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Aim: Lymphoscintigraphy (LS)/sentinel lymph node (SLN) study is one of the controversial issues in patients with breast cancer who have undergone
neoadjuvant therapy (NAT). The aim of our study is to investigate the value of LS/SLN study after NAT and to evaluate its relationship with the
molecular profile in breast cancer.

Methods: This retrospective study included 59 female patients diagnosed with breast cancer who received NAT. Tumor biopsy pathology results
were recorded. Following NAT, LS was performed, and SLN biopsy (SLNB) was conducted intraoperatively using a dual-tracer technique (methylene
blue and radionuclide). Axillary lymph node dissection (ALND) was performed in selected cases. Intraoperative frozen results and ALND findings
were documented. Logistic regression analysis was performed to identify the factors predicting SLN positivity in the study.

Results: Among patients with SLN detected in the SLN study, 15 (28.8%) had positive results on intraoperative frozen pathology. A significant
relationship was found between SLNB positivity and human epidermal growth factor receptor-2 (HER2) status (p=0.003). Both univariate and
multivariate analyses conducted to identify the factors predicting SLNB positivity; HER2 negativity (p=0.004) was determined to be an independent
risk factor for SLNB positivity. HER2 negativity increased the risk of SLNB positivity by a factor of 34.1.

Conclusion: In the HER2 negative group, LS/SLN study alone may be insufficient, and ALND should be considered in selected cases. On the other
hand, it has been shown that LS/SLN study can avoid unnecessary ALND in patients with HER2 positivity.

ABSTRACT

Keywords: Breast cancer, sentinel lymph node, lymphoscintigraphy, neoadjuvant therapy

Introduction treatment modalities [2]. For this reason, various diagnostic

techniques and novel treatment modalities for breast cancer
The incidence of early-diagnosed breast cancer is increasing are continually being developed.

worldwide, including in our country, largely due to advances
in diagnostic methods. According to 2020 data, breast cancer
is the most commonly diagnosed cancer among women and
ranks as the fifth cause of cancer-related deaths [1]. Breast
cancer is a heterogeneous and complex disease, a spectrum
of many subtypes with distinct molecular-biological features
that lead to differences in response patterns to various

Locally advanced breast cancer (LABC) is a subset of breast
cancer characterized by T3-4 tumours in the absence of
distant metastasis with/without regional lymphadenopathy
involvement [3]. Regional metastatic lymph nodes
(MLN) are very important for the prognosis of LABC. In a
retrospective study, it was demonstrated that LABC patients
with 10 or more regional MLN have a poor prognosis [4].
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Therefore, neoadjuvant therapy (NAT) in LABC aims to not
only reduce the size of the primary tumor but also convert
the regional lymph node-positive disease to a negative
state. According to the current National Comprehensive
Cancer Network guideline, sentinel lymph node biopsy
(SLNB) may be considered after NAT for a selected group of
patients. These are patients with clinically positive lymph
nodes (cN+) at baseline that become cNO after NAT. Highly
selected patients with biopsy-proven axillary metastases,
who convert to clinically node negative after preoperative
systemic therapy, may undergo SLNB with removal of the
clipped lymph node (category 2B recommendation) [5].
Although different treatment response rates are observed in
tumors with different molecular profiles [estrogen receptor
(ER), progesterone receptor (PR), human epidermal growth
factor receptor-2 (HER2), and Ki-67 proliferation index], both
in tumor and lymph nodes after NAT, an overall pathological
complete response (pCR) rate of 40% has been observed
[6,7]. In a study, it was found that patients with HER2 positive
breast cancer exhibited the highest rates of breast-conserving
surgery and pCR after NAT when compared to patients with
other molecular profiles [8].

The sentinel lymph node (SLN) is defined as the first lymph
node or group of nodes to which cancer cells are most likely
to spread from the primary tumor via lymphatic channels [9].
SLNB is a reliable method for detecting metastatic disease
in regional lymph nodes and avoiding patients the potential
morbidity associated with axillary lymph node dissection
(ALND). In the GANEA-2 study, breast cancer patients with
negative SLN treated with NAT could safely be spared an
unnecessary ALND after NAT with a low-risk of relapse [10].
SLNB can be effectively performed through a combination
of preoperative lymphoscintigraphy (LS) and intraoperative
methylene blue injection. The decision to proceed with ALND
is typically based on frozen section results and intraoperative
assessment [11].

