 99 UC patients, 50 CRC pa-

tients, and 50 healthy controls, exceeding the minimum re-

quirement for adequate statistical power.

Clinical evaluation and classification

Demographic data, including age, gender, disease duration,

and disease location, were collected from hospital electronic

medical records. ForUCpatients, disease activitywas assessed

using the Truelove-Witts index at the time of admission [17].

Based on clinical and laboratory parameters, disease activity

was categorized as:

• Mild disease: ≤4 stools/day, erythrocyte sedimentation

rate <30 mm/h, absence of fever and tachycardia, mild

anemia.

• Severe disease: >6 bloody stools/day, fever >37.5°C,

hemoglobin <75% of normal, tachycardia >100 bpm.

• Moderate disease: Findings betweenmild and severe pre-

sentations.

UC patients were further classified by disease extent:

• Proctitis: Limited to the rectum

• Left-sided colitis: Involving colon up to the splenic flex-
ure

• Extensive colitis (pancolitis): Extending beyond the

splenic flexure

CRC patients were grouped based on tumor location: rec-

tum, left colon, or right colon.

Sample collection and DNA extraction

Peripheral blood samples (2 mL) were collected in EDTA

tubes from all participants. Genomic DNA was extracted

using the PureLink Genomic DNA Mini Kit (Invitrogen,

Thermo Fisher Scientific) following the manufacturer’s in-

structions.

Genotyping and polymorphism analysis

GenotypingofAPE1 (Asp148Glu) andhOGG1(Ser326Cys)

polymorphisms was performed using real-time PCR and

melting curve analysis on theLightCycler 2.0 system (Roche).

The assays measured fluorescence during amplification, and

melting curves were used to distinguish between genotypes.

• APE1 (Asp148Glu): A T-to-G substitution at nu-

cleotide 2197 causes anAsp→Glu change at codon 148.

Genotypes (Asp/Asp [AA], Asp/Glu [AG], Glu/Glu

[GG]) were identified using LightSNiP assays (TIB-

MolBiol, Berlin, Germany).

• hOGG1 (Ser326Cys): A C-to-G substitution at nu-

cleotide 1245 results in a Ser→Cys change at codon 326.

Genotypes (Ser/Ser [SS], Ser/Cys [SC], Cys/Cys [CC])

were determined using the same platform.
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Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics

version 22.0 (Armonk, NY: IBM Corp.). The Kolmogorov–

Smirnov test was applied to assess the normality of continu-

ous variables. Since the distribution of age was not normal,

results were summarized as median (minimum–maximum),

and comparisons among the three groups (UC, CRC, and

controls) were conducted using the Kruskal–Wallis test. As

no significant difference was detected, post-hoc pairwise anal-

yses were not performed. Categorical variables were expressed

as counts and percentages, and comparisons were performed

using the Pearson Chi-Square or Fisher’s exact test as appro-

priate. Ap-value<0.05was considered statistically significant.

RESULTS

Demographic and clinical characteristics

A total of 99 UC patients (42.4% female; median age: 46

[min:36 max:58] years), 50 CRC patients (42% female; me-

dian age: 48 [min:41 max:55] years), and 50 healthy controls

(42% female; median age: 44 [min:40 max:56] years) were

included. There were no statistically significant differences

among the three groups in terms of age (p = 0.778) or gender

distribution (p = 0.998).

Table 1. Demographic and clinical characteristics of ulcerative colitis

patients.

UC patients, n 99

Age (years), median (min-max) 46 (36-58)

Female, n(%) 42 (42.4)

Disease duration, month 81.32

Location, n(%)

• Proctitis 21 (21.2)

• Left colon 56 (56.4)

• Extensive 22 (22.2)

Truelove-Witts disease activity index, n(%)

• Mild 71 (71.7)

• Moderate 20 (20.2)

• Severe 8 (8.1)

UC: Ulcerative colitis, SD: Standard deviation.

Figure 1. APE1 genotype distribution among study groups.

Figure 2. hOGG1 genotype distribution among study groups.

Figure 3. hOGG1 genotype distribution according to disease severity in

ulcerative colitis.

The mean disease duration was 81.3 months in UC patients.

UC localization was: proctitis (22%), left-sided colitis (56%),

and pancolitis (22%). According to the Truelove-Witts index,

disease activity was mild in 71.7%, moderate in 20.2%, and se-

vere in 8.1% of UC patients (Table 1).

CRC group characteristics were as follows; of the 50 patients,

42% were female, and the mean age was 48 ± 2 years. The av-

erage disease duration was 62.5 months. Tumor localization

showed that 58% of CRC patients had rectal involvement,

30% had tumors located in the left colon, and 12% had right-

sided colon involvement.

Genotype and allele distribution of APE1 and hOGG1

In theAPE1polymorphismanalysis, the distributionof geno-

types across UC, CRC, and control groups was as follows;

in the UC group, 39.4% had the AA genotype, 39.4% had

AG, and 21.2%hadGG.AmongCRCpatients, 50%hadAA,

34% AG, and 16% GG. In the control group, the frequencies

were 56% (AA), 28% (AG), and 16% (GG). No statistically

significant differences were observed among the three groups

regarding genotype distribution (p = 0.384) or allele frequen-

cies (p = 0.135) (Figure 1).

Regarding the hOGG1 polymorphism; in the UC group,
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Table 2. Genotypic distribution of disease severity and APE1 and hOGG1 in UC.

APE1 P-value hOGG1 P-value

Disease Severity
AA AG GG SS SC CC

n % n % n % n % n % n %

Mild 27 38 29 40 15 21.1

0.940

44 61.9 20 28.3 7 9.8

0.034*Moderate 8 40 7 35 5 25 11 55 9 45 0 0

Severe 4 50 3 37.5 1 12.5 3 37.5 2 25 3 37.5

APE1: The apurinic/apyrimidinic endonuclease 1, A: Aspartic acid, C: Cysteine, G: Glutamic acid hOGG1: The human 8- oksoguaninDNA glycosylase, S: Serin, , *p<0.05.

58.6% had the SS genotype, 31.3% SC, and 10.1% CC.

Among CRC patients, 40% had SS, 52% SC, and 8% CC.

In controls, 56% were SS, 40% SC, and 4% CC. Again, there

were no significant differences among the groups in genotype

distribution (p = 0.110) or allele frequencies (p = 0.219) (Fig-

ure 2).

Association between polymorphisms and disease location

The distribution of APE1 and hOGG1 genotypes according

to disease or tumor location was analyzed in both UC and

CRC groups. Among UC patients, those with proctitis ex-

hibited APE1 genotypes as follows: AA 47.6%, AG 38.1%,

and GG 14.3%; hOGG1 genotypes were SS 52%, SC 28.6%,

and CC 19%. In patients with left-sided colitis, APE1 geno-

types were AA 37.5%, AG 42.9%, and GG 19.6%; hOGG1

genotypes were SS 62.5%, SC 33.9%, and CC 3.6%. In those

with pancolitis, the APE1 distribution was AA 36.4%, AG

31.8%, and GG 31.8%; hOGG1 distribution was SS 54.5%,

SC 27.3%, and CC 18.2%. Statistical analysis showed no

significant association between genotype and disease loca-

tion in UC patients for either APE1 (p = 0.724) or hOGG1

(p = 0.170).

Similarly, in the CRC group, among patients with rectal tu-

mors, APE1 genotypes were distributed as AA 48.3%, AG

37.9%, andGG13.8%; hOGG1 genotypes were SS 34.5%, SC

55.2%, and CC 10.3%. For left colon tumors, APE1 distribu-

tion was AA 46.7%, AG 33.3%, and GG 20%; hOGG1 distri-

butionwas SS 53.5%, SC 40%, andCC6.7%. In patients with

right colon tumors, APE1 genotypes were AA 66.7%, AG

16.7%, andGG16.7%; hOGG1 genotypes were SS 33.3%, SC

66.7%, and CC 0%. No significant differences were observed

in the distribution of genotypes by tumor location in CRC

patients for either APE1 (p = 0.905) or hOGG1 (p = 0.690).

Association between gene polymorphisms and disease activity
in UC

No significant association was found between APE1 geno-

types and disease activity in UC patients (p = 0.940). In con-

trast, hOGG1 genotypes were significantly associated with

disease activity (p = 0.034). The Cys/Cys genotype was more

frequently observed in patients with severe UC, suggesting

a potential role in disease severity (Table 2) (Figure 3). Al-

though the overall associationbetweenhOGG1genotype and

UC disease severity was statistically significant, post-hoc pair-

wise Fisher’s exact tests with Bonferroni adjustment did not

reveal significant differences between specific severity cate-

gories. The strongest trend was observed between the moder-

ate and severe groups (p=0.051, adjusted), where theCys/Cys

genotype was more frequent in severe UC.

Allele frequencies by disease severity

Although the frequency of the C allele of hOGG1 appeared

higher in patientswith severe disease (50%) compared to those

withmild (23.9%) or moderate (22.5%) disease, this trend did

not reach statistical significance (p = 0.680).

DISCUSSION

In this case-control study, we evaluated the association

between two critical base excision repair (BER) gene

polymorphisms—APE1 (Asp148Glu) and hOGG1

(Ser326Cys)—and clinical characteristics of ulcerative

colitis (UC), particularly disease activity. Although no signif-

icant differences were observed in the overall distribution of

these polymorphisms between UC, colorectal cancer (CRC),

and healthy control groups, our results revealed a statisti-

cally significant association between the hOGG1 Cys/Cys

genotype and severe UC activity. These findings highlight

the possible role of impaired DNA repair mechanisms in

modulating disease severity in UC.

The hOGG1 enzyme plays a pivotal role in excising 8-

oxoguanine, one of the most mutagenic oxidative DNA

lesions generated by reactive oxygen species (ROS) dur-

ing chronic inflammation. The Ser326Cys polymorphism,

which causes a serine-to-cysteine substitution at codon 326,

has been shown to reduce hOGG1 enzymatic efficiency, im-

pairing the repair of oxidative DNA damage [11,13]. This

reduction in DNA repair capacity can lead to the accumula-

tion of oxidative lesions in epithelial cells, which in turn sus-

tains inflammation, disruptsmucosal integrity, andmay drive

more severe clinical manifestations in UC. Our finding that

the Cys/Cys genotype is significantly more frequent among

patientswith severeUCactivity supports this proposedmech-

anism.

This result aligns with prior research showing increased ex-

pression of OGG1 in inflamed and dysplastic colonicmucosa

of UC patients and in tissues undergoing malignant transfor-

mation [18,19]. The accumulation of unrepaired oxidative

538 https://doi.org/10.5455/annalsmedres.2025.07.186

https://doi.org/10.5455/annalsmedres.2025.07.186


Altunel Kilinc E. et al. Original Article AnnMed Res 2025;32(12):535–540

DNAdamage in individuals with the Cys/Cys genotype may

contribute to enhanced activation of DNA damage response

pathways such as p53, NF-κB, and STAT3, thereby amplify-

ing the inflammatory process and mucosal injury. Moreover,

oxidative stress in UC has been implicated in epithelial apop-

tosis, barrier dysfunction, and dysbiosis—all of which are

hallmarks of severe disease. These mechanistic links between

impaired DNA repair and inflammation offer a plausible bio-

logical explanation for our observed genotype-phenotype as-

sociation.

In contrast, the APE1 (Asp148Glu) polymorphism did not

demonstrate a significant associationwithUCseverity orwith

the presence of disease in our cohort. While APE1 is a cru-

cial enzyme in the BER pathway responsible for cleaving the

DNA backbone at abasic sites, the functional consequences

of the Asp148Glu variant are more nuanced and may be

tissue- or context-specific. Some studies have reported in-

creased risk of UC with this variant, particularly in cohorts

with high inflammatory activity [20]. However, our cohort

included a relatively low proportion of patients with severe

disease, whichmay have limited the statistical power to detect

subtle associations.

Additionally, APE1 has dual roles—not only in DNA repair

but also in redox regulation of transcription factors involved

in inflammation. These regulatory functions may be differ-

entially expressed in colonic tissue compared to peripheral

blood, which we used for genotyping. Studies using colonic

biopsies have demonstrated increased APE1 expression in in-

flamed mucosa, suggesting that tissue-level post-translational

modifications or epigenetic changes may influence the func-

tional impact of this polymorphism [21]. Therefore, the lack

of association in our studymay reflect the importance of local

tissue environment and dynamic gene expression over static

germline variants.

Although our study design included a CRC group due to

the shared pathogenic features with UC, particularly oxida-

tive stress and chronic inflammation, neither polymorphism

was significantly enriched in CRC patients compared to con-

trols. This may be due to the relatively small sample size or

to the multifactorial nature of CRC, where cumulative so-

matic mutations, microsatellite instability, and environmen-

tal exposures play a dominant role beyond single-gene poly-

morphisms. Nevertheless, the overlap between pathways im-

plicated in UC and CRC—especially those involving ROS

andDNArepair—warrants further longitudinal studies to ex-

plore whether hOGG1 variants in UC patients could predict

neoplastic transformation risk over time.

The identification of the hOGG1 Ser326Cys variant as a po-

tential marker of severe UC activity has clinical implications.

First, it supports the hypothesis that genetic susceptibility re-

lated to oxidative DNA damage modulates disease progres-

sion. Second, it highlights the need for genotype-guided risk

stratification in UCmanagement. Patients with the Cys/Cys

genotypemaybenefit fromcloser endoscopic surveillance and

more aggressive anti-inflammatory or antioxidant therapies.

Third, this variant may represent a candidate biomarker for

identifying individuals at increased risk of complications such

as treatment resistance or CRC development.

Identification of UC patients carrying the hOGG1

Ser326Cys variant, particularly the Cys/Cys genotype,

may provide valuable information for individualized disease

management. Since these patients appear to bemore prone to

severe disease activity, clinicians could consider closer clinical

and endoscopic monitoring, earlier escalation of medical

therapy, and stricter surveillance for complications such

as treatment resistance or colorectal neoplasia. Integrating

genetic risk markers like hOGG1 into follow-up strategies

may therefore improve prognostic stratification and guide

more personalized approaches to long-term UC care.

Limitations

Our study has several limitations. The relatively small num-

ber of patients with severe UC limits the generalizability of

our findings. The cross-sectional design precludes causal in-

ference, and functional assays of hOGG1 or APE1 activity

were not performed. Furthermore, environmental factors

such as smoking, diet, or microbiome composition—which

can modulate oxidative stress—were not controlled for. Fu-

ture studies should include mucosal tissue analysis, longitu-

dinal follow-up, and integration of transcriptomic or epige-

netic data to clarify the functional consequences of these poly-

morphisms. In addition, environmental and dietary factors,

which are known to influence oxidative stress and inflamma-

tory responses, were not assessed in our study. As such, we

cannot exclude thepossibility that these unmeasured variables

may have contributed to the observed genotype–phenotype

correlations.

CONCLUSION

In summary, our study suggests that the hOGG1 Ser326Cys

polymorphism is associated with increased disease severity in

ulcerative colitis, potentially due to impairedDNA repair and

enhanced oxidative stress. While the APE1 Asp148Glu vari-

ant did not show a similar association, its context-dependent

role warrants further investigation. These findings under-

score the relevance of BER gene variants in UC pathogenesis

and may inform future biomarker development for prognos-

tic and therapeutic purposes.
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MAIN POINTS

• Comprehensive in silico analysis iden-
tified recurrent missense mutations in
PI3K/AKT/mTOR pathway genes in breast
cancer that are predicted to disrupt protein
function.

• The PTEN (D92H, D92N, R130G, R130Q,
C136R, and C136Y), AKT1 (L52R), and
AKT2 (R170W) variants demonstrated
strong deleterious effects across multiple
computational prediction tools.

• Structural modeling and interaction analy-
sis revealed that these mutations caused
significant alterations in protein stability
and non-covalent interactions.

• These findings highlight potential biomark-
ers for therapeutic resistance and provide
candidate targets for future breast cancer
precision medicine strategies.
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ABSTRACT

Aim: This study aimed to investigate the most frequent missense mutations in key genes
of the PI3K/AKT/mTOR signaling pathway to evaluate their potential role in the progres-
sion of breast cancer and the development of therapy resistance using computational
analyses.

