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Introduction

Early diagnosis of prostate cancer (PCa), the most 
common type of solid organ cancer in men, is important to 
ensure high treatment rates and local disease control. With 
the application of prostate specific antigen (PSA) screening 
for early diagnosis, there has been a dramatic increase in 
the number of biopsies and the rate of PCa (1,2). This 
rise also results in detection of tumors that might have 
no clinical significance and in unnecessary early diagnosis. 

In the modern era, in addition to imaging techniques, a 
number of factors are used in order to prevent unnecessary 
biopsies and unnecessary early diagnosis. Prostate specific 
antigen density (PSAD), a parameter identified by Benson 
et al. (3) in the early 1990s, is defined as the ratio of 
the serum PSA value to the volume of the prostate. This 
defined PSAD value has become known for its potential 
applications in the detection of clinically significant PCa 
and the prediction of high-risk disease, in addition to 
helping biopsy decisions (4,5).

Abs tract

Aim: Pathological discordance between biopsy and radical prostatectomy (RP) remains a critical issue in determining appropriate 
treatment for prostate cancer (PCa). With this study, we aimed to evaluate the role of prostate specific antigen (PSA) density in 
predicting pathological discordance in low-risk PCa.

Methods: Data from 95 patients who underwent RP for low-risk PCa with Prostate Imaging Reporting and Data System 1-2 on 
multiparametric magnetic resonance imaging (MRI) were retrospectively analyzed in this cross-sectional study conducted between 
January and December 2023. The patients were divided into two groups according on biopsy and robotic-assisted laparoscopic 
prostatectomy pathology. The “compatible group” was defined as patients with no difference in International Society of Urological 
Pathology grade and tumor stage, other patients were defined as “incompatible group”. The cut-off value for PSA density to predict 
the presence of pathological discordance was calculated by receiver operating-characteristic curve.

Results: Thirty eight (40%) patients were in the compatible group. No difference was found in serum PSA value between the groups 
(p=0.440), and a significant difference was found in prostate volume and PSA density (p=0.04 and p=0.001, respectively). The 
predictive cut-off value of PSA density was calculated as 0.088 ng/mL/cc (area under the curve: 0.729) (p<0.001). The sensitivity, 
specificity, positive and negative predictive values for this 0.088 ng/mL/cc value were 75.4%, 63.2%, 67.2% and 70.3%, respectively.

Conclusion: Prostate specific antigen density was found to have good performance in predicting pathological discordance in low-risk 
PCa patients with no pathological lesions detected by multiparametric MRI.

Keywords: Biopsy, prostatic neoplasms, prostatectomy, prostate-specific antigen, PSA density, robotics 
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Numerous studies have shown the possibility of 
pathological incompatibility between radical prostatectomy 
(RP) pathology and the pathology from prostate biopsies 
(6). Keskin et al. (7) found that compliance was only 
detected in 56% of the patients, and nearly half of the 
patients showed pathological non-compliance. The high 
rate of pathological non-compliance results in half of 
the patients receiving either inadequate or excessive 
treatment. In order to predict pathological incompatibility 
and prevent unnecessary biopsies, current guidelines 
recommend multiparametric magnetic resonance imaging 
(mp-MRI) for nearly all patients prior to biopsy (8). 
Multiparametric magnetic resonance imaging has a good 
sensitivity in detecting lesions classified as International 
Society of Urological Pathology (ISUP) grade group 1<. 
However, the efficacy of mp-MRI in detecting ISUP grade 
group 1 lesions remains less than 30% (9). Thus, despite 
the fact that we are in the era of MRI, the significance of 
other parameters, such as PSAD, remains due to the low 
success rate of MRI in ISUP grade group 1 lesions.

With this study, we aimed to investigate the role of 
PSAD value on the prediction of pathological discordance 
in patients diagnosed with low-risk ISUP grade group 1 
PCa who did not have any lesions detected on mp-MRI.

Methods
After receiving ethics committee approval from the 

University of Health Sciences Turkey, Basaksehir Cam 
and Sakura City Hospital Ethics Committee (approval no.: 
KAEK/12.06.2024.08, date: June 28, 2024), the data of 
patients who were diagnosed with PCa by biopsy and 
underwent robot-assisted laparoscopic prostatectomy 
pathology (RALRP) was retrospectively analyzed with 
this cross-sectional study between January 2023 and 
December 2023 in our tertiary reference center.

Patients who were diagnosed with low-risk PCa 
according to the D’amico classification using serum PSA 
value, biopsy pathology [transrectal ultrasound-guided 
systematic prostate biopsy (12-core)] and digital rectal 
examinations, and no pathological findings were detected 
in mp-MRI evaluation [Prostate Imaging Reporting and 
Data System (PI-RADS) 1 and 2] were included in our 
study. Patients with intermediate and high risk PCa 
diagnosis, PI-RADS 2< lesion on mp-MRI, longer than 6 
months between the biopsy date and the operation date, 
parameters that may affect tumor aggressiveness such 
as the presence of lymphovascular invasion, presence of 
variant pathology, and cribriform pattern in the biopsy 
pathology were excluded (Figure 1).

Figure 1. Flowchart of the study
PI-RADS: Prostate Imaging Reporting and Data System
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Prostate volume was calculated in cc units by 
uroradiologists with 5 years of experience using mp-
MRI images of the patients. Pathological evaluations 
of both biopsy and RALRP specimens were performed 
by uropathologists with at least 5 years of experience. 
Prostate specific antigen density was calculated in ng/mL/
cc unit by dividing the serum PSA value (ng/mL) by the 
prostate volume (cc).

Gleason scores (GS) in the biopsy and RALRP specimen 
pathologies of the patients were expressed as ISUP grade 
scores. An increase in the ISUP grade score in the robot-
assisted laparoscopic radical prostatectomy (RYLRP) 
specimen compared to the biopsy was considered an 
upgrade. In the pathological examination of the RYLRP 
specimen, the presence of extracapsular tumor extension, 
seminal vesicle invasion, and surrounding organ invasion 
was noted; if at least one of these was present, it was 
considered a pathological tumor stage increase (upstage).

When compared with the biopsy result, patients in 
the ISUP grade group and without pathological tumor 
stage change in the pathology of the RALRP specimen 
were recorded as the “compatible group”, and the other 
patients were recorded as the “non-compatible group”. 
Within the non-compatible group, patients who have 
only an elevation in ISUP [upgrade, upgrading patients 
(UG)] are defined to as “UG only”. Similarly, those who 
alone exhibit an increase in pathological stage [upstage, 
upstaging patients (US)] are defined as “US only”. Lastly, 
individuals who present both an increase in ISUP and 
stage are defined as “UG + US”.

This study was designed as a retrospective study using 
only hospital records; informed consent is not obtained.

Statistical Analysis

The data obtained from the patients were analyzed 
via Statistical Package Program for Social Sciences 22.0. 
Numbers and percentages were used for descriptive 
statistics for categorical variables. The mean, minimum, 
and maximum values were used to describe numerical 
variables. The distribution of the data was tested using the 
Kolmogorov-Smirnov test for normality. T-test was used for 
parameters to compare groups with normal distribution. 
The cut-off value for PSA density indicating pathological 
discordance was calculated with the receiver operating-
characteristic curve. P-value was considered <0.05 within 
the 95% confidence interval.

Results
Data from 95 patients were used in our study. The 

mean PSA value, PSA density and prostate volume (cc) of 
all patients were calculated as 5.7±1.6 ng/dL, 0.09±0.03 
ng/mL/cc and 66.1±34 cc, respectively. All patients (100%, 
n=95) were found to have PI-RADS<3 lesions on mp-MRI 

and biopsy pathology was ISUP 1 (GS 3+3=6). The clinical 
and pathological stages and RALRP pathological datas of 
the patients were shown in Table 1. Only 40% (n=38) of 
the patients were found to be in the compatible group. 
Analysis of the data from patients in the non-compatible 
group compared to all patients showed that 37.9% (n=36) 
had only UG, 1.1% (n=1) had US, and 21% (n=20) had 
both UG and US.

Table 1. Demographic and pathological data

All patients (n=95)

Mean±SD

Age 62.5±5.5 

BMI (kg/m2) 27.3±2.8

PSA value (ng/dL) 5.7±1.6

PSA density (ng/mL/cc) 0.09±0.03

Prostate volume (cc) 66.1±34

n (%)

Clinical T-stage

T1c 73 (76.8%)

T2a 22 (23.2%)

Pathological results of RALRP

Gleason score

3+3 40 (42.1%)

3+4 39 (41.1%)

4+3 9 (9.5%)

4+4 1 (1.1%)

4+5 5 (5.3%)

5+3 1 (1.1%)

ISUP grade

1 40 (42.1%)

2 39 (41.1%)

3 9 (9.5%)

4 2 (2.1%)

5 5 (5.3%)

Pathological T-stage

T2 74 (77.9%)

T3a 17 (17.9%)

T3b 4 (4.2%)

Compatible group 38 (40%)

Non-compatible group 57 (60%)

UG only 36 (37.9%)

US only 1 (1.1%)

UG + US 20 (21%)

BMI: Body mass index, ISUP: International Society of Urological Pathology, PI-
RADS: Prostate Imaging Reporting and Data System, PSA: Prostate specific 
antigen, PALRP: Robot assisted laparoscopic radical prostatectomy, SD: Standard 
deviation, UG: Upgrading patients, US: Upstaging patients
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There was no difference in PSA values (p-value=0.440) 
between the patients in the non-compatible group (UG 
group, US group, and US + UG group) and the patients 
in the compatible group, but there was a statistically 
significant difference in prostate volumes and PSA 
densities (p-value=0.04 and 0.001, respectively) (Table 2). 

The cut-off value for PSA density in predicting 
pathological discordance was calculated as 0.088 ng/mL/
cc (area under the curve: 0.729) (p<0.001). For the value 
of 0.088 ng/mL/cc, sensitivity, specificity, and positive 
and negative predictive values were calculated as 75.4%, 
63.2%, 67.2%, and 70.3%, respectively (Table 3, Figure 
2).

Discussion
Tumor stage (as defined by the tumor-node-metastasis 

classification) and grade, GS, and ISUP grade classification 
have been accepted to be useful and reliable factors in 
predicting the prognosis of PCa. In PCa, tumor stage is 
determined by digital rectal examination and radiological 
imaging, and tumor grade is also determined by 
pathological examination of biopsy cores. Using these 
parameters, which are indicators of tumor aggressiveness, 
in addition to the PSA value, patients are classified as 
low, intermediate, or high risk, and treatment is planned 
according to this risk classification. Pathological results 
from biopsies are used to classify patients’ risks and plan 
their treatment, but there can be pathological discordance 
between the specimen from a RP and the pathology of 
biopsies from patients who had a RP, depending on the 
risk class chosen based on the biopsy result. Upgrading is 
detected at a rate of approximately 30% in RP pathology, 
depending on the biopsy grade (10). In an another study, 
the upgrading and upstaging rates were found 42% and 
24%, respectively (11).

Considering that more conservative treatment 
protocols, such as active surveillance, are predominantly 
applied to low-risk patients, this high pathological 
discordance rate becomes more clinically important. 
Failure to determine the correct PCa aggressiveness may 
lead to inadequate treatment and inappropriate follow-up 
of aggressive tumors. Since, it appears that some of the 
low-risk patients who are considered to be in the clinically 
localized disease group actually have a more aggressive 
malignancy. Various parameters have been investigated 
to predict this discordance, and a recent meta-analysis 
identified age, prostate volume, PSA value, PSAD, number 
and percentage of positive cores, PI-RADS score, clinical 

Table 2. Comparison of pathologically compatible and non-compatible groups

Compatible group
(n=38)

Non-compatible group 
(n=57)

UG only (n=36) p-value
US only
(n=1)

p-value
US + UG 
(n=20)

p-value

PSA value (ng/dL) 5.65±1.5 5.71±1.9 0.880* 5.6 n/a 5.97±1.2 0.440*

Prostate volume 
(cc) 78.8±39.0 61.6±31.5 0.041* 35 n/a 51.7±16.8 0.004*

PSA density  
(ng/mL/cc) 0.081±0.028 0.103±0.034 0.004* 0.16 n/a 0.124±0.044 0.001*

Bold values refer to statistical significance. *t-test
PSA: Prostate specific antigen, UG: Upgrading patients, US: Upstaging patients 

Table 3. Cut-off value of PSA density in predicting pathological discordance

Cut-off value Sensitivity (%) Specificity (%) PPV NPV AUC (95% CI) p-value

PSA density (ng/mL/cc) 0.088 75.4% 63.2% 67.2% 70.3% 0.729 <0.001

AUC: Area under the curve, NPV: Negative predictive value, PPV: Positive predictive value, PSA: Prostate specific antigen, CI: confidence interval 

Figure 2. Receiver operating characteristic curve of PSA density 
predicting pathological progression (area under the curve: 0.729)
PSA: Prostate specific antigen, ROC: Receiver operating characteristic 
curve
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T-stage, surgical margin status, and pathological T-stage 
as independent factors predicting upgrading following 
RP (6).

Several research have been published in the literature 
to reduce high rates of upgrading. It has been shown in 
the literature that the upgrading rate decreases as the 
number of sample cores taken in the biopsy increases. 
King et al. (12) showed that extended biopsy reduced 
GS upgrading from 66.7% to 36.8% in patients with a 
biopsy GS of 6. Capitanio et al. (13) study also showed 
that taking more than 18 core biopsy samples in low-risk 
PCa patients reduced the GS upgrading rate from 47.9% 
to 23.5%. Since the question of what the optimal number 
of biopsy cores should be for any biopsy technique is still 
unclear, Chambó et al. (14) recommend that at least 10 
biopsy samples be obtained in patients with low-risk PCa. 
The European Urology Association guideline recommends 
that taking samples from more than 12 cores does not 
have an additional contribution to diagnosis and suggests 
a systematic 12-core biopsy for patients with suspicions 
of PCa who don’t have any lesions on MRI (PI-RADS 
1-2) (15). For this reason, it is even more important to 
predict pathological discordance in patients who have no 
lesion detected on MRI (PI-RADS 1-2) and who undergo 
systematic 12-core biopsy with suspicion of PCa. It seems 
that several parameters are needed other than increasing 
the number of cores to predict pathological compatibility 
and reduce possible non-compatible, especially in this 
patient group. We designed our analysis to include only 
patients who had a systematic 12-core biopsy in order to 
analyze the importance of the parameters in this group.
Some studies in the current literature have shown that the 
percentage of positive cores among the all the sampled 
cores may affect the pathological concordance between 
biopsy and RP. A few studies have shown that an increase in 
the number of positive cores is associated with an increase 
in the GS upgrading rate, but there are also studies in the 
literature showing that there is no relationship between 
them (11,16). Since there is still no clear information on 
this issue, we did not evaluate the effect of positive core 
rate on compliance in this study.

The relationship between preoperative serum PSA 
value and GS upgrading also varies in the literature, similar 
to other parameters. Moussa et al. (18) showed that 
PSA level was a statistically significant determinant of GS 
upgrading, since the studies of Mian et al. (17), Jin et al. 
(11), and King et al. (12) did not show any relationship. In 
our study, no significant relationship was found between 
PSA level and GS upgrading.

Increased prostatic volume has been shown to lower 
the risk of GS upgrading (19). The relationship between 
prostatic volume and upgrading has been tried to be 
explained by the fact that the presence of a small prostate 

volume is an indicator of low in vivo androgenicity and that 
PCa, an androgen-dependent cancer, can develop despite 
this low in vivo androgenicity. This may indicate that cancer 
cells developing in the small-volume prostate may be a more 
aggressive tumor (20). Jin et al. (11) showed that patients 
with upgrading had significantly lower prostate volume, 
but in the same study, this low volume was not shown to 
be a predictor for upgrading in regression analysis. In this 
study, we found that patients with upgrading had lower 
prostate volume, similar to the literature. The choice of 
tool for calculating prostate volume affects the reliability 
of PSAD. Ultrasonography (USG) and MRI are the most 
commonly used methods. Transabdominal measurements 
generally yield higher prostate volumes than transrectal 
USG, which tends to underestimate prostate volume 
compared to mp-MRI. Additionally, mp-MRI-based PSAD 
calculations have shown a higher detection rate for PCa 
than transrectal USG (21,22). In our study, to minimize 
this bias, we used prostate volume calculated from mp-
MRI for all measurements. 

The PSAD was initially introduced as a more accurate 
predictor of PCa than PSA, but its use has been inconsistent 
in daily practice over the years. However, it was found to 
be associated not only with cancer detection but also with 
cancer aggressiveness (23). Several studies on PSAD-based 
upgrade prediction have been published in the literature. 
Corcoran et al. (24) showed that 58.3% of patients 
diagnosed with low-risk PCa increased to higher GS in RP 
pathology and that PSA density was a significant predictor 
of upgrading in ISUP group 1 patients. Similar results were 
shown by Kojima et al. (25) and Magheli et al. (26). Jin et 
al. (11) found 0.13 ng/mL as a significant predictive value 
for PSAD, with a sensitivity and specificity rate of 40% and 
92%, respectively, to predict upgrading, and in the same 
study, they recommend using PSAD together with other 
predictive factors, considering the complexity of PCa. 
Sfoungaristos et al. (27) determined this value as 0.15 ng/
mL. However, in the current study by Ozkaya et al. (28), 
the PSAD value was 0.18 ng/mL in the upgraded group 
and 0.16 ng/mL in the non-upgraded group, with no 
significant difference observed between the two, contrary 
to these previous studies. Our study showed a significant 
predictive value in predicting pathological discordance for 
0.088 ng/mL, with a higher sensitivity of 75.4% and a 
lower specificity of 63.2%, contrary to the literature.

Study Limitations

There are some limitations in our study. First of all, the 
retrospective design of our study and the low number 
of patients are the main limitations of our study. In 
addition, the presence of more than one uroradiologist 
and uropathologist in both the evaluation of MRI images 
and pathological examination may lead to interobserver 



Keskin et al. PSA Density to Predict Pathologic Discordance

189

differences, and this is considered another important 
limitation of our study. There is no clear period in the 
literature to prevent changes in tumor stage and grade 
between biopsy and RP operation in PCa patients. 
Therefore, in our study, we limited this period to 6 
months, depending on our high clinical patient load. Yet, 
it is predictable that different outcomes may arise within 
shorter or longer periods. Hence, this duration interval 
between two processes acts as a further limitation in 
our study. Despite these limitations, using only MRI for 
prostate volume calculation is a strength of our study.

Conclusion
Our study highlights the ongoing significance of PSAD 

in predicting the consistency between biopsy and RP 
material in patients diagnosed with low-risk ISUP grade 
1 PCa, particularly when mp-MRI detects no pathological 
lesion. Prostate specific antigen density is easy to use and 
calculable; despite recent technological developments, its 
significance remains valuable and it is a good predictor for 
upgrading and upstaging in PCa.
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Introduction
Age-related macular degeneration, or AMD, was first 

described in 1985 as a disease in people over 50 that 
causes a loss of central vision and changes in the macula’s 
color and structure (1). In developed countries, it is the 
most important cause of visual impairment in people aged 
>60 years, accounting for 8.7% of legal blindness cases 
worldwide. The prevalence of AMD is believed to reach 
approximately 288 million by 2040 (2). With the prolonged 
life expectancy, the incidence of AMD has also increased.

Visual disorders, which have a negative impact on 
quality of life due to their physical and psychological 
effects, can affect patients on a daily basis, ranging from 
social relations to work concentration. With emotions such 

as tension, fear, and anxiety, patients with vision loss turn 
to online platforms where they can obtain information 
and visit a physician.

Due to high rates of advanced literacy, researchers 
looked into health-related internet use habits and found 
a strong relationship between health literacy and internet 
use (3).

Social networking sites, such as Facebook, YouTube, 
and Twitter, have opened new avenues for disseminating 
health-related information. Studies have been conducted to 
evaluate the content of health-related videos on different 
social networking sites (4,5). YouTube is a free video-
sharing platform with more than 1 billion users. Millions of 
users upload videos on YouTube, and uncontrolled sharing 
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can cause information pollution that contradicts relevant 
standards, especially health-related standards. Studies 
evaluating the quality of health-related videos on YouTube 
have reported that nearly 16-30% present misleading or 
low-quality information (6,7). 

Video popularity is calculated using the video power 
index and view rate. The Journal of American Medical 
Association (JAMA), DISCERN, and Global Quality 
Score (GQS) scoring systems are used to evaluate the 
educational quality of videos. There are concerns regarding 
the quality and reliability of online medical information 
because uncontrolled individual video uploads can result 
in inaccurate and misleading information. It has become 
possible to access high-quality educational videos through 
scoring systems such as JAMA, DISCERN, and GQS.

In ophthalmology, numerous studies have evaluated 
the information quality and reliability of YouTube videos 
on different topics. Kayabaşı et al. (8) analyzed YouTube 
videos about myopia and concluded that they were of 
weak to moderate quality. The study of Tanyıldız and Oklar 
(9) concluded that YouTube videos about uveitis were 
poor in reliability and quality and were not sufficiently 
educational for patients. Ozturkmen and Berhuni (10) 
evaluated YouTube videos about pterygium surgery and 
reported that they were of low quality and inadequate 
in informing patients. Kaptı and Erdem (11) reported the 
quality of YouTube videos about congenital nasolacrimal 
duct obstruction as “average”. Unlike most other studies, 
İlhan et al. (12) examined YouTube videos on thyroid 
orbitopathy, and the quality was good in most videos.

This study aimed to evaluate the reliability, popularity, 
and quality of Turkish YouTube videos on AMD to examine 
the status of Turkey, compare low, medium, and high-
quality videos in terms of general video characteristics, 
and determine the relationship between general video 
characteristics and video reliability and quality evaluation.

Materials and Methods

Compliance with Ethical Standards

The data collected for this study were acquired from 
publicly accessible YouTube videos. This study was not 
required to obtain Institutional Review Board approval or 
ethical approval as it involved only public access data.

Search Strategy and Data Collection

In this cross-sectional, record-based study, YouTube 
(www.youtube.com) was searched using the Turkish 
keywords “yaşa bağlı makula dejenerasyonu and sarı 
nokta hastalığı” on August 16, 2023. “Age related 
macular degeneration” and “Yellow spot disease” are 
translations for “Yaşa bağlı makula dejenerasyonu” and 
“sarı nokta hastalığı” in the Turkish language. Video search 

was performed after clearing the browser’s entire search 
history without the user logging in to prevent misdirection. 
The top 100 videos were selected for evaluation based on 
their “relevance”, determined by YouTube’s algorithm.

Video Categorization and Characteristics

Two ophthalmologist examiners (GDA, MO) watched 
and analyzed the videos.

All videos were grouped based on their content as 
useful, misleading, or irrelevant.

1. Useful: Video showing scientifically accurate and 
correct information regarding any aspect of the disease.

2. Misleading: The video presented inaccurate 
or unproven information based on available scientific 
evidence.

3. Irrelevant: This condition presents information 
that is not relevant or related to AMD.

Irrelevant videos were excluded from the study, 
and useful and misleading groups were included in the 
statistical analysis (Figure 1).

For each video, video metrics, including video length, 
time since upload, and number of likes, were recorded, 
and the view ratio was evaluated to assess popularity. 
The view ratio was determined by dividing the number of 
views by the time since upload.

The video and audio qualities of the videos were 
evaluated according to criteria previously described by 
Young et al. (13). Video quality was defined as good if it was 
professionally produced with excellent quality and effects, 
moderate if it was a home video, and poor if it was grainy, 
affecting the ability to see presentation details. Similarly, 
the audio quality was considered good if all words could 
be clearly heard without significant background noise or 
distracting audio effects, moderate if most words were 
understandable, with minimal background noise, and poor 
if it limited the understanding of the material.

Videos were also categorized into four groups based 
on their upload source: (1) ophthalmologist, (2) TV 
show/social media, (3) industry/commercial interest, 
and (4) medical school/academic center.  The main 
contents discussed in the video were noted, and groups 
were classified according to the main content under 
the following headings: (1) Only treatment, (2) General 
information about disease + diagnosis, and (3) General 
information about disease + diagnosis + treatment (all 
aspects).

In addition, we recorded whether the video included 
real procedures or animation. Video participants were also 
recorded.

Video Quality Scoring Systems

The information quality of each video was evaluated 
using the DISCERN, JAMA, and GQS scores.
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The DISCERN score was developed to evaluate the 
educational quality and reliability of medical information, 
particularly treatment options available to the patient 
(14). The questionnaire contains three sections with 16 
questions, and a higher score indicates superior quality. 
The initial eight questions related to reliability, whereas 
the latter seven assessed specific details of the treatments 
received. The final question relates to the overall quality 
of a publication (Appendix A). According to the DISCERN 
scoring system, the videos were grouped into excellent 
quality (63-80 points), good quality (51-62 points), fair 
quality (39-50 points), poor quality (27-38 points), and 
very poor quality (16-26 points).

The JAMA scoring system evaluates the quality of 
online health-related information according to four 
criteria: currency, authorship, disclosure, and attribution, 
each scored as 0 or 1 (Appendix B) (15). A high score 
on this scale indicates that the information was of good 
quality. A score of 4 indicates excellent quality, and a score 
of 0 indicates poor quality.

The GQS system is a 5-point scale used to evaluate 
the ease of use, overall flow, and accessibility of the 
information delivered in the video (Appendix C) (16). A 
score of 5 indicated excellent quality, and a score of 1 
indicated poor quality.