Although it is known that tumors with different molecular
profiles have varying rates of pCR after NAT, there is limited
research on the role of SLN study and its relationship with the
molecular profile after NAT. Our study aimed to investigate the
role of LS/SLN study, and its relationship with the molecular
profile in LABC patients after NAT.

Methods

This retrospective study was conducted according to the
principles of the Declaration of Helsinki, and approval was
obtained from the Ethics Committee of University of Health
Sciences Tirkiye, Dr. Abdurrahman Yurtaslan Ankara Oncology
Training and Research Hospital (decision no: 2022-02/46, date:
10.02.2022).

Fifty-nine female patients who were diagnosed with LABC
through clinical-radiological and histopathological evaluations
were included in this study.

The molecular profiles of all patients were documented and
they underwent NAT (chemotherapy and/or immunotherapy)

between January 2019 and December 2021. The demographic
characteristics, clinical-radiological findings, results of
axillary lymph node biopsy prior to NAT, and pre-NAT tumor
biopsy pathology (grade, Ki-67 proliferation index, ER-PR,
and HER2 expression status) of the patients were recorded.
The patients received neoadjuvant treatment consisting
of alkylating agents (cyclophosphamide), anthracycline
derivatives (doxorubicin), and taxane group agents
(paclitaxel or docetaxel) chemotherapeutic agents. In cases
of HER2 positivity, monoclonal antibodies (trastuzumab or
trastuzumab+pertuzumab) were added to the treatment
regimen.

Lymphoscintigraphy

LS was performed in patients at least 2-3 hours before the
surgery or on the day prior to the surgery to identify the
SLN. For LS, 37 MBq of 99mTc-labeled nanocolloid was
injected intradermally into four quadrants around the tumor
or the periareolar area. Additionally, one deep injection was
administered intraparenchymally or peritumorally. After the
injections, dynamic imaging was performed in two planes
(anterior and lateral) using a 64x64 matrix, with a frame
duration of 30 seconds , and lasting a total of 15 minutes.
Subsequently, static or planar imaging was performed in
two planes using a 256x256 matrix. Additional images were
acquired if necessary.

Sentinel Lymph Node Study

At the beginning of surgery, methylene blue was injected
into the subareolar region. SLNB was performed using both
methylene blue dye and a gamma probe. Excised SLNs were
referred to the pathology department for frozen examination.
Axillary dissection was performed in selected patients
based on the MLN’ frozen section examination results (SLNB
positivity), in cases where the SLN could not be identified
and/or intraoperative suspicion. Frozen/biopsy results, ALND
outcomes, and pathological nodal (pN) stages of the patients
were recorded.

Statistical Analysis

Statistical analyses were performed using Statistical Package
for the Social Sciences statistics for Windows, version 23.0
(IBM Corp., Armonk, NY, USA). The conformity of numerical
variables to the normal distribution was evaluated with the
Kolmogorov-Smirnov test. Descriptive statistics in the analyses
are presented as numbers and percentages; distribution
statistics were expressed as mean, standard deviation, median,
minimum, and maximum values. The Pearson chi-square
test was used to evaluate whether there was a difference in
clinicopathological features between SLNB positive/negative
groups. The Youden index (sensitivity+specificity-1) was used
in the receiver operating characteristic (ROC) analysis to
determine the threshold value for primary tumor size and
Ki-67 index. Logistic regression analysis was performed to
determine the factors predicting SLNB positivity in the LS/SLN
study. Logistic regression analysis was performed using the
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forward method. An overall 5% type | error level was used to
infer statistical significance (p<0.05).

Results

In our study, the mean age of the patients was 47.9+10.5 years
(range 25-66). The clinical-pathological characteristics of the
patients are presented in Table 1.

Eleven of the patients (18.6%) received injections around the
lesion, while the remaining 48 (81.4%) received superficial and
deep injections in the periareolar area. On LS, axillary drainage
was observed in 34 patients (57.6%) on dynamic imaging.
Focal activity involvement was observed in 40 patients (67.7%)
in the early static images and in 12 patients (10.3%) in the late
static images. SLN was detected in 52 (88.1%) patients, while
it could not be identified in 7 (11.9%) patients either at LS
or during operation. The average number of SLNs extracted
was 4 (range 3-12). The SLNB results showed that 15 (28.8%)
patients had positive SLN, while 37 (71.2%) patients had a
negative SLN. ALND was performed in 31 (52.5%) patients.
These were patients who had SLNB positivity or who could not
have their SLN identified, or who had intraoperative suspicion.
The rate of ALND was 23% in HER2 positive patients and 83%
in ER positive/HER2 negative patients. Among the patients

who underwent ALND, 19 (61.2%) had positive lymph nodes
and 12 (38.8%) had negative lymph nodes. The pathological
N stage was determined as pNO in 35 (59.3%) patients, pN1 in
12 (20.3%) patients, pN2 in 10 (16.9%) patients, and pN3 in 2
(3.4%) patients.