Materials and Methods: Nine genes involved in the PI3K/AKT/mTOR pathway were sys-
tematically analyzed by screening mutation databases and applying a range of compu-
tational prediction tools to assess the possible deleterious effects of missense variants
on protein function and pathway regulation.

Results: Several mutations with predicted deleterious effects were identified, including
PTEN (D92H, D92N, R130G, R130Q, C136R, and C136Y), AKT1 (L52R), and AKT2 (R170W).
These variants were predicted to contribute to aberrant PI3K/AKT/mTOR pathway acti-
vation, enhanced cancer cell survival, and therapeutic resistance in breast cancer.

Conclusion: The findings provided insights into the mutational landscape of breast can-
cer, proposing potential biomarkers for risk stratification and novel therapeutic targets.
Further experimental validation and functional studies are recommended to clarify the
clinical significance of these mutations and to guide the development of personalized
interventions for breast cancer.

Keywords:
Breast cancer, PI3K/AKT/mTOR pathway, Missense mutations,
Computational analysis, Therapy resistance
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INTRODUCTION

Breast cancer (BC) is one of the leading causes of death among

females worldwide and although less common, can also affect

men. Currently, chemotherapy, endocrine therapy, and tar-

geted therapy have a high success rate in both disease treat-

ment and disease prevention [1]. The PI3K/AKT/mTOR

pathway is linked to disease progression and is also respon-

sible for the development of drug resistance [2]. Currently,

only a limited number of therapies are available for the treat-

ment of various subtypes of breast cancer. Endocrine ther-

apy (ET) is used to treat HR+ disease, HER2+ disease is

treated with HER2-targeted therapy, and chemotherapy and

immunotherapy are used to treat patients with BRCAmuta-

tions with triple-negative breast cancer (TNBC). Drug resis-

tance eventually leads to tumor relapse in BC, as well as over-

expression of the BC resistance protein (BCRP) and a variety

of other events [1,3].

The PI3K/AKT/mTOR pathway plays a critical role in vari-

ous cellular processes, including cell growth and metabolism

[4]. Activation of this pathway typically occurs in response to

external stimuli, such as growth factors, leading to the activa-

tion of phosphoinositide 3-kinase (PI3K). Subsequent PI3K
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activation promotes the recruitment of AKT to the plasma

membrane, where AKT is then phosphorylated and acti-

vated by phosphoinositide-dependent kinase 1 (PDK1) and

the mammalian target of rapamycin complex 2 (mTORC2)

[5]. Once activated, AKT promotes the activation of the

mechanistic target of rapamycin (mTOR), enabling the regu-

lation of downstream signaling events associated with cellular

growth and metabolic control [1,3].

PI3KCA leads to PI3K activation and is one of the most fre-

quently mutated genes in BC. The main role of PTEN is to

dephosphorylate PIP3 molecules, and AKT cannot be phos-

phorylated by mTORC2 [6]. AKT1, AKT2, and AKT3 are

AKT and are major downstream targets of PI3K. IRS1 acti-

vates the PI3K/Akt/mTOR pathway, and its variants are the

most studied because they are expressed in different tissues

[7]. GSK3B, together with AKT1, AKT2, and AKT3, acti-
vates AKT [8]. TSC1 andTSC2 impact the phosphorylation

of mTOR and its downstream effector molecules [9].

Dysregulation of the PI3K/AKT/mTOR pathway is seen in

various cancer types [10] and this pathway should serve as

a target for therapeutic treatment due to its specific role.

Studies conducted on several chemotherapeutic drugs, such

as doxorubicin, docetaxel, fluorouracil tamoxifen, and pacli-

taxel, have shown that chemoresistance can develop, and the

main cause is mutations in the PI3K/AKT/mTOR pathway

[1,11,12].

This study focused on the PI3K/AKT/mTOR pathway

and the genes most frequently mutated in patients with

BC. The investigation examines the involvement of the

PI3K/AKT/mTOR signaling pathway in drug resistance,

with particular attention to specific genes within this path-

way. In addition, missense variants in these genes were an-

alyzed to better understand their potential contributions to

drug resistance processes. By comprehensively examining the

PI3K/AKT/mTOR pathway, its associated genes, and the ef-

fects of missense variants, the project aims to provide insights

into the molecular mechanisms underlying BC treatment re-

sistance.

MATERIALS ANDMETHODS

This retrospective, in silico study focused on nine key genes

of the PI3K/AKT/mTOR pathway (PIK3CA, PIK3CB,
PIK3CD, PIK3R1, AKT1, AKT2, AKT3, PTEN, and

MTOR). We collected somatic missense variants reported in

breast cancer from mutation databases (cBioPortal). The

most frequent variants were prioritized based on recurrence

in breast cancer cohorts and functional impact was assessed

using multiple computational prediction tools (PredictSNP,

SNPs&GO). Variants predicted as deleterious were further

mapped to protein domains (DynaMut and DUET) to pre-

dict their impact on protein stability, flexibility, and pathway

context. The primary endpoint of the study was the identi-

fication of the most frequent missense mutations in the nine

PI3K/AKT/mTOR pathway genes, while the secondary end-

point was the predicted functional effect of these variants

on protein function and pathway regulation using computa-

tional tools.

Retrieval of the target genes

Genes for this study were selected based on their well-

established involvement in the PI3K/AKT/mTOR signaling

pathway, which plays a pivotal role in BC progression and

is recognized as a significant contributor to therapeutic re-

sistance. A recent literature review identified nine pertinent

genes for analysis: PIK3CA, PTEN, AKT1, AKT2, AKT3,
IRS1, GSK3B, TSC1, and TSC2. By concentrating on these

key regulators within the pathway, this study aims to examine

their potential contribution to BC treatment resistance.

The cBioPortal for Cancer Genomics (https://www.cbiopor-

tal.org/) was used to identify the most frequent genetic al-

terations in genes involved in the PI3K/AKT/mTOR path-

way among patients with BC. This database provides access

to large-scale cancer genomics datasets across various can-

cer types, including tools for visualization, mutation anal-

ysis, and data retrieval. For this study, the “Breast Cancer

(METABRIC,Nature 2012&NatCommun2016)” dataset,

which includes data from 2,509 patients with BC, was se-

lected as one of the largest datasets in the breast cancer portal.

Identification of mutations in selected genes

Mutations in the selected genes associated with the

PI3K/AKT/mTOR pathway were analyzed using the

cBioPortal database. These genes were chosen based on

their recognized roles within this signaling pathway and

their documented associations with BC treatment resistance.

Only missense mutations were considered for subsequent

analysis. Following stratification by mutation type, the

most frequently occurring missense mutations within the

BC cohort were identified and prioritized for downstream

analysis.

Sequence-based methods for predicting gene pathogenicity

The functional impact of the most frequent missense muta-

tions was evaluated using two sequence-based computational

tools: PredictSNP (https://loschmidt.chemi.muni.cz/pre-

dictsnp/) and SNPs&GO (https://snps-and-go.bio-

comp.unibo.it/snps-and-go/). To predict whether a

given mutation is likely to be disease-causing or benign and

to estimate the potential effect of the mutation on protein

function, PredictSNP aggregates results from six individual

methods: MAPP, PhD-SNP, PolyPhen-1, PolyPhen-2, SIFT,

and SNAP. Alongside the classification, PredictSNP provides

a prediction score expressed as a percentage, indicating the

prediction’s expected accuracy. Higher percentages corre-

spond to greater classification reliability; for example, a score

of 85% indicates that the prediction is expected to be correct

in 85% of cases based on the integrated tools’ benchmarking.
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Variants predicted as deleterious with high percentage scores

were prioritized for downstream analyses. SNPs&GO

is another predictive platform that classifies single-point

proteinmutations as either neutral or associated with protein

functional changes. For each variant, SNPs&GO provides a

probability score and a Reliability Index (RI) value, which

reflects the prediction’s confidence level. Higher RI values

indicate greater reliability of the classification (Usually RI ≥
7 were considered reliable disease-associated predictions).

FASTA sequences forPTEN (P60484),AKT1 (P31749), and
AKT2 (P31751) were retrieved from the UniProt database

(https://www.uniprot.org/).

Structure-based methods for protein stability prediction

DynaMut (https://biosig.lab.uq.edu.au/dynamut/), a

structure-based computational tool that applies normal

mode analysis to predict changes in protein stability re-

sulting from point mutations, was used to evaluate the

impact of the selected mutations on protein stability. The

predicted ΔΔG values describe the impact of mutations

on protein stability: negative values (ΔΔG < 0) indicate

destabilization, whereas positive values (ΔΔG > 0) suggest

stabilization of the protein structure. DynaMut provides

vibrational entropy (ΔΔS) values to estimate the effect of

mutations on molecular flexibility. A positive ΔΔS indi-

cates increased flexibility, whereas a negative ΔΔS reflects

reduced flexibility and a more rigid structure. Together,

these predictions allow the assessment of both the thermo-

dynamic stability and dynamic behavior of the protein upon

mutation. The Protein Data Bank in Europe Knowledge

Base (PDBe-KB, https://www.ebi.ac.uk/pdbe/pdbe-kb/)

was used to obtain accurate protein structures for analysis,

prioritizing those with the lowest resolution values and

the largest covered sequences. Moreover, PDBe-KB pro-

vided information about the ligand binding sites relevant

to each structure. The effect of single-point mutations

on protein stability was assessed using the DUET web

server (https://biosig.lab.uq.edu.au/duet/), an integrated

computational approach that combines the results of two

independent methods: mCSM and SDM. DUET utilizes

a machine-learning framework to improve the accuracy of

stability predictions by incorporating both environment-

specific substitution matrices and graph-based signatures

of protein structure. The output is presented as a change

in the Gibbs free energy (ΔΔG, kcal/mol), where negative

values indicate destabilizing mutations and positive values

indicate stabilizing effects on the protein structure. The

corresponding protein files were downloaded from the

ProteinData Bank in Europe (https://www.ebi.ac.uk/pdbe/)

for use in the DynaMut and DUET analyses.

Visualization of interactions in wild type (WT) andmutant
structures

BIOVIA Discovery Studio 2021 was employed to facilitate

the detailed examination of the selected proteins in bothwild-

type and mutant configurations. This platform offers robust

capabilities for molecular visualization and interaction analy-

sis, enabling comprehensive protein structure and surround-

ing exploration [13]. The immediate molecular environment

of specific residues, both in their native and mutated forms,

was visualized using Discovery Studio to investigate potential

changes in noncovalent interactions, such as hydrogen bond-

ing, hydrophobic and electrostatic interactions.

RESULTS

According to the literature, PIK3CA, PTEN, AKT1, AKT2,
AKT3, IRS1, GSK3B, TSC1, and TSC2 are recognized com-

ponents of the PI3K/AKT/mTOR signaling pathway. These

genes were further investigated to identify relevant mutations

using cBioPortal and the “Breast Cancer (METABRIC, Na-

ture 2012 & Nat Commun 2016)” dataset. PTEN, AKT1,

Table 1. List of the selected genes with the mutation percentages from

2509 BC samples.

No Gene Mutation (%) Domain

1. PIK3CA 40.1% PI3Ka

2. PTEN 3.9% DSPc

3. AKT1 4.1% PH

4. AKT2 0.5% Pkinase

5. AKT3 / /

6. IRS1 / /

7. GSK3B / /

8. TSC1 / /

9. TSC2 / /

Table 2. List of the selected genes with the corresponding mutations

identified in this study.

Gene Mutation

PIK3CA

H1047R

H1047L

H1047Y

H1047Q

E545K

E545A

E545G

E545D

E545Q

E542K

E542A

E542V

PTEN

D92A

D92E

D92G

D92H

D92N

R130Q

R130G

C136R

C136Y

AKT1
E17K

L52R

Q79K

AKT2 R170W
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Table 3. Sequence-based prediction results from Predict SNP and consensus tools.

Gene Mutation PredictSNP MAPP PhD-SNP PolyPhen-1 PolypPhen-2 SIFT SNAP

PIK3CA

H1047R 60% (+) 43% (-) 77% (-) 67% (+) 71% (+) 45% (-) 58% (+)

H1047L 63% (+) 74% (+) 73% (-) 59% (-) 72% (+) 90% (+) 71% (+)

H1047Y 75% (+) 63% (+) 77% (-) 67% (+) 76% (+) 77% (+) 77% (+)

H1047Q 74% (+) 73% (+) 51% (+) 67% (+) 71% (+) 46% (-) 58% (+)

E545K 60% (+) 74% (+) 68% (-) 67% (+) Unknown 79% (-) 50% (+)

E545A 63% (+) 71% (+) 58% (+) 67% (+) 54% (-) 79% (-) 50% (+)

E545G 51% (-) 72% (+) 82% (-) 67% (+) 54% (-) 79% (-) 50% (+)

E545D 68% (+) 74% (+) 72% (+) 67% (+) 54% (-) 43% (-) 67% (+)

E545Q 63% (+) 80% (+) 58% (+) 67% (+) 54% (-) 79% (-) 55% (+)

E542K 65% (+) 76% (+) 51% (+) 67% (+) 43% (-) 46% (-) 58% (+)

E542A 75% (+) 70% (+) 68% (+) 67% (+) Unknown 46% (-) 50% (+)

E542V 61% (-) 72% (+) 68% (-) 67% (+) 68% (-) 79% (-) 56% (-)

PTEN

D92A 76% (-) 78% (-) 88% (-) 67% (+) 68% (-) 79% (-) 85% (-)

D92E 65% (-) 77% (-) 68% (-) 67% (+) Unknown 79% (-) 72% (-)

D92G 76% (-) 76% (-) 88% (-) 67% (+) 68% (-) 79% (-) 81% (-)

D92H 87% (-) 77% (-) 88% (-) 74% (-) 81% (-) 79% (-) 87% (-)

D92N 87% (-) 57% (-) 86% (-) 59% (-) 81% (-) 79% (-) 81% (-)

R130Q 87% (-) 77% (-) 88% (-) 59% (-) 68% (-) 79% (-) 81% (-)

R130G 87% (-) 84% (-) 86% (-) 74% (-) 43% (-) 79% (-) 85% (-)

C136R 87% (-) 86% (-) 88% (-) 59% (-) 43% (-) 79% (-) 85% (-)

C136Y 87% (-) 62% (-) 88% (-) 74% (-) 43% (-) 53% (-) 72% (-)

AKT1
E17K 76% (-) 65% (+) 73% (-) 74% (-) 81% (-) 79% (-) 56% (-)

L52R 87% (-) 88% (-) 86% (-) 74% (-) 68% (-) 79% (-) 72% (-)

Q79K 55% (-) 73% (+) 61% (-) 67% (+) 68% (-) 46% (-) 62% (-)

AKT2 R170W 87% (-) 56% (-) 88% (-) 74% (-) 68% (-) 79% (-) 62% (-)

% expected accuracy; (+) neutral; (-) deleterious.

Table 4. Sequence-based prediction results based on the SNP&GO computational tool.

Gene Mutation
SNPs&GO

Effect RI

PIK3CA

H1047R Neutral 5

H1047L Neutral 6

H1047Y Neutral 6

H1047Q Neutral 4

E545K Neutral 2

E545A Neutral 5

E545G Disease Related Polymorphism 0

E545D Neutral 4

E545Q Neutral 5

E542K Neutral 3

E542A Neutral 5

E542V Neutral 3

PTEN

D92A Disease Related Polymorphism 10

D92E Disease Related Polymorphism 10

D92G Disease Related Polymorphism 10

D92H Disease Related Polymorphism 10

D92N Disease Related Polymorphism 10

R130Q Disease Related Polymorphism 10

R130G Disease Related Polymorphism 10

C136R Disease Related Polymorphism 10

C136Y Disease Related Polymorphism 10

AKT1
E17K Disease Related Polymorphism 10

L52R Disease Related Polymorphism 10

Q79K Disease Related Polymorphism 10

AKT2 R170W Disease Related Polymorphism 4

RI reliability index.
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Table 5. Stability results of mutation effects from DynaMut and DUET.