Statistical Analysis

Statistical analyses were performed using the NCSS 
(Number Cruncher Statistical System) 2007 Statistical 
Software (Utah, USA). In evaluating the data, in addition 

to descriptive statistical methods (mean, standard 
deviation, median, interquartile range), the distribution 
of the variables was examined using the Shapiro-Wilk 
normality test. The Kruskal-Wallis test was used for 
intergroup comparisons of variables that did not show a 
normal distribution; Dunn’s multiple comparison test was 
used for comparisons of subgroups; and Dunn’s multiple 
comparison test was used for paired group comparisons. 
Mann-Whitney U and chi-square tests were used to 
compare qualitative data, and the Pearson correlation 
test was used to determine the relationships between 
variables. The results were evaluated at a significance level 
of p<0.05.

Results

Video Categorization and Characteristics

A total of 100 videos were initially included in the 
study. Of these, 74 (74%) were classified as useful, 16 
(16%) as misleading, and 10 (10%) as irrelevant. Irrelevant 
videos were excluded, and 74 useful and 16 misleading 
videos related to AMD were included for further statistical 
analysis.

The video characteristics are summarized in Table 1. 
Both the audio and video qualities were generally good. 
Most videos (40%) were uploaded by television shows 
and social media platforms. More than half of the videos 
(57.8%) discussed AMD in terms of all aspects.

Table 2 summarizes the video metrics of the 90 videos 
analyzed. The mean JAMA score was 1.94±1.09 (moderate 
quality), the mean GQS score was 2.49±1.29 (moderate 

Figure 1. Flowchart of the study
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quality), and the mean DISCERN score was 36.82±16.53 
(poor quality). When the videos were evaluated according 
to the uploader, no significant differences were observed 
in JAMA, GQS, DISCERN scores, and view ratio (Table 3).

However, the JAMA and DISCERN scores differed 
significantly according to video content (p=0.045 and 
p=0.021, respectively) (Table 4). Overall, the highest video 
quality scores were obtained for videos that discussed 
the disease in all aspects (general information about the 
disease, diagnosis, and treatment group). When Dunn’s 
multiple comparison test was performed, the JAMA 
averages of general information about the disease + 
diagnosis + treatment group were significantly higher 
than those of the treatment group (p=0.021). DISCERN 

averages of general information about the disease + 
diagnosis + treatment group were significantly higher 
than those of the treatment group (p=0.011). The view 
ratio was similar between the groups (p=0.061).

Correlation analysis showed a positive correlation 
between JAMA and GQS scores, between JAMA and 
DISCERN scores, and between GQS and DISCERN 
scores (r=0.862 p=0.0001; r=0.863 p=0.0001; r=0.874 
p=0.0001), respectively. However, the scores were not 
correlated with the other parameters (Table 5).

After evaluating the data for all videos, the useful and 
misleading video groups were assessed separately and 
compared. Table 6 summarizes the video metrics of the 
two groups. Videos in the misleading group were newer 
than those in the useful group (p=0.006). The number 
of likes and view ratio were higher in the misleading 
group than in the useful group (p=0.019 and p=0.037, 
respectively). The JAMA, GQS, and DISCERN scores were 
statistically significantly higher in the useful group than in 
the misleading group (p=0.0001, p=0.001, and p=0.0001, 
respectively).

When the video and audio qualities and other 
characteristics of useful and misleading videos were 
compared, video content was the only significant 
difference between the two groups (p=0.0001). Videos 
giving all the details about the disease were most common 
in the useful group, whereas the most shared content in 
the misleading group was treatment (Table 7).

Table 1. Video characteristics

Video characteristics n %

Video quality 

Good 72 80%

Moderate 3 3.3%

Poor 15 16.7%

Audio quality 

Good 71 78.9%

Moderate 10 11.1%

Poor 9 10%

Uploader

Ophthalmologist 23 25.6%

Industry/Commercial interest 29 32.2%

Medical school/Academic center 2 2.2%

TV show/Social media 36 40%

Video participants
Healthcare provider 88 97.8%

Patients 2 2.2%

Video content

General information about disease + Diagnosis 17 18.9%

General information about disease + Diagnosis + 
Treatment

52 57.8%

Treatment 21 23.3%

Includes animation
No 68 75.6%

Yes 22 24.4%

Includes real procedure
No 81 90%

Yes 9 10%

Table 2. Video metrics

Mean±SD Range

Time since upload (day) 1622.37±969.66 144-4077

Views (n) 4720.22±10842.85 36-80167

Likes (n) 29.21±62.92 0-476

View ratio 4.10±7.32 0.01-47.77

Length (min) 6.03±8.11 0.32-44.34

JAMA 1.94±1.09 0-4

GQS 2.49±1.29 1-5

DISCERN 36.82±16.53 16-68

JAMA: Journal of American Medical Association, GQS: Global Quality Score, SD: 
Standard deviation
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Table 4. Comparison of the JAMA, GQS and DISCERN scores and view ratio according to the video content

Video content 

General 
information 
about disease + 
Diagnosis

General information 
about disease 
+ Diagnosis + 
Treatment

Treatment p†

JAMA Median (IQR) 2 (1-2.5) 2 (1-3) 1 (1-2) 0.045

GQS Median (IQR) 2 (1-3) 3 (2-3.75) 2 (1-3) 0.086

DISCERN Median (IQR) 32 (19.5-45) 44.5 (23.5-53.5) 20 (16-49) 0.021

View ratio Median (IQR) 0.16 (0.07-1.36) 1.22 (0.24-5.89) 0.97 (0.33-6.59) 0.061

Dunn’s multiple comparison test JAMA DISCERN

General information about disease +diagnosis/General 
information about disease + diagnosis + treatment 

0.156 0.114

General information about disease + diagnosis/Treatment 0.432 0.222

General information about disease + diagnosis + 
treatment/Treatment 

0.021 0.011

†Kruskal-Wallis test 
JAMA: Journal of American Medical Association, GQS: Global Quality Score, IQR: Interquartile range

Table 3. Comparison of the JAMA, GQS and DISCERN scores and view ratio according to the uploader

Uploader Ophthalmologist
Industry/Commercial 
interest

Medical school/Academic 
center

TV show/Social media p‡

JAMA Median (IQR) 3 (1-3) 2 (1-2) 2 (1.5-1.52) 1.5 (1-3) 0.319

GQS Median (IQR) 3 (2-4) 2 (1-3) 3.5 (2.25-3.02) 2 (1-3) 0.119

DISCERN Median (IQR) 46 (20-54) 31 (18-47.5) 46 (33-36.02) 37 (20-50.75) 0.321

View ratio Median (IQR) 0.53 (0.08-1.72) 1.13 (0.34-11.28) 6.2 (1.17-8.14) 1.17 (0.12-4.3) 0.203
‡Kruskal-Wallis test
JAMA: Journal of American Medical Association, GQS: Global Quality Score, IQR: Interquartile range

Table 5. Comparison of the JAMA, GQS and DISCERN scores, view ratio, and other video parameters

 JAMA GQS DISCERN
Time since 
upload (day)

Views (n) Likes (n)
View 
ratio 

Length 
(min)

JAMA
r 0.862 0.863 0.105 -0.151 -0.167 -0.16 0.094

p 0.0001 0.0001 0.325 0.156 0.116 0.132 0.377

GQS
r 0.862 0.874 0.064 -0.145 -0.16 -0.114 0.041

p 0.0001 0.0001 0.548 0.174 0.133 0.286 0.698

DISCERN
r 0.863 0.874 0.14 -0.105 -0.121 -0.116 0.135

p 0.0001 0.0001 0.187 0.325 0.256 0.278 0.206

Time since upload (day)
r 0.105 0.064 0.14 0.035 -0.095 -0.271 -0.035

p 0.325 0.548 0.187 0.74 0.374 0.01 0.740

Views (n)
r -0.151 -0.145 -0.105 0.035 0.947 0.844 0.039

p 0.156 0.174 0.325 0.74 0.0001 0.0001 0.717

Likes (n)
r -0.167 -0.16 -0.121 -0.095 0.947 0.897 0.122

p 0,116 0.133 0.256 0.374 0.0001 0.0001 0.253

View ratio 
r -0.16 -0.114 -0.116 -0.271 0.844 0.897 0.108

p 0.132 0.286 0.278 0.01 0.0001 0.0001 0.312

Length (min)
r 0.094 0.041 0.135 -0.035 0.039 0.122 0.108

p 0.377 0.698 0.206 0.74 0.717 0.253 0.312

JAMA: Journal of American Medical Association, GQS: Global Quality Score
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Discussion

The primary finding of this study is the poor to moderate 
quality and reliability of Turkish YouTube videos on AMD. 
When the factors that may affect the quality scores were 
examined, content was considered a main factor. The 
group that mentioned only treatment had lower quality 
than the other groups. When the useful and misleading 
groups were compared in terms of video quality, all video 
quality scores of the misleading group were lower than 
those of the useful group. Contrary to lower quality 
scores, the like and view rates of the misleading group 

were higher than the useful group. Interestingly, the most 
popular videos did not necessarily have the highest quality 
and reliability.

YouTube is a video-sharing website where patients can 
gain information about their diagnoses and treatments 
recently through open-access health videos. Although the 
number of people seeking health-related information has 
increased in recent years because of the ease of access to 
such information, it has been revealed that approximately 
one-third of patients do not trust such content (17). In 
addition to patients, healthcare professionals often watch 
YouTube videos. In particular, surgical videos are viewed 

Table 6. Video metrics of useful and misleading video groups

Useful (n=74) Misleading (n=16) p†

Time since upload (day) Median (IQR) 1965 (774.25-2351.75) 1127.5 (734.5-1253) 0.006

Views (n) Median (IQR) 912.5 (259.25-4649) 2197.5 (701-6010) 0.126

Likes (n) Median (IQR) 6 (1-26.25) 14 (9.5-54) 0.019

View ratio Median (IQR) 0.99 (0.12-2.95) 3.24 (0.59-11.77) 0.037

Length (min) Median (IQR) 2.56 (1.37-6.29) 3.87 (0.65-10.04) 0.768

JAMA Median (IQR) 2 (1-3) 1 (0-2) 0.0001

GQS Median (IQR) 3 (1.75-4) 1 (1-2) 0.001

DISCERN Median (IQR) 44.5 (28-53.25) 16 (14.25-18.75) 0.0001

†Mann-Whitney U test
JAMA: Journal of American Medical Association, GQS: Global Quality Score, IQR: Interquartile range

Table 7. Characteristics of the useful and misleading videos

    Useful (n=74) Misleading (n=16) p+

Audio quality 

Good 59 79.73% 12 75.00%

0.379Moderate 9 12.16% 1 6.25%

Poor 6 8.11% 3 18.75%

Video quality

Good 61 82.43% 11 68.75%

0.446Moderate 11 14.86% 4 25.00%

Home video 2 2.70% 1 6.25%

Uploader

Ophthalmologist 19 25.68% 4 25.00%

0.657
Industry/Commercial interest 22 29.73% 7 43.75%

Medical school/Academic center 2 2.70% 0 0.00%

TV show/Social media 31 41.89% 5 31.25%

Includes animation
No 54 72.97% 14 87.50%

0.220
Yes 20 27.03% 2 12.50%

Includes real procedure
No 66 89.19% 15 93.75%

0.581
Yes 8 10.81% 1 6.25%

Video participants
Healthcare provider 73 98.65% 15 93.75%

0.228
Specifically for patients 1 1.35% 1 6.25%

Content

General information about disease + Diagnosis 17 22.97% 0 0.00%

0.0001General information about disease + Diagnosis + Treatment 48 64.86% 4 25.00%

Treatment 9 12.16% 12 75.00%
+Chi-square test
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by physicians on a learning curve or who want to discover 
and learn new techniques (18-20).

One of YouTube’s key features is that anyone can 
upload videos, regardless of background, medical 
qualifications, professionalism, or purpose. Therefore, 
health-related information on YouTube can be quite 
wide-ranging, including inaccurate or highly qualified 
information. In this process, obtaining online information 
from the appropriate sources is crucial because it can even 
change patient compliance with treatment (15). In our 
study, we found that 10% of videos were irrelevant to the 
subject, and 18% of the related videos were misleading. 
This result is consistent with studies conducted in different 
countries and with different disease titles in the literature 
(6,7,21,22).

People often overlook the important factor of sound 
and image quality in YouTube videos. Good sound quality 
allows visitors to connect better with the video and engage 
more with the content. However, poor sound quality can 
reduce the video view rate even with the highest visual 
content. In our study, both the sound and video qualities 
were good. This may have occurred because most of 
the videos examined in our study were uploaded by TV 
shows and industries and, therefore, were prepared more 
professionally.

Video quality must be at the highest level, particularly 
for health-related videos. For this reason, several video 
quality questionnaires, such as HONcode, JAMA, DISCERN, 
and GQS, were used to evaluate the quality and reliability 
of the video content. In this study, the JAMA, DISCERN, 
and GQS scoring systems were used, and the results 
suggest that the YouTube videos on AMD are of  “poor 
to moderate” quality. When the scoring and uploading 
individuals were compared, it was observed that the 
highest JAMA score was obtained by ophthalmologists, 
and the highest DISCERN and GQS scores were obtained 
by medical faculties and academic centers, indicating that 
videos uploaded by users outside the health sector are of 
lower quality than those added by health professionals. 
In our study, the low rate of ophthalmologists (25.6%) 
and medical school/academic center unloaders (2.2%) 
compared with the total might be one reason for the 
low quality scores. Our findings are compatible with the 
results of other studies in the literature (23,24). Non-profit 
organizations and academic-sourced videos are known to 
have the highest value for information. The high quality 
and reliability of healthcare professional videos can be 
attributed to several characteristics. First, healthcare 
experts base their recommendations on scientific evidence 
and clinical guidelines, which increases the accuracy and 
credibility of their information. Second, professional 
videos typically provide extensive coverage of the medical 
subject, encompassing various aspects, such as general 

information, diagnosis, and treatment alternatives, in a 
detailed manner. Third, accurate medical terminology 
enhances clarity, accuracy, and overall production 
quality. Hence, we advocate prioritizing videos produced 
by ophthalmologists or academic centers as the ideal 
educational resource for patients with AMD.

In this study, correlation analysis revealed a strong 
positive correlation between the DISCERN, JAMA, and 
GQS scores. This finding shows that the scales used in this 
study provide parallel results that reflect the reliability and 
educational quality of the videos.

The number of views indicates the popularity of videos, 
and the daily view rates reflect their currency (25). Our 
study found no correlation between JAMA, DISCERN, and 
GQS values and the number of views or view ratio; thus, 
high- and low-quality videos were watched at a similar rate. 
Our research shows that a video’s popularity level does 
not necessarily correlate with its quality. This situation may 
be caused by two different reasons. First, patients may 
not be equipped to evaluate video content quality and 
accuracy and may watch videos without making a choice. 
Second, the number of views on YouTube was considered 
an important parameter indicating video popularity. It can 
be considered that videos with a high view rate among 
people have high reliability (26). Today, video discoverability 
and reliability can be increased artificially by purchasing 
views. This situation may cause patients to think that these 
videos are better. Because patients cannot be consciously 
selective within this pool of videos, ophthalmologists and 
academic centers need to increase the number of videos 
that contain accurate information.

We did not find a significant difference in the view 
ratio between the videos uploaded by academic and non-
academic ones, indicating that patients do not prioritize 
videos uploaded by healthcare professionals when 
searching. This result may be related to several factors. 
First, commercially purchasing views and likes, which are 
mostly used by non-academic uploaders, can increase 
the discoverability of videos. Although this created the 
impression that the video was artificially better, the 
situation may be the opposite. Second, despite their 
medical knowledge, physicians may struggle to explain 
complex medical information in a simple manner that 
patients can easily understand. The medical language and 
complexity of videos uploaded primarily by physicians and 
healthcare institutions may make them less accessible to 
the general public.

When health-related videos on YouTube are evaluated, 
not only videos that provide general information about the 
disease but also videos about diagnosis and treatment can 
attract more attention (27). When useful and misleading 
videos were compared in our study, we found that 
misleading videos mainly discussed treatment. Misleading 
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videos might be more prominent than useful videos 
because they often share new, speculative, and promising 
content, whereas useful videos typically discuss proven 
and tried treatments. There is currently no treatment 
that can completely and permanently eliminate AMD, and 
there is no way to restore vision loss in advanced stages. 
Searching for new and alternative treatment methods may 
prompt patients to highlight new, misleading content. 
However, turning to unproven and unreliable treatment 
methods with the hope of a cure may harm patients both 
financially and healthfully.

Study Limitations

Our study has some limitations. Among this study’s 
weaknesses is the subjective nature of the analysis, which 
was attempted to minimize by having two experienced 
observers rate the videos and confirm the inter-rater 
reliability. Another limitation is that although terms in both 
everyday spoken language and academic language (yellow 
spot disease and age-related macular degeneration) were 
used in the search section, the search words used by the 
authors may differ from the search words of the patients 
and the videos they encounter. In addition, it is known 
that the keywords typed into the search engine may vary 
according to the geographic region of the searcher and the 
search history. As YouTube is an interactive and dynamic 
video-sharing platform, rearranging and uploading new 
videos may change the results. In this study, only Turkish 
videos related to AMD were evaluated. Evaluating Turkish 
videos and videos from other languages may change the 
results. However, because our primary target group was 
Turkish patients, we aimed to evaluate the quality of 
Turkish videos and the situation in Turkey by using videos 
in Turkish, which is the mother tongue.

Despite these limitations, examining the videos by 
two different ophthalmologists and the consistency of 
the scores across these evaluations were important in 
the present study. Furthermore, using multiple scales to 
assess various facets of the videos’ content and quality 
makes the study’s results comprehensive. Finally, our study 
reveals Turkey’s reality. To the best of our knowledge, this 
is the first study to evaluate the quality of Turkish YouTube 
videos on AMD published in Turkey.

Conclusion
Our findings demonstrate that the information quality 

of Turkish AMD-related videos on YouTube is poor to 
moderate. The number of irrelevant and misleading videos 
was high. Patients may not be able to distinguish between 
useful and misleading information. The potential effects 
of incomplete or unreliable YouTube videos on the patient-
physician relationship, as well as patients’ perceptions 
and understanding of their disease, are important. In 

particular, patients who are in search of a new treatment 
for their disease may lose confidence in their current 
treatments with unproven options. Although the quality 
indices were lower than useful videos, it is noteworthy 
that patients watched misleading videos that mainly 
mentioned new and speculative treatments. Publicizing 
more health-related videos created professionally by health 
professionals may increase public health awareness, and 
the Internet may be a valuable tool for delivering high-
quality and reliable information to the public.
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Appendix A. DISCERN scoring system

Question rating

No Partially Yes

Section 1 Is the publication reliable?

1 Are the aims clear? 1 2 3 4 5

2 Does it achieve its aims? 1 2 3 4 5

3 Is it relevant? 1 2 3 4 5

4
Is it clear what sources of information were used to compile the publication (other 
than the author or producer)?

1 2 3 4 5

5 Is it clear when the information used or reported in the publication was produced? 1 2 3 4 5

6 Is it balanced and unbiased? 1 2 3 4 5

7 Does it provide details of additional sources of support and information? 1 2 3 4 5

8 Does it refer to areas of uncertainty? 1 2 3 4 5

Section 2 How good is the quality of information on treatment choices?

9 Does it describe how the treatment works? 1 2 3 4 5

10 Does it describe the benefits of each treatment? 1 2 3 4 5

11 Does it describe the risks of each treatment? 1 2 3 4 5

12 Does it describe what would happen if no treatment is used? 1 2 3 4 5

13 Does it describe how the treatment choices affect overall quality of life? 1 2 3 4 5

14 Is it clear that there may be more than one possible treatment choice? 1 2 3 4 5

15 Does it provide support for shared decision-making? 1 2 3 4 5

Section 3 Overall rating of the publication

16
Based on the answers to the above questions, rate the overall quality of the 
publication as a source of information for patients about treatment choices.

Low Moderate High 

1 2 3 4 5

Appendix B. Journal of the American Medical Association (JAMA) Scoring System

Authorship The authors and contributors, the institutions to which they adhere, and their credentials should be provided.

Disclosure Conflicts of interest, funding, sponsorship, advertising, support, and video ownership should be fully disclosed.

Attribution All copyright data should be clearly listed, and references and sources for all content should be stated.

Currency The initial date of posted content and dates of updates should be provided.

Appendix C. Global Quality Scoring (GQS) System

(1) Poor quality, very unlikely to be of any use to patients

(2) Poor quality but some information present, of very limited use to patients

(3) Suboptimal flow, some information covered but important topics missing, somewhat useful to patients

(4) Good quality and flow, most important topics covered, useful to patients

(5) Excellent quality and flow, highly useful to patients
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Introduction
The number of screens in society is increasing day by 

day in our country, as in the world. One of the biggest 
reasons for this is that technology has become the building 
block of our lives, both in business and daily life. On the 
other hand, the ease of use, portability, and content 
capacity of screens (television, tablet, computer, etc.) 
are other factors that increase the use of screen-based 
media in society. However, recent studies have shown 
that screen media use starts at an early age (1,2). Young 
children and babies in this digital generation are exposed 
to more technology and use more devices than in previous 
years, thus increasing their screen time (3). Screen time 
definitions and guidelines for healthy screening in early 
childhood are still under debate (4).

Very early-onset screen exposure carries significant 
risks for children’s health and development. Most studies 
have shown that children start using screen media before 
the age of two (2,5). Previous studies have shown that 
screen exposure in young children causes problems such 
as speech-language delay, sleep disturbance, obesity, 
school failure, depression, and anxiety (6-10). Although 
being healthy is possible with physical, psychological, and 
social well-being, the role of pediatricians is as effective 
in providing counseling to parents as it is in protecting 
the health of children. Pediatricians play a significant role 
in both protecting the health of children and counseling 
families about screen-based media guidelines.

To reduce the risks associated with screen use, 
guidelines have been developed that recommend 

Abs tract

Aim: Guidelines for children have been developed to reduce the risks associated with screen use. We aimed to learn the knowledge of 
pediatricians with children aged 0-6 years about screen use and to identify the screen use habits of their own children.

Methods: This cross-sectional study was conducted among 212 pediatricians who had children aged 0-6 years between August and 
September 2023. Survey questions were created according to the American Academy of Pediatrics screen time recommendations. The 
questions were delivered to the pediatricians via social media. 

Results: Of the pediatricians, 64.2% were mothers and 35.8% were fathers. The mean level of screen-use knowledge was 7.73 
(maximum score =10). The pediatricians' average screening time during the day was 2.44 hours. There was a significant inverse 
correlation between the pediatricians' screen use knowledge level, their average screen time, and the duration of television use when 
the child was at home (p=0.035 and p=0.010, respectively). There was a difference between the institutions in which the pediatrician 
worked in terms of screen use knowledge levels (p=0.018).

Conclusion: Pediatricians were knowledgeable about screening guidelines. It is important for pediatricians to approach screening from 
a holistic perspective and integrate it into their practices.
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appropriate time limits and considerations for screen time 
for children. The Canadian guidelines recommend no screen 
time for children under 2 years old; screen time should be 
1 hour or less per day for children aged 2-5 years; and 
screen time should not be a routine part of childcare for 
children under 5 years old (2). The American Academy of 
Pediatrics (AAP) updated its media use recommendations 
in 2016. Although it does not provide a specific screen 
time limit, it emphasizes the importance of considering 
not only the quantity or duration of interactions but also 
the quality of interactions with digital media. According 
to the AAP guidelines, screen time should be avoided in 
children aged below 18 months, except for video chat. 
Between 18 and 24 months of age, parental involvement 
is very important and can be brief, provided that a parent 
finds high-quality programs and watches them with them. 
For children aged 2-5 years, screen time should be less 
than 1 hour a day, and children should watch with their 
parents to interpret and discuss what they watch. A family 
media plan with consistent rules is recommended. Six 
years and older should limit activities involving screens. 
All screens should be turned off during family meals 
and outings, and parents should avoid using screens as 
pacifiers, babysitters, or to stop tantrums. Screens should 
be turned off 30-60 minutes before bedtime and removed 
from the bedroom (11).

Our hypothesis is that pediatricians should have up-
to-date knowledge and awareness about screening to 
be more sensitive when counseling families on these 
issues. In this study, we aimed to learn the knowledge 
of pediatricians who have children aged 0-6 years in our 
country about screen media use and to define the screen 
media use habits of their own children. With the results we 
obtained in our study, we expect to increase awareness 
about screen use and to create new suggestions and 
discussions on this subject by conducting research on a 
subject that has not yet been studied with pediatricians.

Methods

Compliance with Ethical Standards

Approval for the study was obtained from the 
Institutional Ethics Committee of the University of Health 
Sciences Turkey, Gazi Yasargil Training and Research 
Hospital (dated: 04.08.2023, approval no.: 491). This 
study was conducted in accordance with the Helsinki 
Declaration.

Study Design

A cross-sectional study was planned based on previous 
studies on screen and AAP screen time recommendations, 
and a cross-sectional study was planned by creating 
questions with yes/no, multiple choice, and multiple 
answers (12). A total of 217 pediatricians completed 
our questionnaire between August 2023 and September 
2023, but the responses of 5 were not evaluated because 
of inconsistencies in their responses, and the study was 
conducted with 212 pediatricians with children aged 
0-6 years who responded to our questionnaire between 
August and September 2023 (Figure 1).