A statistically significant association was found between SLNB
positivity and HER2 receptor status (p=0.003). Among the 15
patients with positive SLN, only 1 (6.6%) patient was HER2
positive, 12 (80%) patients were ER positive/HER2 negative,
and 2 (13.4%) patients were triple negative (Table 2).

ROC curve analysis revealed that Ki-67 proliferation indices
have a statistically significant diagnostic value in predicting
SLNB positivity (area under the curve: 0.650, 95% confidence
interval: 0.486-0.815, p=0.042). A statistically significant
difference was found between SLNB positivity and Ki-67
index with a cut-off of 55% (p=0.034) (Table 2). There was no
statistically significant difference among SLNB positivity, tumor
localization (p=0.513), tumor size (p=0.404), clinical axilla
status (p=0.097), ER status (p=0.198), PR status (p=0.070), and
tumor grade (p=0.154).

The results of the univariate and multivariate analyses
conducted to identify factors predicting SLNB positivity are
shown in Table 3. In the univariate analysis, a statistically

Table 1. Clinical-pathological feature

Clinical-pathological features n (%)/Average+SD
29.6+12.2
Primary tumor size <27 mm 33 (55.9%)
>27 mm 26 (44.1%)
Upper-outer quadrant 35 (59.3%)
Lower-outer quadrant 12 (20.2%)
Upper-inner quadrant 5 (8.5%)
Localization of tumor Lower-inner quadrant 1(1.7%)
6 o’clock position 5 (8.5%)
12 o’clock position 1(1.7%)
1 3(5.2%)
Grade 2 16 (27.6%)
3 39 (67.2%)
ER positivity 45 (77.6%)
Pathological features of primary tumors | PR positivity 38 (65.5%)
HER2 positivity 21 (35.6%)
45.5+23.7
Ki-67 proliferation index <55% 40 (67.7%)
>55% 19 (32.2%)
Clinical positive 19 (32.2%)
Axillary LN status before NAT Clinical negative-radiological positive 33 (56%)
Clinical-radiological negative 7 (11.8%)
Result of axillary LN biopsy before NAT | Positive 18 (90%)
(n=20) Negative 2 (10%)
n: The number of patients, LN: Lymph node, NAT: Neoadjuvant therapy, ER: Estrogen receptor, PR: Progesterone receptor, HER2: Human epidermal growth
factor receptor-2, SD: Standard deviation
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significant association was found between SLNB positivity and Discussion

patient age (p=0.027), HER2 negativity (p=0.013), and Ki-67 _ _ . .

index <55% (p=0.047). Additionally, due to the p value of PR The field of NAT in breast cancer is actively researched,
positivity being nearly 0.05, it was included in the multivariate and .the. literature is continually expanding with over 1,000
analysis. In the multivariate analysis, advanced age, PR studies in the last year alone. As a result, our knowledge and
positivity, and HER2 negativity were identified as independent |n5|ght.s abou.t breasti cancer are cons.tantly evolving, with
risk factors for predicting SLNB positivity. PR positivity increases new dIS.COVEFIeS and improvements l:.)emg mat;le every year.
the risk of SLNB positivity by approximately 6.6 times, while In certain cases of LABC, NAT can achieve pCR in the primary

HER2 negativity increases the risk of SLNB positivity by 34.1 tumor and the axillary region. This successful response to NAT
times (Table 3). allows some patients to avoid ALND using the LS/SLN study

and SLNB. However, in patients who do not achieve pCR, it
can be challenging to detect the SLN and perform SLNB due
to the potential blockage of lymphatic pathways by tumor
cells. Although it is known that different pCR rates are seen
in different molecular profiles after NAT, there are not enough
published studies to provide definitive evidence regarding the
relationship between the SLN study and the molecular profile.