Genes Substitution
ΔΔG DynaMut ΔΔG ENCoM ΔΔG mCSM ΔΔG SDM ΔΔG DUET ΔΔSVib mCSM

(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal.mol-1 K-1)

PTEN D92H -0.284(-) -0.119(-) -0.228(-) 0.740(+) -0.050(-) 0.149(++)

PTEN D92N -0.424(-) -0.144(-) -0.351(-) -0.130(-) -0.266(-) 0.180(++)

PTEN R130Q -0.541(-) -0.208(-) -1.302(-) -1.660(-) -1.487(-) 0.260(++)

PTEN R130G -1.481(-) -1.090(-) -1.720(-) -1.700(-) -2.008(-) 1.362(++)

PTEN C136R -1.146(-) 0.109(-) -1.378(-) -1.460(-) -1.204(-) -0.137(--)

PTEN C136Y -0.754(-) 0.761(+) -0.989(-) -1.670(-) -1.230(-) -0.952(--)

AKT1 L52R 1.821(+) 2.189(+) -1.236(-) -1.860(-) -1.211(-) -2.736(--)

AKT2 R170W 0.051(+) 0.073(-) -0.505(-) 0.320(+) -0.438(-) -0.091(--)

∆∆G change in the Gibbs free energy;∆∆SVib change in vibrational entropy energy between wild-type and mutant; (+) stabilizing; (-) destabilizing; (++) increased
molecule flexibility; (–) decreased molecule flexibility.

Figure 1. Structural visualization of PTEN at residue 92. (a) Wild-type Asp92 and its interactions. (b) D92H and (c) D92N mutants, illustrating the

differences in local residue interactions resulting from these point mutations. The target amino acids are highlighted in red, and the interacting

residues are shown in yellow.

Figure 2. Structural visualization of PTEN at residue 130. (a) Interaction network of wild-type Arg130. (b) and (c) R130Q and R130G mutants, respec-

tively, demonstrating the alteration of molecular interactions following mutation. The target amino acids are highlighted in red, and the interacting

residues are shown in yellow.

and AKT2 were selected as the primary target genes for de-

tailed analysis. The selected target genes are presented inTable

1.

The subsequent step involved identifying the most frequent

missense mutations in the four selected genes (PIK3CA,
PTEN, AKT1, and AKT2) by analyzing the cBioPortal

database. For PIK3CA, H1047R/L/Y/Qmutations were ob-

served in 471 patients, E545K/A/G/D/Q in 191 patients, and

E542K/A/V in 101 patients. In PTEN, D92A/E/G/H/N

mutations were present in 5 patients, R130Q/G in 3 patients,

andC136R/Y in 2 patients. ForAKT1, the E17K, L52R, and
Q79K mutations were identified in 79, 5, and 2 patients, re-

spectively, whereas theAKT2R170Wmutationwas detected

in 1 patient. Table 2 lists the selected genes with the corre-

sponding mutations identified in this study.

Sequence-based prediction using the PredictSNP compu-

tational tool, in conjunction with consensus-based meth-

ods, indicated that only PTEN (D92H, D92N, R130Q,

R130G, C136R, and C136Y), AKT1 (L52R), and AKT2
(R170W)mutations are likely tobe deleterious (Table 3). The

SNPs&GO computational method classified 14mutations as

disease-related polymorphisms (Table 4).

Based on comprehensive sequence-based predictions (Tables
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Figure 3. Structural visualization of PTEN at residue 136. (a) Wild-type Cys136 and its associated interactions. (b) and (c) Effects of C136R and

C136Y mutations on the interaction profile of this site. The target amino acids are highlighted in red, and the interacting residues are shown in yellow.

Figure 4. Structural visualization of AKT1 at residue 52. (a) Wild-type Leu52 interactions. (b) L52R mutant and resultant changes in local residue

interactions. The target amino acids are highlighted in red, and the interacting residues are shown in yellow.

Figure 5. Structural visualization of AKT2 at residue 170. (a) Interactions of wild-type Arg170. (b) R170W mutant, highlighting differences in the

interaction landscape. The target amino acids are highlighted in red, and the interacting residues are shown in yellow.

3 and 4), only the PTEN mutations D92H, D92N, R130Q,

R130G,C136R, andC136Y; theAKT1mutation L52R; and

the AKT2 mutation R170W were consistently classified as

deleterious by all computational tools employed (PredictSNP,
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MAPP, PhD-SNP, PolyPhen-1, PolyPhen-2, SIFT, SNAP,

and SNP&GO). The unanimous “deleterious” and “disease-

relatedpolymorphism” scores across these algorithms indicate

that these variants are highly likely to impact protein func-

tion, thereby warranting their selection for further structural

analysis. Table 5 summarizes the deleterious missense vari-

ants prioritized for structural analysis, along with consensus

prediction, stability outputs, and representative interaction

changes.

Representative high-resolution protein structures were ob-

tained from the PDBe-KB and PDBe databases, with PTEN,
AKT1, and AKT2 modeled using 1D5R (chain A), 7NH5

(chain A), and 8Q61 (chain A), respectively. Structural im-

pact assessments (Table 5) revealed that most of the evaluated

mutations destabilized the protein structure or significantly

altered molecular flexibility.

Differences in the interactions betweenwild-type andmutant

structures were identified for PTEN,AKT1, andAKT2 (Fig-
ures 1–5). The target amino acids are depicted in red and in-

teracting residues are highlighted in yellow in each case.

Asp92 forms three key interactions in the PTEN wild-type

structure: a conventional hydrogen bond with Asn94, a salt

bridge with Lys125, and an attractive charge interaction with

Arg130 (Figure 1a). The D92H mutation results in a pi–

pi stacked interaction with His93, accompanied by three pi–

alkyl interactions with Lys125, Cys124, and Arg130 (Figure

1b). The D92N mutant retained a conventional hydrogen

bond with Asn94 and gained an unfavorable bump interac-

tion with Arg130 (Figure 1c).

Wild-type Arg130 in PTEN participates in two attractive

charge interactions with Glu73 and Asp92, two alkyl inter-

actions with Cys124 and Leu70, a pi–alkyl interaction with

Phe90, and a carbon hydrogen bond with Glu91 (Figure 2a).

TheR130Qmutant exhibited api donorhydrogenbondwith

Phe90, a carbon hydrogen bond with Asp92, and a conven-

tional hydrogen bond with Glu91 (Figure 2b). The R130G

mutation results in a single conventional hydrogen bond in-

teraction with Val133 (Figure 2c).

Wild-type Cys136 in PTEN forms four conventional hydro-

gen bond interactions with Ala151, Gly132, Leu139, and

Leu140 and two alkyl interactions with Val175 and Leu152

(Figure 3a). The C136R mutation results in conventional

hydrogen bonds with Tyr29 and Leu140, two unfavorable

bump interactionswithTyr155 and Ile135, and an alkyl inter-

action with Leu139 (Figure 3b). The C136Y mutant forms a

pi–alkyl interaction with Leu139, two unfavorable bump in-

teractions with Tyr155 and Ile135, and two conventional hy-

drogen bonds with Gly132 and Leu140 (Figure 3c).

In AKT1, wild-type Leu52 establishes two alkyl interactions
with Arg328 and Val271 and a conventional hydrogen bond

with Phe55 (Figure 4a). The L52R mutant forms a conven-

tional hydrogen bond with Pro51 and an unfavorable bump

interaction with Asn269 (Figure 4b).

For AKT2, wild-type Arg170 displays a salt bridge and two

conventional hydrogen bond interactions with Asp153, an

additional conventional hydrogen bond with itself, and both

a conventional hydrogen bond and pi–alkyl interaction with

Tyr177 (Figure 5a). The R170Wmutation introduces a con-

ventional hydrogen bondwithAsp153, an unfavorable bump

interaction with Gly175, a pi–alkyl interaction with Arg176,

two amide–pi stacked interactions with Tyr177 and Tyr178,

and a pi–anion interaction with Glu171 (Figure 5b).

DISCUSSION

The activation of the PI3K/AKT/mTOR signaling pathway

has been widely linked to BC cell growth, survival, and drug

resistance, making it a critical focus for cancer research. Dys-

regulation of this pathway is frequently observed in multi-

ple forms of BC, contributing to tumor development, dis-

ease progression, metastasis and resistance to various thera-

pies [14]. The PI3K/AKT/mTOR pathway interacts with

numerous other signaling cascades, adding to the BC’smolec-

ular complexity and heterogeneity. Targeting specific compo-

nents (nodes) of this pathway holds promise for the advance-

ment of more personalized and effective treatments for pa-

tients with BC [1,3]. Many genes, including but not limited

to PIK3CA, PTEN, AKT1, AKT2, AKT3, IRS1, GSK3B,
TSC1, and TSC2, are involved in the PI3K/AKT/mTOR

pathway [1,3]. These genes play important regulatory roles

at different points within the pathway. PTEN functions as

a tumor suppressor by dephosphorylating phosphatidylinos-

itol (3,4,5)-trisphosphate (PIP3) in the cell membrane [15],

which inhibits AKT activation and downstream signaling.

PTEN contains domains such as the phosphatase domain

that are critical for its tumor-suppressive activity [16]. Loss

of PTEN function, often due to missense mutations, leads

to uncontrolled activation of the PI3K/AKT/mTOR path-

way, promoting cell growth and survival and increasing cancer

risk, including in BC [3]. AKT1 and AKT2 are serine/threo-
nine kinases and major downstream effectors of PI3K signal-

ing [17]. AKT1 mainly regulates cell proliferation and sur-

vival, while AKT2 plays an essential role in cell metabolism

and migration. Both proteins contain a PH domain, a kinase

domain, and a regulatory domain, all of which contribute

to their activities and regulation [18]. AKT1 or AKT2 mu-

tations can disrupt normal signaling, contributing to tumor

growth and therapeutic resistance in BC. PTEN, AKT1, and
AKT2were selected for analysis, and theirmost frequentmis-

sensemutationswere examined to better understand their po-

tential contributions to BC progression and drug resistance.

In this study, we identified thePTEN variantsD92H,D92N,

R130G, R130Q, C136R, and C136Y as deleterious. Sev-

eral of these mutations are located within regions critical

for protein-ligand interactions, affecting both PIP2 binding

and inhibition of downstream pathways. Karn et al., per-

formed molecular docking analyses and found that D92H

and R130Qmutations disrupt PTEN’s ability to bind PIP2.
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The loss of PIP2 interaction primarily impairs the dephos-

phorylation process, directly affecting the phosphatase func-

tion of PTEN [19]. Matreyek et al., reported that the D92H

variant represents a highly abundant yet phosphatase-inactive

form of PTEN. This mutation can dysregulate AKT sig-

naling even in the presence of wild-type PTEN, indicating

that D92H can act in a dominant-negative manner. Im-

portantly, these dominant-negative variants were observed

in BC according to cancer genomics datasets, highlighting

their potential relevance in the pathogenesis of BC [20].

Researchers investigated the clinical overlap between PTEN
deficiency and activated PI3K delta syndrome 1 (APDS1).

Their analysis included a patient with a pathogenic PTEN
mutation (C136R), one of the deleterious variants identi-

fied in this study. The patient exhibited immune dysregu-

lation phenotypes similar to APDS1, including hyper IgM,

low IgG, increased transitional B cells, and lymphoprolif-

eration. Functional assays confirmed dysregulation of the

PI3K/AKT/mTOR pathway. Importantly, treatment with

sirolimus, an mTOR inhibitor, effectively resolved lympho-

proliferation and splenic abnormalities. These findings high-

light that PTEN loss-of-function mutations can phenocopy

PI3K pathway activation and indicate that targeted therapies

may benefit patients with BC harboring similarPTEN muta-

tions [21]. The PTEN C136Rmutation compromises phos-

phatase activity, contributing to increased proteasome activ-

ity and protein instability [22]. Several studies have classi-

fied C136R as a pathogenic alteration, including in patients

with BC from diverse populations [23,24]. Gervas et al.,

specifically identified this mutation in a patient with hered-

itary BC of mongoloid origin, emphasizing the relevance of

PTEN analysis in addition to BRCA1 and BRCA2 screen-

ing. While BRCA1/2 mutations are well-characterized in

hereditary BC, the importance of investigating alternative

pathways that contribute to cancer development is becom-

ing increasingly recognized. The PI3K/AKT/mTOR signal-

ing cascade is central to key cellular processes such as growth,

survival, and metabolism, and disruptions in this pathway

are frequently linked to tumorigenesis and BC progression

[1,3,6,7]. Cetintas et al., conducted detailed computational

and experimental analyses of several PTEN missense muta-

tions. According to multiple computational tools, their in-

vestigation demonstrated that certain mutations, including

C136Y, displayed strong deleterious effects. Molecular dy-

namics simulations indicated that the C136Y mutation re-

sulted in significant residual fluctuations in the protein struc-

ture and was associated with the least compact conforma-

tion among the variants analyzed. These structural alterations

were correlated with decreased protein stability and were pre-

dicted to impair PTEN function. Given the central role of

PTEN in regulating cell proliferation and survival, such mu-

tations are likely to contribute to protein dysfunction and

promote tumorigenic processes. The findings support the

disease relevance of C136Y and other PTEN alterations in

cancer development and provide further evidence for their

potential pathogenic impact in BC when present [25].

Beyond regulating cell growth and survival, the

PI3K/AKT/mTOR pathway is implicated in the develop-

ment of chemoresistance, presenting substantial challenges

for the treatment of BC. All genes evaluated in this study are

connected to the emergence of therapy resistance in different

ways. Huang et al., (2021) reported C136Y in patients

with BC, often alongside other PTEN mutations such as

D92G, D92V, K125T, G127V, and G129E, emphasizing the

diversity of variants contributing to disease complexity [26].

Additionally, researchers described C136Y among mutations

found in patients with BC with disease progression, together

with variants such as G127E, R130Q, G36E, and Q97* [24].

These findings support the clinical significance of C136Y and

related PTEN mutations in BC, particularly in the context

of aggressive disease and therapeutic resistance.

Sharma et al., identified several harmful PTEN nsSNPs, in-

cluding R130G and R130Q, which overlapped with muta-

tions classified as deleterious in this study. Their computa-

tional analysis showed that these variants disrupt the struc-

tural stability of PTEN, compromise catalytic sites, and im-

pair the PI3K/AKT pathway regulation. These results fur-

ther validate the pathogenic potential of R130G and R130Q

in BC and underscore the broader impact of PTEN missense

mutations on tumor suppressor function [27]. The PTEN
R130Q mutation has also been closely associated with the

BC phenotype, and several research groups are investigating

PTEN-targeted strategies for treating BC [28]. In their study,

Naidu and Suneetha characterized R130Q as a deleterious

variant that reduces protein stability. As noted by Kim et al.

[29], R130Q, along with R130G, represents one of the most

common oncogenic mutations in PTEN. Functional studies

further indicate that arginine at position 130 is essential for

the catalytic activity and overall protein function of PTEN,

highlighting the pathogenic significance of alterations at this

site [30].

The other two proteins in our study: AKT1 and AKT2 be-

long to the AKT family of serine threonine protein kinases,

which is known as protein kinase B (PKB). They regulate

a variety of biological activities, including cell survival, pro-

liferation, growth, metabolism, and angiogenesis. AKT1 is

involved in cell survival pathways, promoting cell survival,

and regulating protein synthesis [31]. Furthermore, AKT2
shares almost all functional similarities with AKT2 but plays
some distinct roles in specific cellular processes, such as glu-

cose metabolism regulation and insulin signaling. AKT1 and
AKT2 are involved in tumor initiation, metastasis, and thera-

peutic resistance in cancer [32].

Several AKT1 mutations, including D32Y, K39N, P42T,

L52R, C77F, and Q79K, have been reported in recent BC

studies [33,34]. Among these, the L52R variant is a recur-

rent, activatingmutation that enhances Akt phosphorylation

and is classified as oncogenic [34]. This specific mutation
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has been identified in patients with BC, further implicating

AKT1 in disease progression [35]. Structural and biochemi-

cal analyses indicate that such activatingmutations can lead to

constitutive kinase activity, promoting downstream signaling

even in the absence of upstream stimuli. This dysregulation

contributes to uncontrolled proliferation and survival, which

are central tomalignant transformation and therapeutic resis-

tance. Recent functional and clinical investigations have fur-

ther defined the significance of the AKT1 L52R mutation.