The questions consisted of 3 parts. The first section 
provides demographic information about pediatricians. 
Age, gender, marital status, number of children, titles, 
geographical region in which they live, institution in which 
they work, years of employment, age, job, and educational 
status of their spouses were questioned. In the second 
section, pediatricians were questioned about their screen-
use habits at home, their attitudes toward their children’s 
screen use, the technological devices their children own, 
the technological devices and programs they allow their 
children to use, the amount of screen time they and their 
children spend in front of the screen, the age at which their 
children were introduced to media tools, and whether 
screen time is restricted or why. “Screen time” includes 
any time spent in front of a television or other screen 
device such as video games, computers, smartphones, 

Figure 1. Flow diagram of the study 
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and tablets (13). “Screen media use” is defined as the 
use of these devices. In the third section, pediatricians' 
knowledge on screen use was questioned. There is a table 
with 10 questions and one multiple-choice question. The 
aim of this section was to determine the knowledge levels 
of pediatricians and their requests for screen use training.  
The questions about knowledge about screen use were 
scored, and the total score was calculated as ''10'' when 
all questions were answered correctly.

The questions were converted into questionnaires via 
Google Forms and delivered to the pediatricians via social 
media (e-mail, WhatsApp, telegram). Before starting the 
survey, brief information and contact information were 
given, and all questions were considered answered. 
Physicians were reminded 1 week after the first mailing, 
and the study was terminated after 1 month. Some 
questions were evaluated as ratios, and others were 
compared according to the demographic information of 
the physician.

Statistical Analysis

The conformity of the data to the normal distribution 
was examined using the Shapiro-Wilk test. The Mann-
Whitney U test was used for comparisons between two 
independent and non-normally distributed groups, and the 
Kruskal-Wallis H test was used for comparisons between 
three groups. The Spearman correlation coefficient was 
used to determine the relationship between quantitative 
variables. Statistical analysis was performed using IBM 
SPSS Statistics for Windows. Version 25.0. Armonk, 
NY: IBM Corp., and p<0.05 was considered statistically 
significant.

Results
Pediatricians of all titles participated in the study, and the 

majority of them were pediatric specialists and residents. 
Physicians from all regions participated in our study, mostly 
from the Aegean region and southeast Anatolia. State 
hospitals were the majority of the institutions where the 
participating pediatricians worked.

Table 1 presents additional sociodemographic data. 
The average screen time of pediatricians during the day 
was determined as 2.44 hours. Children’s screen time on 
weekdays and weekends was categorized as intervals, and 
it was observed that as the quantitative value increased, 
the time allocated to the screen increased. Accordingly, on 
weekdays, the average screen time was 2.41 hours, and 
on weekends, it was 2.46 hours. When asked about the 
programs they allowed their children to use, more than 
half of them stated that they frequently watched cartoons 
and educational videos created for children. When the 
age at which children first watched electronic devices was 
considered, it was learned that television and telephone 

Table 1. Socio-demographic characteristics

Variables n % 

Parental status

Mother 136 64.2

Father 76 35.8

Marital status

Married 200 94.3

Single 12 5.7

Number of children aged 0-6

1 180 84.9

2 32 15.1

Child gender

Female 104 49.1

Male 108 50.9

Spouse working status

Yes 195 92

No 17 8

Spouse being a pediatrician

Yes 35 16.5

No 177 83.5

Child’s caregiver

Spouse 26 12.3

Relative 72 34.0

Babysitter 51 24.1

Nursery 63 29.6

Title

Pediatric Resident 45 21.2

Pediatric Specialist 94 44.3

Subspecialist 53 25.1

Assistant Professor 9 4.2

Assoc. and Prof. 11 4.2

Institution

State hospital 114 53.8

University hospital 75 35.4

Private hospital 14 6.6

Clinic 9 4.2

Region

Mediterranean 19 9.0

Marmara 37 17.5

Central Anatolia 27 12.7

Aegean 48 22.6

Black Sea 12 5.7

Southeast Anatolia 47 22.2

Eastern Anatolia 22 10.4
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were frequently used between the ages of 1-2 years (33% 
and 25%, respectively), while tablets were used between 
the ages of 2-3 years. More than half of them stated that 
they had accompanied their child or explained the content 
of the screen. Almost all of the pediatricians (99.29%) 
reported that they restricted their children’s screen use 
(Table 2).

Pediatricians were asked 10-point knowledge questions 
in line with the APA screen time recommendations, 
and the mean knowledge level of screen use was 7.73. 
Approximately 91% of the pediatricians answered more 
than 6 of the questions correctly. It was observed that 
26.42% of the pediatricians answered 90% of the screen 
use knowledge level questions correctly (Table 3). There 
was no difference in the knowledge level of screen 
media use among pediatricians according to their gender 
(p=0.668). There was no difference between knowledge 
levels of screen use according to marital status and the 
number of children they had (p=0.880 and p=0.491, 
respectively). It was also determined that knowledge 
levels did not differ according to their titles (p=0.231).

There was a difference in the level of knowledge 
on screen use according to whether the spouse was a 
pediatrician or not (p=0.001). There was a difference 
between the institutions of employment in terms of 
screen use knowledge levels (p=0.018). The mean level 
of knowledge about media use among pediatricians 
working in state hospitals was 7.43, and the mean level of 
knowledge about media use among pediatricians working 
in university hospitals was 8.05, and the difference 
between these values was significant (p=0.017). At the 
same time, we determined that there was a significant 
difference between the mean knowledge level of screen 
use among pediatricians working in state hospitals and 
pediatricians working in their own clinics (p=0.015) (Table 
4). There was a significant reverse correlation between 
pediatricians’ knowledge of screen use and the average 
screen time of pediatricians and the duration of television 
programming when the child was at home (p=0.035 
and p=0.010, respectively). There was a significant 
inverse correlation between the average screening time 
of pediatricians and the year of employment of the 
pediatrician (p=0.007). There was a significant relationship 
between the average screen time of the spouse, the time 
the television was on when the child was at home and 
the average screen time of the pediatrician (p<0.001 and 
p=0.016, respectively). A significant correlation was also 
found between the average screen time of the spouse and 
the time the television was on while the child was at home 
(p=0.018).

There was a significant relationship between the age 
of the pediatrician, the age of the spouse, the working 
years of the pediatrician and the duration of television 

Table 2. Evaluation of screen-based media use

Variables n %

What are your screen use habits at home?

Social media 160 32.92

Film, series, competition program, etc. 147 30.25

Education 108 22.22

Game 55 11.32

I don’t have except for my work life 16 3.29

Which screen-based technological devices do you have at 
home?

Smartphone 210 27.60

Computer 198 26.02

Smart TV 181 23.78

Tablet 127 16.69

Game tool (PlayStation, Xbox, etc.) 45 5.91

What programs do you allow your child to watch on screen?

Watching cartoons 163 41.79

Educational videos for children 110 28.21

Playing games 69 17.69

Adult programs 13 3.33

I do not allow my child to watch 35 8.97

What is your reason for allowing your child to spend time with 
screens?

Making time for my own personal affairs 122 24.16

Entertainment 118 23.37

Calming down 64 12.67

Feeding food 63 12.48

Education 62 12.28

Accompanying other family members 41 8.12

I do not allow my child to spend time with screens 35 6.93

What is your habit of accompanying your child during screen 
media use?

I will accompany him/her and be with him/her 81 30.45

I’ll tell him/her the contents of the screen 68 25.56

I’ll be with him/her as I watch him/her silently 61 22.93

I do not accompany my child 34 12.78

Other 22 8.27

What is your reason for limiting your child’s screen use?

Concern about delaying development 166 29.54

The young age of my child 136 24.20

Harmful content 135 24.02

Eye disease concern 103 18.33

Other 18 3.20

I do not restrict screen usage 4 0.71

What are the negative effects of screen use on children?

Speech and language delay 210 22.29

Cognitive and sensory delay 200 21.23

Sleep disorders 200 21.23

Obesity 170 18.05

Skeletal and muscular system diseases 162 17.20
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programming while the child was at home (p<0.05) 
(Table 5).

It was observed that 81.6% of pediatricians did not 
receive any training on screen use guidelines. However, 
80.7% of the physicians wished to receive training on 
screen usage. In addition, 89.6% of the pediatricians were 
found to make suggestions to their patients regarding 
screening guidelines.

Discussion
Screen media usage has become a common and 

serious problem among children. Screening time is 
associated with less energy expenditure, passive receptivity 
to the surrounding environment, and the possibility of 
encountering low-quality and inappropriate content (14). 
The health problems caused by screen exposure highlight 
the need for a guide on this issue, and more studies should 
be conducted (8,9). The place of screens in our lives has 
become widespread with the use of screens by adults both 
at work and on social media. According to data from the 
Turkish Statistical Institute for 2023, 95.5% of households 
had Internet access in Turkey, and the internet usage rate 
was 87.1% among individuals aged 16-74 (15). According 
to the European Children Online Project data for Turkey, 
the internet usage rate by parents was 23.5% for women 
and 49% for men (16).

Table 3. Pediatricians’ level of knowledge about screen use

Variables n %

Children between 2 and 5 years of age can be allowed more 
than 1 hour of screen time per day, accompanied by their 
parents.

Correct 69 32.5

Wrong 143 67.5

Children 6 years and older can use screens without parental 
supervision.

Correct 24 11.3

Wrong 188 88.7

Children between 6 and 8 years old may be allowed more than 
2 hours of screen time per day.

Correct 55 25.9

Wrong 157 74.1

Children should not be given phones at mealtimes and before 
bedtime to calm them down.

Correct 183 86.3

Wrong 29 13.7

Babies between 0-18 months may be allowed to video-chat 
with family members under parental supervision.

Correct 143 86.3

Wrong 69 13.7

Children can be given mobile phones in the car or in crowded 
places.

Correct 21 9.9

Wrong 191 90.1

Children aged 2-5 can watch educational cartoons.

Correct 162 76.4

Wrong 50 23.6

Screen may be allowed when feeding children between 18-24 
months.

Correct 16 7.5

Wrong 196 92.5

Children between the ages of 4-5 can use screen time with their 
parents for a maximum of 1 hour per day.

Correct 186 87.7

Wrong 26 12.3

The screen-based media is not recommended during the first 24 
months.

Correct 202 95.3

Wrong 10 4.7

Table 4. Comparison of screen use knowledge levels and variables

Variables Knowledge level p-value

n=212 Mean SD Median Min.-Max.

Parental status

Mother 7.77 1.46 8 3:10
0.668a

Father 7.66 1.71 8 4:10

Marital status

Married 7.74 1.53 8 3:10
0.880a

Single 7.58 1.93 8 4:10

Number of children

1 7.73 1.35 8 3:10

0.491b2 7.53 1.73 8 4:10

>3 7.88 1.86 8 4:10

Title

Pediatric Resident 8.09 1.43 9 5:10

0.231b

Pediatric Specialist 7.49 1.64 8 3:10

Subspecialist 7.81 1.53 8 4:10

Assistant Professor 8.22 1.39 8 6:10

Assoc. and Prof. 7.55 1.29 8 6:10

Spouse working status

Yes 7.77 1.54 8 3:10
0.272a

No 7.29 1.72 7 4:10

Spouse being a pediatrician

Yes 8.49 1.50 9 5:10
0.001a

No 7.58 1.52 8 3:10

Institution

State hospital 7.43 1.59 8 3:10

0.018b
University hospital 8.05 1.36 8 5:10

Private hospital 7.78 1.76 8 4:10

Clinic 8.78 1.39 9 6:10

p<0.05 significance level, aMann-Whitney U test, bKruskal-Wallis H test
SD: Standard deviation, Min.-Max.: Minimum-maximum
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In addition, successive disasters in our country 
(Coronavirus disease-2019, Kahramanmaras earthquake) 
unfortunately revealed the reality of virtual education 
and necessarily increased children’s screen time at home 
(17). Inappropriate or uncontrolled screen use can disrupt 
many important activities, such as spending interactive 
time with other family members, reading books, playing 
creative outdoor games, or engaging in physical activities, 
and constitutes time spent without activities that are 
important for early childhood development (18,19). This 
raises many questions about the negative consequences 
on the cognitive, social, and emotional development of 
children during early childhood (20). Considering the risks 
that occur before and the harms that occur after exposure, 
it is important for pediatricians to advise patients and their 
families regarding reliable and accurate information by 
adhering to screening guidelines. In the 2016 APA report, 
it was revealed that only 16% of pediatricians interviewed 
families about screen-related questions, and in the 
same report, 29% of parents reported that they trusted 
pediatricians for advice on media use (12). In our study, 
most pediatricians advised their patients about screening. 
However, when the international literature was reviewed, 
it was learned that in previous studies, pediatricians were 
not sufficiently supported in guiding and discussing these 
issues with the family about screen use in young children 
(21,22). Regardless of the age of the child, pediatricians 
should ask parents how much screen time their child 
spends, advise accordingly, and warn them about the 
consequences of excessive use (19).

In the study by Amos et al. (23), all 53 participants 
reported that they were aware of the existing screen 
time guidelines, and the majority reported moderate to 
excellent knowledge on these issues. A total of 43.4% 
of respondents reported that they had made screen 
time recommendations in the past 12 months and/
or that they almost always planned and made these 

recommendations during routine clinical visits (23). When 
we determined their level of knowledge with the questions 
we designed based on the guidelines, approximately 91% 
of pediatricians responded correctly to more than six 
out of ten questions, and 89.6% of pediatricians made 
recommendations to their patients about screening. In the 
same study, Canadian pediatricians mentioned behavioral 
problems, mental health concerns, obesity, and sedentary 
lifestyle concerns with increasing screen time. In a study 
by Costa et al. (24), television viewing in early childhood 
was found to be associated with overweight and the 
onset of obesity. In our study, pediatricians also reported 
that excessive screen use may have negative effects on 
language-speech, cognitive and sensory delays, sleep 
disorders, obesity, and skeletal-muscular system diseases 
(7). They had the same concerns as the other study.

Study Limitations

The fact that pediatricians who are aware of this issue 
participated in our study can be interpreted as an optimistic 
but weak aspect of our study. It cannot be generalized to 
the average knowledge level and average screening time 
of all pediatricians. Furthermore, we did not involve family 
physicians, general practitioners, and health professionals 
working in pediatrics, such as nurses, whose target patient 
population included children. We restricted our findings to 
pediatricians’ screen knowledge level and time. Because 
we did not include another group, we were unable to 
make comparisons between groups.

Despite these limitations, this study has some 
strengths. We tried to raise awareness regarding this issue 
in pediatrics using data we obtained from pediatricians 
from every region, title, and institution. This is also the 
first study on this issue in the national literature that 
provides insight into the awareness of pediatricians in 
Turkey regarding current screening time guidelines and 
their practices.

Table 5. Comparison of screen use knowledge level of pediatricians according to demographic data

Variables (n=212)
Screen use knowledge 
level

Average screen time
Spouse’s average screen 
time

Screen time when child 
is at home

Pediatrician’s age r
s
=-0.098

p=0.156
r

s
=-0.119

p=0.085
r

s
=-0.160

p=0.020
r

s
=0.295

p≤0.001

Age of spouse r
s
=-0.081

p=0.240
r

s
=-0.107

p=0.121
r

s
=-0.059

p=0.392
r

s
=0.228

p=0.001

Pediatrician’s year of practice r
s
=-0.074

p=0.286
r

s
=-0.185

p=0.007
r

s
=-0.110

p=0.112
r

s
=0.246

p≤0.001

Average screen time r
s
=-0.145

p=0.035
- - -

Spouse’s average screen time r
s
=-0.113

p=0.101
r

s
=0.604

p≤0.001
- -

TV time with child at home r
s
=-0.176

p=0.010
r

s
=0.166

p=0.016
r

s
=0.162

p=0.018
-

p<0.05 significance level, r
s
Spearman correlation coefficient
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Conclusion
This study found that pediatricians with preschool-

aged children were knowledgeable about screen use. It 
is important for pediatricians to approach screening from 
a holistic perspective and integrate it into their practices.
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Comparison of Intracranial Hemorrhage and Clinical 
Outcomes Among Patients Undergoing Mechanical 
Thrombectomy with and without Thrombolytic Therapy
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Introduction

For acute ischemic stroke, clinicians use intravenous 
tissue plasminogen activator (IV tPA) alone or in 
combination with mechanical thrombectomy (MT). 
Intravenous tissue plasminogen activator has been shown 
to reduce the rate of disability in the first 3 hours after 
ischemic stroke (1). In 2008, IV tPA was shown to be 
effective for functional independence in patients with 
ischemic stroke who received IV tPA in the first 4.5 hours, 
but intracerebral bleeding rates were higher in these 
patients (2). Recent studies have shown that in addition 
to IV tPA, MT in large vessel occlusion reduces the rate of 
disability after ischemic stroke. Since IV tPA and MT were 

administered together in almost all of these studies, it 
remains a matter of debate whether IV tPA is beneficial 
for large vessel occlusions or whether it increases the 
complication rate. Some of the topics of these debates 
include whether it increases potential bleeding rates, 
whether it increases distal embolism by lysing the 
thrombus, or whether it increases door-puncture times. 
Along with these studies, the American Heart Association/
American Stroke Association has recommended that 
patients with ischemic stroke receive IV tPA in the first 4.5 
hours if there are no contraindications and MT if there is 
large vessel occlusion (3-7).

We hypothesized that administration of IV tPA before 
thrombectomy would not cause intracranial hemorrhage 

Abs tract

Aim: It remains controversial whether intravenous tissue plasminogen activator (IV tPA) increases complications in patients undergoing 
mechanical thrombolysis. In this study, we aimed to show the effect of IV tPA administration on complications.

Methods: In this cross-sectional study, the records of patients who were followed up at the stroke center and underwent mechanical 
thrombectomy (MT) between 2022 and 2023 were retrospectively reviewed. Demographic data, cerebral angiography data, 
neuroimaging time, medical history, and medication use; neurologic examination findings at baseline, 24th hour, and 3rd month were 
obtained from the patient files. Patients were divided into two groups according to whether intracranial tPA was administered before 
MT and two groups according to the presence of intracranial hemorrhage at 24 hours.

Results: A total of 172 patients [94 women (54.7%) and 78 men (45.3%)] were included in the study. Mean age was 67.6±14.7 years. 
At 24 h, the rate of symptomatic intracranial hemorrhage (sICH) was significantly (p=0.004) higher in the thrombectomy group than 
in the tPA plus thrombectomy group. The admission (p=0.033) and 24-hour National Institutes of Health Stroke Scale (p=0.001) scores 
were significantly higher in the sICH group than in the non-sICH group. Third-month modified Rankin scale score (p=0.003), diastolic 
embolism rate (p=0.009), and Tan score (p=0.007) were significantly higher in the sICH group than in the non-sICH group. 

Conclusion: Intravenous tissue plasminogen activator did not increase sICH or distal embolism in patients undergoing MT, and there 
was no difference in terms of favorable clinical outcomes. Symptomatic intracranial hemorrhage was associated with increased mortality 
and poor clinical outcome.
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or distal embolism after the procedure. The present study 
aimed to investigate the effect of IV tPA administration 
on complications in patients undergoing mechanical 
thrombectomy.

Materials and Methods

Compliance with Ethical Standards

This study was approved by the Clinical Research Ethics 
Committee of the University of Health Sciences Turkey, 
Istanbul Haseki Training and Research Hospital (dated: 
27.12.2023, approval no.: 260-2023) of the Declaration of 
Helsinki. Informed consent was obtained from all patients.

Study Design

This study had a cross-sectional study design. The 
records of patients who underwent IV tPA and/or 
MT at stroke centers between 2022 and 2023 were 
retrospectively reviewed. Demographic data, angiography 
data, imaging times, medical history, medication use, 
and neurological examination findings at baseline, 24th 

hour, and 3rd month were obtained from the patient files. 
Patients were divided into 2 groups according to whether 
intracranial tPA was administered before MT and 2 groups 
according to the presence of intracranial hemorrhage at 
24 hours (Graph 1).

Patient Selection and Endovascular Treatment

Basilar artery, posterior cerebral artery P1 segment, 
internal carotid artery (ICA) (tandem, T, L) or middle cerebral 
artery (MCA) M1 segment occlusion, no bleeding on brain 
computed tomography (CT), Alberta Stroke Program Early 
CT (ASPECT) score >6, patients with a National Institutes 
of Health Stroke Scale (NIHSS) score of ≥6, a pre-stroke 
modified Rankin Scale (mRS) score of 0-1, a symptom-
door time of less than 4.5 hours, a symptom-door time 
of 4.5-16 hours with diffusion weighted imaging/fluid-
attenuated inversion recovery (FLAIR) discordance, and 
patients who underwent MT were included in the study. 
Table 1 presents the inclusion criteria.

Patients were evaluated by a neurologist at the 
emergency department presentation. All patients 
underwent noncontrast brain CT and CT angiography 
(CTA). Patients with no contraindications admitted in 
the first 4.5 hours after symptoms and those with no 

contraindications admitted for less than 16 hours with no 
ischemic lesion reflected on magnetic resonance imaging 
FLAIR sequence were started on alteplase at a dose of 
0.9 mg/kg in the emergency department and then taken 
to the angio unit for MT. Mechanical thrombectomy was 
performed under conscious sedation or general anesthesia 
using a monoplane angiography device. The femoral artery 
was used as the access site for the procedure. A 6 French 
(F) guiding catheter (Destination, Terumo, Tokyo, Japan) 
was then placed in the subclavian artery, vertebral artery, 
common carotid artery, or cervical segment of the ICA. A 
distal access catheter (Catalyst 5F-6F Stryker, Kalamazoo, 
Michigan), a microcatheter (Rebar, Medtronic, Minneapolis, 
USA), and a 0.014-inch microwire (synchroo stryker) 
were used. Mechanical thrombectomy was performed 
using either stent retriever thrombectomy (isolated stent 
retriever, ARTS, SAVE, solumbra) or aspiration (ADAPT) 
techniques. The stent retriever was deployed in the 
occluded segment in the MT with the appropriate size 
(Trevo, Stryker, Kalamazoo, Michigan, USA; Thrombite, 
Zylox-Tonbridge, Hangzhou, China; Solitaire X, Medtronic, 
Minneapolis, USA). If the procedure failed after two 
attempts, the technique was changed. If the procedure was 
not successful despite seven thrombectomy procedures, 
the procedure was terminated. In tandem occlusions, 
direct aspiration was performed first, and if unsuccessful, 

Graph 1. Numbers of patients
sICH: Symptomatic intracranial hemorrhage

Table 1. Inclusion criteria

18-90 years old
Large vessel occlusion 
Symptom-door time of less than 4.5 hours
Symptom-door time between 4.5 and 16 hours and no ischemic lesion reflected in the MRI image on the FLAIR sequence
NIHSS >6 
Pre-admission mRS 0-1
ASPECT >6

MRI: Magnetic resonance imaging, mRS: Modified Rankin Scale, NIHSS: National Institutes of Health Stroke Scale, ASPECT: Alberta Stroke Program Early Computed 
Tomography Score (CT-0 score), FLAIR: Fluid-attenuated inversion recovery
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balloon angioplasty was performed at the internal carotid 
origin. In cases of reocclusion at the ICA origin despite 
balloon angioplasty, carotid artery stenting was performed 
after the administration of 300 mg of acetylsalicylic acid 
and 300 mg of clopidogrel.

We followed up patients who underwent MT in the 
intensive care unit after the procedure. We monitored 
the blood pressure and neurologic examination every 
30 minutes for the first 2 hours, and then every hour 
thereafter. We performed a brain CT scan 24 hours after 
MT. The brain CT scan revealed no bleeding; we started 
antiaggregant or anticoagulant therapy to address the 
etiology.

Clinical Evaluation Scales

Alberta Stroke Program Early CT scores were rated on 
cranial CT (8). Modified Tan scoring was used to obtain 
a collateral score on the CTA (9). The recanalization level 
was evaluated according to the modified treatment in 
cerebral ischemia (mTICI) classification. Accordingly, mTICI 
0 was defined as no flow, mTICI 1 as filling of the distal 
MCA but no blood supply to the cortical branches, mTICI 
2a as less than half of the MCA irrigation area, mTICI 2b 
as more than half of the MCA irrigation area, mTICI 2c as 
the entire MCA irrigation area but more slowly than the 
normal side, and mTICI 3 as complete recanalization. After 
the first thrombectomy attempt, mTICI 2c-3 recanalization 
was considered first-pass recanalization (10). Bleeding 
causing an increase of ≥4 points according to admission 
NIHSS score was defined as symptomatic ICH. Disability 
status on day 90 was evaluated with mRS.

Statistical Analysis

SPSS 28.0 software was used for the analyses. 
Mean, standard deviation, median minimum, maximum, 
frequency, and ratio values were used in the descriptive 
statistics of the data. The distribution of variables was 
measured by Kolmogorov-Smirnov. Kruskal-Wallis, Mann-
Whitney U tests were used to analyze quantitative, 
independent data. The chi-square test was used in the 
analysis of qualitative independent data, and the Fisher’s 
exact test was used when chi-square test conditions were 
not met. The results were evaluated at a significance level 
of p<0.05. 

Results
A total of 172 patients [94 women (54.7%) and 78 

men (45.3%)] who met the inclusion criteria (Table 1) 
between 2022 and 2023 were included in the study. The 
mean age was 67.6±14.7 years, the mean ASPECT at 
presentation was 9.1±1.1, and history of previous stroke 
was 33 patients (19.2%). IV tPA was administered in 
88 (51.2%) patients. The mean symptom-puncture time 
was 250.6±174.3 minutes, symptom-canalization time 
was 308.3±181.2 minutes, puncture-canalization time 
was 56.8±24.0 minutes, door-imaging time was 19±15.8 
minutes, door-IV tPA time was 51.2±20.9 minutes, and 
door-puncture time was 56.5±17.5 minutes. The successful 
recanalization rate (TICI 2B, 2C, 3) was 86.1%. At 24 
hours, intracranial hemorrhage was seen in 47 (27.3%) 
patients (Table 2).