The result of ALND was positive in 6 of 7 patients whose SLN
could not be detected in the SLN study. Moreover, the result of
ALND was positive in 3 patients whose SLN biopsy was negative
(false negative). In these 9 patients with positive ALND, it was
found that 2 (22.2%) were HER2 positive, and 7 (77.8%) were
ER positive/HER2 negative. In addition, 8 patients (88.8%) had
a Ki-67 index <55%.

Table 2. SLNB distribution according to HER2 receptor status and Ki-67 index

. SLNB p value
Negative . .
Positive Total (Chi-square test)
Negative 18 (56.3%) 14 (43.7%) 32 (100%)
HER2 receptor — p=0.003
Positive 19 (95%) 1(5%) 20 (100%)
<55% 20 (60.6%) 13 (39.4%) 33 (100%)
Ki-67 index p=0.034
>55% 16 (88.9%) 2 (11.1%) 18 (100%)
SLNB: Sentinel lymph node biopsy, HER2: Human epidermal growth factor receptor-2

Table 3. Factors predicting SLNB positivity in univariant and multivariant analysis

Clinical-pathological features Univariant analysis Multivariant analysis
OR 95% ClI p value OR 95% ClI p value
Age 1.076 1.008-1.147 *p=0.027 1.087 1.007-1.172 p=0.032
Right/left breast p=0.686
Quadrant of the tumor p=0.972
Radiologic size of the tumor p=0.302
BIRADS p=0.166
Axillary LN status before NAT p=0.999
ZeA?rults of axillary LN biopsy before 0=0.999
ER positivity p=0.212
PR positivity 3.579 0.861-14.871 **p=0.079 6.653 1.181-37.494 p=0.032
HER2 negativety 14.778 1.758-124.194 | *p=0.013 34.154 3.171-367.832 p=0.04
Grade p=0.261
Ki-67 index (<%55) 5.200 1.021-26.471 *p=0.047
;aAt_Pologic size of the tumor, after 0=0.825
*p<0.05: Statistically significant parameters.
**It was included in the multivariate analysis because the p value was 0.05.
SLNB: Sentinel lymph node biopsy, OR: Odd ratio, Cl: Confidence interval, BIRADS: Breast imaging reporting and data systems, LN: Lymph node, NAT:
Neoadjuvant therapy, ER: Estrogen receptor, PR: Progesterone receptor, HER2: Human epitelyal growth factor receptor-2
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Furthermore, there are no recommendations associated with
the molecular profile in the current SLNB guidelines. In our
study, we investigated the value of LS/SLN study after NAT in
breast cancer and its relationship with the molecular profile.

In breast cancer, several studies have demonstrated high
rates of pCR in HER2 positive tumors after NAT, while lower
pCR rates have been observed in ER positive/HER2 negative
tumors [12-18]. In a recent study, the total pCR rate in HER2
positive and ER positive/HER2 negative profiles was 32.3% and
6.9%, respectively, while the ALND rate was 13.3% and 28.8%.
The study concluded that SLNB can be performed before NAT
in ER positive/HER2 negative tumors, while HER2 positive
tumors show a good response to targeted therapy, and SLNB
can be performed after NAT to avoid unnecessary morbidity
associated with ALND [12]. In our study, we found that the rate
of ALND was 23% in patients with HER2 positive breast cancer,
while it was 83% in patients with ER positive/HER2 negative
breast cancer. We observed low rates of pCR and high rates of
SLNB positivity in the ER positive/HER2 negative patient group.
Conversely, we found high rates of pCR and SLNB negativity in
the HER2 positive patient group. Furthermore, it was noted
that HER2 negativity increased the risk of SLNB positivity by
approximately 34.1 times.

In our study, we found that PR positivity was an independent
risk factor for SLNB positivity, increasing the likelihood of
SLNB positivity by 6.6 times. Davey et al. [19] reported pCR
rates of 10.1% in patients with a PR positive profile and 18%
in patients with a PR negative profile. Other studies have also
observed that PR negativity is associated with higher pCR rates
in the ER positive/HER2 negative patient group [17,20,21]. In
PR positivity, (considering the increased probability of SLNB
positivity and the lower pCR rates after NAT), ALND should not
be disregarded in selected patients.