Shrestha Bhattarai et al., demonstrated that L52R is among

the activating, non-E17K AKT1 mutations capable of driv-

ing growth factor-independent AKT activation. Their study

revealed that suchmutations can sensitize tumor cells toATP-

competitive AKT inhibitors, such as capivasertib. In a phase

II clinical trial that included patients with various solid tu-

mors harboring AKT1-3 alterations, an individual with an

AKT1 L52R-mutant cancer exhibited a durable partial re-

sponse to capivasertib, highlighting the therapeutic potential

of directly targeting these activating mutations. These find-

ings indicate that allele-specific activation profiles influence

pharmacological sensitivities and suggest that tailored AKT

inhibitor therapy may benefit BC cases with AKT1 L52R or

similar mutations [36]. Recent in vitro research has demon-

strated that AKT1 L52R mutation contributes to paclitaxel

resistance in BC cells. The study found that the L52R vari-

ant, along with other PH domain mutations, was associated

with increased resistance to paclitaxel in MDA-MB-231 cells

compared to wild-type AKT1. Although AKT1 L52R pro-

tein levels were lower than those of the wild-type, this mu-

tation still resulted in enhanced AKT pathway activation and

cell survival. These findings underscore the functional impact

of the L52R variant in chemoresistance promotion and high-

light its potential as a biomarker for treatment response in BC

[37].

Although the AKT1 E17K mutation is more frequently re-

ported and widely studied in BC, emerging evidence high-

lights the clinical relevance of other activating mutations,

such as L52R. Both E17K and L52R have been associated

with increased resistance to multiple chemotherapeutics, not

only in BCbut also in other types of cancer, such as colorectal

cancer [38]. These mutations often co-occur with additional

driver alterations but may also act independently to promote

oncogenic signaling and contribute to therapy resistance [39].

Moreover, the feasibility of liquid biopsy for monitoring dis-

ease and guiding targeted therapeutic strategies in advanced-

stage BC is demonstrated by the blood-based detection of

AKT1 mutations [39]. Taken together, these findings sup-

port the use of AKT1 L52R, alongside E17K, as a potential
predictive biomarker for drug resistance and treatment plan-

ning in BC, reinforcing the importance of precisionmedicine

approaches for patients withAKT1 pathway alterations [38].

AKT2, although highly homologous to AKT1, is distin-

guished by its essential role in glucosemetabolism and insulin

signaling, processes that are often altered during tumorigene-

sis. Although rare in human cancers, theR170Wmutation in

AKT2 affects regulatory mechanisms by potentially disrupt-

ing kinase activity and substrate specificity [40]. Notably, our

study did not find any existing research directly connecting

the AKT2 R170W variant to BC in the experimental or clin-

ical settings. This highlights a significant gap in the literature

and underscores the need for targeted in vivo studies to clar-

ify the functional and clinical relevance of this particular mu-

tation. The PTEN and AKT1 mutations identified in our

analysis are well supported by in vivo and clinical evidence,

reinforcing their established pathogenic and therapeutic roles

in BC. Therefore, our findings provide a rationale for future

translational investigations, particularly regarding the poten-

tial impact of AKT2 R170W in BC biology and treatment

resistance.

Although the present study focused on BC, the

PI3K/AKT/mTOR axis is relevant in other malignan-

cies. This pathway has been identified as a therapeutic target

in chordoma [9] and dysregulation has been reported across

diverse cancers [10]. Pathogenic PTEN missense variants

have been functionally characterized in glioblastoma [25],

reinforcing the broader importance of PTEN-AKT signaling

in oncogenic processes. These pathway-wide observations

support the wider interest of the present mutation-focused

findings for additional tumor types.

Conclusion

Identifying deleterious genetic mutations in BC using com-

putational methods represents a significant step in under-

standing the molecular basis of this disease. Researchers

have identified specific variants with potential functional im-

pact using computational tools. These findings offer key

insights into the genetic landscape of BC, supporting risk

stratification and development of targeted therapeutics. The

PI3K/AKT/mTORpathway requires further investigation to

clarify its role in the pathogenesis and progression of BC.

Progress in this area could improve the clinical outcomes

of patients with BC. This study focuses on PTEN, AKT1,
and AKT2 and assesses their most frequent mutations and

pathogenic effects. Further research is necessary to achieve

more clinically relevant results, and integrating bioinformat-

ics andgenomics remains vital foruncoveringBCgenetics and

advancing personalized medicine.
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MAIN POINTS

• This study demonstrated for the
first time that venetoclax induces
ferroptosis in human neuroblas-
toma cells.

• Venetoclax alters intracellular iron
homeostasis by upregulating the
expression of transferrin and down-
regulating the expression of ferro-
portin1, resulting in enhanced labile
iron pool content.

• Venetoclax increases oxidative
stress and lipid peroxidation in
neuroblastoma cells, which are
inhibited by the iron chelator
deferoxamine.

Cite this article as: Elmazoglu Z, Ozkan E.
Time-dependent exposure to venetoclax
induces ferroptosis in human neuroblas-
toma cells via upregulated transferrin
gene expression and lipid peroxida-
tion. Ann Med Res. 2025;32(12):552--559.
doi: 10.5455/annalsmedres.2025.07.192.

ABSTRACT

Aim: Neuroblastoma is one of the most widely diagnosed extracranial tumors in pediatric
patients with poor survival rates. Despite the available treatment options, alternative treat-
ment strategies are required, especially for high-risk patients. Venetoclax (VTX) is a small-
molecule inhibitor of the anti-apoptotic protein Bcl-2, originally approved for the treatment of
acute myeloid and chronic lymphocytic leukemia. Mounting evidence indicates that VTX may
also be a promising agent against other types of cancer. However, data on the alternative mech-
anisms of VTX toxicity are limited. The present study aimed to unveil the potential of the agent
against neuroblastoma. The effect of VTX on iron metabolism and ferroptotic cell death in neu-
roblastoma cells was investigated for the first time.

Materials and Methods: Cell viability was determined using the MTT assay. Oxidative stress,
intracellular iron content, and lysosomal integrity were visualized using confocal microscopy.
The MDA assay was performed to detect lipid peroxidation. The expression of TFR, FPN1, and
GPX4 was determined by RT-qPCR.

Results: VTX significantly reduced cell viability in a time- and concentration-dependent manner,
which was reversed by the addition of ferroptosis inhibitors. Further experiments revealed that
VTX induces ROS generation, leads to lysosomal degradation and iron accumulation followed
by lipid peroxidation, all of which are ferroptosis markers. RT-qPCR analyses indicated that VTX
upregulates TFR gene expression while downregulating GPX4 and FPN1.

Conclusion: The present study demonstrated for the first time that VTX activates ferroptotic
pathways in neuroblastoma cells and may be considered as a promising agent for add-on ther-
apies.

Keywords: Ferroptosis, Iron, Neuroblastoma, Oxidative stress, Venetoclax
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INTRODUCTION

Neuroblastoma is a common pediatric malignant tumor that

originates from neuronal progenitor cells [1]. Current treat-

ment options include surgery, chemotherapy, and radiother-

apy. However, high-risk patients have a poor prognosis with

an overall survival rate of 50%. Therefore, it is crucial to de-

velop novel treatment options with higher efficacy [2].

Venetoclax (VTX) is a small molecule that was first developed

as a selective Bcl-2 inhibitor against acute myeloid leukemia

(AML). FDA approval for relapsed or refractory chronic lym-

phocytic leukemia (CLL) was obtained in 2016 [3]. Bcl-2

is often highly expressed in cancer cells, including lung and

hematological cancers [4,5]. Similarly, neuroblastoma cells

usuallymanage to escape apoptosis via increased Bcl-2 expres-

sion, indicating that these tumors may be more sensitive to

Bcl-2 inhibitors [6]. Thus, navitoclax was first developed as

a potent Bcl-2 inhibitor. However, it was less selective to

Bcl-2 and caused severe thrombocytopenia [7]. Therefore,

VTX was developed as a more selective Bcl-2 inhibitor that

did not cause thrombocytopenia and was well tolerated by

patients. Even though VTX was found to be weak as a sin-

gle agent, there are reports demonstrating increased sensitiv-
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ity to chemotherapy following the addition of VTX in con-

ventional regimens [8,9]. On the other hand, preclinical stud-

ies have also shown that the upregulation of Bcl-2 may cause

resistance to the agent [10]. Discovering alternative mech-

anisms of VTX may provide more effective treatment ap-

proaches in cancer.

Ferroptosis is a distinct type of regulated cell death mecha-

nism discovered in 2012 by Dixon et al. in 2012 [11]. Unlike

apoptosis and autophagy, intracellular iron accumulation, ox-

idative stress, and iron-dependent lipid peroxidation are con-

sidered hallmarks of this unique cell death [12]. The different

mechanisms of ferroptosis make it particularly advantageous

against cancer cells resistant to other cell death pathways. Nu-

merous studies have reported that ferroptosis activation sig-

nificantly increases cancer cell susceptibility to chemotherapy

[13]. Hence, developing new approaches to treatment has

become a trending focus of cancer research. Yu et al. [14]

reported that VTX may have the potential to induce ferrop-

totic pathways in AML [14]. However, its effect on iron

metabolism or ferroptotic pathways in neuroblastoma cells

has not been investigated.

The present study aimed to shed light on the alternative path-

ways ofVTX.The ferroptotic activity ofVTX inhumanneu-

roblastoma cells was determined for the first time. The sta-

tus of iron and lipid-related markers was investigated follow-

ing VTX treatment, and the observed cytotoxic effect of the

agent was compared with that of L929 healthy cells. Due to

themultiple advantages such as tolerability, low risk of throm-

bocytopenia and ability to cross the blood-brain barrier, VTX

may be a potential candidate for add-on therapies in neurob-

lastoma [15].

MATERIALS ANDMETHODS

Cell culture, Chemicals, and Experimental design

SH-SY5Y neuroblastoma and L929 fibroblast cells were pur-

chased from the American Type Culture Collection (ATCC)

(USA). MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl

tetrazolium bromide) was purchased from Sigma-Aldrich

(Germany). Dulbecco’s Modified Eagle Medium (DMEM),

fetal bovine serum (FBS), trypsin-EDTA, and penicillin-

streptomycin were obtained from Capricorn Scientific

(Germany). Venetoclax was obtained from BLD Pharm

(China). Trolox, mannitol, N-acetylcysteine, ferrostatin-1,

and deferoxamine were purchased from Sigma-Aldrich

(Germany). PCR primers were obtained from Sentromer

DNATechnologies (Turkey).

SH-SY5Y and L929 cells were maintained in high-glucose

DMEM supplemented with 10% FBS, 1% penicillin/strepto-

mycin, 1% L-glutamine. Both cell lines were incubated in

a humidified atmosphere with 5% CO2 at 37°C. Venetoclax

was dissolved in dimethyl sulfoxide (DMSO) and diluted in

DMEM to prepare various concentrations. The final DMSO

concentration did not exceed 0.1%. Untreated cells were used

as controls. Each experiment was performed in triplicate, and

cell viability, oxidative stress, and ferroptotic hallmarks were

evaluated.

In vitro cell viability

The effect of VTX on cell viability was evaluated using the

MTT assay. Cells were seeded in 96-well plates and incu-

bated overnight. Then, VTX (0.5-50 μM) was administered

in the presence or absence of scavengers (trolox,mannitol, and

N-acetylcysteine) and ferroptosis inhibitors (ferrostatin-1 and

deferoxamine). After 24 h of incubation, the MTT reagent

(5 mg/ml) was added to fresh medium for 3 h. The resulting

formazan particles were dissolved in SDS-HCl, and the ab-

sorbance was measured at 540 nm using a microplate reader

(Thermo, Germany).

ROS Generation

The state of intracellular ROS following VTX treatment was

determinedusing a 2’,7’-dichlorofluoresceindiacetate fluores-

cent (DCFH-DA) probe. Cells were exposed to VTX in the

presence or absence of deferoxamine, mannitol, ferrostatin-1,

or N-acetylcysteine. Then, the plate was washed twice with

1X PBS and incubated for 30 min with DCFH-DA (20 µM)

and Hoechst 33342 (1 µg/ml) probe prepared in serum-free

medium. After a final wash of 3 times with 1X PBS, the ac-

quired green fluorescence was visualized with a confocal mi-

croscope at wavelengths of 361⁄497 nm (ex/em) and 488/535

nm (ex/em) (LSM 900, Carl Zeiss, Germany). Each experi-

ment was performed in at least 2 replicates, taking 4 images

from each group (10X) [16].

Determination of lipid peroxidation

Lipid peroxidation in VTX-treated neuroblastoma cells was

determined by measuring the end-product, malondialdehyde

(MDA). Before the experiment, cells were seeded in culture

plates and incubated overnight. Following the administration

of VTX (25 μM) for 24 h, the cells were harvested and lysed

in cell lysis buffer (Cell Signaling, Germany). The lysates were

used for the assay according to the TBARSmethod [17]. The

absorbance of the acquired pink color was measured at 532

nm using a microplate reader (MultiskanSky, Thermo, Ger-

many).

Detection of labile iron pool and lipid accumulation

Intracellular iron content and lysosomal integrity were visu-

alized by calcein-acetoxymethyl ester (calcein-AM) and neu-

tral red (NRU) staining [18]. VTX-treated cells were washed

twice with 1X PBS and then incubated for 30 min with

calcein-AM (10 µM), neutral red (10 µM), and Hoechst

33342 (1 µg/ml) probe in serum-free medium. After the fi-

nal wash, images of the acquired fluorescence were captured

using confocal microscopy at 495⁄515 nm (ex/em), 470/580

nm (ex/em), and 488/535 nm (ex/em) (LSM 900, Carl Zeiss,

Germany). Experiments were conducted in at least 2 repli-

cates, taking 4 images from each group (10X).

553 https://doi.org/10.5455/annalsmedres.2025.07.192

https://doi.org/10.5455/annalsmedres.2025.07.192


Elmazoglu Z. et al. Original Article AnnMed Res 2025;32(12):552–559

Figure 1. The cytotoxic effect of VTX on human neuroblastoma cells. (a) SH-SY5Y cells were treated with VTX (0.5-50 µM) for 24 h and the cell

viability was determined with MTT assay. (b) The time-dependent effect of VTX (25 µM) on neuroblastoma cell viability. (c) The comparison of

VTX toxicity between SH-SY5Y neuroblastoma cells and L929 normal cells. (d) Cells were treated with VTX (25 µM) alone and in the presence of

scavengers (trolox, mannitol, n-acetylcysteine) and ferroptosis inhibitors (ferrostatin-1, deferoxamine), and the viable cells were detected with MTT

assay. Data represent the average of at least 4 replicates, *p<0.01, **p<0.001. VTX: Venetoclax, Tro: Trolox, Fer: Ferrostatin-1, Man: Mannitol, Nac:

N-acetylcysteine, DFO: Deferoxamine.

RT-qPCR

RNA was extracted using TRIzol reagent (ABP Biosciences,

USA) according to the manufacturer’s instructions. cDNA

from each sample was synthesized using a High-Capacity

cDNA Reverse Transcription Kit (Applied Biosystems, CA,

USA). RT-qPCR was performed using SYBR Green (Wiz-

biosolutions Inc., Korea) according to the manufacturer’s

protocol. The PCR conditions were as follows: 1 cycle of

95 oC 5 mins, 40 cycles of 95 oC 30 seconds and 65 oC 60

seconds, 1 cycle of 95 oC 5 seconds. Data analysis was per-

formed using ΔΔCt method. Glyceraldehyde 3-phosphate

dehydrogenase (GAPDH) was used as the internal control.

The primer sequences for each gene are provided in Supple-

mentary Table 1.

Statistical analysis

Data obtained from the experiments were analyzed using

SPSS 20.0 (IBM Co, USA, 5725-A54). One-way analysis of

variance (ANOVA) was employed for multiple comparisons,

followed by Tukey’s test. The difference between the two

groups was determined using Student’s t-test. All data are ex-

pressed asmean ± standard deviation (SD)with p<0.05 being

considered statistically significant.