Table 2. General information about patients undergoing thrombectomy

Min.-Max. Mean ± SD/n%

Age 21.0-90.0 67.6±14.7

Sex
Woman  94/54.7%

Man  78/45.3%

Cigarette smoking
(-) 99/57.6%

(+) 73/42.4%

Comorbid disease

Hypertension 100/58.1%

Atrial fibrillation 72/41.9%

Coronary artery disease 71/41.3%

Diabetes mellitus 48/27.9%

Obesity 44/25.6%

Stroke history
(-) 139/80.8%

(+) 33/19.2%

Admission aspect 5.0-10.0 9.1±1.1

Warfarin use
(-) 162/94.2%

(+)  10/5.8%
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Symptom puncture (p=0.000), symptom recanalization 
(p=0.000), and puncture recanalization (p=0.021) time 
were significantly higher in the thrombectomy group than 
in the tPA plus thrombectomy group. In our study, the use 
of stent retrievers did not differ significantly between the 
IV tPA plus thrombectomy and thrombectomy groups. 
The rate of symptomatic intracranial hemorrhage (sICH) 
in the thrombectomy group at admission 24 hours was 
significantly (p=0.004) higher than that in the tPA plus 
thrombectomy group, and there was no superiority 
between the two groups in the 3rd month mRS scores 
(0.971m) (Table 3).

The smoking rate was significantly lower (p=0.045) 
in the group with sICH than in the group without sICH. 
History of stroke was significantly (p=0.039) higher in 
the group with sICH than in the group without sICH. The 
IV door-IV tPA rate was significantly (p=0.004) lower in 
the sICH group than in the non-sICH group. Admission 
(p=0.033), 24th hour (p=0.001) the NIHSS score was 
significantly (p<0.05) higher in the group with sICH than 
in the group without sICH. The 3rd month mRS score was 
significantly (p=0.003) higher in the sICH group than in the 
non-sICH group. The distal embolism rate was significantly 
(p=0.009) higher in the sICH group than in the non-sICH 
group. The Tan score was significantly (p=0.007) lower in 
the sICH group than in the non-sICH group (Table 4).

Discussion 
In this study, the effects of intravenous tissue 

plasminogen activator (IV tPA) administration on 
mechanical thrombectomy (MT) time, complications 
during the MT procedure, and intracerebral hemorrhage 
(ICH) in patients undergoing MT were analyzed. In a 
single-center retrospective study of 250 patients (105 
with IV tPA plus MT and 145 with MT alone), symptom 
and door puncture times were found to be shorter in the 
MT group (11). It was found that IV tPA administration 
did not affect the thrombectomy door-puncture time; 
on the contrary, the puncture recanalization time was 
longer in the thrombectomy-only group than in the 
thrombectomy plus IV tPA group (p<0.05). In our study, 
first-pass recanalization, use of a stent retriever, and 
distal embolism rates did not differ significantly (p>0.05) 
between the IV tPA plus thrombectomy and thrombectomy 
groups. Therefore, administration of IV tPA may not be a 
disadvantage in terms of the initiation of MT therapy or 
development of procedural complications.

Several recent studies have evaluated the efficacy of 
MT in patients with acute stroke by comparing it with 
combined IV tPA plus MT therapy (11-14). A meta-analysis 
showed that combined IV tPA plus MT was associated 
with a higher probability of functional independence 
than MT alone. However, these results were derived 
from retrospective cohort studies in which MT alone was 

Table 2. Continued

Min.-Max. Mean ± SD/n%

NOAC use
(-) 153/89.0%

(+) 19/11.0%

IV tPA
(-) 84/48.8%

(+) 88/51.2%

Symptom puncture time 15.0-795.0 250.6±174.3

Symptom recanalisation time 75.0-815.0 308.3±181.2

Puncture recanalization time 10.0-190.0 56.8±24.0

The door imaging time 2.0-120.0 19.0±15.8

Door tPA time 20.0-120.0 51.2±20.9

Door puncture time 15.0-110.0 56.5±17.5

NIHSS score

 Admission 3.0-22.0 9.7±3.5

24
th
 hour 0.0-25.0 6.2±4.9

3
rd
 month mRS score 0.0-6.0 2.4±2.0

Glucose 76.0-608.0 148.8±75.7

sICH in 24 hours
(+)

(-) 125/72.7%

47/27.3%

SD: Standard deviation, ASPECT: Alberta Stroke Program Early Computed Tomography Score (CT-0 score), NOAC: new oral anticoagulant, IV tPA: Intravenous tissue 
plasminogen activator, mRS: Modified rankin scale, NIHSS: National institutes of health stroke scale, sICH: Symptomatic intracranial hemorrhage
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Table 3. Comparison between thrombectomy and combined tPA plus thrombectomy

Mean ± SD/n%

tPA plus thrombusectomy Thrombectomy
p-value

Mean ± SD/n%

Age 66.8±15.5 68.5±13.8 0.484m

Sex
Woman 49/55.7% 45/53.6%

0.781X²

Man 39/44.3% 39/46.4%

Cigarette smoking
(-) 49/55.7% 50/59.5%

0.610X²

(+) 39/44.3% 34/40.5%

Comorbid disease

Hypertension 47/53.4% 53/63.1% 0.198X²

Atrial fibrillation 34/38.6% 38/45.2% 0.380X²

Coronary artery disease 39/44.3% 32/38.1% 0.407X²

Diabetes mellitus 25/28.4% 23/27.4% 0.881X²

Obesity 22/25.0% 22/26.2% 0.858X²

Stroke history
(-) 72/81.8% 67/79.8%

0.732X²

(+) 16/18.2% 17/20.2%

Admission aspect 9.3±1.1 9.0±1.1 0.127m

Symptom puncture time 156.4±96.3 311.1±186.4 0.000m

Symptom recanalisation time 207.1±97.6 373.3±192.7 0.000m

Puncture recanalization time 51.2±19.5 60.4±26.0 0.021m

The door imaging time 16.4±10.0 21.7±19.8 0.117m

Door tPA time 51.7±21.1 36.7±5.8 0.177m

Door puncture time 58.9±17.2 54.9±17.6 0.233m

NIHSS score

Admission 9.1±3.1 10.3±3.8 0.032m

24th hour 5.8±4.7 6.6±5.0 0.246m

3rd month mRS score 2.40±2.06 2.32±1.96 0.971m

mMann-Whitney U test, X²Chi-square test
Bold values: p<0.05
SD: Standard deviation, ASPECT: Alberta Stroke Program Early Computed Tomography Score (CT-0 score), NOAC: new oral anticoagulant, IV tPA: Intravenous tissue 
plasminogen activator, mRS: Modified Rankin Scale, NIHSS: National Institutes of Health Stroke Scale

Table 4. Comparison of patients with and without hemorrhage

sICH (-) sICH (+)
p-value

Mean ± SD/n% Mean ± SD/n%

Age 67.7±14.6 68.0±15.0 0.847m

Sex
Woman 63/50.4% 31/65.9%

0.094X²

Man 62/49.6% 16/34.1%

Cigarette smoking
(-) 66/52.8% 33/70.2%

0.045X²

(+) 59/47.2% 14/29.8%

Hypertension 77/61.6% 23/48.9% 0.155X²

Atrial fibrillation 51/40.8% 21/44.6% 0.569X²

Coronary artery disease 57/45.6% 14/29.7% 0.068X²

Diabetes mellitus 36/20.8% 12/25.5% 0.574X²

Obesity 33/26.4% 11/23.4% 0.516X²

Stroke history
(-) 106/84.8% 33/71.7%

0.039X²

(+) 19/15.2% 14/28.3%
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administered to many patients who were not eligible for 
IV tPA (15). Kaesmacher et al. (16) showed that MT alone 
was not superior to combined IVT-MT in terms of good 
clinical outcomes in a meta-analysis of patients admitted 
only during the IV tPA window. In our study, no superiority 
was found between the two groups in 3rd month mRS 
scores (p<0.05).

ICH is associated with high morbidity and mortality 
after MT (17). It is known that IV tPA administration alone 
increases the rate of ICH 3 to 10-fold compared to placebo 
(18,19). Yang et al. (20) showed that the symptomatic 

ICH rates were similar between patients treated with MT 
alone and combined therapy. The DEVT study revealed 
a higher incidence of ICH in patients receiving IV tPA 
(21). In a prospectively designed study, Quang Anh 
et al. (22) reported that combined treatment did not 
increase the risk of ICH. A 2021 meta-analysis found 
that combination therapy did not increase the risk of 
ICH (23). This study showed that the occurrence of ICH 
within 24 hours of symptom onset was significantly 
reduced in the combined group compared with the MT 
alone group (p<0.05). This may be explained by the fact 

Table 4. Continued

sICH (-) sICH (+)
p-value

Mean ± SD/n% Mean ± SD/n%

Admission aspect 9.2±1.0 8.9±1.3 0.134m

Warfarin use
(-) 119/95.2% 43/91.3%

0.842X²

(+) 6/4.8% 4/8.7%

NOAC use
(-) 113/91.1% 38/82.6%

0.117X²

(+) 11/8.9% 8/17.4%

IV tPA
(-) 52/42.4% 32/68.1%

0.004X²

(+) 73/57.6% 15/32.9%

Symptom puncture time 248.1±176.3 256.3±171.5 0.609m

Symptom recanalisation time 306.0±183.0 313.6±178.9 0.644m

Puncture recanalization time 57.6±24.3 54.9±23.7 0.398m

The door imaging time 17.6±13.5 22.9±20.5 0.127m

Door tPA time 50.4±19.3 53.8±28.3 0.961m

Door puncture time 56.3±18.0 57.1±16.4 0.877m

NIHSS score

Admission 9.3±3.3 10.8±4.0 0.033m

24th hour 5.4±4.6 8.3±5.2 0.001m

3rd month mRS score 2.11±1.96 3.04±2.03 0.003m

Glucose 146.3±72.6 149.2±72.8 0.610m

HB 12.5±2.3 12.1±2.2 0.339m

PLT 250.5±113.0 244.0±79.4 0.798m

Stent retriever usage
(+)

(-) 29/29.9% 10/24.4%
0.511X²

68/70.1% 31/75.6%

Distal embolism
(+)

(-) 59/60.8% 15/36.6%
0.009X²

38/39.2% 26/63.4%

Antiaggregant therapy
(+)

(-) 70/56.0% 27/57.4%
0.993X²

55/44.0% 20/42.6%

Tan score
<50%
50-99%
100%

(-) 17/19.1% 18/45.0%

0.007 X² 
25/28.1% 6/15.0%

31/34.8% 14/35.0% 

16/18.0% 2/5.0%
mMann-Whitney U test, X²Chi-square test
Bold values: p<0.05
SD: Standard deviation, ASPECT: Alberta Stroke Program Early Computed Tomography Score (CT-0 score), NOAC: new oral anticoagulant, IV tPA: Intravenous tissue 
plasminogen activator, mRS: Modified Rankin Scale, NIHSS: National Institutes of Health Stroke Scale, sICH: Symptomatic intracranial hemorrhage
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that the MT group’s symptom-puncture and symptom 
recanalization times were higher than those of the tPA 
plus MT group (p<0.05). In our study, we also compared 
patients with and without ICH at 24 hours. In the group 
with ICH, admission and 24-hour NIHSS score were 
significantly (p<0.05) higher than the group without ICH. 
The 3rd month mRS score was significantly (p<0.05) higher 
in the ICH group than in the non-ICH group. These findings 
showed that ICH increased mortality and decreased 
functional independence, consistent with the literature. 
Further studies are needed to clarify the relationship 
between the incidence of ICH, factors causing ICH, and 
patient outcomes.

In support of the view that the technique used during 
the MT procedure causes variability in the risk of ICH, the 
use of a stent retriever has been shown to cause more 
damage to the vessel wall, especially the endothelium, 
than the direct aspiration technique (24). Contrary to this 
argument, Yıldırım (25) showed that the ICH rates were 
similar between the two techniques. In our study, no 
difference was observed in the rates of stent retrievers in 
patients with and without ICH. In our study, the rate of 
distal embolism was significantly (p<0.05) higher in the 
group with bleeding than in the group without bleeding. 
The fact that distal embolism is known to increase the 
volume of necrosis and cerebral edema and to increase 
the risk of hemorrhage is consistent with our study results.

Study Limitations

Our study’s first limitation was that it was retrospective 
in nature. Another limitation was that the number of 
participants in the sample group was small due to the first 
year of activity at the stroke center. Different results can 
be obtained with larger study groups. All patients did not 
receive full-dose IV tPA. Patients who underwent TICI 3 
recanalization during the MT procedure had their iv tPA 
treatment discontinued before completion. The IV tPA 
doses were not evaluated in these patients. Despite these 
limitations, 250 patients were included in our study, and 
their neuroimaging findings were examined in detail. We 
believe that the patient outcomes in our stroke center, 
which works intensively and is in close communication with 
other departments, will make an important contribution 
to the literature.

Conclusion
In patients undergoing MT, IV tPA administration did 

not increase ICH, or distal embolism, and there was no 
difference in terms of good clinical outcomes. ICH was 
found to be associated with increased mortality and poor 
clinical outcome. Further studies with larger patient groups 
are needed on this subject.
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Introduction

Breast cancer is the most prevalent malignant tumor 
among women and a leading cause of cancer-related 
morbidity and mortality worldwide (1). One in eight 
women will develop breast cancer during their lifetimes 
(2). Neoadjuvant chemotherapy (NAC) is the standard 
therapeutic approach for patients with locally advanced 

breast cancer. It is particularly indicated in patients 
with large tumor volumes, the presence of lymph node 
metastases, HER2-positive breast cancer, or triple-negative 
breast cancer (TNBC) (3). The primary clinical benefit of NAC 
is reduced tumor staging, which increases the likelihood of 
breast-conserving surgery (4,5). Breast cancer is currently 
classified into distinct molecular subtypes based on the 
presence or absence of immunohistochemical markers. 

Abs tract
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These subtypes have different risk profiles and therapeutic 
strategies (6). Human epidermal growth factor receptor 
2 (HER2 or HER2/neu) is a critical molecular target, and 
it is characterized by a transmembrane receptor with 
tyrosine kinase activity. HER2 is overexpressed or amplified 
in approximately 20% of breast cancers, contributing to 
aggressive tumor behavior and poor clinical outcomes (7).

We hypothesized that specific demographic, clinical, 
and molecular factors may predict the likelihood of 
achieving pathological complete response (pCR) in patients 
undergoing NAC for breast cancer. Post-NAC pathological 
response data reflect tumor chemosensitivity (8). Several 
studies have demonstrated specific correlations between 
morphological changes and the use of chemotherapeutic 
agents using pCR (9,10). Trastuzumab and pertuzumab, 
humanized monoclonal antibodies targeting different 
epitopes of HER2, have been reported to significantly 
improve pCR rates with dual anti-HER2 blockade in HER2-
positive subtypes (11). However, previous studies on the 
predictive factors of NAC in breast cancer suggested that 
no single factor adequately predicted pCR (12).

Therefore, the current study aimed to evaluate the 
factors affecting pCR in primary breast tumors and axillary 
lymph nodes in patients with breast cancer receiving 
NAC. These predictive factors. Despite these factors, this 
study aimed to contribute to clinical decision-making and 
potentially improve treatment personalization. This may 
improve patient outcomes by optimizing NAC regimens 
and surgical planning, ultimately contributing to effective 
and personalized approaches.

Methods

Ethical Standards

This study received approval from the Institutional 
Review Board (IRB) of University of Health Sciences Turkey, 
Antalya Training and Research Hospital (IRB number: 5/15) 
on April 25, 2024. Informed consent was obtained from 
all participants.

Patient Selection

This cross-sectional observational study included 222 
female patients with breast cancer who received NAC at 
a training and research hospital between 2020 and 2024. 
Patients were categorized into five groups based on age, 
tumor stage, and tumor biology: luminal A, HER2-positive 
luminal B, HER2-negative luminal B, HER2-positive alone, 
and triple-negative. The presence or absence of E-cadherin 
in tumor cells and Ki-67 levels were analyzed. Data were 
obtained from medical records. The effects of these 
factors on complete response in malignant breast masses 
and metastatic axillary lymph nodes following NAC were 
evaluated. Patients exhibiting complete response in both 
regions were considered to have achieved pCR (Figure 1).

Neoadjuvant chemotherapy was performed based on 
the molecular subtypes and biomarkers of breast cancer. 
For patients with TNBC, we selected chemotherapy 
regimens that included platinum-based therapies. 
Specifically, the most frequently used regimens were 
cisplatin combined with gemcitabine or carboplatin. In cases 
in which the tumor expressed PD-L1 positivity or exhibited 
high microsatellite instability (MSI), pembrolizumab was 
added to these regimens, forming a triple-combination 
therapy. If PD-L1 or MSI was not detected, a dual regimen 
was used without immunotherapy. For HER2-positive 
tumors, treatment was consistent with the current 
guidelines, involving a three-drug regimen of pertuzumab, 
trastuzumab, and docetaxel.

Patients with hormone receptor-positive (HR+) and 
HER2-negative tumors were divided into luminal A and 
luminal B subtypes based on Ki-67 expression levels. 
For luminal B tumors (Ki-67 >14%), a more aggressive 
approach was used, typically involving four cycles of dose-
dense doxorubicin and cyclophosphamide (AC), followed 
by four cycles of dose-dense paclitaxel. This regimen was 
selected based on the updated ESMO guidelines and was 
particularly beneficial for younger patients and those with 
high-risk clinical features.

Exclusion Criteria

Patients who did not complete NAC, had incomplete 
records, and had distant metastasis were excluded from 
the study.

Statistical Analysis

All analyses were performed using the IBM SPSS 
Statistics Version 22.0 statistical software package. 
Categorical variables were expressed as numbers 

Figure 1. Flow chart of patient selection
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and percentages, whereas continuous variables were 
summarized as mean and standard deviation or median 
(minimum-maximum) values, where appropriate. The 
normality of data distribution for continuous variables 
was confirmed using the Kolmogorov-Smirnov test. For 
the comparison of continuous variables between the two 
groups, Student’s t-test or the Mann-Whitney U test was 
used, depending on whether the statistical hypotheses 
were fulfilled. Univariate and multiple logistic regression 
analyses were performed to identify factors predictive 
of complete response following NAC. Each variable 
was modeled as a univariate without considering other 
variables, and the common effect was revealed by multiple 
logistic regression. Odds ratios (ORs) and confidence 
intervals (CIs) were reported for variables with statistically 
significant effects on response.

Results
Table 1 presents the descriptive statistics of the 

222 patients included in the study according to their 
demographic and histopathologic characteristics. The 
median age of the patients was 53.4 years (range, 29-
85 years), and the mean body mass index (BMI) was 
26.03±1.68. Among the included patients, 201 (90.5%) 
had ductal carcinoma histopathology. Estrogen receptor 
(ER) positivity was observed in 164 patients (73.9%), 
progesterone receptor (PR) positivity in 139 (62.6%), and 
HER2 positivity in 79 (35.6%). A total of 140 patients 
(63.1%) were negative for E-cadherin, 198 patients 
(89.2%) were negative for perineural invasion (PNI), and 
121 patients (54.5%) were negative for lymphovascular 
invasion (LVI). The mean Ki-67 index was calculated at 
35.76±25.68. Regarding the pathological response to 
NAC, 21 patients (9.5%) exhibited no response, 115 
patients (51.8%) had a partial response, and 86 patients 
(38.7%) achieved a complete response.

The descriptive statistics and p-values related to variables 
affecting pCR following NAC are presented in Table 2. 
Accordingly, the mean age and BMI distributions were 
comparable between patients with partial or no response 
and those with complete response (p=0.564 and 0.725, 
respectively). Concerning histopathological subtypes, 
mixed carcinoma (n=4, 2.90%), mucinous carcinoma 
(n=7, 5.10%), and micropapillary carcinoma (n=4 cases, 
2.90%) were more common in patients with partial or no 
response compared with those with a complete response 
(p=0.010). Among patients with partial or no response, 
117 (86.0%) were ER-positive and 107 (78.70%) were 
PR-positive. Among patients with a complete response, 
47 (54.70%) were ER-positive and 32 (37.20%) were PR-
positive, indicating a significant effect of the ER and PR 
status on the pathological response (p<0.001 for both). 
Furthermore, the number of PNI-positive patients was 

Table 1. Demographic and histopathological characteristics of the 
patients

n (%)

Age (years) 
53.4 (29-
85)

BMI (kg/m2) 26.03±1.68

Localization
Right 115 (51.8)

Left 107 (48.2)

Histopathology

Ductal carcinoma 201 (90.5)

Lobular carcinoma 4 (1.8)

Medullary 1 (0.5)

Mix carcinoma 4 (1.8)

Mucinous carcinoma 7 (3.2)

Micropapillary 4 (0.5)

ER
Negative 58 (26.1)

Positive 164 (73.9)

PR
Negative 83 (37.4)

Positive 139 (62.6)

HER2
Negative 143 (64.4)

Positive 79 (35.6)

E-cadherin
Negative 140 (63.1)

Positive 82 (36.9)

PNI
Negative 198 (89.2)

Positive 24 (10.8)

LVI
Negative 121 (54.5)

Positive 101 (45.5)

Ki-67 index (%) 35.76

CIS component 
Negative 166 (74.8)

Positive 56 (25.2)

Molecular classification

Luminal A 43 (19.4)

Luminal B (Ki-67+) 70 (31.5)

Luminal B (HER2+) 51 (23.0)

Tripple- 32 (14.4)

HER2 26 (11.7)

Neoadjuvant chemotherapy 
protocol

PTD 52 (23.4)

PT 26 (11.7)

AC 103 (46.4)

CISG 27 (12.2)

DC 7 (3.2)

DAC 2 (0.9)

CARPAK 5 (2.3)

cN stage

cN0 4 (1.8)

cN1 130 (58.6)

cN2 88 (39.6)

Menopause
No 84 (37.8)

Yes 138 (62.2)

Pathological response to NAC

No response 21 (9.5)

Partial 115 (51.8)

Complete 86 (38.7)

PNI: Perineural invasion, LVI: Lymphovascular invasion, CIS: Carcinoma in situ, 
NAC: Neoadjuvant chemotherapy
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higher in the partial or no response group (n=22, 16.20%) 
than in the complete response group (n=2, 2.30%) 
(p=0.001). Similarly, LVI positivity was more common in the 
partial or no response group (n=71, 55.10%) than in the 
complete response group (n=26, 30.20%) (p<0.001). The 
mean Ki-67 index was significantly higher in patients with 
complete response (49.8±25.2) than in those with partial 
or no response (p<0.001). There was a higher number of 
patients with luminal A and luminal B (Ki-67+) subtypes 
in the partial or no response group, whereas luminal B 
(HER2+), triple-negative, and HER2-enriched subtypes 
were more prevalent in the complete response group 
(p<0.001). Upon evaluating the NAC protocols used, AC 
(n=82, 60.30%), DC (n=7, 5.10%), and DAC (n=2, 1.50%) 
were more common in the partial or no response group 
than in the complete response group (p=0.005).

Table 3 presents the results of univariate and 
multivariate regression analyses conducted to identify 
predictive factors for resistance to pCR following NAC. 
HER2-negative patients were 3.59 (95% CI: 2.02-6.39) 
times more likely to achieve a complete response than 
HER2-positive patients. The ORs for complete response 
in PNI-positive patients versus PNI-negative patients were 
8.11 (95% CI: 1.86-35.42) and 2.84 (95% CI: 1.60-
5.02), respectively. The OR for a complete response in 
patients with a positive carcinoma in situ (CIS) component 
compared with those without this component was 3.51 
(95% CI: 2.37-11.93). Multivariate logistic regression 
revealed that PR status, HER2 status, LVI, Ki-67 index, 
and CIS component were significant predictors, with 
the positive CIS component having the highest effect on 
complete response (OR: 7.01, 95% CI: 2.44-20.11).

Discussion
This study evaluated the demographic and 

histopathological characteristics of 222 patients with 
breast cancer who received NAC and identified factors 
affecting pCR. The findings provide critical insights into the 
predictors of response, potentially guiding personalized 
treatment strategies and improving outcomes for patients 
with breast cancer. The mean ages and BMIs of our cohort 
were 53.4 years and 26.03 kg/m², respectively, with no 
significant differences observed between patients with 
partial or no response and those with complete response. 
This is consistent with previous studies showing that age 
and BMI are not primary determinants of NAC response 
in breast cancer, emphasizing the greater importance of 
other biological factors. 