In our study, we found a significant correlation between Ki-
67 index <55% and SLNB positivity, with the majority of false
negatives observed in patients with Ki-67 index <55%. Wang
et al. [22] demonstrated that tumors with a high Ki-67 index
(214%) had a higher likelihood of achieving pCR compared
to those with a low Ki-67 index (<14%). In another study, Ki-
67 index <50% predicted higher risk of residual lymph node
disease [18]. Based on our study findings, it was suggested
that an LS/SLN study should be performed in patients with
a Ki-67 index <55%, and ALND should be considered even if
SLNB results are negative.

In elderly patients, visualizing the SLN in LS can be challenging
due to potentially slower lymphatic drainage. Studies have
indeed demonstrated a lower rate of SLN detection in
advanced-age patients [23-25]. In our study, we found that
SLNB positivity increased with patients’ age. Another study
highlighted the importance of individualizing SLNB in patients
over 70 years of age, considering that axillary staging may not
always be beneficial for survival. However, if performed, SLNB
can help improve local control, provide prognostic information,
and guide decisions regarding adjuvant therapies like chemo-
radiotherapy [26]. Therefore, even though it can be difficult to
detect the SLN in advanced age patients, SLNB is believed to

have potential benefits for patient management where it may
impact survival outcomes.

Study Limitations

Several limitations should be considered in our study. First,
this study was a retrospective analysis, and it was limited by
the small size of our study population. Secondly, not perform
axillary dissection to all patients. Thirdly, due to the absence
of follow-up data for the patients, the long-term impact of the
study remains unknown.

Conclusion

In conclusion, our study demonstrated that SLNB may not
reduce the need for ALND in patients with an ER+/HER2
negative profile. However, in patients with a HER2 positive
profile, SLNB can potentially reduce unnecessary ALND. Further
prospective studies with larger patient populations can provide
valuable insights into optimizing the use of SLNB in managing
breast cancer patients undergoing NAT and its relationship
with clinical, histopathological, and molecular profiles.
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ABSTRACT

Aim: Multiple myeloma (MM) is a cancer that plasma cells. Increased regulatory T-cells (Tregs) have been associated with poor clinical outcomes
in both newly diagnosed and treated MM patients. Treg cells are a T-cell subgroup that suppresses immune response. Programmed cell death
protein-1 (PD-1) signaling pathway plays an essential role in Treg function and development. In literature, there is insufficient knowledge about the
distribution of Treg cells in the bone marrow microenvironment despite the presence of these clinical studies in MM. In this study, we aimed to
investigate PD-1* Treg cell distribution and PD-1/PD-ligand 1 (PD-L1) gene expression levels in MM patients’ bone marrow.

Methods: Twenty newly diagnosed patients with MM and 9 idiopathic thrombocytopenic purpura patients were included in the study. Cluster
of differentiation 4 (CD4), CD25, FoxP3 and PD-1 (CD279) expressions were evaluated by flow cytometry, and messenger ribonucleic acid (mRNA)
expression of PD-1 and PD-L1 genes were determined using the quantitative polymerase chain reaction method.

Results: In this study, no significant difference was found among CD4*CD25*FoxP3*PD-1* Treg cell levels, PD-1, and PD-L1 mRNA expression levels
in the patient and control groups. There was no significant difference in Treg cell levels or in PD-1 and PD-L1 mRNA expression levels with respect
to patient revised international staging system. There was no significant correlation between the expression of Treg cells, PD-1 mRNA, and PD-L1
mRNA levels (p>0.05). A strong correlation was found between PD-1 mRNA and PD-L1 mRNA levels (p<0.0001, r=0.827).

Conclusion: CD4*CD25*FoxP3*PD-1* Treg cell and PD-1, PD-L1 mRNA expression levels were found to be high in the patient group, although
not significantly. We found a positive correlation between PD-1 and PD-L1 mRNA expression, supporting that PD-1/PD-L1 may be a prognostic
biomarker.

Keywords: Biomarkers, clinical hematology, multiple myeloma, targeted therapy

Introduction

Multiple myeloma (MM) is the second most common
widespread hematologic malignancy. There is a need for the
development of new treatments for MM [1]. Single-agent
activity of programmed cell death protein-1 (PD-1) and PD-
ligand 1 (PD-L1) blockade is limited in MM patients. Strategies
to expand MM-specific T-cells and combination therapies that