RESULTS

Venetoclax exhibits a significant cytotoxic effect on neurob-
lastoma cells in a time- and concentration-dependent man-
ner

SH-SY5Y neuroblastoma cells were treated with 0.5, 1, 5, 10,

25 and 50 µM VTX and the viable cells were determined af-

ter 24 hResults showed thatVTXwas significantly toxic at 25

and 50 µM with 54.70 ± 4.94 and 34.06 ± 8.82 (%) viability

(p=0.000013 for both values) (Figure 1a). Time-dependent

activity of the minimum toxic concentration of the agent (25

µM) revealed that the cytotoxic effect starts at 12 h and in-

creases over 24 h (Figure 1b). Compared with L929 healthy

cells, a significant selectivity was observed in all time periods

(Figure 1c). To understand whether VTX-induced cell death

is related to ferroptosis, several inhibitors were applied along

with the agent. The results indicated that the antioxidants

trolox (25 µM),mannitol (10mM),N-acetylcysteine (1mM),

ferroptosis inhibitors ferrostatin-1 (1 µM), and deferoxam-

ine (250 µM) reversed the effect of VTX, with the ferrop-
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Figure 2. Visualization of ROS generation in SH-SY5Y cells treated with VTX (25 µM) alone or in combination with inhibitors for 12 h Cells were

stained with DCF, and fluorescence emission was detected using confocal microscopy. VTX: Venetoclax, DFO: Deferoxamine, MAN: Mannitol, FER:

Ferrostatin-1, NAC: N-acetylcysteine.

Figure 3. Imaging the enhanced iron and lysosomal degradation in SH-SY5Y neuroblastoma cells treated with VTX (25 µM) in the presence of ferric

ammonium citrate (FAC) or iron chelator deferoxamine (DFO) for 12 h. Iron was detected with calcein staining, and lysosomal degradation was

visualized with neutral red staining using confocal microscopy.
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tosis inhibitor deferoxamine achieving the best reversal (p =

0.000024) (Figure 1d).

ROS generation, iron and lysosomal degradation increased
following venetoclax treatment

The state of oxidative stress in VTX-treated cells was visual-

ized using confocal microscopy. The cells were treated with

VTX (25 µM) for 12 h and stained with DCF. The acquired

images indicated an apparent increase in ROS generation in

the VTX-treated group compared with the untreated con-

trol, which was clearly inhibited by the addition of ferrop-

tosis inhibitors and scavengers (Figure 2). Next, the iron

content and lysosomal integrity of the cells were detected

with Hoechst/calcein/neutral red triple staining, where cal-

cein showed a labile iron pool and neutral red showed lysoso-

mal integrity, simultaneously. The results indicated that both

iron and lysosomal degradation increased following VTX

treatment compared to the untreated control group. Similar

results were observed with the addition of FAC, which was

suppressed by deferoxamine (Figure 3).

Venetoclax induces iron-dependent lipid peroxidation

To investigate the lipid peroxidation status in cells treated

with VTX, the end-product MDA levels were measured in

different time periods using the TBARS method. Following

12 and 24 h of incubation with VTX (25 µM), MDA lev-

els were significantly higher than those in the control group,

by 134.02 ± 2.00 and 204.83 ± 7.84 (%), respectively (p =

0.006264) (Figure 4a). Further experiments revealed that

scavengers and ferroptosis inhibitors suppressed the increased

lipid peroxidation, with the highest suppressive effect ob-

served by deferoxamine (p = 0.005496) (Figure 4b).

TFR, FPN1, and GPX4 gene expressions were significantly
altered in Venetoclax-treated neuroblastoma cells

Cells were administered with VTX for 12 h, and the mRNA

expression of iron-related genes, TFR and FPN1, and the cel-

lular antioxidant enzyme GPX4 were analyzed by RT-qPCR.

The results revealed a significant upregulation of TFR, which

was detected as approximately 2-fold, whereas FPN1 was

downregulated by 5-fold and GPX4 was downregulated by

1.5-fold (p<0.05).

DISCUSSION

Neuroblastoma is an extracranial pediatric malignant tumor

observed in approximately 1 in 10 children. Due to the low

survival rates in high-risk patients, extensive research has been

conducted on alternative therapeutics [19]. Venetoclax is pri-

marily used against hematological cancers and has recently

drawn attention for its potential in different types of cancers.

Several studies have reported that it exhibits antitumoral be-

havior in glioma and lung and breast cancers [20–22]. Fur-

thermore, a case study reported that VTXmay contribute to

neuroblastoma treatment when combined with conventional

chemotherapeutics [8]. However, VTX is mostly known for

its Bcl-2 inhibitory effect, and data on its alternative mech-

anisms of action are very limited. Deciphering these path-

ways induced by VTX, beyond Bcl-2 inhibition, may provide

a more effective and rational combinatorial therapy regimen.

The ferroptotic activity of VTX was investigated in neurob-

lastoma cells. First, the concentration-dependent effect of

the agent was determined and 25 µM was selected for fur-

ther experiments because it yielded an approximate IC50 value

(Figure 1a). Time-dependent cell viability analysis demon-

strated that 25 µM of VTX causes a significant death starting

from 12 h, which gradually increases over 24 h (Figure 1b).

Furthermore, it was observed that some antioxidants reversed

the cytotoxic effect of VTX, which correlates with the ROS-

generating role of the agent [14]. However, the iron chela-

tor and ferroptosis inhibitor deferoxamine exhibited the high-

est inhibition rate, indicating that iron is a major contribu-

tor to VTX-induced cell death (Figure 1d). To confirm this,

confocal microscopy was used to visualize the labile iron pool

in VTX-treated cells, which reflected an obvious increase in

the iron content. Similar results were obtained when the cells

were treated with FAC, which is an iron source. To investi-

gate the role of iron in VTX-induced cell death, neuroblas-

toma cells were exposed to both VTX and FAC, and neutral

red staining was performed to highlight the integrity of lyso-

somes. As shown in Figure 3, both VTX and FAC aggravated

lysosomal degradation. The close relationship between lyso-

somal function and ferroptosis is well established. Because

lysosomes contain iron and proteolytic enzymes, the break-

down of lysosomal membranes results in the release of iron,

which contributes to the increase in the labile iron pool [23].

Oxidative stress and iron-dependent lipid peroxidation are

among the essential hallmarks of ferroptotic cell death, which

may be induced by VTX [14,20]. In this study, ROS gen-

eration was detected using DCF staining. The acquired im-

ages showed that VTX treatment enhances the available ROS

in cells. Generally, cancer cells increase their antioxidant de-

fense capacity to overcome cellular damage caused by excess

ROS. Glutathione peroxidases (GPx) aremajor players in this

regardbecause theyneutralize free radicals [24]. GPx4 is a crit-

ical suppressor of ferroptotic cell death; thus, downregulation

of this enzyme is particularly important to enable ROS gen-

eration and the subsequent events [25]. RT-qPCR analyses

demonstrated that 12 h of VTX treatment significantly sup-

pressed GPx4 gene expression in neuroblastoma cells, which

may explain the increase in ROS generation. Excess ROS in

the cellular environment damage lipid–based structures, espe-

cially polyunsaturated fatty acids (PUFAs) found in cellmem-

branes, leading to lipid peroxidation [26]. To verify this, the

end-product of lipid peroxides (MDA) was measured follow-

ing VTX treatment. The results demonstrated a significant

elevation in MDA levels in a time-dependent manner, which

correlated with the results of the previous experiments (Fig-

ure 4a). To confirm that lipid peroxides were iron-dependent,
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Figure 4. Detection of lipid peroxidation in SH-SY5Y cells. (a) Following VTX (25 µM) treatment, cells were lysed, and the end-product of lipid

peroxidation, malondialdehyde (MDA), was measured using the TBARS method. (b) The effect of VTX (25 µM) combined with scavengers and fer-

roptosis inhibitors on lipid peroxidation. Data represent the average of at least 3 replicates, *p<0.01, **p<0.001, ***p<0.0001. VTX: Venetoclax, FER:

Ferrostatin-1, MAN: Mannitol, NAC: N-acetylcysteine, DFO: Deferoxamine.

Figure 5. Gene expression analysis using RT-qPCR Cells were treated with VTX (25 µM), and FPN, TFR, and GPX4mRNA expression was detected after

12 h Data represent the average of at least 3 replicates, *p<0.01, **p<0.001. FPN1: Ferroportin, TFR: Transferrin, GPX4: Glutathione peroxidase-4.

VTX was administered to neuroblastoma cells in the pres-

ence of deferoxamine and antioxidants. The findings indi-

cated that deferoxamine suppresses the formation of MDA

more than the antioxidants, leading to the conclusion that

iron mediates VTX-induced lipid peroxidation (Figure 4b).

Iron is a critical player in ferroptotic cell death [27]. Hence,

iron metabolism and associated elements in the cellular en-

vironment must be explored to confirm the activation of

this pathway. In this regard, transferrin (TFR) and ferro-

portin1 (FPN1) are among the major regulators of cellular

iron metabolism. TFR allows iron entry into the cell, while

FPN1 mediates iron export. In ferroptosis, TFR expression

is upregulated and FPN1 is downregulated to enrich the in-

tracellular iron content [28]. TFR and FPN1 gene expres-

sionswere analyzed inVTX-exposed neuroblastoma cells. Af-

ter 12 h of treatment, TFR gene expression increased by ap-

proximately 2-fold, whereas FPN1 expression was downreg-

ulated by 5-fold (Figure 5). These findings support the hy-

pothesis that VTX activates ferroptotic pathways in neurob-

lastoma cells.

Despite the promising data obtained in this study, some

limitations should be addressed in future studies. The

potential of VTX as an add-on therapy, such as whether

VTXwould exhibit ferroptotic activity when combined with

chemotherapeutics, should be explored.
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Furthermore, the long-term effects of VTX use, especially on

healthy tissues, should be investigated.

Conclusion

Neuroblastoma is a common neoplasm in children with in-

sufficient treatment options. VTX is a selective Bcl-2 in-

hibitor that may be a promising treatment candidate. In this

study, the ferroptotic behavior of VTX was investigated in

neuroblastoma cells for the first time. The data obtained

indicated that VTX exposure increased oxidative stress and

iron-dependent lipid peroxidation, which are hallmarks of

ferroptosis. In addition, iron metabolism was altered with

upregulated transferrin and downregulated ferroportin gene

expression following VTX administration. Taken together,

the findings of this study shed light on the alternative mech-

anisms of VTX, demonstrating its potential contribution to

the treatment of neuroblastoma.
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MAIN POINTS

• Programmable valve systems were
associated with significantly lower
mortality rates compared to stan-
dard valves in adult VPS patients.

• Hydrocephalus due to intracranial
hemorrhage demonstrated a
near-significant association with
increased mortality, highlighting
the need for targeted follow-up.

• Both early and late complication
rates were 13.6%, with overdrainage
and shunt infection being the most
common, respectively.

• The study supports programmable
shunt use and individualized patient
monitoring to improve outcomes in
high-risk hydrocephalus cases.
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ABSTRACT

Aim: The aim of our study is to retrospectively analyze the incidence of postoperative com-
plications in adult patients who underwent ventriculoperitoneal shunt (VPS) surgery for hydro-
cephalus and to identify clinical, demographic, and surgical predictors of mortality.

Materials andMethods: This is a single-center retrospective analysis including 44 patients aged
18 years and older who underwent primary or revision VPS surgery between September 2021
and January 2025. Data including demographic characteristics, comorbidities, hydrocephalus
etiology, type of shunt (programmable vs. standard), clinical presentation, early and late com-
plications, and mortality were collected and analyzed. Statistical analysis involved independent
t-tests and chi-square or Fisher’s exact tests as appropriate.

Results: The mean patient age was 68.8 ± 10.8 years, with a mortality rate of 29.5% observed
during follow-up. Early and late complication rates were each 13.6%. Over-drainage (9.1%)
was the most common early complication, while shunt infection (6.8%) predominated among
late complications. Mortality was significantly higher in patients with standard valves (61.5%)
compared to thosewith programmable valves (38.5%, p<0.001). Hydrocephalus secondary to in-
tracranial hemorrhage was associated the highest rate and it was slightly above the significance
level (30.8%, p=0.053).

Conclusion: The type of shunt system and hydrocephalus etiology, particularly intracranial
hemorrhage, were identified as the most significant predictors of mortality. The use of pro-
grammable valve systems and close monitoring of high-risk patients may improve outcomes.

Keywords:
Ventriculoperitoneal shunt, Hydrocephalus, Postoperative complications,
Neurosurgery
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INTRODUCTION

Hydrocephalus is a significant neurological disorder originat-

ing from the central nervous system. It may result from

any pathology that affects the production, circulation, or ab-

sorption of cerebrospinal fluid (CSF). This condition may be

linked to various etiologies, including intraventricular hem-

orrhage, congenital anomalies, brain tumors, infections such

as meningitis, and head trauma. The main characteristics of

hydrocephalus are pathological dilation of the ventricular sys-

tem and subarachnoid space, potentially leading to substan-

tial neurological sequelae due to increased intracranial pres-

sure [1,2].

Currently, surgical interventions are themainstay of theman-

agement of hydrocephalus, with ventriculoperitoneal shunt

(VPS) placement being the most frequently employed tech-

nique. This procedure is designed to redirect cerebrospinal

fluid (CSF) from the intraventricular space to the peritoneal

cavity, thereby alleviating intracranial pressure. VPS is re-

garded as a life-saving intervention, particularly for patients

who do not respond to conventional treatments or those ex-
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periencing acute elevations in intracranial pressure. The lit-

erature indicates that shunt placement significantly reduces

postoperative mortality rates [3,4]. However, despite the suc-

cess of this surgical technique, the relatively high incidence of

postoperative complications necessitates shunt revisions, re-

sulting in considerablemorbidity and increasedhospital costs.

Due to their invasive nature and external components, shunt

systems are susceptible to various complications, including in-

fections, mechanical obstructions, over-drainage, shunt mi-

gration, and peritoneal complications [5-7]. Various studies

have reported complication rates of up to 30–40% associated

with shunt systems [8].

These complications not only contribute to surgical failure

but also adversely affect clinical prognosis by increasing hos-

pital readmission rates, prolonging ICU stays, and elevating

healthcare costs [9]. Repeated shunt revisions, in addition

to imposing a financial burden on the healthcare system, sig-

nificantly impact the psychosocial well-being of patients [10].

The primary objective of this study is to retrospectively ascer-

tain the incidence of postoperative complications in adult pa-

tients undergoing VPS surgery and to analyze the potential

effects of demographic, clinical, and surgical variables onmor-

tality. The findings aim to contribute to the guide the strate-

gies that may mitigate the risk of shunt-related complications

and toprovide guidance for clinical practices aimed at improv-

ing patient outcomes.

MATERIALS ANDMETHODS

This investigation constitutes a single-center retrospective

analysis of patients who underwent ventriculoperitoneal

shunt (VPS) surgery at our clinic. The study protocol was ap-

proved by the Ethics Committee ofGiresunTraining andRe-

searchHospital (Ethics Committee Date/Approval Number:

28.05.2025/15) and was conducted in accordance with the

ethical principles delineated in the Declaration of Helsinki.

Given the retrospective nature of the study, informed consent

was not obtained from the patients.

Study population

The study included patients who underwent VPS surgery at

our clinic between September 2021 and January 2025. Inclu-

sion criteria encompassed individuals aged ≥18 years, those

who had undergone primary or revision VPS surgery, and

those with complete medical records. Patients who received

non-VPS hydrocephalus treatment or had incomplete clinical

data were excluded from the study.

Data collection and evaluation

All data were retrospectively obtained using the hospital au-

tomation system and patient medical records. Recorded vari-

ables included demographic characteristics (age, sex), comor-

bid conditions, etiology of hydrocephalus (congenital, ac-

quired, normal pressure, etc.), clinical presentation at admis-

sion, nature of the surgery (primary or revision), and type

of shunt used (programmable or standard valve). Addition-

ally, early (<30 days) and late (>30 days) shunt dysfunc-

tions, mechanical complications (such as obstruction, frac-

ture, or migration of the shunt system), infectious complica-

tions (such as meningitis or peritonitis), and over-drainage-

related pathologies (such as subdural hematoma or slit ventri-

cle syndrome) were evaluated along with mortality rates. All

data were recorded in a standardized data collection form for

analysis.