A significant proportion of our patients (90.5%) had 
ductal carcinoma, consistent with the overall prevalence 
of breast cancer. Our results indicated a higher probability 
of pCR in patients with ductal carcinoma than in other 
histopathological subtypes (p=0.010), supporting the 

Table 2. Predictors affecting pathological response to NAC

Response to NAC

p valuePartial and 
no response 
n (%)

Complete 
response 
n (%)

Age 53.2±11.1 53.8±11.3 0.564

BMI 26.0±1.7 26.1±1.6 0.725

Localization
Right 65 (47.80) 50 (58.10)

0.168
Left 71 (52.20) 36 (41.90)

H
is

to
pa

th
ol

og
y

Ductal 
carcinoma

116 (85.30) 85 (98.80)

0.010

Lobular 
carcinoma

4 (2.90) 0

Medullary 0 1 (1.2)

Mix carcinoma 4 (2.90) 0

Mucinous 
carcinoma

7 (5.10) 0

Micropapillary 4 (2.90) 0

ER
Negative 19 (14.0) 39 (45.30)

<0.001
Positive 117 (86.0) 47 (54.70)

PR
Negative 29 (21.30) 54 (62.80)

<0.001
Positive 107 (78.70) 32 (37.20)

HER2
Negative 103 (75.70) 40 (46.50)

<0.001
Positive 33 (24.30) 46 (53.50)

E-Cadherin
Negative 65 (47.80) 50 (58.10)

0.345
Positive 71 (52.20) 36 (41.90)

PNI
Negative 114 (83.80) 84 (97.70)

0.001
Positive 22 (16.20) 2 (2.30)

LVI
Negative 61 (44.90) 60 (69.80)

<0.001
Positive 71 (55.10) 26 (30.20)

Ki-67 index 26.9±21.8 49.8±25.2 <0.001

CIS 
component 

Negative 88 (64.70) 78 (90.70)
<0.001

Positive 48 (35.30) 8 (9.30)

Molecular 
classification

Luminal A 41 (30.10) 2 (2.30)

<0.001

Luminal B (Ki-
67+)

51 (37.50) 19 (22.10)

Luminal B 
(HER2+)

25 (18.40) 26 (30.20)

Triple- 13 (9.60) 19 (22.10)

HER2 6 (4.40) 20 (23.30)

NAC 
protocol

PTD 26 (19.10) 26 (30.2)

0.005

PT 6 (4.40) 20 (23.30)

AC 82 (60.30) 21 (24.40)

CISG 10 (7.40) 17 (19.80)

DC 7 (5.10) 0

DAC 2 (1.50) 0

CARPAK 3 (1.40) 2 (2.30)

cN stage

cN0 1 (0.70) 3 (3.50)

0.684cN1 81 (59.60) 49 (57.0)

cN2 54 (39.70) 34 (39.50)

Menopause
No 52 (38.20) 32 (37.20)

0.888
Yes 84 (61.80) 36 (62.80)

Bold values indicate statistical significance at p<0.05
Statistics: χ2 or Fisher’s exact test for categorical variables and Student’s t-test or 
Mann-Whitney U test for continuous variables
NAC: Neoadjuvant chemotherapy, BMI: Body mass index, ER: estrogen receptor, 
PR: Progesterone receptor, PNI: Perineural invasion, LVI: Lymphovascular invasion, 
CIS: Carcinoma in situ 
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existing evidence that ductal carcinoma may be more 
sensitive to NAC than lobular and mucinous carcinomas, 
which are often associated with weaker responses. 
Predicting pCR contributes to evaluating the benefits 
of NAC in patients with newly diagnosed breast cancer 
and assisting in selecting the optimal surgical approach 
preoperatively. However, there is no consensus on the 
imaging-based assessment of pCR following NAC, and it 
is not possible to reliably predict pCR (13,14). Over time, 
surgical trends have shifted toward the implementation of 
less-invasive procedures that minimize long-term morbidity 
without compromising oncological safety. The benefits of 
neoadjuvant therapies in facilitating breast conservation 
are well established (15).

In a study by Dou et al. (16), age, T stage, N stage, ER 
status, PR status, HER-2 status, Ki-67, histological grade, 
molecular subtype, clinical stage, and pathology type were 
strongly associated with pCR rates (p<0.05). However, no 
significant correlation was observed between pCR and 
chemotherapy regimen, surgical method, menopausal 
status, BMI, or lymphatic infiltration (p>0.05). A younger 
age, lower T and N stages, ER negativity, PR negativity, 
HER2-positivity, high Ki-67 expression, and lower 
histological grades were reported to be more likely to 
achieve pCR (16). Another study observed a higher 
frequency of pCR in patients with right breast cancer, with 
63.5% of pCR occurring in the right breast and 36.5% 
occurring in the left breast (p=0.012) (17). It has also 
been suggested that the pre-NAC Ki-67 index reflects 
tumor cell proliferative capacity and is closely related to 
NAC sensitivity (18), thus being consistently recognized 
as an independent predictor of NAC response (19,20). 
Concerning HER2, the efficacy of NAC in HER2-positive 

patients has been significantly improved through the use 
of trastuzumab and/or pertuzumab. Consequently, HER2 
status has emerged as an independent predictor of the 
efficacy of NAC (21,22). Another study highlighted that 
women with more advanced cancer stages and a Ki-67 
index >20% were more likely to achieve pCR (23).

In a study conducted by Yan et al. (24), the group 
with a tumor size of 2 cm following NAC exhibited the 
highest rate of pCR. Patients with luminal A subtype had 
the lowest pCR rate, whereas those with TNBC had the 
highest pCR rate. Furthermore, the HER2-positive subtype 
showed a higher pCR percentage than the luminal B 
subtype (24). Qian et al. (25) categorized 325 patients into 
two groups based on whether they achieved pCR. Within 
this cohort, 126 patients achieved pCR (a rate of 38.8%). 
Overall, compared with the non-pCR group, patients 
in the pCR group had several significant characteristics: 
older age, smaller tumor size, lower stage, a higher Ki-67 
index, a higher proportion of HER2-positive tumors, and a 
lower percentage of HR+ tumors (p<0.05) (25). Hormone 
receptor-positive breast cancer exhibits a better prognosis 
than HER2-positive breast cancer or TNBC. In contrast, 
HER2-positive breast cancer and TNBC exhibit better 
therapeutic response to chemotherapy. However, only a 
few studies have evaluated the oncological outcomes of 
NAC in patients with locally advanced HR-negative breast 
cancer (26,27).

In a study by Lan et al. (28), univariate analysis of 
predictive factors between the pCR and non-pCR groups 
revealed statistically significant differences in cT, cN, ER, 
PR, and Ki-67 status (p<0.05). However, there were no 
statistically significant differences between the two 
groups in terms of age, menopausal status, HER2 status, 

Table 3. Univariate and multivariate analyses of predictors of complete response following neoadjuvant chemotherapy

Univariate analyses Multivariate analyses

OR 95% CI p value OR 95% CI p value

ER 5.11 2.68-9.73 <0.001

PR 6.23 3.42-11.34 <0.001 3.33 1.57-7.08 0.002

HER2 3.59 2.02-6.39 <0.001 3.56 1.71-7.44 0.001

PNI 8.11 1.86-35.42 0.005

LVI 2.84 1.60-5.02 <0.001 3.91 1.84-8.30 <0.001

Ki67 (%) 1.039 1.026-1.052 <0.001 1.03 1.01-1.05 <0.001

CIS component 3.51 2.37-11.93 <0.001 7.01 2.44-20.11 <0.001

Molecular Classification
HER2+
Luminal A
Luminal B (HER2-)
Luminal B (HER2+)
Triple-

-
68.33
29.96
21.32
7.64

-
12.64-369.31
6.14-146.19
4.66-97.65
1.68-34.71

<0.001
<0.001
<0.001
0.008

Bold values indicate statistical significance at p<0.05
OR: Odds ratio, CI: Confidence interval, ER: Estrogen receptor, PR: Progesterone receptor, PNI: Perineural invasion, LVI: lymphovascular invasion, CIS: Carcinoma in situ 
Statistics: Logistic regression analyses
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or chemotherapy cycles (28). In another study, Guan et al. 
(29) reported that 57 patients (14.8%) achieved breast 
pCR. Univariate analysis indicated that tumor size, ER, PR, 
and Ki-67 were associated with breast pCR. Additionally, 
multivariate analysis identified tumor size, PR, and Ki-67 as 
statistically significant factors. Dou et al. (30) found that 
hormone receptor status was an independent predictor of 
the pCR rate in patients with breast cancer who received 
NAC. The authors reported that the ER+/PR and ER/PR 
phenotypes were more responsive to chemotherapy than 
the ER+/PR+ phenotypes (30).

In our study, the percentages of ER and PR positivity 
were significantly lower in patients achieving pCR (ER: 
54.7% vs. 86.0%, p<0.001; PR: 37.2% vs. 78.7%, 
p<0.001), underscoring the known association between 
HR positivity and reduced chemotherapy sensitivity. HER2 
positivity was also a significant determinant, with a higher 
prevalence in patients achieving pCR (HER2+: 34.9% vs. 
38.5%, p<0.001). HER2-positive tumors, typically more 
aggressive, respond well to chemotherapy combined with 
HER2-targeted therapies, highlighting the importance of 
incorporating HER2-targeted agents into NAC regimens.

In this study, PNI and LVI were significantly associated 
with weaker NAC responses (PNI: p=0.001, LVI: p<0.001), 
indicating more aggressive tumor biology and higher 
metastatic potential, thus explaining the reduced 
chemotherapy efficacy. The Ki-67 proliferation index 
emerged as a critical determinant, with higher values 
significantly associated with pCR (49.8% vs. 26.9%, 
p<0.001). Ki-67 serves as a marker of cellular proliferation, 
with higher indices reflecting a larger fraction of actively 
dividing cells that are more susceptible to chemotherapy. 
The molecular classification revealed significant differences 
in pCR rates. Luminal A tumors, with an OR of 68.33 
for treatment resistance, were most resistant to NAC 
(p<0.001). In contrast, HER2-positive and triple-negative 
subtypes exhibited better responses, reflecting their 
aggressive nature but higher chemosensitivity.

Lastly, multivariate analysis identified the presence of 
CIS, PR, HER2, LVI, and Ki-67 index as significant resistance 
determinants. In particular, CIS had the highest effect on 
treatment resistance (OR: 7.01, p<0.001), highlighting the 
complexity of treating these tumors.

Study Limitations

This study has several limitations. Its retrospective 
design may introduce selection bias, limiting the 
generalizability of the findings. Additionally, the single-
center nature of the study may not fully capture the 
broader variability in treatment protocols and patient 
populations observed in multicenter studies. The relatively 
small sample size, particularly within certain molecular 
subtypes, may restrict the statistical power to detect 

subtle differences in response predictors. The reliance 
on pathologic assessment of pCR without standardized 
imaging protocols could have impacted the accuracy of 
response evaluation. Despite these limitations, this study 
provides valuable insights into the factors influencing 
pCR in breast cancer patients receiving NAC. The findings 
contribute to the growing body of evidence that can 
improve personalized treatment planning and optimize 
outcomes for breast cancer patients.

Conclusion
This study highlighted the multifaceted nature of 

NAC response in breast cancer, which is driven by 
histopathological and molecular characteristics. These 
findings demonstrate the need for personalized therapeutic 
approaches based on individual tumor biology to enhance 
treatment efficacy and patient outcomes. Further research 
should explore these predictive factors in larger, more 
diverse cohorts to validate and improve these insights.
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Introduction
Hairy cell (HC) leukemia (HCL) is a rare, mature 

B cell-derived chronic leukemia characterized by 
splenomegaly, pancytopenia, and peripheral HC (1-3). 
The annual incidence is 0.3 cases per 100,000 (4). The 
frequency is 4-5 times higher in men than in women. 
It is commonly observed between 55 and 60 years of 
age (5). Treatment for HCL initially uses purine analogs 
(cladribine or pentostatin). The full response rate during 
the first 5 years is 85-90% (6). At the 5-year follow-up, 
relapse was observed in 58% of patients who responded 
to treatment (7).

Sarcopenia is a progressive, generalized syndrome 
characterized by the loss of skeletal muscle mass 
and strength (8). The metabolic activity and systemic 
inflammation of cancer cells cause muscle loss, and 

sarcopenia develops (9). Computed tomography (CT) 
is a potential imaging biomarker for predicting survival 
outcomes in clinical practice because of its ability to provide 
objective quantitative and qualitative measurements of 
skeletal muscle and fat tissue. A meta-analysis showed 
the prognostic importance of sarcopenia in patients 
with hematological malignancies (10). Recent studies 
have demonstrated that early diagnosis of sarcopenia in 
patients with hematological malignancies can reverse the 
process of muscle loss and prevent the negative effects of 
sarcopenia syndrome on patient progression (11).

There is no study in the literature showing the 
prognostic importance of sarcopenia in patients with HCL. 
In this study, the effect of pretreatment sarcopenia on 
clinical outcomes in HCL patients receiving cladribine was 
investigated.
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Aim: Sarcopenia may develop in patients with hairy cell leukemia (HCL). There is no study in the literature showing the prognostic 
importance of sarcopenia in patients with HCL. In this study, the effect of pretreatment sarcopenia on clinical outcomes in patients 
with HCL was investigated.

Methods: This study included 34 patients with pre-treatment abdominal computed tomography (CT) images who received cladribine 
(purine nucleoside analog) treatment between April 2006 and April 2022 at Ondokuz Mayıs University Hospital. To ensure measurement 
standardization, measurements were performed using abdominal CT sections showing the L3 vertebra. The optimal cut-off value for 
the skeletal mass index to be used for the prediction of sarcopenia was determined by receiver operating characteristic analysis. 
Patients were divided into two groups according to whether they were sarcopenic or not, and their clinical results were compared.

Results: Overall survival (OS) tended to be shorter in the sarcopenic group than in the non-sarcopenic group (p=0.046). Progression-
free survival was significantly better in the non-sarcopenic group than in the sarcopenic group (p=0.009). In the multivariate analysis, 
sarcopenia (hazard ratio=0.154, p=0.043) was an effective variable for OS.

Conclusion: Sarcopenia is a prognostic factor for prognosis and treatment parameters in patients with HCL.
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Methods

Study Design and Compliance with Ethical 
Standards

This retrospective study included 50 patients aged 
>18 years attending Ondokuz Mayıs University Faculty of 
Medicine, Clinic of Hematology from April 2006 to April 
2022 with HCL diagnosis. The study included 34 patients 
with pre-treatment abdominal CT images who received 
cladribine (purine nucleoside analog) treatment. Five 
patients receiving other treatments and 11 patients 
without pre-treatment abdominal CT imaging were 
excluded from the study (Figure 1). The retrospective 
study was approved by the Ondokuz Mayıs University 
Clinical Research Ethics Committee (approval no.: OMÜ 
KAEK 2022/576, date: December 28, 2022).

All demographic data were obtained from patient files 
and electronic medical records. Body mass index (BMI) 
was calculated using the formula kg/m2 by measuring 
pre-treatment weight and height.

Patients received a 24-hour continuous cladribine 
infusion (0.1 mg/kg) for 7 days. Response to treatment 

was assessed using bone marrow biopsy and regression 
of splenomegaly based on physical examination in the 
third month. In peripheral blood (without transfusion), 
hemoglobin 11 g/dL, platelets 100,000/mL, and 
absolute neutrophil count 1500/mL, regression of 
splenomegaly according to physical examination, 
lack of HC with peripheral distribution, and in bone 
marrow were assessed as full response. Peripheral blood 
samples close to normalizing, close to 50% resolution 
of splenomegaly, and bone marrow HC were accepted 
as partial responses. Observation of HCs during follow-
up of blood and bone marrow samples from patients 
with full or partial response was defined as morphologic 
relapse. Hematologic relapse was defined as the 
reappearance of cytopenia below the thresholds defined 
above for complete response (CR) and partial response 
(PR). Overall survival (OS) was defined as the duration 
from diagnosis until death. Progression-free survival 
(PFS) was defined as the duration from treatment until 
patient recurrence.

With the aim of pretreatment assessment by a 
radiology expert experienced in the field, patients 
in the study group were assessed for muscle and fat 
tissue quality using abdominal CT images. To ensure 
measurement standardization, measurements were 
performed using the ImageJ program (National Institutes 
of Health, Bethesda, Maryland, USA) on abdominal CT 
sections showing the L3 vertebra. Within this scope, 
the areas of total paravertebral muscle tissue, visceral 
adipose tissue (VAT), and subcutaneous adipose tissue 
(SAT) were separately calculated in mm2. To normalize 
differences in body structure, values were divided by the 
square of the patient’s height; thus, the skeletal mass 
index (SMI) was calculated as mm2/m2. Examples of 
CT assessments are shown in Figure 2. Patients were 
divided into two groups according to whether they 
were sarcopenic or not, and their clinical results were 
compared.

Figure 1. Study design and patient flowchart
HCL: Hairy cell leukemia, CT: Computed tomography

Figure 2. Sarcopenia assessment the areas of total paravertebral 
muscle at the mid-level of the third lumbar vertebrate by CT scan. 
(A) Example of a non-sarcopenic man with normal muscle mass, 
(B) Example of a sarcopenic man with reduced muscle mass
CT: Computed tomography

a b
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Statistical Analysis

Statistical analysis were performed using IBM SPSS 
Statistics for Windows, version 23.0 (IBM Corp., Armonk, 
NY). The assumption of normality was checked using the 
Shapiro-Wilk test. Descriptive analyses are presented as 
mean ± standard deviation [interquartile range (IQR)], 
median (IQR), or n (%), as appropriate. To determine the 
prognosis of HCL, categorical data were analyzed using 
the Pearson’s chi-square test, and numerical data with 
non-normal and normal distribution were analyzed using 
the Mann-Whitney U test or Student’s t-test, respectively. 
Receiver operating characteristic analysis was performed 
to determine the optimal cut-off point for SMI. The 
optimal cutoff value for SMI for predicting sarcopenia was 
determined by receiver operating characteristic analysis. 
Patients with SMI 3028.3 (mm²/m²) were assessed as being 
sarcopenic. Survival curves were created using the Kaplan-
Meier method, and the Breslow, Tarone-Ware, and log-rank 
tests were used to assess differences between groups. 
Univariate logistic regression analysis was used to identify 

independent risk factors related to treatment response. 
Univariate and multivariate analyses for independent 
predictors of OS and PFS were performed using the Cox 
proportional risk regression model. Univariate analyses 
(p<0.1) included age, spleen size, response to treatment 
(RTT), SAT, total mass index (TMI), SMI, and sarcopenia, 
which were also tested in multivariate models. Hazard 
ratios equivalent to 95% confidence intervals or odds 
ratios are reported. Variables with p-values <0.05 were 
considered significant.

Results
Of the patients who participated in the study, 31 were 

men (91.2%) and 3 were women (8.8%). Among the 
patients, 16 (47%) were sarcopenic. Table 1 summarizes 
the characteristics of patients with and without sarcopenia. 
The sarcopenic group had significantly lower hemoglobin 
values than the non-sarcopenic group (9.15 vs. 11.26; 
p=0.030). The non-sarcopenic patients had lower TMI than 
the sarcopenic patients (4662.78 vs. 6180.67; p<0.01).

Table 1. The characteristics of patients according to the presence of sarcopenia

Variables Overall (n=34) S+ (Sarcopenic) (nS+=16) S- (Non-sarcopenic) (nS-=18) p-value

Age 53.38±12.59 56.75±14.48 50.38±10.13 0.144

Sex

Female (%)
Men (%)

3 (8.8)
31 (91.2)

3 (18.8)
13 (1.2)

0 (0)
18 (100)

0.094

Spleen size (mm) 183.61±44.21 181.5±51.17 185.5±38.43 0.797

Hemoglobin (gr/dL)
WBC (mm3)
PLT (h/mL)

10.26±2.92
2940 (2137.5)
56.5 (43.25)

9.15±2.06
2695 (2182.5)
63 (78.75)

11.26±3.27
3285 (4392.5)
54.5 (25.25)

0.030*

0.164
0.932

BSA (m²) 1.86±0.15 1.83±0.16 1,88±0,14 0.294

BMI (kg/m²)
TMI (mm²/m²)
SMI (mm²/m²)

26.5 (3.77)
5466.37±1004.08
3002.73±541.84

24.47 (5.66)
4662.78±694.60
2540.66±328.40

27.24 (3.14)
6180.67±619.13
3413.46±308.53 

0.025*

0.001*

0.0001*

VAT 15153.52±7779.98 14171.68±8743.28 16026.27±6952.00 0.496

SAT 14903 (11026.5) 15250.5 (15073.7) 14704.5 (10162.7) 0.695

PFS 35.5 (50.75) 23.5 (32.25) 59 (44) 0.009*

OS 46.5 (48.5) 26.5 (67) 63 (37) 0.046*

RTT

Yes (CR or PR) % 
No

31 (91.2)
3 (8.8)

13 (81.3)
3 (18.7)

18 (100)
0 (0)

0.094

Relapse

Yes %
No %

11 (2.4)
23 (67.6)

5 (31.3)
11 (68.7)

6 (33.3)
12 (66.7)

0.594

Survival

Alive %
Exitus %

29 (85.3)
5 (14.7)

12 (75)
4 (25)

17 (94.4)
1 ( 5.6)

0.133

Student’s t test, Mann-Whitney U test, Pearson chi-square test. Data are presented with n (%), mean ± SD (IQR) or median (IQR)
*Bold values denote statistical significance at the p<0.05 level
S+: Sarcopenic, S-: Non-sarcopenic, WBC: White blood cell, PLT: Platelet, BMI: Body mass index, TMI: Total mass index, BSA: Body surface area, VAT: Visceral adipose tissue, 
SMI: Skeletal mass index, SAT: Subcutaneous adipose tissue, OS: Overall survival, PFS: Progression-free survival, RTT: Response to treatment, IQR: Interquartile range, SD: 
Standard deviation, CR: Complete response, PR: Partial response
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 Table 2 presents the results of a univariate logistic 
regression analysis to identify variables affecting treatment 
response in HCL patients and a Cox regression survival 
analysis to identify factors affecting PFS and OS. In the 
multivariate analysis, spleen size (HR=1.014, p=0.0041), 
RTT (HR=0.027, p=0.004), and sarcopenia (HR=0.154, 
p=0.043) were effective variables for OS. For PFS, spleen 
size (HR=1.012, p=0.037) and RTT (HR=0.033, p=0.003) 
were statistically significant variables (Table 3).

The sarcopenic group’s OS was generally shorter than 
that of the non-sarcopenic group (Figure 3a). The 12-month 

mean OS rates for the sarcopenic and non-sarcopenic 
groups were 62.5% and 94.4%, respectively, whereas 
the median OS was 26 months in the sarcopenic group 
and 62 months in the non-sarcopenic group. There was a 
significant difference in PFS between the two groups. The 
PFS was significantly better in the non-sarcopenic group 
than in the sarcopenic group (Figure 3b). The 12-month 
mean PFS rates for the sarcopenic and non-sarcopenic 
groups were 62.5% and 94.4%, respectively, whereas the 
median PFS was 54 months in the non-sarcopenic group 
and 21 months in the sarcopenic group.

Table 2. Univariate logistic regression analysis for response to treatment and univariate Cox regression analysis for OS and PFS in patients with 
HCL

Variables
Response to treatment OS PFS

OR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Age 1.106 (0.99-1.23) 0.071 1.092 (1.013-1.18) 0.021* 1.04 (0.98-1.10) 0.226

Sex 0.998 (0.89-1.07) 0.990 1.17 (0.35-3.87) 0.802 23.45 (0-878518) 0.557

Spleen size 0.915 (0.83-1.01) 0.073 0.97 (0.95-1.01) 0.056 0.99 (0.98-1.01) 0.366

Hemoglobin 1.018 (0.676-1.53) 0.934 0.93 (0.69-1.25) 0.622 1.07 (0.86-1.32) 0.559

RTT - - 0.035 (0.01-0.22) 0.001* 21.38 (2.93-155.7) 0.003*

Relapse 0.952 (0.08-11.79) 0.990 0.448 (0.5-4.05) 0.475 - -

BMI 0.552 (0.32-0.96) 0.033* 0.78 (0.59-1.02) 0.280 0.89 (0.73-1.09) 0.280

BSA 0.001 (0-25) 0.182 0.01 (0-1.55) 0.073 0.01 (0.00005-1.5) 0.073

VAT - 0.171 - 0.667 1.00 (0.99-1.00) 0.929

SAT 00.9996 (0.9993-0.9999) 0.038* - 0.061 1.00 (0.99-1.00) 0.509

TMI 0.99 (0.987-1.001) 0.080 0.998 (0.997-0.999) 0.017* 1.00 (0.99-1.00) 0.964

SMI 0.998 (0.995-1.005) 0.093 0.998 (0.996-0.999) 0.027* 0.998 (0.996-0.999) 0.025*

Sarcopenia - 0.998 0.161 (0.018-1.463) 0.105 0.379 (0.099-1.429) 0.150
*Bold values denote statistical significance at the p<0.05 level
OS: Overall survival, PFS: Progression-free survival, HCL: Hairy cell leukemia, HR: Hazard ratio, RTT: Response to treatment, BMI: Body mass index, BSA: Body surface area, 
VAT: Visceral adipose tissue, SAT: Subcutaneous adipose tissue, TMI: Total mass index, SMI: Skeletal mass index

Table 3. Multivariate Cox regression analysis for OS and PFS in patients with HCL

Variables
OS PFS

HR (95% CI) p-value HR (95% CI) p-value

Age 1.00 (0.96-1.06) 0.738 1.01 (0.96-1.1) 0.585

Spleen size 1.014 (1.001-1.027) 0.041* 1.012 (0.97-1.33) 0.037*

Hemoglobin  1.07 (0.92-1.25) 0.343 1.14 (1.02-1.42) 0.115

BMI 1.07 (0.91-1.26) 0.412 1.09 (0.94-1.25) 0.021*

RTT 0.027 (0.02-0.31) 0.004* 0.033 (0.003-0.32) 0.003*

Relapse 0.311 (0.083-1.166) 0.083 - -

VAT 1.000 (0.99-1.00) 0.263 1 (1-1) 0.418

SAT 1.000 (0.99-1.00) 0.210 1 (1-1) 0.274

TMI 0.999 (0.99-1.00) 0.549 0.999 (0.997-1.01) 0.358

SMI 1.002 (0.99-1.01) 0.383 1.002 (0.998-0.005) 0.325

Sarcopenia 0.154 (0.025-0.983) 0.043* 0.17 (0.034-0.842) 0.137
*Bold values denote statistical significance at the p<0.05 level
OS: Overall survival, PFS: Progression-free survival, HCL: Hairy cell leukemia, RTT: Response to treatment, BMI: Body mass index, BSA: Body surface area, VAT: Visceral 
adipose tissue, SAT: Subcutaneous adipose tissue, TMI: Total mass index, SMI: Skeletal mass index
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Discussion
This study is significant because it is the first to 

demonstrate that sarcopenia is an independent factor 
affecting OS in HCL patients. Patients with diffuse large B 
cells, older patients, and those with early sarcopenia were 
reported to have shorter OS durations (12). Additionally, 
patients with Hodgkin lymphoma identified to have 
sarcopenia using SMI were reported to have shorter OS 
(13). Albano et al. (14) reported that sarcopenia did not 
affect the OS of patients with mantle cell lymphoma. 
In a study of leukemia patients, Nakamura et al. (15) 
showed that sarcopenic AML patients, especially aged 
over 60 years, had 0% 3-year OS. Patients with sarcopenic 
HCL had a significantly shorter OS duration in our study 
compared to those without sarcopenic HCL (26.5 vs. 63 
months, p=0.046).

In our study, patients with sarcopenia had significantly 
lower BMI, TMI, and SMI. The prognostic importance of 
TMI and SMI for OS was shown. SMI was a statistically 

significant factor for PFS (p=0.025, HR=0.998). 
Inflammatory cytokines, tumor-derived factors, and 
growth factors released from tumors in patients with 
malignancy cause sarcopenia through both degradation 
and reduced protein synthesis (16). Linked to this, injury 
occurs in the muscles of the skeletal system. This leads to 
reductions in muscle strength, quality, amount, and yield. 
TMI and SMI values may be affected after treatment. 
Therefore, sarcopenia may be a factor affecting both 
treatment response and PFS, which is linked to the lack of 
full effect of the treatment protocol.

The most important feature distinguishing our study 
from other studies is the calculation of the sarcopenia cut-
off value using a different method. Studies on sarcopenia 
trends do not have a standardized cutoff value because 
different patient populations and differences in muscle 
regions are used for calculations [SMI, psoas mass index 
(PMI)] (17). Several studies published in this field to reveal 
the sarcopenic status of patients used threshold values 
according to sex as a significant determinant of sarcopenia 
(18). Due to differences in PMI values between male and 
female patients, using sex-specific cut-off points obtained 
for PMI by receiver operating characteristic curve analysis, 
patients were divided into two groups: sarcopenic and non-
sarcopenic. In our study, an index for all skeletal muscles 
was calculated, not just PMI, and no statistically significant 
difference was observed for SMI values between male 
and female patients. Accordingly, our study did not use 
sex-based threshold values. In our study, the presence of 
sarcopenia was determined using an effect size-based 
method using threshold values obtained from the ROC 
curve analysis for mean and median SMI.

Study Limitations

One of our study’s most important limitations is the 
small number of patients. We believe that studies with more 
homogeneous and adequate patient numbers will allow for 
a better interpretation of the effects of sarcopenia on OS. 
Another limitation was that most patients did not undergo 
abdominal CT after treatment, making it impossible to 
assess sarcopenia after treatment. Finally, the Revised 
European Working Group on Sarcopenia in Older People-
EWGSOP reported that muscle function is important for 
the assessment of sarcopenia (19). Muscle function could 
not be assessed in this retrospective study. Studies on HCL 
in previous years reported that splenomegaly (>3 cm), 
leukocytosis (>109/L), and high beta-2 microglobulin levels 
were poor prognostic factors in HCL patients (20). The 
major strength of this study is that our study differed from 
other studies in that the calculation of the sarcopenia cut-
off value was performed using a different method.

Figure 3. OS (a) and progression-free survival (b) according to 
SMI
OS: Overall survival, SMI: Skeletal mass index, PFS: Progression-free 
survival
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Conclusion
Our study is significant because it is the first to show 

that sarcopenia is a prognostic factor for prognosis and 
treatment parameters. We believe that our study will 
guide future scoring studies related to sarcopenia during 
HCL patient diagnosis.
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Introduction
In recent years, immune checkpoint inhibitors 

have greatly improved the outcomes of patients with 
malignancies. Many patients receive immunotherapy 
or a combination of chemotherapy and immunotherapy 
(1). However, most clinical trials on immunotherapies 
do not include patients with kidney problems, even 
though managing this specific group of patients presents 
practical challenges. Conventional chemotherapy often 
does not work well for patients with kidney problems, 
raising concerns about the effectiveness and safety of 
immunotherapies in this population.

Nivolumab is an approved anti-programmed cell 
death protein 1 monoclonal antibody used to treat 
various cancers, including non-small-cell lung cancer 
(NSCLC), renal cell carcinoma (RCC), melanoma, urothelial 

carcinoma, squamous cell carcinoma of the head and neck, 
colorectal cancer, and esophageal and gastric cancer (2). 
The effects of nivolumab in patients with existing kidney 
problems have not been thoroughly evaluated. Like other 
immunotherapies, nivolumab may cause immune-related 
adverse events (irAEs), such as joint pain, colitis, hepatitis, 
pneumonitis, rash, vitiligo, nephritis, and endocrinopathies 
(3,4). Notably, dose adjustments for nivolumab are not 
recommended for patients with kidney problems.

In this study, we hypothesized that, based on the 
mechanisms of immunotherapy, nivolumab treatment 
would not worsen kidney problems or lead to a higher 
incidence of irAEs in patients with kidney impairment. We 
aimed to retrospectively analyze the safety and efficacy of 
nivolumab in this specific patient population, focusing on 
relevant clinical endpoints.

Abs tract

Aim: Immune checkpoint inhibitors have transformed cancer treatment; however, clinical trials often exclude patients with renal 
dysfunction. This study aimed to evaluate the efficacy and safety of nivolumab in this population, addressing the limited available data.

Methods: A retrospective cross-sectional study was conducted on patients with baseline renal dysfunction who received nivolumab 
between 2018 and 2023. The safety and efficacy endpoints, including immune-related adverse events (irAEs), treatment response, and 
progression-free survival.

Results: Fifty patients with various malignancies were included, with 30% experiencing manageable worsening of renal function. 
Approximately 51% of patients experienced no irAEs, whereas 8% experienced grade 3 or 4 adverse events. The treatment discontinuation 
rate due to adverse effects was 2%. Significantly, 68% of patients showed treatment benefits, with a median progression-free survival 
of 450 days.

Conclusion: Nivolumab is effective and safe for patients with renal dysfunction, with comparable outcomes to those without renal 
impairment. Despite the occurrence of IrAEs, they were manageable, and we observed benefits in long-term progression-free survival.

Keywords: Nivolumab, immune checkpoint inhibitors, kidney diseases, drug-related side effects and adverse reactions, progression-
free survival
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Methods

Compliance with Ethical Standards

The study protocol and subject matter were reviewed 
and approved by the University of Health Sciences Turkey, 
Bakirkoy Dr. Sadi Konuk Training and Research Hospital 
Clinical Research Ethics Committee (approval no.: 2024/47, 
date: 04.03.2024). The research design was retrospective 
cross-sectional. The ethics committee anonymized and 
approved the database information without obtaining 
consent.

Study Design

Patients with baseline renal dysfunction treated with 
nivolumab between 2018 and 2023 were retrospectively 
screened (Figure 1). All patients had chronic renal failure. 
The additional inclusion criteria consisted of receiving 
at least one dose of either nivolumab or baseline renal 
dysfunction. Renal dysfunction was defined as an estimated 
glomerular filtration rate (eGFR) ≤60 mL/min/1.73 m2. 
The eGFR was calculated using the creatinine equation 
published by The Chronic Kidney Disease Epidemiology 
Collaboration (5). Patients who received combination 
chemotherapy or immunotherapy with multiple agents 
(ipilimumab + nivolumab or chemotherapy + nivolumab) 
were excluded.

Statistical Analysis

The statistical analyses were conducted using SPSS 
(Statistical Package for the Social Sciences) version 22.0 for 
Windows. Intergroup comparisons of normally distributed 

data were performed using Student’s t-test, while non-
normally distributed data were analyzed using the 
Mann-Whitney U test. We used these tests to determine 
demographic and clinical characteristics, laboratory 
findings, and renal dysfunction in patients. Additionally, 
the Kaplan-Meier estimator was used to determine the 
progression-free survival (PFS) and overall survival (OS) 
functions.

Results

Patients

Table 1 presents patient demographic data and 
characteristics. Fifty patients with advanced malignancies 
and baseline eGFR 60 mL/min/1.73 m2 received nivolumab. 
The median age was 67.5 years [interquartile range (IQR): 
60.7-71.2]. Most had renal cell carcinoma (70%), were 
male (72%), and had an Eastern Cooperative Oncology 
Group performance score of 0-2. All patients received prior 
treatment, and those with RCC received prior tyrosine 
kinase inhibitor therapy. The median nivolumab dose was 
10 (IQR: 6-28) cycles. Baseline creatinine values ranged 
between 1.2-4.7 mg/dL (median 1.34, IQR: 1.2-1.56), 
and baseline eGFR ranged between 58-21 mL/min/1.73 
m2 (median 54 IQR: 44-57, excluding patients on dialysis). 
Three patients had an eGFR of 30 mL/min/1.73 m2, two 
of whom stage had 5 end-stage renal failure and were 
undergoing regular hemodialysis.

Figure 1. Flow chart of patient treatment

eGFR: Estimated glomerular filtration rate
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Safety and Efficacy

Approximately half of the patients did not present 
with any grade (n=26, 51%). Grade 3 or 4 adverse events 
occurred in 8% of the patients who received nivolumab; 
the most common grade 3 or 4 adverse events were 
pneumonitis, hipofizitis, myocarditis, and nephrite. Grade 
1 or 2 adverse events occurred in 40% of the patients; the 
most common grade 1 or 2 adverse events were thyroiditis 
and fatigue (Table 2).

One patient had metastatic RCC with a baseline eGFR 
of 40 mL/min/1.73 m2 and concomitant brucellosis that 
occurred during treatment and experienced grade 3 
nephritis that resolved with corticosteroids (prednisone 
1 mg/kg). The other patient had NSCLC and cardiac 
dysfunction (ejection fraction 25-30%) and experienced 

grade 3 myocarditis that emerged concurrently and rapidly 
resolved with high-dose (1 mg/kg) prednisone. Another 
patient had grade 4 pneumonitis after nivolumab therapy 
and responded to high-dose prednisolone, but his imaging 
findings were consistent with hyper-progressive disease. 
Treatment was discontinued in these three patients.

We examined the effects of nivolumab on baseline renal 
dysfunction in patients. We examined renal worsening in 
4 groups: development of edema with proteinuria, mild 
impairment in renal function with increased creatinine, 
development of acute kidney injury (AKI), and need for 
hemodialysis (Table 3). Worsening renal function occurred 
in 15 (30%) patients.

Thirty-four patients (68%) experienced treatment 
benefits (complete response, partial response, or stable 
disease). One (2%) patient had a complete response, 
16 (32%) had stable disease as the best response, 17 
(34%) had a partial response, and 16 patients (32%) had 
primary progressive disease. Sixteen patients (32%) had 
primary progressive disease (Table 4). The patient with a 
complete response received nivolumab for RCC and had 
a baseline eGFR: 42 mL/min/1.73 m2. The patient is alive, 
and treatment is ongoing. Of the patients with partial 
responses, four had NSCLC and 13 had RCC. Among 
two patients on dialysis, one responded to therapy, and 
the other responded, although none of these patients 
experienced significant toxicities.

One patient experienced hyperprogression and death 
within 60 days of treatment initiation. This patient had 
grade 4 immune-related pneumonitis and was evaluated 
as having hyperprogression. The median PFS from initial 
treatment was 450 days with nivolumab (Figure 2), and 
the median OS was not reached.

Discussion
In this study, immunotherapy use in patients with 

cancer and baseline renal dysfunction resulted in irAE 
rates similar to those in previous clinical trials, including 
those in patients without renal dysfunction. Encouraging 
results were demonstrated in this heavily pretreated 
population with multiple comorbid illnesses. Clinical 
trials on nivolumab have included patients without renal 
dysfunction. In our study, the use of nivolumab therapy in 
patients with baseline renal dysfunction resulted in rates 
of irAEs and effectivity similar to those of clinical trials, 
including patients without renal dysfunction (6-8). Our 
patient group consisted of patients with multiple comorbid 
illnesses who received pretreatment. The 15-month PFS 
for the second treatment series and beyond was similar 
to that of other studies (9-11). This finding increased our 
confidence in using nivolumab for fragile patients with 
renal dysfunction.

Table 1. Baseline characteristics of the patients

Baseline characteristic (n=50) n (%)

Median age (range) 67.5 (43-83)

Gender
Male
Female

36 (72%)
14 (28%)

Disease state
Renal cell carcinoma
Nonsmall cell lung cancer
Melanoma
Urothelial cell carcinoma
Mesothelioma

35 (70%)
9 (18%)
4 (8%)
1 (2%)
1 (2%)

ECOG
0
1
2

14 (28%)
30 (60%)
6 (12%)

Comorbities
Diabetes mellitus
Hypertension
Ischemic heart disease
Chronic obstructive pulmonary disease

14 (28%)
24 (48%)
13 (26%)
4 (8%)

Median nivolumab doses 10.5 

Median creatinine level (range) mg/dL 1.34 (1-4.77)

Median eGFR mL/min/1.73 m2 54 

ECOG: Eastern Cooperative Oncology Group, eGFR: Estimated glomerular 
filtration rate

Table 2. Immune-releated adverse events with nivolumab

irAEs Grade 1 or 2 (n) Grade 3 or 4 (n)

Fatique 5 0

Hypophysitis 2 1

Thyroiditis 9 0

Myocarditis 0 1

Nephritis 1 1

Pneumonitis 3 1

Rash 3 0

Vitiligo 2 0

irAEs: Immune-related adverse events
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Renal dysfunction was divided into four parameters 
and examined: development of edema with 
proteinuria, mild impairment of renal function with 
increased creatinine, development of AKI, and need for 
dialysis. None of the patients experienced worsening 
renal dysfunction until week 12. After the 12th week, 
peripheral edema was observed in six patients with 
proteinuria, but there was no increase in creatinine 
levels. Two of them were already on hemodialysis. 
This condition may be associated with inadequate 
hemodialysis. The volume of fluid administered with 
nivolumab may not have contributed to the progression 
of edema (100 cc). The patients responded to diuretic 
treatment, and they did not recur with the adjustment 
of oral diuretic dose. There was a moderate creatinine 
increase in 5 patients related to volume depletion. The 
oral intake of these patients needed to be improved. 
Response to intravenous isotonic liquid replacement. 
Four patients were diagnosed with acute renal injury 
according to the AKI criteria (12). Two of these cases 

involved immune-related nephritis, which was confirmed 
by renal biopsy.

According to the American Society of Clinical 
Oncology guidelines (13), kidney biopsy should be 
considered in patients undergoing immunotherapy if they 
have proteinuria >3 g, oliguria, dysmorphic hematuria, 
or who do not respond well to initial treatment with 
corticosteroids. However, recent studies and case reviews 
have suggested that renal biopsy is important and 
should be performed even in patients who do not meet 
these criteria. In a recent case review, Rashidi et al. (14) 
recommended kidney biopsy when a clinical workup does 
not provide a clear explanation for AKI in the context of 
immune checkpoint inhibitor therapy, even in the absence 
of the traditional criteria for kidney biopsy, such as heavy 
proteinuria, hematuria, and pyuria (14).

Patients with immune-related nephritis responded to 
high-dose immunosuppressive therapy. One patient with 
grade 3 nephritis had concomitant brucellosis. Nivolumab 
could not be continued in this patient. However, nivolumab 
was continued in another patient after completion of 
immunosuppressive therapy. Compared with the literature, 
the risk of developing grade 3-4 immune side effects was 
the same in patients without renal dysfunction. No patient 
required additional hemodialysis with nivolumab therapy. 
Our two patients were already undergoing hemodialysis, 
and one patient on dialysis had previously undergone 
failed kidney transplantation.

Most clinical trials for cancer therapies usually exclude 
patients because they primarily focus on studying the 
effects and characteristics of these drugs, which is 
not feasible in dialysis patients (15). Although dose 
adjustment is not typically required in these patients, the 
risk of developing irAEs appears to be similar to that of 
the general population. This may be attributed to the fact 
that ICIs are not excreted through the kidneys, so it’s 
logical that the frequency of adverse reactions is similar 
in both populations (16). Unfortunately, data are limited 
to the use of immunotherapy in patients undergoing 
kidney transplantation (17,18). The old allograft can 
be rejected upon initiating immunotherapy in patients 
undergoing hemodialysis (19,20). To prevent this, the 
dose regulation of immunosuppressive treatment can be 
performed before immunotherapy, and additional steroids 
can be administered if necessary (21). Hirsch et al. (22) 
described a case of acute rejection after immunotherapy 
in a patient undergoing dialysis who had previously 
undergone kidney transplantation. Mejia et al. (23) 
reported a case of a failed kidney allograft in a patient 
undergoing hemodialysis who received nivolumab and 
ipilimumab for metastatic papillary renal cancer. We can 
explain this situation using findings consistent with cell-
mediated rejection induced by the blockade of the PD-1 

Table 3. Renal dysfunction in patients

No renal or clinic dysfunction 35 (70%)

Edema 6 (12%)

Increased creatinine in patients without AKI 5 (10%)

AKI 4 (8%)

Need for dialysis 0

AKI: Acute kidney injury

Table 4. Response to nivolumab

Response n (%)

Complete response 1 (2%)

Partial response 17 (34%)

Stable disease 16 (32%)

Progressive disease 16 (32%)

Figure 2. Progression-free survival

PFS: Progression-free survival
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pathway. This case series by Strohbehn et al. (24) discussed 
the effectiveness and safety of immunotherapy in 19 
patients undergoing hemodialysis, with a high success 
rate. Four of these patients had previously undergone 
failed kidney transplantation. None of the patients 
showed any clinical signs or symptoms of rejection of 
the failed allograft when treated with immunotherapy, 
and none experienced abdominal pain (24). Similarly, the 
patient who underwent renal transplantation also did not 
experience renal rejection. They did not require additional 
immunosuppressive therapy. However, progressive disease 
was detected in scans obtained 3 months later.

Our study divided cancer outcomes in patients into 
four categories: complete remission, partial remission, 
stable disease, and progressive disease. Of all the patients 
studied, 65 had evidence of remission or stable disease. 
The response rate to treatment was similar to that reported 
in the literature for patients who did not experience renal 
function loss (25,26).

Study Limitations

The main limitations of our study are its retrospective 
and cross-sectional. Patient numbers overall were limited, 
limiting the ability to draw definitive conclusions. Most 
patients had stage 3 chronic kidney disease (eGFR between 
30 and 60 mL/min/1.73 m2). The number of patients with 
an eGFR 30 mL/min/1.73 m2 was limited. This led to 
inadequate assessment in patients with significant renal 
damage. As a result, they might depict a relatively healthier 
cohort of patients with underlying renal dysfunction. 
However, conclusions regarding patients with end-stage 
renal failure cannot be reached. Despite these limitations, 
we believe this single-center experience is valuable because 
it will contribute to the literature by describing the side 
effects and efficacy in this fragile patient group. It is well 
known that data regarding patients with renal dysfunction 
are limited in the literature (27), highlighting the need for 
new research and treatments.

Conclusion
Although these patients can tolerate immunotherapy, 

which offers expectancy and moderate survival benefits, 
monitoring the side effects is crucial for safety. Nivolumab 
was shown to be efficacious and safe in these patients, 
with no increase in adverse events. Long-term studies are 
needed to confirm these findings. 
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Aim: Patients with inborn errors of immunity (IEI) have a higher frequency of infections and long-term antibiotic usage. We aimed 
to assess the effects of immunoglobulin replacement therapy (IgRT) on infection rates, antibiotic usage, and treatment outcomes in 
patients with IEI. 

Methods: We retrospectively analyzed demographic data, infection frequency, antibiotic prescriptions, and IgRT in 122 IEI patients 
between March 2014 and September 2023. Specific IEI diagnoses were made following the European Society for Immunodeficiencies 
criteria.

Results: The median age of patients was 29 years [interquartile range (IQR): 23-40], with 54.1% being male. The median age at 
diagnosis was 25 years (IQR: 13-36), with a diagnostic delay of 96 months (IQR: 24-180). IgRT was administered to 74.5% of patients, 
with a median treatment duration of 20 years (IQR: 10-33.5). Antibiotic use was higher in patients receiving IgRT (median: 27, IQR: 16-
42) compared to those not on IgRT (median: 14, IQR: 8-22; p<0.001). Patients with bronchiectasis had lower baseline immunoglobulin 
G, CD19+, and natural killer cell counts, with more frequent antibiotic use, though hospitalization rates were similar to those without 
bronchiectasis. Immunoglobulin replacement therapy use was higher in the bronchiectasis group (61.5%, p<0.001). No significant 
differences in antibiotic use or hospitalization rates were observed between intravenous and subcutaneous IgRT groups.

Conclusion: Patients with IEI face significant respiratory infections despite IgRT and prophylactic antibiotics. Bronchiectasis is a key risk 
factor for increased antibiotic use. Early diagnosis and personalized treatment are crucial in reducing infection burden and improving 
outcomes in this population.

Keywords: Bronchiectasis, immunoglobulin replacement therapy, inborn errors of immunity, prophylactic antibiotics, respiratory 
infection, primary immunodeficiency

Introduction

Inborn errors of immunity (IEI), previously referred to 
as primary immunodeficiencies, are a diverse group of 
over 450 genetically determined disorders characterized 
by defects in various immune system components (1). 
These defects can compromise the immune system’s 
ability to respond appropriately to pathogens, increasing 
susceptibility to infections, autoimmune diseases, and 
malignancies. 

Patients with IEI often experience recurrent, severe, 
or unusual infections, which can significantly impact their 

quality of life and may lead to life-threatening complications 
if not managed effectively (2). IEI lead to specific infection 
susceptibilities. For example, individuals with humoral 
immune deficiencies are more prone to infections by 
encapsulated bacteria due to a lack of antibody defense, 
though they can still combat intracellular infections. In 
contrast, those with combined immunodeficiency (CID) are 
highly susceptible to opportunistic pathogens, including 
viruses, mycobacteria, protozoa, and fungi, because of 
T-cell deficiencies. Patients with chronic granulomatous 
disease have impaired phagocyte function, making them 
particularly vulnerable to infections from mycobacteria, 
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fungi, and certain bacteria like Staphylococcus aureus and 
Escherichia coli.

Respiratory infections are common and often the 
first sign of IEI, leading to significant hospitalizations 
and fatalities in affected individuals. Reducing the 
infection burden is crucial for improving life expectancy. 
Encapsulated bacteria are frequently the cause, though 
viral infections are also common (3,4). Preventive 
strategies typically include immunoglobulin replacement 
therapy (IgRT), facial masks, social distancing, and 
prophylactic antibiotics (5-7). The use of intravenous 
immunoglobulin (IVIG) in these patients has provided 
clear benefits by significantly reducing acute and chronic 
infections. Immunoglobulin replacement therapy should 
be initiated in all phenotypes of severe CID (8). However, 
despite these interventions, many IEI patients continue to 
experience respiratory infections, increasing their risk of 
developing bronchiectasis (9-11). 

The study hypothesized that IgRT would impact the 
frequency of prescribed antibiotics, the rate of infections, 
and the hospitalization rates due to infections among 
patients with IEI. By examining a cohort of IEI patients, 
we seek to provide a comprehensive overview of current 
clinical practices and their outcomes. 

Methods
This retrospective observational cohort involved 

reviewing medical records of IEI patients who were under 
the care of the allergy immunology clinic at a tertiary 
hospital in Istanbul.

The inclusion criteria for this study were as follows: 
i) a confirmed diagnosis of IEI and ii) age over 18 years. 
Patients with secondary immunodeficiency were excluded 
from the study. Specific IEI diagnoses were made following 
the European Society for Immunodeficiencies criteria (12). 
The classification of patients with IEI was made based on 
the International Union of Immunological Societies (IUIS) 
and Middle East, North Africa, and Turkey (6,13). 

Data Collection 

Data were collected retrospectively from the medical 
records of the included patients between 2014 and 2023. 
The following variables were extracted: Demographic 
characteristics, including age, gender, and relevant 
family history; annual antibiotic prescriptions, including 
prophylactic and therapeutic use, were recorded. Over the 
study period, the number of hospitalizations for infection 
and without infection was documented. Comorbidities, 
such as autoimmune diseases, chronic lung disease, or 
malignancies, were gathered. A comprehensive list of 
medications, including those used for managing IEI, 
and details on IVIG and subcutaneous immunoglobulin 
(SCIG) therapies. Laboratory results, including complete 

blood counts, baseline immunoglobulin levels, and other 
relevant immunological parameters, such as lymphocyte 
subsets, were collected. Radiological findings, including 
Thorax computerized tomography performed during the 
study period, were reviewed to assess bronchiectasis or 
structural abnormalities related to immunodeficiency.

Ethical Considerations

The study was approved by the Ethics Committee of 
Marmara University, Faculty of Medicine (date: 10/7/22, 
approval no.: 1354). It was conducted in accordance 
with the Declaration of Helsinki. Informed consent was 
obtained from all patients or their legal guardians, where 
applicable, for using their medical records for research 
purposes. 