Statistical analysis

Descriptive statistics were reported as mean, standard devia-

tion, median, minimum, and maximum values for continu-

ous variables, and as frequency and percentage for categori-

cal variables. The distribution of variables was evaluated us-

ing the Kolmogorov-Smirnov and Shapiro-Wilk tests. For

normally distributed quantitative variables, mean values were

compared using the independent samples t-test. For categor-

ical independent variables, the chi-square test was employed.

In cases where the assumptions of the chi-square test were not

met, Fisher’s exact testwas applied. Statistical significancewas

set at p < 0.05. All statistical analyses were conducted using

IBM SPSS Statistics version 28.0 (Armonk, NY: IBMCorp.).

A post hoc power analysis for the mortality–shunt type asso-

ciation (χ² test, df = 1; α = 0.05; N = 44; group proportions

20.5% vs. 79.5%; assumed effect size w = 0.50) usingG*Power

3.1.9.4 yielded an achieved power of 0.91.

RESULTS

A total of 44 patients participated in the study. The mean

age was 68.8 ± 10.8 years, with a median age of 69.5 years.

In terms of gender distribution, 54.5% (n=24) of the patients

were male, while 45.5% (n=20) were female. Comorbidities

were present in the 95.5%of cases. The most prevalent co-

morbidities included hypertension (84.1%), coronary artery

disease (27.3%), diabetesmellitus (20.5%),Alzheimer’s disease

(15.9%), and other systemic disorders (50.0%) (Table 1). Re-

garding the type of hydrocephalus, 81.8% of the cases were

diagnosed with communicating hydrocephalus, and 18.2%

with obstructive hydrocephalus. Hemorrhage was identified

as the most common etiology (13.6%), followed by trauma

(9.1%), tumors (6.8%), and infections (2.3%). The most

frequently reported presenting symptoms were gait distur-

bances (81.8%), altered mental status (79.5%), and urinary

incontinence (79.5%). Headache (34.1%) and nausea/vom-

iting (9.1%) were less commonly observed (Table 1). Pro-

grammable valves were utilized in 79.5% of patients, whereas

standard valves were employed in 20.5%. Shunt revision

was unnecessary in 90.9% of the patients; only four patients

(9.1%) required a single revision. Additionally, five patients

(11.4%) underwent external ventricular drainage (EVD) prior

to shunt surgery (Table 1).

In the early postoperative period, the overall complication

rate was observed to be 13.6%. The most prevalent com-
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Table 1. Demographic data and clinical descriptors.

Min-Max Median Mean ± SD n - %

Age 44.0-93.0 69.5 68.8±10.8

Gender
Female 20 - 45.5%

Meal 24 - 54.5%

Comorbidities
No 2 - 4.5%

Yes 42 - 95.5%

Hypertension (HT) 37 - 84.1%

Coronary artery disease 12 - 27.3%

Diabetes mellitus (DM) 9 - 20.5%

Alzheimer’s disease 7 - 15.9%

Others 22 - 50.0%

Type of Hydrocephalus

Communicative 36 - 81.8%

Obstructive 8 - 18.2%

Post-traumatic 4 - 9.1%

Infectious 1 - 2.3%

Hemorrhagic 6 - 13.6%

Tumor-related 3 - 6.8%

Presenting Symptoms

Gait disturbance 36 - 81.8%

Altered mental status 35 - 79.5%

Urinary incontinence 35 - 79.5%

Headache 15 - 34.1%

Nausea/Vomiting 4 - 9.1%

Shunt Type
Standard 9 - 20.5%

Programmable 35 - 79.5%

Shunt Revision Performed 4 - 9.1%

External Ventricular Drain (EVD) 5 - 11.4%

Table 2. Complication and mortality rates.

n %

Early Complications
No 38 86.4%

Yes 6 13.6%

- Shunt Obstruction 1 2.3%

- Overdrainage 4 9.1%

- Shunt Infection 1 2.3%

Late Complications
No 38 86.4%

Yes 6 13.6%

- Shunt Obstruction 1 2.3%

- Migration 1 2.3%

- Overdrainage 1 2.3%

- Shunt Infection 3 6.8%

Mortality Rate 13 29.5%

plication was over-drainage (9.1%), followed by shunt ob-

struction (2.3%) and shunt infection (2.3%) as other early

complications. Late complications occurred at an equivalent

rate (13.6%), with shunt infection being the most frequently

observed (6.8%), followed by shunt migration (2.3%), over-

drainage (2.3%), and shunt obstruction (2.3%). During the

follow-up period, the mortality rate was determined to be

29.5% (13 patients) (Table 2). Mortality rates were signifi-

cantly higher (p < 0.05) in patients with standard valves (Ta-

ble 3).

Upon analyzing variables associated with mortality, a statis-

tically significant difference was observed exclusively concern-

ing the typeof ventriculoperitoneal shunt (VPS)utilized. The

mortality ratewas notably lower among patientswho received

programmable shunts (38.5%), in contrast to those who re-

ceived standard valve shunts, which exhibited a mortality rate

of 61.5% (p<0.001) (Table 3). In the analysis based on the eti-

ology of hydrocephalus, the mortality rate for patients with

hemorrhagic hydrocephalus was 30.8%, approaching statisti-

cal significance (p = 0.053). Although the mortality rates for
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Table 3. Variables associated with mortality.

Mortality (-) (n:31) Mortality (+) (n:13) p

Age (Mean±SD) 67.4±10.4 72.2±11.2 0.179t

n % n %

Gender
Female 16 51.6% 4 30.8%

0.205χ²
Male 15 48.4% 9 69.2%

Comorbidities
No 1 3.2% 1 7.7%

0.508χ²
Yes 30 96.8% 12 92.3%

Type of Hydrocephalus

Communicative 27 87.1% 9 69.2%
0.161χ²

Obstructive 4 12.9% 4 30.8%

-Post-traumatic 1 3.2% 3 23.1% 0.071χ²

-Infectious 0 0.0% 1 7.7% 0.295χ²

-Hemorrhagic 2 6.5% 4 30.8% 0.053χ²

-Tumor-related 1 3.2% 2 15.4% 0.204χ²

Shunt Type
Standard 1 3.2% 8 61.5%

<0.001χ²
Programmable 30 96.8% 5 38.5%

Early Complications
No 28 90.3% 10 76.9%

0.339χ²
Yes 3 9.7% 3 23.1%

- Shunt Obstruction 0 0.0% 1 7.7% 0.295χ²

- Migration 3 9.7% 1 7.7% 1.000χ²

- Overdrainage 0 0.0% 1 7.7% 0.295χ²

Late Complications
No 27 87.1% 11 84.6%

1.000χ²
Yes 4 12.9% 2 15.4%

- Shunt Obstruction 1 3.2% 0 0.0% 1.000χ²

- Migration 0 0.0% 1 7.7% 0.295χ²

- Overdrainage 1 3.2% 0 0.0% 1.000χ²

- Shunt Infection 2 6.5% 1 7.7% 1.000χ²

t Independent samples t-test/ χ² Chi-square test (Fisher’s exact test).

patients with trauma-related (23.1%) and tumor-related hy-

drocephalus (15.4%) were higher compared to other etiolog-

ical causes, these differences did not achieve statistical signifi-

cance (p = 0.071 and p = 0.204, respectively) (Table 3).

DISCUSSION

In this retrospective study, clinical findings, postoperative

complications, and mortality rates were analyzed in adult pa-

tients who underwent VPS surgery for the treatment of hy-

drocephalus. While our findings are generally consistent with

those reported in the literature, some results offer unique con-

tributions.

The most frequently symptoms in our study were gait dis-

turbances (81.8%), cognitive changes (79.5%), and urinary

incontinence (79.5%), which are characteristic symptoms of

normal pressure hydrocephalus (NPH). This supports the

clinical presentation typically observed in elderly individu-

als with NPH [11]. Headache (34.1%) and nausea/vomit-

ing (9.1%), which are signs of elevated intracranial pressure,

were observed at lower rates. The lower frequency of these

findings aligns with the predominance of communicating hy-

drocephalus (81.8%) in our cohort. In cases where the clin-

ical condition deteriorated rapidly and hydrocephalus pre-

sented acutely, 11.4% of patients required external ventricular

drainage (EVD). Given that NPH generally has an insidious

onset and progresses slowly, delays in diagnosis are common

andmay contribute to increased neurological damage. There-

fore, early recognition of these characteristic symptoms is cru-

cial, especially in individuals at risk [12].

Complications associated with shunt surgery continue to

pose significant challenges in the management of hydro-

cephalus. In our study, the overall incidence of both early and

late complications was determined to be 13.6%, aligning with

the 10–30% range documented in existing literature. The

presence of complications during both early and late stages

underscores the importance of long-term follow-up. In a

systematic review of 28 studies published between 2006 and

2010, Toma et al. [13] reported a surgical complication rate of

8.2%. Moreover, multicenter prospective cohort studies have

documented serious complication rates ranging from 15% to

22% [14,15]. Standardization of surgical techniques, appro-

priate selection of shunt materials, and improvement of post-

operative monitoring protocols are critical to reducing com-

plication rates.

Shunt infection remains a prevalent and serious complication

associated with shunt surgery. Infection rates in the pedi-

atric population are typically reported to range from 5% to

15%, whereas in adult patients, this rate varies between 3%

563 https://doi.org/10.5455/annalsmedres.2025.06.145

https://doi.org/10.5455/annalsmedres.2025.06.145


Tamdogan T. et al. Original Article AnnMed Res 2025;32(12):560–565

and 10% [4,7,16]. Although the rates are technically lower

in adults, they are influenced by factors such as immune sta-

tus, the materials used, antibiotic prophylaxis, and revision

surgery [13,17]. In our study, the early shunt infection rate

was 2.3%, while the late infection rate was 6.8%. This find-

ing suggests that infections are not confined to the perioper-

ative period and pose a significant risk even during long-term

follow-up. Thedisparity between early and late infection rates

indicates that the etiology of infections may evolve over time,

necessitating the optimization of late follow-up protocols.

The most prevalent early complication identified was over-

drainage (9.1%), commonly attributed to the siphon effect,

inappropriate selection of valve systems, or inadequate per-

sonalization of valve pressure settings. The literature indi-

cates that over-drainage is more frequently observed in the

early postoperative period [13,18]. In standard valve systems,

the inability to adjust pressure heightens the risk of compli-

cations. Conversely, programmable valve systems are specif-

ically engineered to mitigate over-drainage. Despite the ex-

tensive use of programmable shunts in our study, early over-

drainage (9.1%) was still more prevalent than in the later pe-

riod (2.3%). Thismay be attributed to the challenges in deter-

mining the optimal valve pressure for the patient during the

initial stages. Factors such as the patient’s age, cerebrospinal

fluid (CSF) production rate, body position, and type of hy-

drocephalus can influence the ideal valve pressure. This sug-

gests that, notwithstanding the theoretical advantages of pro-

grammable shunts, identifying the most appropriate valve

pressure for the patient may necessitate time. The literature

suggests that the effectiveness of programmable systems in re-

ducing complications becomes more apparent once optimal

pressure settings are achieved [19,20].

In our study, the overall mortality rate was 29.5%, and a sta-

tistically significant association was observed between shunt

type and mortality (p = .000). Specifically, the mortality rate

was 38.5% among patients with programmable shunts, com-

pared to 61.5% in those with standard valve systems. This

finding indicates that programmable systemsmay bemore ef-

fective in regulating intracranial pressure, thereby preventing

complications and enhancing overall survival. The literature

contains a limited number of studies that directly compare

mortality rates between programmable and standard shunt

systems. In a retrospective cohort study by Chen et al. [21]

programmable and standard valves were compared in adult

patients with various etiologies of hydrocephalus, revealing

that programmable valve systems reduced the need for revi-

sion and mortality. Similarly, a study by McGirt et al. [22]

conducted in pediatric hydrocephalus patients demonstrated

that programmable valve systems reduced the risk of proximal

shunt obstruction and revision rates compared to standard

systems, although mortality rates were not directly assessed.

Consequently, it can be inferred that programmable valve

systems may reduce mortality indirectly by decreasing com-

plication rates and the need for revision. Thus, the imple-

mentation of programmable valve systems in high-risk patient

groups may represent a significant treatment strategy for im-

proving clinical outcomes.

On the other hand, although the mortality rate was lower

in the programmable shunt group in our study, the majority

of deaths were found to be unrelated to direct shunt-related

complications. Among the 13 patients who died, 3 cases were

due to sepsis, 2 to multiple trauma, 1 to massive intracranial

hemorrhage, and 1 to malignant brain tumor. In the remain-

ing 6 patients, death occurred due to deterioration in general

condition following shunt surgery, primarily attributed to ad-

vanced age and pre-existing cardiovascular/metabolic comor-

bidities. This finding suggests that mortality is not solely in-

fluenced by surgical complications but is also significantly af-

fected by the patients’ systemic health status and coexisting

medical conditions.

In the assessment of etiological factors, mortality approached

statistical significance in instances of hydrocephalus sec-

ondary to intracranial hemorrhage (30.8%, p = 0.053). This

finding indicates that hemorrhage-related hydrocephalus is as-

sociated with a poorer prognosis, necessitating closer mon-

itoring and individualized treatment strategies for these pa-

tients. Corroborating this, a comprehensive database analysis

by Nadel et al. [23] also identified significantly elevated mor-

tality rates in cases of hydrocephalus following hemorrhage.

Although early and late complications did not exhibit a sta-

tistically significant association with mortality, the early com-

plication rate was notably higher among patients who suc-

cumbed (23.1% vs. 9.7%), which is clinically significant. The

literature suggests that early postoperative complications, par-

ticularly infections and drainage-related issues, may adversely

affect long-term prognosis [4,16].

Limitations

The limitations of this study include its single-center, retro-

spective design and relatively small sample size. Addition-

ally, variations in surgical techniques, practitioner experience,

and details regarding antibiotic prophylaxis, which may con-

tribute to shunt failure, were not uniformly documented

across all patients. Nevertheless, our findings offer original

contributions that may inform future large-scale, prospective

studies.

CONCLUSION

In conclusion, our study identified shunt type and the etiol-

ogy of hydrocephalus, particularly intracranial hemorrhage,

as the variables exerting themost significant impact onmortal-

ity. The adoption of programmable valve systems and the im-

plementation of amultidisciplinary approach for closer mon-

itoring of patients with bleeding etiology emerge as crucial

strategies to mitigate mortality rates.

This studyunderscores that complication rates followingVPS

surgery remain a significant clinical concern and that certain
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modifiable factors, particularly shunt type, influence mortal-

ity. Based on the data obtained, it is posited that the use of

a programmable valve system may be advantageous in reduc-

ing complication rates, especially in adult patients with ad-

vanced age and comorbidities. In cases of hydrocephalus sec-

ondary to intracranial hemorrhage, structured follow-up pro-

tocols should be developed to facilitate closer clinical moni-

toring and early intervention. Multicenter, prospective stud-

ies with larger sample sizes in this domain will enhance the

generalizability of the data obtained and providemore robust

evidence for clinical practice.
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MAIN POINTS

• PIIV were found to be markedly el-
evated in SLE patients compared
with healthy individuals

• Cardiac involvement was associ-
ated with elevated PIIV.

• PIIV may reflect both disease activ-
ity and organ involvement, indicat-
ing its biomarker potential.

• Applying PIIV in clinical practice
could assist with risk stratification
and guide therapeutic decisions.

• Hydroxychloroquine treatment cor-
related with lower PIIV, supporting
its anti-inflammatory effects in SLE.
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ABSTRACT

Aim: This study aimed to investigate the association between pan-immune inflammation value
(PIIV) and both disease activity and organ involvement in patients with systemic lupus erythe-
matosus (SLE).

Materials and Methods: A total of 50 adult SLE patients, meeting the 2019 EULAR/ACR classifi-
cation criteria, and 35 healthy volunteers were included in the study. PIIV was determined using
the formula: [neutrophil × platelet × monocyte] / lymphocyte. Disease activity was evaluated
with the SLEDAI-2K index. The relationship between PIIV and clinical findings, organ involve-
ment, laboratory results, and disease activity was assessed.

Results: PIIV levels were markedly higher in SLE patients compared to the control group
(p<0.001). Patients with cardiac involvement had elevated PIIV values compared to those with-
out heart involvement (p<0.05). On the other hand, individuals receiving hydroxychloroquine
therapy showed lower PIIV than those not using the drug (p=0.019). No clear correlation was
observed between PIIV and SLEDAI-2K scores (p=0.532).

Conclusion: The findings indicate that PIIV levels are increased in SLE patients compared with
healthy controls, suggesting its potential role as a supportive diagnostic marker. Additionally,
higher PIIV in patients with cardiovascular involvement and lower values in those treated with
hydroxychloroquine imply that PIIV could be considered a useful biomarker for evaluating and
tracking cardiovascular risk in SLE.

Keywords:
Systemic lupus erythematosus, Pan-immune inflammation value, Disease
activity, Cardiac involvement
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INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic autoim-

munedisordermarkedby alternating periods of exacerbations

and remissions. It can involve multiple organs and systems

[1]. Proper evaluation of disease activity is crucial for differ-

entiating flare-ups, preventing irreversible organ damage, and

guiding therapeutic decisions. Despite the widespread use of

current clinical activity indices, these tools may not fully cap-

ture the heterogeneous nature of SLE or accurately indicate

specific organ involvement [2, 3].

Alterations in hematologic parameters, including anemia,

leukopenia, lymphopenia, and thrombocytopenia, are fre-

quently observed in SLE [4]. Collectively, these cellular al-

terations provide a strong foundation for the development

of novel biomarkers for inflammation. While many investi-

gations have focused on simple binary cell ratios, indices in-

corporating multiple cell types have only recently begun to be

explored [5].

Within this framework, the pan-immune-inflammation value

(PIIV) is a straightforward and cost-effective index calcu-
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lated from neutrophil, monocyte, platelet, and lymphocyte

counts [6, 7]. Originally proposed in oncology settings [8],

PIIV has since been studied as a prognostic marker in vari-

ous chronic inflammatory conditions, including cardiovascu-

lar disease [9], obesity, rheumatoid arthritis [5, 10], and Be-

hçet’s disease [11]. In recent years, compelling evidence has

emerged linking PIIV with cardiovascular risk [7, 9].

There is limited research evaluating the association between

PIIV and both disease activity and organ involvement in SLE.

Gambichler et al. [12] reported no significant correlation

between PIIV and SLE Disease Activity Index (SLEDAI)

in adult patients; on the other hand, Alasmari et al. [13]

observed a positive association between elevated PIIV and

SLEDAI in pediatric lupus cases. In a study by Ulutaş and

Çobankara on biopsy-proven lupus nephritis patients, PIIV

was examined, but its connection to disease activity was not

analyzed [14].

Cardiac involvement in SLE can lead to severe complications,

such as pericarditis, valvular disorders, atherosclerotic cardio-

vascular disease, and heart failure, and represents a major de-

terminant of mortality [15]. Population-based studies have

demonstrated strong links between PIIV and cardiovascular

outcomes [9, 16]. However, the role of PIIV inpredicting car-

diac involvement among adult SLE patients has not yet been

clearly defined.

Considering the central role of cellular components in SLE

immunopathogenesis, PIIV may serve as a useful biomarker

for disease monitoring. This study aims to investigate the re-

lationship between PIIV, disease activity, and organ involve-

ment in adult SLE patients.

MATERIALS ANDMETHODS

This research was conducted as a single-center, cross-

sectional, observational study. Fifty adult patients diag-

nosed with SLE according to the 2019 classification crite-

ria of the European Alliance of Associations for Rheuma-

tology (EULAR) and the American College of Rheumatol-

ogy (ACR) and 35 healthy controls attending the rheumatol-

ogy outpatient clinic at Malatya İnönü University between

January 2024 and January 2025 were included. The con-

trol group comprised healthy volunteers without any signs of

rheumatic disease who fulfilled the study’s exclusion criteria.

This study was approved by the İnönü University Clinical

Research Ethics Committee on 11 December 2024 (decision

no. 2024/167). All procedures were conducted in accordance

with the principles of the Helsinki Declaration.

Individuals younger than 18 or older than 65, as well as those

with infections, malignancies, or other rheumatologic con-

ditions, were excluded. Demographic information, clinical

features, laboratory parameters, disease activity scores, and

treatments of SLE patients were documented. Similarly, de-

mographic and laboratory data were collected for the con-

trol group. All participants underwent evaluation of com-

plete blood count, renal function, proteinuria, ANA, ds-

DNA, complement levels, CRP, and erythrocyte sedimenta-

tion rate. Proteinuriawas consideredpositivewhen spoturine

protein exceeded 300 mg. Disease activity in SLE patients was

assessed using SLEDAI-2K (Systemic Lupus Erythematosus

Disease Activity Index-2000), with a score >6 indicating ac-

tive disease [17,18]. PIIV was calculated using the formula:

[neutrophil count × platelet count × monocyte count] / lym-

phocyte count.

Statistical analysis

Categorical variables were expressed as percentages, summa-

rizing their distribution within the study population. The

Shapiro–Wilk test was employed to assess the normality of

continuous data. Variables with a non-normal distribution

were presented as median (minimum–maximum), whereas

normally distributed variables were reported as mean ± stan-

dard deviation. For comparisons of categorical variables, the

Pearson chi-square test, Yates-corrected chi-square test, or

Fisher’s exact test was applied as appropriate. Continuous

variableswere comparedbetween two independent groupsus-

ing the Mann–Whitney U test and among more than two

groups using the Kruskal–Wallis test, where applicable. As-

sociations between continuous variables were evaluated us-

ing the Spearman’s rank correlation coefficient. A two-tailed

p-value <0.05 was considered statistically significant for all

analyses. Statistical computations were performed using IBM

SPSS Statistics version 26.0 for Windows (IBM Corp., New

York, USA).

The minimum required sample size for the study was calcu-

lated using the G*Power 3.1 software. Assuming an alpha er-

ror of 0.05, a test power (1-β) of 0.80, a moderate effect size

of 0.70, and a two-tailed hypothesis for an independent two-

sample t-test, at least 34 participants per group (total 68) were

required. Therefore, the study included 50 SLE patients and

35 healthy controls, fulfilling the minimum sample size re-

quirement.

RESULTS

Overall, 85 participants were enrolled in the study, includ-

ing 50 patients (58.8%) and 35 healthy controls (41.2%). The

study population consisted predominantly of women (77 in-

dividuals; 90.6%), whereas 8 participants (9.4%) were men.

Coexisting medical conditions were identified in 39 partic-

ipants (45.9%), while 46 individuals (54.1%) had no addi-

tional health problems. Regarding smoking habits, 13 partic-

ipants (15.3%) reported active smoking, whereas 72 individu-

als (84.7%) did not smoke.

The mean age of the study population was 42.73 ± 10.14

years, with a median of 44 years (range, 22–65). The mean

body mass index (BMI) was 25.79 ± 4.61, with a median value

of 25.59 (range, 15.24–37.97). Among inflammatory mark-

ers, the mean erythrocyte sedimentation rate (ESR) was 12.02

± 16.05 mm/h, with a median of 7 (range, 0.4–116), and the
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Table 1. Demographic, clinical and laboratory characteristics of patient and control groups.

Variables Patient (n=50) Control (n=35) P

Age 42.72±11.27 42.74±8.42 0.9921

BMI 25.18±5.24 26.66±3.41 0.1201

Sex , M / F, [n (%)] 4 (8.00)/ 46 (92.00) 4 (11.43) /31 (88.57) 0.7122

Comorbidity, [n (%)] 35 (70.00) 4 (11.43) <0.0013

Smoking [n (%)] 6 (12.00) 7 (20.00) 0.4823

ESR, (mm/hour) 8(2-116) 5(0.4-19) <0.0014

CRP, (mg/dL) 0(0-3.18) 0(0-30) 0.9404

WBC, (103/uL) 7000(3.24-19440) 6.68(0-6790) <0.0014

Neutrophils,(103/uL) 4.7(1.92-15.88) 4.05(2.38-6.97) 0.0214

Monocytes (103/uL) 0.64(0.32-1.76) 0.5(0.3-1.04) <0.0014

Platelets, (103/uL) 285(119-449) 271(176-333) 0.0544

Lymphocytes, (103/uL) 1.68(0.67-5.1) 2.23(1.54-3.67) 0.0014

HB, (g/dL) 12.3(9-17.7) 13.5(10.2-17.1) <0.0014

RDW, [n (%)] 45.1(39-68.9) 41.3(0-47.6) <0.0014

PIIV 498.9(213.2-6512) 235.6(38.5-687) <0.0014

(1): Independent samples t-test , (2): Fisher’s exact chi-square test, (3): Chi-square test with Yates correction; (4): Mann Whitney U test [median (max-min)]. BMI: Body
Mass Index; ESR: Erythrocyte Sedimentation Rate; CRP: C-Reactive Protein; WBC: White Blood Cells; Hb: Hemoglobin; RDW: Red Cell Distribution Width; PIIV:
Pan-Immune-Inflammation Value.

Table 2. Distribution of PIIV in SLE patients according to demographic,

clinical, and laboratory variables.

Variables PIIV p

Sex (Male/Female)
M 778.85(216-1279)

0.497*
F 498.9(213.2-6512)

BMI
Under 30 509.5(213.2-6512)

0.926*
Over 30 470.9(285.5-1086)

aPL AC
Yes 612.7(220.8-6512)

0.401*
No 441.9(213.2-1279)

Comorbidity
Yes 530.8(213.2-6512)

0.505*
No 423.7(216-1232)

Smoking
Yes 418.15(213.2-1279)

0.676*
No 509.5(216-6512)

SLEDAI>6 and above
Yes 470.85(220.8-1232)

0.532*
No 523.65(213.2-6512)

SLEDAI>10 and above
Yes 506.75(303.9-902.7)

0.979
No 498.9(213.2-6512)

SLEDAI>20
Yes 838.4(774.1-902.7)

0.125
No 488.5(213.2-6512)

Anti Ds DNA
High 573.3(216-6512)

0.663*
Low 461.8(213.2-1086)

Low C3
Yes 423.7(216-902.7)

0.685*
No 502.5(213.2-6512)

Low C4
Yes 612.7(313.8-902.7)

0.428*
No 488.5(213.2-6512)

RF Positivity
Yes 465.2(410.7-1232)

0.815*
No 523.65(216-6512)

Presence of proteinuria
Yes 557.6(285.5-1279)

0.290*
No 477.65(213.2-6512)

*: Mann Whitney U test; BMI: body mass index; aPL AC: Antifosfolipid anticoag-
ulant; SLEDAI: The Systemic Lupus Erythematosus Disease Activity Index; anti-
dsDNA: Anti-double stranded DNA antibody; C3: Complement 3; C4: Comple-
ment 4; RF: rheumatoid factor; Pan-immune inflammation value

mean C-reactive protein (CRP) was 0.71 ± 3.29 mg/L, with

a median of 0 (range, 0–30).

Regarding haematological parameters, the mean white blood

cell (WBC) count was 4,150.49 ± 4,408.36/mm³, with a me-

dian of 4,960 (range, 0–19,440); the mean neutrophil count

was 4.64 ± 1.86, with a median of 4.39 (range, 1.92–15.88);

and the mean monocyte count was 0.63 ± 0.26, with a me-

dian of 0. The mean platelet count was 279 ± 69.59, with a

median of 280 (range, 119–449); the mean lymphocyte count

was 2.02 ± 0.81, with a median of 1.88 (range, 0.67–5.1); the

mean hemoglobin (Hb) was 12.82 ± 1.75 g/dL, with a me-

dian of 12.7 (range, 9–17.7); and the mean red cell distribu-

tion width (RDW) was 42.82 ± 9.87, with a median of 43.8

(range, 0–68.9).The mean PIIV value was 498.26 ± 713.61,

with a median of 318.4 (range, 38.5–6512) (Table 1).

When comparing the patient and control groups, the mean

ages were 42.72 ± 11.27 years and 42.74 ± 8.42 years, respec-

tively, withno significant difference observed (p=0.992). The

mean body mass index (BMI) was 25.18 ± 5.24 in the patient

group and 26.66 ± 3.41 in the control group, and this dif-

ference was not statistically significant (p = 0.120). Regard-

ing gender distribution, the patient group included 4 males

(8.0%) and 46 females (92.0%), while the control group com-

prised 4 males (11.43%) and 31 females (88.57%), with no sig-

nificant difference detected (p = 0.712). Comorbidities were

present in 35 participants (70%) in the patient group and 4

participants (11.43%) in the control group, representing a sta-

tistically significant difference (p<0.001). No significant dif-

ference was found between the groups with respect to smok-

ing status, as 6 individuals (12%) in the patient group and 7 in-

dividuals (20%) in the control group were smokers (p = 0.482)

(Table 1).

When comparing laboratory parameters of the patient and

control groups, ESR, WBC, neutrophil, monocyte, RDW,

and PIIV were considerably increased in the patient group

(p<0.001, p<0.001, p = 0.021, p<0.001, p<0.001, p<0.001).

In contrast, lymphocyte and hemoglobin levels were reduced
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Table 3. Comparison of PIIV (×10³/µL) according to organ ınvolvement and medication use.

Variables
PIIV

p*
Median (Min-Max)

Single and Multiple Organ Involvement
Single organ involvement 481.7(219-1279)

0.806
Multiple organ involvement 516.5(213.2-6512)

Lung involvement
Yes 3643.05(774.1-6512)

0.067
No 488.5(213.2-1279)

Cardiac involvement
Yes 786.15(603-6512)

0.042
No 470.85(213.2-1279)

Gastrointestinal involvement
Yes 324.35(219-530.8)

0.116
No 509.5(213.2-6512)

Vasculitis involvement
Yes 695.4(347-902.7)

0.352
No 488.5(213.2-6512)

Renal involvement
Yes 516.5(285.5-6512)

0.186
No 427.9(213.2-1086)

Neurological involvement
Yes 318.4(244.7-832.2)

0.166
No 516.5(213.2-6512)

Hematologic involvement
Yes 558.6(285.5-1086)

0.967
No 495.3(213.2-6512)

Joint involvement
Yes 477.65(213.2-1232)

0.404
No 523.65(219-6512)

Skin involvement
Yes 470.1(213.2-1076)

0.430
No 498.9(219-6512)

Azathioprine use
Yes 699.5(219-1076)

0.606
No 495.3(213.2-6512)

Mycophenolate use
Yes 481.7(218.2-6512)

0.884
No 658.8(213.2-1076)

Hydroxychloroquine use
Yes 418.15(213.2-1279)

0.019
No 580.8(216-6512)

Steroid use
Yes 481.7(218.2-6512)

0.575
No 699.5(213.2-1086)

Biologics history
Yes 774.1(285.5-6512)

0.028*
No 427.9(213.2-1232)

*:Mann Whitney U test, PIIV: Pan-immune inflammation value.

Table 4. Correlations between PIIV and clinical/laboratory parameters in SLE patients.
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PIIV
r 0.152 0.270 0.265 0.561** 0.447** 0.534** -0.146 0.021 .320* 0.051 0.116 0.089 -0.077

p 0.298 0.060 0.063 <0.001 0.001 <0.001 0.311 0.886 0.024 0.726 0.421 0.540 0.596

*p<0.05, **p<0.01; r: Spearman’s rho correlation coefficient. PIIV: Pan-Immune-Inflammation Value; ESR: Erythrocyte Sedimentation Rate; CRP: C-Reactive Protein;
WBC: White Blood Cells; Hb: Hemoglobin; RDW: Red Cell Distribution Width; anti-dsDNA: Anti-double stranded DNA antibody; C3: Complement 3; C4:
Complement 4.

among patients compared with controls (p = 0.001 and

p<0.001, in that order). Platelet counts showed a modest ele-

vation in the patient group, yet this variation did not demon-

strate a meaningful statistical difference (p = 0.054). CRP

concentrations remained comparable across the two groups,

with no detectable variation (p = 0.940) (Table 1).