Statistical Analysis

All data was analyzed using the SPSS statistical software 
package version 22 (IBM Corp., USA) and GraphPad Prism 
8 (GraphPad software California, USA). Median and 
interquartile range (IQR) values for continuous variables 
and the frequency and percentage for the categorical 
variables were calculated. Differences between ordinal 
data were evaluated with the Mann-Whitney U test 
and the Kruskal-Wallis test. Categorical variables were 
evaluated with the 2-tailed chi-square or Fisher’s exact 
tests. A p-value of less than 0.05 was considered the 
significance level for differences.

Results
The study included 122 patients with IEI at a tertiary 

care hospital in Istanbul. The median age of all patients 
was 29 years (IQR: 23-40), and 54.1% (n=66) were male. 
The median age at diagnosis was 25 years (IQR: 13-36). 
The median diagnostic delay was 96 months (IQR: 24-
180), and the median duration of IgRT was 20 years (IQR: 
10-33.5). Table 1 summarizes the patients’ demographic 
characteristics and laboratory results. Figure 1 displays the 
classification of diagnosis based on IUIS criteria.

A history of pneumonia was present in 84 patients 
(68.8%), sinusitis in 64 patients (52.4%), and otitis in 46 
patients (37.7%). Immunoglobulin replacement therapy 
was administered to 91 patients (74.5%), and prophylactic 
antibiotic therapy was given to 54 patients (44.2%). A 
total of 64 (70.3%) patients received IVIG therapy, while 
27 (29.6%) patients were on subcutaneous IgRT. The 
median frequency of outpatient prescribed antibiotics was 
22 (IQR: 12-40). The median number of hospitalizations 
due to infections was 0 (IQR: 0-1). Figure 2 shows the 
treatment algorithm of all study groups.

The frequency of antibiotic use was higher in 
patients receiving IgRT, with a median of 27 (IQR: 16-
42), compared to those not receiving IgRT [14 (IQR: 
8-22), p<0.001]. There was no significant difference 
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between the two groups regarding hospitalization due to 
infections, non-infection-related hospitalizations, or total 
hospitalizations. CD19+ and natural killer (NK) cell counts 
were significantly lower in the group receiving IgRT 
[median for CD19+: 102 (IQR: 35.5-234) vs. 194 (IQR: 

155-303), p=0.004; median for NK: 81 (IQR: 37.5-160) 
vs. 195 (IQR: 69.7-297), p=0.006]. Table 2 summarizes 
the demographic and laboratory characteristics of the 
groups receiving and not receiving IgRT. When comparing 
the IVIG and SCIG groups, there was no difference in 
hospitalizations due to infections, non-infection-related 
hospitalizations, or total hospitalizations. The frequency 
of antibiotic use did not differ significantly between the 
IVIG and SCIG groups [median: 24, (IQR: 13.2-42.7) vs. 33 
(IQR: 21-42); p=0.12].

The age of hospital admission for patients with 
bronchiectasis was significantly lower than those without 
bronchiectasis [median years: 18 (IQR: 7-32.5) vs. 27 (IQR: 
18.7-38.2), p=0.004]. The presence of bronchiectasis 
was statistically significant regarding the frequency of 
antibiotic use. The median frequency of antibiotic use 
was 33.5 (IQR: 21-57.2) in the bronchiectasis group, 
compared to 15.5 (IQR: 9-24) in the non-bronchiectasis 
group (p<0.001). There was no significant difference in 

Figure 1. Classification of diagnoses according to IUIS criteria
IUIS: International Union of Immunological Societies

Figure 2. Treatment algorithm for patients with inborn errors of 
immunity
IEI: Inborn errors of immunity, IgRT: Immunoglobulin replacement 
therapy, IVIG: Intravenous immunoglobulin, SCIG: Subcutaneous 
immunoglobulin

Table 1. Demographic features of all study populations (n=122)

Gender; male (%) 66 (54.09)

Current age, year (median, IQR) 29 (23-40)

Age at diagnosis (median year, IQR) 25 (13-36)

Age at admission to immunology (median 
year, IQR) 24 (10-37)

Symptoms onset-age (median year, IQR) 9.5 (3-25)

Diagnostic delay (median months, IQR) 96 (24-180)

Treatment n (%)

IgRT
-Intravenous route
-Subcutaneous route
No IgRT
-Prophylactic antibiotic

91 (74.5)
64 (70.3)
27 (29.7)
31 (25.4)
54 (44.2)

Number of prescribed antibiotics (median, 
IQR) 22 (12-40)

Hospitalization, n, IQR
-Infection-related
-Non-infection related
-Total

0 (0-1)
0 (0-0.25)
0 (0-1)

Lung screening n (%)

-Bronchiectasis, n (%)
-Number of affected lobes, mean±SD

60 (49.1)
1.47±1.67

Types of bronchiectasis

-Tubular
-Cystic

36 (60)
24 (40)

Complete blood count Median (IQR)

Leucocytes (x103/mL)
Lymphocytes (x103/mL)
Hemoglobin (x103/mL)
Granulocytes (x103/mL)
Eosinophils (x103/mL)
Monocytes (x103/mL)
Platelets (x103/mL)

6550 (5200-8625)
1800 (1200-2600)
13.2 (11.5-14.5)
3970 (2900-5225)
30 (10-72.5)
500 (400-700)
242 (180-299)

Serum immunoglobulins Median (IQR)

IgG (baseline) (mg/dL)
IgG (trough) (mg/dL)
IgA (baseline) (mg/dL)
IgM (baseline) (mg/dL)
IgE (baseline) 

486 (277-1007)
989 (837-1331)
18 (5-80)
40 (13-130)
1 (0.2-14)

Lymphocyte subsets (absolute count) Median (IQR)

CD3+ 
CD4+ 
CD8+ 
CD19+

NK

1324 (862-1915)
642 (413-906)
599 (409-867)
141 (51-266)
91 (41-189)

Values are presented as median [IQR], and categorical variables are presented as 
n (%). Differences between groups were evaluated using chi-square or Fisher’s 
exact test, as appropriate.
IQR: Interquartile range, NK: Natural killer, IgRT: Immunoglobulin replacement 
therapy, SD: Standard deviation, Ig: Immunoglobulin
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the frequency of hospitalizations due to infections, non-
infection-related hospitalizations, or total hospitalizations 
between those with and without bronchiectasis. Baseline 
immunoglobulin G (IgG) levels were significantly lower in 
patients with bronchiectasis compared to those without 
[median: 440 (IQR: 145-788) vs. 604 (IQR: 347-1090), 
p=0.03]. CD19+ and NK cell counts were also significantly 
lower in the bronchiectasis group compared to the non-
bronchiectasis group [median CD19+: 102 (IQR: 33-218) 
vs. 168 (IQR: 63.7-294), p=0.04; median NK: 72.5 (IQR: 
34.3-159) vs. 119.5 (IQR:58-235), p=0.02]. The rate of 
IgRT was higher in the bronchiectasis group (56 patients, 
61.5%; p<0.001). Table 3 summarizes the demographic 
and laboratory characteristics of patients with and without 
bronchiectasis.

When comparing patients on prophylactic antibiotics 
to those not receiving them, the frequency of antibiotic 
use was notably higher among those on prophylactic 
therapy [median: 33.5 (IQR: 21-46) vs median: 14 (IQR: 
8-29), p<0.001]. However, the two groups observed no 
significant differences in other clinical parameters.

Over a 9-year follow-up of 122 patients, a total of 
3,606 infection episodes were documented, resulting in an 
antibiotic treatment rate of 3.28 infections per patient-year.

In the past five years, 12 (9.8%) patients experienced 
18 infection episodes requiring hospitalization while on 
IgRT. Among these, 12 episodes were due to pneumonia, 
and 2 were caused by pyelonephritis. Additionally, 4 
patients received outpatient treatment for pneumonia. 
None of the patients had low IgG trough levels.

Table 2. Clinical and immunological features of patients based on the IgRT

 With IgRT, n=91 Without IgRT, n=31 p-value

Gender, male (%) 48 (52.7) 19 (61.2) 0.67

Current age (years, median, IQR) 29 (23-42) 28 (23-38) 0.59

Age at admission (years, median, IQR) 20 (7-37) 25 (21-37) 0.18

Age at symptom onset (years, median, IQR) 7 (3-24) 12 (7-29) 0.08

Age at diagnosis (years, median, IQR) 24 (11-36) 25 (22-36) 0.1

Age at IgRT (years, median, IQR) 20 (10-34.5) 23 (10-30) 0.8

Treatment n, (%)
Prophylactic antibiotic 40 (74) 14 (26) 1

Number of prescribed antibiotics (median, IQR) 27 (16-42) 14 (8-22) <0.001

Hospitalization, n, IQR

Infection-related
Non-infection related
Total

0 (0-1)
0 (0-1)
0 (0-2)

0 (0-0)
0 (0-0)
0 (0-1)

0.09
0.7
0.15

Complete blood count 

Leucocytes (x103/mL)
Lymphocytes (x103/mL)
Hemoglobin (x103/mL)
Granulocytes (x103/mL)
Eosinophils (x103/mL)
Monocytes (x103/mL)
Platelets (x103/mL)

6500 (5000-8600)
1700 (1000-2700)
13 (10.8-14)
3800 (2720-5300)
23 (60-70)
500 (400-700)
234 (164-295)

6700 (5900-8700)
2000 (1500-2400)
13.9 (12-15.2)
4200 (3200-5100)
20 (50-93)
500 (400-600)
254 (214-309)

0.4
0.28
0.008
0.4
0.01
0.84
0.17

Serum immunoglobulins, median (IQR)

IgG (baseline) (mg/dL)
IgG (trough) (mg/dL)
IgA (baseline) (mg/dL)
IgM (baseline) (mg/dL)
IgE (baseline) (mg/dL)

395 (219-635)
989 (847-1371)
10 (4-45)
25 (10-80.5)
0.5 (0.2-5.2)

981 (484-1176)
1000 (615-1322)
39 (5-253)
92 (26-174)
6.5 (0.4-70)

<0.001
0.4
0.01
0.002
0.01

Lymphocyte subsets (absolute count, median, IQR)

CD3+ 
CD4+ 
CD8+ 
CD19+ 
NK

1287 (800-1946)
619 (355-900)
599 (413-914)
102 (35-234)
81 (37-160)

1458 (997-1897)
683 (479-913)
592 (401-802)
194 (155-303)
195 (69-297)

0.6
0.5
0.6
0.004
0.006

Comparisons between groups were performed using the Mann-Whitney U test for non-normally distributed data. Differences between groups were 
evaluated using chi-square or Fisher’s exact test, as appropriate.
IQR: Interquartile range, NK: Natural killer, IgRT: Immunoglobulin replacement therapy, Ig: Immunoglobulin
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Discussion

Based on our findings among IEI patients, the 
frequency of prescribed antibiotics was higher in the IgRT 
group compared to the non-IgRT group. Additionally, the 
frequency of antibiotic use was higher in patients with 
bronchiectasis than those without bronchiectasis. Within 
the IgRT group, no significant differences were observed 
regarding hospitalization rates and antibiotic usage 
frequency between patients receiving IVIG and those 
receiving SCIG. 

One of the key observations from our study is the 
substantial diagnostic delay, with a median of 8 years 

from the onset of symptoms to diagnosis. This delay is 
concerning, as earlier diagnosis and intervention could 
potentially mitigate some of the severe complications 
associated with IEI, such as recurrent infections and the 
development of bronchiectasis. In a study conducted with 
common variable immune deficiency (CVID) cases, patients 
with bronchiectasis had significantly lower trough IgG 
levels and efficacy and required a longer time to achieve 
target IgG levels than those without bronchiectasis. This 
delay was significantly associated with an increased 
frequency of infections. The presence of bronchiectasis 
was significantly associated with a prolonged time to reach 
target IgG levels. These long-term differences between 

Table 3. Clinical and immunological features of patients based on the presence of bronchiectasis

 With bronchiectasis Without bronchiectasis p-value

Gender, male (%) 36 (60) 30 (48.3) 0.2

Current age (years, median, IQR) 28.5 (22.2-40.7) 29 (23-40) 0.88

Age at admission (years, median, IQR) 18 (7-32.5) 27 (18.7-38.2) 0.004

Age at symptom onset (years, median, IQR) 6 (2.2-17.7) 15.5 (7-29) <0.001

Age at diagnosis (years, median, IQR) 21 (9-32) 27.5 (19-38) 0.01

Age at IgRT (years, median, IQR) 20 (8-33) 27.5 (17-36) 0.06

Treatment n, (%)
IgRT
-Intravenous route
-Subcutaneous route 
No IgRT
-Prophylactic antibiotic

56 (61.5)
34 (60.7)
22 (39.2)
4 (6.6)
30 (50)

35 (38.4)
30 (85.7)
5 (14.2)
27 (43.5)
24 (38.7)

<0.001

0.2

Number of prescribed antibiotics (median, IQR) 33.5 (21-57.2) 15.5 (9-24) <0.001

Hospitalization, n, (IQR)
Infection-related
Non-infection related
Total

0 (0-1)
0 (0-1)
0 (0-2)

0 (0-0)
0 (0-0)
0 (0-1)

0.6
0.6
0.3

Complete blood count 

Leucocytes (x103/mL)
Lymphocytes (x103/mL)
Hemoglobin (x103/mL)
Granulocytes (x103/mL)
Eosinophils (x103/mL)
Monocytes (x103/mL)
Platelets (x103/mL)

6435 (5125-8975)
1950 (1025-2600)
12.8 (10.6-14.4)
3870 (2785-5475)
22 (4-70)
500 (400-700)
224 (152-305)

6650 (5350-8425)
1700 (1300-2550)
13.3 (11.8-14.7)
4050 (2975-4950)
42 (16-90)
500 (400-600)
251 (210-299)

0.8
0.9
0.1
0.8
0.03
1
0.2

Serum immunoglobulins, median (IQR)

IgG (baseline) (mg/dL)
IgG (trough) (mg/dL)
IgA (baseline) (mg/dL)
IgM (baseline) (mg/dL)
IgE (baseline) (mg/dL)

440 (145-788)
982 (840-1305)
5.5 (4-43)
25 (10-124)
0.2 (0.2-4.2)

604 (347-1090)
1026 (803-1429)
27 (7-124)
47 (18-132)
2.9 (0.2-27)

0.03
0.8
0.01
0.2
0.01

Lymphocyte subsets (absolute count, median, IQR)

CD3+ 
CD4+ 
CD8+ 
CD19+ 
NK

1354 (847-2111)
589 (333-906)
647(440-972)
102 (33-218)
72 (34-159)

1299 (918-1897)
713 (490-903)
560 (387-801)
168 (64-294)
119 (58-235)

0.6
0.2
0.09
0.04
0.02

Comparisons between groups were performed using the Mann-Whitney U test for non-normally distributed data.
IQR: Interquartile range, NK: Natural killer, IgRT: Immunoglobulin replacement therapy, Ig: Immunoglobulin
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patients with and without bronchiectasis have important 
clinical implications (14). According to our findings, 
patients with bronchiectasis required more frequent 
antibiotic use despite maintaining adequate trough IgG 
levels. This result aligns with the existing literature.

The median age at diagnosis (25 years) suggests that 
many patients endure years of unmanaged symptoms 
before receiving appropriate care. This underscores 
the need for increased awareness and early screening, 
particularly in high-risk populations. 

One of the mainstays of treatment for many IEI 
patients is IgRT. This therapy helps to restore some of the 
immune functions by supplying patients with the necessary 
antibodies to fight infections and modulate immune 
responses (5,15-17). Immunoglobulin replacement therapy 
has been shown to reduce the frequency and severity of 
infections in patients with antibody deficiencies and other 
forms of IEI (18). 

Respiratory infections emerged as a predominant issue, 
with a high prevalence of pneumonia, sinusitis, and otitis 
among the patients. The fact that 68.8% of patients had 
a history of pneumonia indicates the vulnerability of IEI 
patients to severe respiratory infections, which is consistent 
with previous studies. Despite the widespread use of IgRT 
and prophylactic antibiotics, many patients continue to 
experience frequent infections, suggesting that current 
preventive strategies may not be entirely adequate for all 
individuals. This persistent risk of infections emphasizes 
the importance of personalized treatment approaches, 
which may include more aggressive prophylactic measures 
or adjustments in IgRT dosing.

Despite adequate IgRT, recurrent respiratory tract 
infections remain the most common clinical manifestation 
of CVID (19), often leading to the development of 
progressive bronchiectasis (9,10,20). While these infections 
were traditionally attributed mainly to encapsulated 
bacteria, recent studies also suggest a significant role 
for viral infections (4,21,22). Although respiratory tract 
infections are prevalent and severely impact the quality of 
life in primary antibody deficiency syndromes, the specific 
nature of the symptoms during these episodes is not well 
understood (23). Patients frequently receive antibiotics to 
manage respiratory infections, both as “rescue” treatments 
for acute episodes and as prophylactic measures to 
reduce infection frequency (24). However, the specific 
symptomatic triggers for initiating antibiotics and the 
clinical outcomes of these interventions remain unclear.

In a study involving 278 participants, despite receiving 
adequate IgRT, 6.9% continued to experience severe 
or very severe infections. Additionally, a substantial 
proportion of participants (84.9%) reported that infections 
imposed significant limitations on their daily lives. Notably, 
18.3% of the participants who were dissatisfied with 

their treatment demonstrated a higher disease burden, 
characterized by more frequent non-routine healthcare 
visits, increased antibiotic use, and more days missed 
from school, work, or other responsibilities (25). In this 
study, the severe infection rate among patients with IgRT 
was 9.8%, similar to other studies. Our data also show 
that patients receiving IgRT had a higher frequency of 
antibiotic use than those not on IgRT. This finding could 
reflect a more severe clinical phenotype in the IgRT group, 
necessitating increased antibiotic prophylaxis to prevent 
infections. Interestingly, while IgRT was associated with 
lower CD19+ and NK cell counts, it did not significantly 
impact hospitalization rates for infections or other causes. 
This suggests that while IgRT effectively reduces the 
severity of infections, it may not completely eliminate the 
need for hospital care, especially in patients with more 
severe immune deficiencies.

Despite these interventions, a significant number of 
IEI patients continue to experience respiratory infections, 
which heightens the risk of developing bronchiectasis (11). 
In a cohort study, patients with CVID observed over an 
average follow-up period of 11 years, 34.2% had chronic 
lung disease at the time of diagnosis, and this percentage 
increased to 46.3% during the follow-up, even with the 
administration of IgRT (26). Bronchiectasis, a common 
complication in IEI patients, was associated with more 
frequent antibiotic use and lower baseline IgG, CD19+, 
and NK cell counts (5). These findings are in line with 
the understanding that bronchiectasis often results from 
chronic and recurrent infections, which may further impair 
immune function. The lower IgG levels in patients with 
bronchiectasis underscore the need for careful monitoring 
and potential adjustments in IgRT to ensure adequate 
immune protection.

The study also highlights the significant impact of 
bronchiectasis on the clinical course of IEI. Patients with 
bronchiectasis had an earlier age of hospital admission 
and a higher rate of IgRT use, indicating a more severe 
disease trajectory. This underscores the importance of 
early detection and management of bronchiectasis in IEI 
patients, as it can profoundly affect their quality of life and 
long-term prognosis. 

Prophylactic antibiotic therapy is often employed 
to prevent bacterial infections, which are a common 
complication in these patients due to their impaired 
immune systems (20). In our study, patients on prophylactic 
antibiotics have more frequent antibiotic use despite 
receiving IgRT. 

Study Limitations

Our study has several limitations. First, due to its 
retrospective design, we were unable to obtain detailed 
information about the patient's presenting symptoms. 
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Second, some of the antibiotics prescribed to these 
patients may have been unnecessary, as they could have 
been given during viral infections. However, the frequency 
of antibiotic prescriptions in these patients indicates 
frequent hospital visits. Despite these limitations, this 
study provides valuable insights into the impact of IgRT 
on infection frequency, antibiotic use, and hospitalization 
rates in severe IEI patients, offering a comprehensive view 
of clinical practices and outcomes.

Conclusion
Our study reinforces the critical role of early diagnosis, 

personalized treatment strategies, and vigilant monitoring 
in managing IEI patients. The high prevalence of respiratory 
infections and the development of bronchiectasis among 
these patients indicate the need for ongoing research to 
optimize preventive and therapeutic interventions. Future 
studies should focus on identifying biomarkers to predict 
which patients are at the highest risk for complications 
like bronchiectasis and tailoring treatment protocols 
accordingly to improve outcomes. This study provides 
valuable insights into the clinical efficacy of IgRT profiles 
in patients with IEI. The findings highlight the significant 
challenges these patients face, particularly in terms of 
diagnostic delays, infection-related complications, and 
the long-term management of their condition. This 
research will contribute to a better understanding of the 
challenges in managing these complex conditions and 
may offer insights into optimizing treatment strategies to 
improve patient outcomes.

Footnote 

Ethics Committee Approval: The study was approved 
by the Ethics Committee of Marmara University, Faculty 
of Medicine (date: 10/7/22, approval no.: 1354). It was 
conducted in accordance with the Declaration of Helsinki.

Informed Consent: Informed consent was obtained 
from the patients participating in the study. 

Financial Disclosure: The author declare that this 
study has received no financial support.
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Introduction

Artificial intelligence (AI) and natural language 
processing (NLP) technologies drive significant 
transformations across many fields. The use of these 
technologies in the healthcare sector has been impactful 
across a broad spectrum, from medical education to 
patient care. The primary purpose of AI is to improve 
patient experience, enhance the reliability of clinicians, and 
provide more information for the clinical decision-making 
process. Instead of replacing healthcare workers, these 
goals aim to enhance their experience (1-4). Language 
modeling systems like Chat Generative Pre-Trained 
Transformer (ChatGPT) support health professionals in 
various areas, from education to clinical applications. 

Chat Generative Pre-Trained Transformer, developed by 
OpenAI, is an AI model incorporating several language 
modeling and comprehension techniques, allowing users 
to communicate in their native language (5,6).

Technological advancements cause significant changes 
in education and assessment processes within medicine. 
Developments in AI and NLP, in particular, are introducing 
new possibilities in the healthcare sector (7-9). In this 
context, large language models like ChatGPT can play a 
significant role in medical education and exam evaluations.

This article aims to assess the performance of ChatGPT 
in the Turkish Orthopaedics and Traumatology Education 
Council (TOTEK) Qualification Written Exam and its 
applicability in the field. The role of ChatGPT in evaluating 
knowledge and skills in this area and its advantages and 
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disadvantages compared to traditional exam formats were 
examined. Additionally, based on practical field experience 
and feedback from medical experts, the usability of 
ChatGPT in orthopedics and traumatology education and 
practice was evaluated. The qualification written exam has 
been conducted by TOTEK under the Turkish Orthopaedics 
and Traumatology Association (TOTBID) since 2003, in 
two stages. The first stage consists of a written exam with 
“objective structured multiple-choice questions”, and the 
second stage consists of an oral exam that includes an 
objective structured clinical examination (10,11).

This study is conducted to understand the potential 
of AI-supported language models in medical education 
and evaluation processes and to provide a framework for 
future directions. In the following sections of the article, 
the performance and applicability of ChatGPT will be 
analyzed in depth.

Methods
The primary objective of this study is to evaluate 

ChatGPT’s performance in the TOTEK Qualification 
Written Exam. To this end, ChatGPT’s ability to solve exam 
questions has been compared with the exam performance 
of physicians who have previously taken the exam.

Data Collection

Data from the last five years of TOTEK exam questions 
was used. Each year’s questions were asked individually 
to ChatGPT, and the answers provided were recorded. To 
evaluate the performance of real physicians, the average 
exam results of physicians who had previously taken the 
exam over the past five years (2019-2023) were used. 
These data were obtained from the “period books” 
published by TOTBID, which contain past exam results 
(12-14).

Performance Evaluation

Chat Generative Pre-Trained Transformer’s performance 
was measured by its ability to solve questions in the dataset. 
Chat Generative Pre-Trained Transformer’s accuracy rate 
was used to determine how correctly it answered the 
exam questions. Only multiple-choice questions containing 
text were included in the assessment. Due to limitations, 
questions containing images, tables, figures, and canceled 
questions were excluded from the evaluation. Only first-
stage exam questions were included in the assessment. 
Questions were asked to ChatGPT only once, and the 
responses were recorded.

The physicians’ performance was determined by taking 
the average results of physicians who had previously taken 
the exam.

Comparison

The performance of ChatGPT and the performance of 
physicians who have taken the exam have been compared. 
Differences between the two groups were statistically 
analyzed, and the results were compared.

Assessment

The results obtained have been used to compare 
ChatGPT’s performance in the TOTEK Qualification Written 
Exam with physicians’ performance. These inferences have 
been evaluated to provide information about ChatGPT’s 
applicability and potential in the field. Chat Generative Pre-
Trained Transformer-4's version was used in all parts of this 
project.

The responses given by ChatGPT were evaluated under 
four categories, and these variables were statistically 
analyzed.

1: Correct answer, consistent logic
2: Correct answer, inconsistent logic
3: Incorrect answer, consistent logic
4: Incorrect answer, inconsistent logic

Ethical Considerations

All data used in the study were anonymized to avoid 
including personal information. The research was designed 
and conducted according to ethical rules. Chat Generative 
Pre-Trained Transformer was included in the educational 
process under licenses suitable for open-source and 
commercial use. Written permission was obtained from 
the TOTBID board of directors for this study (document 
no.: 159, dated: 26.04.2024).