Among SLE patients, the most frequently observed organ in-

volvements were joints (52%, n = 26), kidneys (30%, n = 15),

and skin (28%, n = 14). Less common involvements included

vascular (8%, n=4), haematological (14%, n=7), neurological

(14%, n = 7), gastrointestinal (8%, n = 4), pulmonary (4%, n

= 2), and cardiac (8%, n = 4) systems. Antiphospholipid anti-

bodies (aPL) were detected in 36.1% of patients (n = 13). Re-

garding non-biological therapies, 56.0% (n = 28) of patients

received combination therapy, while 38.0% (n = 19) were on

monotherapy with agents such as steroids, mycophenolate,
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azathioprine, ormethotrexate. A small proportion (4%, n=2)

were not receiving any treatment. Specifically, hydroxychloro-

quine (HCQ) was used by 56% of patients, steroids by 88%,

mycophenolate mofetil by 50%, and azathioprine by 22%.

Among SLE patients, the estimated disease duration averaged

9.12 ± 7.41 years, while the median duration was 7.5 years

(range 0.1–30). Patient-reported disease activity (Patient-

DA) averaged 4.4 ± 2.29, with a median of 5 (range 0–10),

while physician-assessed disease activity (Dr-DA) had a mean

of 3.74 ± 1.17 and a median of 4 (range 1–6). The aver-

age SLEDAI-2K score was 5.32 ± 4.51, with a median of

4 (range 0–20). Serological markers showed a mean anti-

dsDNA level of 94.4 ± 145.63, with a median of 30.05 (range

1.1–800). Complement levels were 114.56 ± 30.03 for C3

(median 112.5, range 44–176) and 24.1 ± 13.1 for C4 (me-

dian 21.5, range 2–57). The mean creatinine level was 0.87 ±

0.24, with a median of 0.8 (range 0.6–1.9).

The evaluation of PIIV with respect to population profiles

and clinical parameters among SLE patients revealed that

male participants presented a median PIIV of 778.85 (range:

216–1279), whereas female participants demonstrated a me-

dian value of 498.9 (range: 213.2–6512). This variation did

not indicate any meaningful statistical difference (p = 0.497).

Patients with a BMI below 30 had a median PIIV of 509.5

(range 213.2–6512), compared to 470.9 (range 285.5–1086)

in those with a BMI above 30, with no significant differ-

ence observed (p = 0.926). Similarly, patients with positive

antiphospholipid antibodies (aPL ac) had a median PIIV of

612.7 (range 220.8–6512) versus 441.9 (range 213.2–1279)

in those with negative antibodies, showing no significant dif-

ference (p = 0.401). When evaluating the presence of co-

morbidities, patients with additional diseases had a median

PIIV of 530.8 (range 213.2–6512), compared to 423.7 (range

216–1232) in those without comorbidities; this difference

was also not statistically significant (p = 0.505) (Table 2).

When considering smoking status, the median PIIV among

SLE patients who smoked was 418.15 (range 213.2–1279),

compared to 509.5 (range 216–6512) in non-smokers, with

no statistically significant difference observed (p = 0.676).

Among patients with an SLEDAI score of six or higher, the

median PIIV was 470.85 (range 220.8–1232), while those

with lower scores had amedianof 523.65 (range 213.2–6512),

showing no significant difference (p = 0.532). Similarly,

median PIIV for patients with SLEDAI scores ≥10 and

≥20 were 506.75 (range 303.9–902.7) and 838.4 (range

774.1–902.7), respectively, with neither comparison reaching

statistical significance (Table 2)

The analysis revealed no statistically significant associations

between PIIV and anti-dsDNA levels, decreased C3, de-

creased C4, RF positivity, or the presence of proteinuria in

patients with SLE (Table 2).

Whenorgan involvementwas analyzed, SLEpatientswith car-

diac involvement had a significantly higher median PIIV com-

pared to those without cardiac involvement (p = 0.042). No

statistically significant differences were observed for involve-

ment of other organs or systems (p>0.05 for all; Table 3).

Median PIIV were 481.7 (range 218.2–6512) for patients us-

ing steroids, 481.7 (range 218.2–6512) for those on mycophe-

nolate, and 699.5 (range 219–1076) for patients using aza-

thioprine; none of these differences reached statistical signif-

icance. Conversely, patients receiving HCQ had a signifi-

cantly lowermedianPIIVof 418.15 (range 213.2–1279) com-

pared to those not using HCQ (p = 0.019). Among patients

on combination therapy, the median PIIV was 432.8 (range

218.2–1279), whereas those not taking any non-biological

medication had a median of 562.25 (range 216–908.5). Ad-

ditionally, SLE patients with a history of biological therapy

exhibited a significantly higher median PIIV of 774.1 (range

285.5–6512) compared to patients without such therapy,

whose median was 427.9 (range 213.2–1232; p = 0.028) (Ta-

ble 3).

In SLE patients, PIIV demonstrated significant positive cor-

relations with neutrophil (r = 0.561, p<0.001), monocyte (r

= 0.447, p = 0.001), platelet counts (r = 0.534, p<0.001) and

RDW (r = 0.320, p = 0.024) values. In contrast, no significant

correlations were observed between PIIV and hemoglobin (r

= 0.021, p = 0.886), C3 (r = 0.116, p = 0.421), C4 (r = 0.089,

p = 0.540), or creatinine levels (r = –0.077, p = 0.596). Sim-

ilarly, PIIV did not show statistically significant associations

with CRP (r = 0.270, p = 0.060), WBC (r = 0.265, p = 0.063),

or anti-dsDNA levels (r = 0.051, p = 0.726) (Table 4).

DISCUSSION

The present research was conducted to examine the associa-

tion of PIIV levels with disease activity, organ involvement,

and treatment modalities among adult patients with SLE.

Our analysis demonstrated that PIIV were significantly ele-

vated in the patient group compared with healthy controls

and were particularly higher in those with cardiac involve-

ment. These findings indicate that PIIV may represent a

promising biomarker for both diagnostic and prognostic pur-

poses.

SLE is an autoimmune condition that can lead to alterations

in hematopoietic stem cells within the bone marrow as well as

increased destruction of blood cells in the spleen [19]. Con-

sequently, patients may exhibit variations in circulating blood

cell counts, either directly related to the disease itself or asso-

ciated with disease activation [20]. The alterations in these

cells’ counts are clinically important, as they contribute both

to the diagnosis of SLE and to the evaluation of disease activ-

ity. Moreover, themagnitude of change in each cell type varies

depending on the degree of disease activation and the specific

organ or system involved.

Beyond assessing individual cell counts, previous studies

have suggested that simple and cost-effective hematological

indices—calculated by comparing these parameters—hold

potential as biomarkers [21, 22]. Within this framework, the
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PIIV index, which reflects proportional shifts across multiple

immune cell lines, has emerged as a candidate biomarker for

systemic inflammatory disorders such as SLE, where nearly all

circulating immune cells are affected.

The PIIV index was originally proposed as a tool to estimate

clinical outcomes and prognosis in oncological disorders. In-

deed, several studies have demonstrated its prognostic value

in malignancies, including advanced colorectal cancer, hepa-

tocellular carcinoma, and breast cancer [6, 23, 24]. More re-

cently, evidence has emerged supporting its potential role in

rheumatic inflammatory diseases, not only for diagnostic pur-

poses but also in evaluating disease activity [5, 10, 11, 13, 14].

In the present study, PIIV levels were found to be higher in

adult SLE patients compared with the control group. Never-

theless, no statistically significant correlationwas observed be-

tween PIIV and SLEDAI scores. Similarly, PIIV did not differ

significantly between patients with active disease (SLEDAI >

6) and those without.

To date, three studies have explored the potential utility of

PIIV in SLE. Among these, one was performed in paediatric

patients and another in individuals with lupus nephritis (LN)

[13, 14]. Furthermore, Gambichler et al. evaluated 148 SLE

patients, 48 individuals with hidradenitis suppurativa, and 35

control subjects, and found that PIIV were markedly higher

in the SLE group relative to the control group [12]. This out-

come is consistent with our results and strengthens the con-

cept that PIIV may function as a supportive biomarker in

identifying SLE. However, in that study, PIIV showed no sig-

nificant association with SLEDAI-2K, and only ANA titres

>1:640 were identified as predictive for disease flares. Con-

sistently, in our analysis, PIIV was not significantly related to

conventional activity parameters, including SLEDAI scores,

dsDNA levels, complement (C3 and C4) concentrations, or

proteinuria. Taken together, these data suggest that although

PIIV levels may rise in SLE, they may have limited capacity to

directly mirror disease activity.

Similarly, in a study by Alasmari et al. involving 125 pedi-

atric patients with SLE, those with baseline PIIV exceeding

250were reported to have higher SLEDAI scores [13]. An im-

portant limitation of that study, however, was its restriction

to a pediatric population and the absence of a healthy control

group.

In another case–control study, Ulutaş et al. evaluated 45 pa-

tients with biopsy-proven lupus nephritis (LN) [14]. PIIV

was calculated before the initiation of any immunomodula-

tory or immunosuppressive treatment, and higher baseline

PIIV was found to be associated with reduced glomerular fil-

tration rate (GFR) in LN patients. Nevertheless, this study

focused exclusively on renal involvement and did not account

for other organ manifestations of SLE. In addition, the rela-

tionship between PIIV and disease activity indices was not ex-

plored, as the analysis was limited to its association with GFR

[14].

In our study, PIIV were significantly higher in SLE pa-

tients with cardiac involvement compared with those with-

out, whereas no association was observed between PIIV and

other organ involvements. By contrast, Alasmari et al. re-

ported elevated PIIV in pediatric SLE patients with renal,

hematological, musculoskeletal, and mucocutaneous mani-

festations, but no significant difference between those with

and without cardiac involvement [13]. Taken together, these

findings highlight a discrepancy between the two studies re-

garding the relationship between PIIV and organ involve-

ment. We propose that this inconsistency may stem from dif-

ferences in disease course between pediatric and adult SLE, as

well as developmental variations in bone marrow cell produc-

tion and peripheral cell destruction processes during child-

hood compared with adulthood [25, 26].

Conversely, accumulating evidence has demonstrated strong

associations between PIIV and adverse cardiovascular out-

comes, including cardiovascular mortality, heart failure, and

coronary artery disease [9, 27]. In SLE, programmed cell

death pathways—particularly NETosis and pyroptosis have

been shown to contribute to cardiac involvement by amplify-

ing systemic inflammation and promoting myocardial injury

[16].

Plasmacytoid dendritic cell (pDC) activation in SLE patients

further exacerbates this process through excessive secretion of

type I interferons (IFNs) [28, 29]. These cytokines not only

impair the balance between endothelial damage and vascu-

lar repair but also stimulate the production of multiple pro-

inflammatory interleukins and cytokines, enhance plaque in-

stability, and facilitate prothrombotic events via platelet acti-

vation. Sustained IFN signaling has therefore been recognized

as a central mechanism driving accelerated atherosclerosis in

SLE [30]. In light of these findings, the significantly higher

PIIV levels observed in our patients with cardiac involvement

suggest that PIIVmay serve as a potential biomarker reflecting

cardiovascular risk in SLE.

HCQ represents a cornerstone therapy for autoimmune con-

ditions such as systemic lupus erythematosus, with estab-

lished cardioprotective effects. HCQ modulates both the

number and function of peripheral blood cells by influenc-

ing multiple signaling pathways and suppressing antigen pre-

sentation. Specifically, HCQ inhibits type I interferon (IFN)

signaling from plasmacytoid dendritic cells (pDCs) and pre-

vents endosomal activation of Toll-like receptors 7 and 9,

thereby reducing cytokine production [31]. This inhibition

attenuates the IFN signaling pathway, a critical component in

SLEpathogenesis, anddecreases expressionof IFN-regulatory

genes, ultimately limiting both innate and adaptive immune

activation. At the lymphocyte level, HCQ interferes with

Ca²+ release from the endoplasmic reticulum, resulting in

multi-level suppression of T and B cell activation and damp-

ening the overall immune response [32, 33].

In our cohort, analysis of non-biological treatment subgroups

revealed that only patients receiving HCQ exhibited signif-
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icantly lower PIIV. This observation can be explained by

HCQ’s dual effect of increasing lymphocyte counts (denomi-

nator of the PIIV formula) while simultaneously suppressing

neutrophils, monocytes, and platelets (numerator). The con-

current presence of elevated PIIV in patients with cardiovas-

cular involvement and reduced PIIV in those on HCQ high-

lights the potential utility of the PIIV index as a biomarker for

assessing and monitoring cardiovascular risk in SLE.

Key aspects of our study include the inclusion of both SLE

patients and healthy controls, the calculation of PIIV using

detailed hematological data, and the comprehensive compar-

ison of clinical and laboratory parameters. Special attention

was given to cardiac involvement, which has been assessed in

only a limited number of previous studies.

Limitations

However, several limitations should be noted. The study was

single-center, and the sample sizes for some subgroups, par-

ticularly those with cardiac involvement (including tampon-

ade, pericarditis, and myocardial infarction), were very small,

limiting the ability to perform separate analyses for each car-

diac subtype; therefore, prospective studies evaluating each

cardiac subtype separately are warranted. Future prospective

studies with larger SLE populations, detailed assessment of

cardiovascular risk factors, and regular PIIV evaluations us-

ing cardiovascular imaging are needed to better understand

the clinical relevance of PIIV.

CONCLUSION

Our findings indicate that elevated PIIV in SLE patients com-

pared to healthy controls may support its role as a diagnos-

tic biomarker. Furthermore, the observation that PIIV is

higher in patients with cardiovascular involvement and lower

in those receiving HCQ suggests that PIIV could be a useful

marker for predicting and monitoring cardiovascular risk, a

significant contributor to morbidity and mortality in SLE.
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A70-year-oldman presentedwith fatigue andweight loss and

was diagnosed with AML-M5b after pancytopenia was de-

tected. Low-dose cytarabine treatment (20 mg twice daily,

subcutaneously) was initiated. Five days after completing

therapy, he developed blurred vision. Apart from bilat-

eral visual impairment on ophthalmologic evaluation, his vi-

tal signs, physical examination, serum metabolic parameters,

ECG, and echocardiography were normal.

Contrast-enhanced brain MRI revealed bilateral, symmetri-

cal T2-FLAIR hyperintensities in the parieto-occipital wa-

tershed regions with gyral and leptomeningeal enhancement.

These areas showed both restricted diffusion and T2 shine

through on DWI/ADC, indicating mixed cytotoxic and va-

sogenic edema, along with small hemorrhagic foci (Figure

1). Non-contrast MRA demonstrated non-visualization of

the distal P2 segments of both posterior cerebral arteries,

likely secondary to vasospasm. After excluding other etiolo-

gies, cytarabine-associated posterior reversible encephalopa-

thy syndrome (PRES) was diagnosed.

PRES results from impaired cerebrovascular autoregulation

and is commonly triggered by acute hypertension, cytotoxic

agents, or renal dysfunction, typically presenting with sym-

metric vasogenic edema in the parieto-occipital regions of

brain [1]. In this case, themixeddiffusionpattern, presence of

hemorrhagic products, and contrast enhancement were atyp-

ical for classical PRES and are also not expected in the hyper-

acute phase of arterial ischemia [2]. While PRES associated

with intermediate- and high-dose cytarabine (2 × 3 g/m²/day)

has been reported, no cases linked to low-dose cytarabine have

been described to date. Even low-dose cytarabine may lead to

Figure 1. (a) Bilateral parieto-occipital cortical and subcortical hyper-

intensities on FLAIR; (b, c) DWI and corresponding ADC map show re-

stricted diffusion together with areas of T2 shine-through in these re-

gions; (d) Contrast-enhanced T1-weighted image demonstrates a gyral

enhancement pattern in the right temporo-occipital region; (e) SWI re-

veals a few punctate blooming artifacts representing small hemorrhagic

foci in the left parietal cortex; (f) Non-contrast MRA demonstrates ab-

sence of the distal P2 segments of both posterior cerebral arteries.

PRES; therefore, both classical and atypical imaging features

should be recognized.
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