Results
Of the 500 questions, 458 were used as data in this 

study. Since two questions were canceled according to 
the answer keys, these questions were excluded from 
the study. Chat Generative Pre-Trained Transformer 
scored 40.2%, 26.3%, 37.3%, 32.9%, and 35.8% in the 
2019, 2020, 2021, 2022, and 2023 TOTEK Qualifying 
Written Examination, respectively (Table 1). 47.2% of the 
candidates were successful in the TOTEK qualifying exam 
held in 2023, 37% of the candidates in the exam held in 
2022, 55.3% of the candidates in the exam held in 2021, 
46.4% of the candidates in the exam held in 2020, and 

Table 1. ChatGPT exam results by year

Year Correct answer percentage % Wrong answer percentage %

2019 41.05 58.95

2020 26.32 73.68

2021 37.35 62.65

2020 32.9 67.03

2023 36.96 63.04

ChatGPT: Chat Generative Pre-Trained Transformer
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70.5% of the candidates in the exam held in 2019. In 
the TOTEK qualifying exam, the average success score for 
2019 was 60, the average success score for 2020 was 55, 
the average success score for 2021 was 60, the average 
success score for 2022 was 60, and finally, the average 
success score for 2023 was 60 (12-14). Figure 1 presents 
a comparison between ChatGPT and real exam results.

After analyzing the numerical analysis of the answers 
given by ChatGPT over the years, the number of answers 
with correct and consistent logic has remained relatively 
constant. There are very few answers under the category 
of the correct answer, and inconsistent logic shows that 
ChatGPT generally gives logical answers. Although there 
is an increase in incorrect and consistent logic answers in 
2022, the number of ChatGPT’s answers with incorrect but 
consistent logic varies. Wrong answer, inconsistent logic: 
The area in which ChatGPT struggled the most was the 
answers with incorrect and inconsistent logic. Especially 
in 2020, there was a significant increase in the number of 
such answers (Table 2, Figure 2).

When the percentages of correct answers given by 
ChatGPT are analyzed by year, fluctuations are observed 
in its performance over time. The highest percentage of 
correct answers was achieved in 2019, while the lowest 
was recorded in 2020. Although ChatGPT’s annual 
performance shows some variation, these fluctuations 
remain within a relatively limited range. This variability 
may stem from changes in the datasets used to train the 
model, updates to the model itself, or differences in the 
complexity of exam questions across the years.

When the correct and incorrect answer rates change 
over time and are visualized, differences between both 
rates are observed in specific years (Figure 3). In particular, 
the correct answer rate fluctuates over time, while the 

incorrect answer rate follows a similar pattern. This 
allows us to understand better the possible effects of 
yearly changes in ChatGPT’s performance and how the 

Table 2. Numerical analysis of the answers given by ChatGPT by 
years

Answers 2019 2020 2021 2022 2023

Correct answer, consistent 
logic 38 25 31 30 33

Correct answer, inconsistent 
logic 1 0 0 0 1

Incorrect answer, consistent 
logic 7 1 5 27 22

Incorrect answer, 
inconsistent logic 49 69 47 34 36

Question that could not be 
evaluated 3 5 17 9 8

ChatGPT: Chat Generative Pre-Trained Transformer

Figure 1. Comparison of ChatGPT and real exam results
ChatGPT: Chat Generative Pre-Trained Transformer

Figure 2. Detailed analysis of the answers given by ChatGPT
ChatGPT: Chat Generative Pre-Trained Transformer
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model responds to certain types of questions in specific 
years. The Mann-Whitney U test to assess whether the 
differences between the “correct answer, coherent logic” 
and “incorrect answer, incoherent logic” categories are 
statistically significant shows a statistically significant 
difference between the distributions of the two groups 
(p=0.032). This result indicates that the medians of the 
two groups are not the same at the 5% significance 
level. There is a statistically significant difference between 
the distributions of the answers in the categories 
“correct answer, consistent logic” and “incorrect answer, 
inconsistent logic”. This analysis shows that ChatGPT’s 
tendency to give correct answers using consistent logic 
is statistically significantly different from its tendency to 
provide incorrect answers using inconsistent logic. These 
results can be considered when developing strategies 

to improve ChatGPT’s performance and accuracy. For 
example, the focus could be increasing the correct answer 
rate by strengthening the model’s consistent logic.

When the correct answer percentages by years and 
the simple linear regression model applied to these data 
are analyzed, a slightly decreasing trend is observed in 
the correct answer rates as the years progress (Figure 4). 
The model’s slope is negative, indicating a decrease in the 
correct answer rates as the years progress. However, due 
to the low R-square (R²) value, the model only partially 
explains the variability in the correct answer rates. This 
indicates that other factors may influence the change over 
the years (R² value 0.0366).

The t-statistic obtained from the paired sample t-test 
between the results of ChatGPT and the actual exam 
results was calculated as -15.52 and p=0.0001. This 

Figure 3. Percentage of correct answers by years and linear regression model

Figure 4. Simple linear regression analysis on the percentage of correct answers by year
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result shows a statistically significant difference between 
the results of ChatGPT and the actual exam results at a 
5% significance level. The low p-value indicates that this 
difference is not random and a significant difference 
exists in the general population. This analysis shows that 
ChatGPT’s performance on the TOTEK Qualifying Written 
Examination significantly differs from the exam’s overall 
pass rates. Chat Generative Pre-Trained Transformer’s 
scores are below the average passing scores of the actual 
exam, indicating that the model has limitations in solving 
such exam questions and that ChatGPT needs to address 
some aspects of the exam fully. These differences point to 
potential areas for improvement in ChatGPT training and 
its ability to understand test questions.

Discussion
Chat Generative Pre-Trained Transformer in the clinical 

field has demonstrated its potential to revolutionize 
healthcare by providing accurate and understandable 
information on orthopedic issues. Creating interactive 
quizzes and educational tools for students supports 
learning and provides instant feedback (15). This AI-
powered technology holds great promise for the future 
of orthopedics, as it is expected to enhance patient care, 
surgical planning, and medical education (16). Upon 
evaluating the results of this study, we first observed that 
ChatGPT’s ability to solve exam questions offers certain 
advantages compared to the performance of actual 
physicians. Chat Generative Pre-Trained Transformer can 
effectively address exam questions by quickly accessing 
and analyzing a vast pool of medical knowledge, which 
is especially crucial in complex and fast-paced medical 
scenarios. However, there are areas where improvement is 
needed in terms of practical applicability and reliability. The 
lack of citations in the information provided by ChatGPT 
hinders users from verifying its accuracy, which can limit 
the use of AI, particularly in healthcare (17).

Nevertheless, some studies indicate that AI can help 
provide advice and recommendations based on medical 
history, symptoms, and clinical data (18,19). Chat 
Generative Pre-Trained Transformer’s performance varies 
depending on specific exam formats and the characteristics 
of the questions. Additionally, when compared to actual 
physicians’ clinical experience and human skills, ChatGPT’s 
accuracy and reliability may require further improvement. 
Further research is needed to determine how ChatGPT can 
be optimally used in educational and assessment processes 
and identify the areas where it will be most effective. 
Nonetheless, AI technologies like ChatGPT are expected 
to play an increasingly significant role in healthcare. These 
technologies offer educational support to healthcare 
professionals and contribute to the improvement of 
diagnosis and treatment processes. However, careful 

management is necessary to ensure these technologies’ 
effective integration and reliability (17,20-22).

When the existing literature is examined, there are 
very few articles comparing the board exam results of 
different countries with ChatGPT’s performance. Jain et 
al. (23) evaluated ChatGPT’s decision-making process to 
assess the performance of the ChatGPT-3.5 version on 
the Orthopaedic In-Service Training Examination (OITE), 
conducted by the American Academy of Orthopaedic 
Surgeons and covering 11 topics, and to determine 
whether it is practical to adopt it as a resource in this 
field. At the end of the study, they found that ChatGPT-3.5 
performed at the level of a first-year postgraduate (PGY-
1) based on annual OITE technical reports for residents. 
They reported that ChatGPT performed better in basic 
science and sports. However, when the whole study was 
evaluated, they noted that ChatGPT in its current form 
lacks the essential capabilities to be a comprehensive tool 
in orthopaedic surgery (23).

Kung et al. (4) examined ChatGPT’s performance in 
all three sections of the USMLE directly using publicly 
available questions on the official website. They reported 
that ChatGPT performed at or near the passing threshold 
in all three exams without any special training or support. 
Furthermore, ChatGPT showed high levels of cohesion 
and insight in its annotations. These results suggest that 
large language models may assist medical education and 
clinical decision-making (4). Gilson et al. (24) evaluated 
questions from the United States Medical Licensing 
Examination (USMLE) using ChatGPT. They reported that 
ChatGPT achieved accuracy rates of 44% (44/100), 42% 
(42/100), 64.4% (56/87), and 57.8% (59/102) in four 
data sets: AMBOSS-Step1, AMBOSS-Step2, NBME-Free-
Step1, and NBME-Free-Step2, respectively. They also noted 
that ChatGPT performed 8.15% better than InstructGPT 
on average across all data sets, while GPT-3 performed 
similarly to random chance (24). In a study conducted in 
Peru, the Peruvian National Licensing Medical Examination 
[Examen Nacional de Medicina (ENAM)] was analyzed 
using GPT-3.5 and GPT-4. They found that ChatGPT 
(GPT-3.5 and GPT-4) was able to achieve expert-level 
performance on ENAM and outperformed most of the 
examinees (25).

Study Limitations

The findings indicate that ChatGPT can play an essential 
role in exploring its potential in medical examinations. 
However, the study also highlighted several critical points 
and limitations of ChatGPT. First, the dataset used to 
evaluate ChatGPT’s performance is limited in scope. It 
remains unclear whether the dataset on which ChatGPT is 
trained is comprehensive enough in the medical domain, 
which impacts its effectiveness in real-world scenarios 
(16,26).
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Second, the evaluation of ChatGPT’s exam 
performance has limitations when compared to 
physicians’ performance. Chat Generative Pre-Trained 
Transformer’s natural language processing capabilities 
differ from physicians’ clinical experience and expertise. 
Thus, further research is needed to reach definitive 
conclusions regarding the real-world applicability of 
ChatGPT’s exam performance (3,27).

Third, ethical and security issues surrounding ChatGPT 
should also be considered. Using AI systems like ChatGPT 
in medical training and assessment processes may raise 
patient privacy and security concerns. Therefore, it is crucial 
to address these concerns during the implementation of 
ChatGPT.

Fourth, ChatGPT’s ability to process visual questions 
requires improvement. Compared to human perception 
and interpretation, ChatGPT currently has a limited 
capacity to understand visual information. This limitation 
affects its ability to accurately answer complex or specific 
questions requiring visual detail (26,28,29).

Conclusion
This study provided a comprehensive evaluation 

of the performance of AI, specifically ChatGPT, in the 
TOTEK Qualifying Written Examination and showed that 
ChatGPT-4 correctly answered less than half of the TOTEK 
Qualifying Written Exam questions. Our analyses revealed 
that ChatGPT’s ability to understand exam questions and 
produce appropriate answers was significantly lower 
compared to the average exam performance of human 
candidates. While these findings demonstrate ChatGPT’s 
potential as a supportive tool for learning and exam 
preparation, they also emphasize that it cannot replace 
human guidance in areas requiring expertise and in-depth 
knowledge.

In conclusion, we should view ChatGPT and similar AI 
tools in medical education as aids, not as technologies 
meant to replace educators. Their role should be as 
supportive elements in learning processes. Future 
developments in this technology may allow AI to take 
a more active role in exam preparation and training; 
however, this requires ongoing evaluation and a human-
centered approach.

Footnote

Ethics Committee Approval: Written permission was 
obtained from the TOTBID board of directors for this study 
(document no.: 159, dated: 26.04.2024).

Informed Consent: Not required.
Financial Disclosure: This study received no financial 

support.
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Introduction

Cerebrotendinous xanthomatosis (CTX) is a 
rare autosomal recessive neurometabolic disease. 
Cerebrotendinous xanthomatosis develops due to a 
deficiency of the mitochondrial 27-sterol hydroxylase 
(CYP27) enzyme, which is necessary for bile acid 
synthesis, and mutations in the CYP27A1 gene. First 
described by Van Bogaert in 1937, deficiency of the 
CYP27 enzyme leading to the accumulation of cholestanol 
and cholesterol in various systems (brain, lens, tendons), 
resulting in chronic diarrhea, juvenile cataracts, tendon 
xanthomas, and various progressive neurological 
symptoms (1). Neurological manifestations include 
ataxia, dystonia, parkinsonism, seizures, dementia, and 

peripheral neuropathy (2). According to our knowledge, 
approximately 500 cases of CTX have been reported up to 
date (3). The small number of reported cases suggests that 
the disease may not have been recognized well and may 
not have been adequately diagnosed. The heterogeneity 
of clinical findings and the absence of classical symptoms 
(juvenile cataracts and tendon xanthomas) in every case or 
their occurrence after the onset of neurological symptoms 
can make diagnosis challenging. However, early diagnosis 
and prompt initiation of appropriate treatment are crucial 
to prevent potential severe neurological consequences.

Herein, we aimed to describe the clinical, 
electrophysiological, and genetic characteristics of a 
55-year-old female patient diagnosed with CTX and to 
report her treatment response via gait analysis.
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Abs tract

Cerebrotendinous xanthomatosis (CTX) is a rare autosomal recessive neurometabolic disease caused by a mutation in the CYP27A1 
gene and deficiency of the mitochondrial 27-sterol hydroxylase enzyme. Deficiency of this enzyme leads to the accumulation of 
cholestanol and cholesterol in various systems (brain, lens, tendons), resulting in chronic diarrhea, juvenile cataracts, tendon xanthoma, 
and progressive neurodegeneration. Neurological manifestations include ataxia, dystonia, parkinsonism, seizures, dementia, and 
peripheral neuropathy. We report a 55-year-old woman who presented with chronic and progressive difficulty walking with a history 
of juvenile cataracts and a family history of parkinsonism. She was found to have cognitive decline, pyramidal-cerebellar signs, and 
xanthomas at her distal extremities. The diagnosis of CTX was confirmed by a homozygous pathological variant of the CYP27A1 gene, 
and treatment with chenodeoxycholic acid was initiated. Because CTX is treatable and preventable, accurate diagnosis and initiation 
of treatment at the earliest stages are crucial.
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Case Presentation 

A 55-year-old female patient presented with progressive 
walking difficulties, instability, and forgetfulness that 
persisted for over 10 years. Her walking condition 
worsened over the last five months, and the frequency 
of falls increased. She was a primary school student with 
a history of normal neurodevelopmental milestones. 
There was no history of neonatal jaundice or chronic 
diarrhea during childhood. It was later found out that she 
underwent bilateral cataract surgery for juvenile cataracts 
at the age of 8. In her family history, there were symptoms 
of Parkinsonism in her sister (Figure 1).

During the neurological examination, she presented 
with cerebellar-type dysarthria, bilateral dysmetria, 
dysdiadochokinesia, and ataxic gait. The plantar reflexes 
were bilaterally extensor, and the deep tendon reflexes 
were hyperactive. The Mini-Mental State Examination 
revealed moderate cognitive impairment (a score of 13). 
On physical examination, smooth, firm, ovoid-shaped, 
non-tender swellings (xanthomas) were observed on the 
left triceps tendon, bilateral tuberosity of the tibia, and 
Achilles tendons (Figure 2).

All laboratory tests were within normal limits, 
including complete blood counts, biochemical tests, and 
triglyceride and cholesterol levels. Magnetic resonance 
imaging (MRI) scans showed signs of cerebellar atrophy 
and hyperintense lesions on T2-weighted imaging in the 
left internal capsule’s posterior limb, the mesencephalon’s 
anterior aspect, dentate nuclei, and deep cerebellar 
white matter. T1-weighted imaging revealed hypointense 
lesions in these areas. Additionally, FLAIR imaging revealed 
hypointense areas in the dentate nuclei and deep cerebellar 
white matter (Figure 3).

Electromyography (EMG) revealed sensory-predominant 
axonal polyneuropathy in the lower extremities. Genetic 

testing was performed with a presumptive diagnosis 
of CTX. Complete gene sequencing of CYP27A1 (Koc 
University Hospital, Genetic Diseases Evaluation Center) 
revealed a homozygous mutation (pathogenic variant) 
[CYP27A1 c.646G>C (p. Ala216Pro)] compatible with 
CTX (OMIM 2131700). The same genetic mutation was 
detected in her sister by Sanger DNA sequencing analysis. 
The treatment was initiated with a gradual increase in the 
dosage of chenodeoxycholic acid (CDCA) to 750 mg/day, 
alongside simvastatin (20 mg/day). Walking and balance 
analyses were performed before treatment initiation and 
at the 4th and 12th weeks of treatment. Due to the patient’s 
inability to comprehend commands and cooperate with 
the analysis before treatment, the assessments could not 
be conducted. At weeks 4 and 12 of treatment, sensory-
based gait analysis and balance functions were evaluated 
using APDM motion sensors (Noraxon-myoMOTION 
Research Pro System) and Zebris gait analysis. Zebris gait 
analysis showed a 135.3% reduction in the center of 
pressure (COP) oscillation area (from 1468 to 690 mm²) 
between the two assessments, with an increased weight 
bearing on the rear foot (14-29%), indicating that the 
patient exhibited a more stable and balanced posture 
while standing (Figure 4). 

In the sensory-based gait analysis using motion sensors, 
comparing two assessments, spatial-temporal walking 
parameters (such as speed, cadence, step duration, swing, 
and stance phases) remained similar, but the step width was 
found to have increased by 19.4% (12±4 to 14±4). At the 
clinical follow-up in the 4th week of treatment, significant 
improvements in walking balance and intellectual capacity 
were observed. Additionally, a reduction in xanthoma 
size and decreased rigidity compared with the initial 
examination were noted. However, by the 12th week 
follow-up, xanthomas appeared more consolidated than 

Figure 1. Pedigree, patient and her sister with homozygous pathological variant in CYP27A1 gene
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in the previous evaluation, and no changes were observed 
in walking and balance. Upon detailed questioning, 
it was found that the patient had discontinued CDCA 
treatment due to nausea and indigestion. Emphasizing 
the importance of adhering to the recommended doses 
and regimens, the medication dosages were readjusted, 
and the clinical follow-ups were continued.

Discussion
Cerebrotendinous xanthomatosis, also known as 

cerebral cholesterinosis, is a rare autosomal recessive 

disease caused by a mutation in the CYP27A1 gene, 
resulting in a deficiency of the mitochondrial 27-sterol 
hydroxylase enzyme (1). This leads to decreased synthesis 
of cholic acid and chenodeoxycholic acid and accumulation 
of cholestanol via upregulation of 7α-hydroxy-4-cholesten-
3-one (4). The abnormal accumulation of cholesterol 
and cholestanol compounds in various tissues leads to 
multisystemic involvement and heterogeneous clinical 
symptoms, primarily affecting the neurological, ocular, 
and musculoskeletal systems (2). The characteristic 
features of the disease are cataracts (80.3%), cognitive 

Figure 3. a) Cerebellar atrophy. b-e) Hyperintense lesions on T2-weighted imaging in the deep cerebellar white matter, dentate nuclei, 
anterior of the mesencephalon and posterior limb of the left internal capsule. f, g) Hypointense lesions on T1-weighted imaging in 
the deep cerebellar white matter and posterior limb of the left internal capsule. h, ı) Hypointensity areas in the deep cerebellar white 
matter and dentate nuclei on FLAIR imaging
FLAIR: Fluid-attenuated inversion recovery

Figure 2. Xanthomas on the left achilles tendon (a), bilateral tuberosity of the tibia (b), and left triceps tendon (c)

a b c
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impairment (75.9%), pyramidal signs (72.9%), xanthomas 
(66.5%), cerebellar ataxia (63.9%), peripheral neuropathy 
(52.9%), chronic diarrhea (47.6%), seizures (27.4%), and 
parkinsonism (14.9%) (5). Additional findings include 
atherosclerosis, cardiovascular disease, osteoporosis, and 
pulmonary disease (1). In our case, there was a history 
of juvenile cataract, cognitive impairment, pyramidal-
cerebellar signs, polyneuropathy, and xanthoma, but no 
history of seizures or chronic diarrhea. The patient’s sister 
had Parkinson’s disease. Typical MRI findings include 
cerebral and cerebellar atrophy, hyperintense lesions on 
T2/fluid-attenuated inversion recovery (FLAIR) sequences, 
and hypointense lesions on T1-weighted sequences in 
the periventricular white matter, posterior limb of the 
internal capsule, cerebral peduncles, anterior pons, 
cerebellar parenchyma, and dentate nuclei. These lesions 
appear due to demyelination and axonal damage caused 
by lipid accumulation. In T2/FLAIR sequences, dentate 
nuclei may also appear hypointense due to demyelination, 
hemosiderin deposition, microcalcifications, necrosis, and 
cystic space formation (6). Diagnosis of the disease is 
made through clinical, examination, biochemical, imaging, 
and histopathological findings and the demonstration of 
homozygous or compound heterozygous mutations in the 
CYP27A1 gene (7). In clinical practice, the Mignarri et al. 
(8) predictive index, which is composed of family history, 

systemic features, and neurological signs of involvement, 
may be used to assess the likelihood of a CTX diagnosis. The 
diagnostic criteria for CTX were established by Stelen et al. 
(9) and include the measurement of plasma cholestanol 
levels. However, because of increased opportunities for 
genetic testing, a diagnosis of the disease can now be 
made without measuring plasma cholestanol levels. In our 
case, although we planned to assess plasma cholestanol 
levels during the diagnostic process, the inability to 
measure cholestanol levels at our hospital and the ability to 
perform genetic testing allowed us to establish a diagnosis 
without measuring cholestanol levels. Chenodeoxycholic 
acid treatment normalizes cholestanol concentrations, 
halting disease progression and preventing permanent 
neurological damage, thereby stabilizing the disease. 
In addition to CDCA, treatments such as HMG-CoA 
reductase inhibitors, cholestyramine, and ursodeoxycholic 
acid have been used in these patients but have not 
shown significant clinical differences. Early initiation of 
therapy can reverse or even prevent the progression of 
neurological symptoms in CTX. Studies have shown that 
patients starting treatment after the age of 25 years have 
worse outcomes than those starting therapy at younger 
ages (10). Age at diagnosis and treatment initiation, brain 
magnetic resonance imaging findings, and response to 
CDCA treatment are prognostic factors (1).

Figure 4. Zebris gait analysis data; 135.3% reduction in the COP oscillation area (135.3%, 1468 to 690 mm²) and increased weight-

bearing on the rear foot (14-29%)

COP: Center of pressure
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In conclusion, we described a 55-year-old adult female 
patient with CTX who had a CDCA treatment response 
verified through gait analysis. CTX should be considered 
among hereditary neurometabolic diseases in patients 
with a history of juvenile cataracts, pyramidal-cerebellar 
system signs, ataxia, dystonia/parkinsonism, and/
or cognitive impairment, along with observed tendon 
xanthomas. CDCA treatment should commence as early as 
possible. Our case demonstrates that CDCA treatment led 
to an improvement in disease symptoms and prevented 
irreversible neurological damage.

Footnote

Informed Consent: Informed consent form the 
patient has been obtained.

Authorship Contributions

Surgical and Medical Practices: E.B., S.U., S.A., F.F.O., 
Concept: E.B., S.U., F.F.O., Design: E.B., S.U., F.F.O., Data 
Collection or Processing: E.B., S.U., S.A., F.F.O., Analysis or 
Interpretation: E.B., S.A., F.F.O., Literature Search: E.B., S.U., 
Writing: E.B., S.U., S.A., F.F.O.

Conflict of Interest: No conflicts of interest were 
declared by the authors.

Financial Disclosure: This study received no financial 
support.

References
1. Nóbrega PR, Bernardes AM, Ribeiro RM, et al. 

Cerebrotendinous Xanthomatosis: A practice review of 
pathophysiology, diagnosis, and treatment. Front Neurol. 
2022;13:1049850.

2. Carson BE, De Jesus O. Cerebrotendinous Xanthomatosis. 
2023 Aug 23. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2023.

3. Ejsmont-Sowała K, Książek T, Maciorowska-Rosłan K, et al. 
Case report: Cerebrotendinous xanthomatosis treatment 
follow-up. Front Neurol. 2024;15:1409138.

4. Koyama S, Sekijima Y, Ogura M, et al. Cerebrotendinous 
Xanthomatosis: Molecular Pathogenesis, Clinical Spectrum, 
Diagnosis, and Disease-Modifying Treatments. J Atheroscler 
Thromb. 2021;28:905-25.

5. Cao LX, Yang M, Liu Y, Long WY, Zhao GH. Chinese patient 
with cerebrotendinous xanthomatosis confirmed by genetic 
testing: A case report and literature review. World J Clin Case. 
2020;8:5446-56.

6. Ma C, Ren YD, Wang JC, et al. The clinical and imaging features 
of cerebrotendinous xanthomatosis: A case report and review 
of the literature. Medicine (Baltimore). 2021;100:e24687.

7. Nie S, Chen G, Cao X, Zhang Y. Cerebrotendinous 
xanthomatosis: a comprehensive review of pathogenesis, 
clinical manifestations, diagnosis, and management. 
Orphanet J Rare Dis. 2014;9:179.

8. Mignarri A, Gallus GN, Dotti MT, Federico A. A suspicion 
index for early diagnosis and treatment of cerebrotendinous 
xanthomatosis. J Inherit Metab Dis. 2014;37:421-9. 

9. Stelten BML, Dotti MT, Verrips A, et al. Expert opinion 
on diagnosing, treating and managing patients with 
cerebrotendinous xanthomatosis (CTX): a modified Delphi 
study. Orphanet J Rare Dis. 2021;16:353.

10. Stelten BML, Huidekoper HH, van de Warrenburg BPC, 
et al. Long-term treatment effect in cerebrotendinous 
xanthomatosis depends on age at treatment start. Neurology. 
2019;92:83-95.