involve T-cell activation through PD-1/PD-L1 blockade are still
being investigated [2]. The PD-1 pathway stimulates helper
T-cell populations toward regulatory T-cell (Treg) development.
Treg cells express many checkpoint molecules and thus are a
target for direct immune checkpoint inhibitors [3]. The number
of clinical trials using inhibitors of PD-1 and its ligand PD-L1 is
rapidly increasing in MM [4].
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Tregs are a special T-cell subset that suppress the immune
response, thereby maintaining self-tolerance and homeostasis.
It has been shown that Tregs can inhibit cytokine production
and T-cell proliferation and play a crucial role in preventing
autoimmunity [5]. Since Sakaguchi’s discovery in 1995 that the
interleukin-2 (IL-2) receptor a chain [cluster of differentiation
25 (CD25)] is a phenotypic marker for CD4* Tregs, studies on
Tregs have rapidly increased. Treg cells are primarily a subset
of T cells that exhibit the FoxP3 “forkhead winged helix P3*”
CD4*, CD25* phenotype. The primary function of these cells is
not to generate an immune response to the individual’s own
self-antigens and to take part in maintaining and sustaining
immune homeostasis [6-8].

There are two main views regarding the mechanism of action
of Tregs. It is believed that in order for Tregs to exhibit their
immune suppressive function, they either make cell-to-cell
contact or affect distanT-cells by secreting cytokines such as IL-
10 or transforming growth factor. The T-cell-inhibiting effects
of PD-1 and CTLA-4 are well-known [9]. In cell-to-cell contact,
Tregs have been shown to kill antigen-presenting cells or
responding T-cells by using granzyme and perforin facilitated
by CD39, CD73, and lymphocyte-activation gene-3. However,
mechanisms of Treg action also involve cytokines such as
transforming growth factor-f, IL-35, IL-10, and galectin-1,
mediated by soluble factors or IL-2 deficiency [10-12].

The lack of studies on Treg cells and PD-1/PD-L1 messenger
ribonucleic acid (mRNA) expression in the bone marrow
microenvironment of MM patients has led us to conduct this
study. In this study, CD4*CD25*FoxP3*PD-1* Treg cells and
PD-1 and PD-L1 mRNA expression levels were determined
in the bone marrow of newly diagnosed MM and idiopathic
thrombocytopenic purpura (ITP) patients who applied to
the Akdeniz University Hospital Adult Hematology Clinic.
We believe that this and similar studies will contribute to
identifying therapeutic targets in patients by measuring both
PD-1 and PD-L1 mRNA expression levels and PD-1* Treg cells
(%) in the bone marrow microenvironment.

Methods

Ethical approval was obtained from the Faculty of Medicine
at Akdeniz University (decision no: 664, date: 14.12.2016,).
The study was conducted at the Hematology Outpatient
‘Clinic of Akdeniz University Faculty of Medicine’ Hospital,
with the necessary permissions obtained from the hospital
administration, and in accordance with research and
publication ethics. Following approval from the ethics
committee, 37 patients who had presented with suspected
MM or ITP and who had undergone bone marrow aspiration
and bone marrow biopsy (BMA/BMB) at the the hematology
outpatient clinic within one year were included. One patient
who had undergone BMA/BMB for suspected ITP was later
diagnosed with myelodysplastic syndrome, and seven patients
who had undergone BMA/BMB for suspected MM were
excluded from the analysis. They did not meet the criteria for
MM diagnosis after BMA/BMB. The final analysis included

20 newly diagnosed MM patients and 9 ITP patients. ITP
patients have a bone marrow cell distribution like healthy
individuals, on whom a BMB can be performed. Since we could
not perform this procedure on a healthy individual, a patient
group with similar bone marrow cell distribution was chosen
as the control. We believe that our study is the first to provide
a new perspective on this subject, as no previous study has
used ITP as a control group.

Patient age and gender were recorded. Data on hemoglobin
(g/dL), leukocyte (number/mm?3), neutrophil (number/mm?),
lymphocyte (number/mm?3), platelet (number/mm?3), lactate
dehydrogenase, total protein, albumin, creatinine, calcium,
beta-2 microglobulin, immunoglobulin G (IgG), IgA, 1gM, free
kappa, and free lambda at the time of MM diagnosis were
collected. Additionally, cytogenetic analysis data, including the
MM FISH panel [t (14;16), del (17p), t (11;14), t (4;14), and del
(13q)], were recorded. MM patients included in the study were
staged according to the revised international staging system
(R-ISS) and ISS based on the National Comprehensive Cancer
Network guidelines and were also classified into myeloma
subgroups (e.g., IgA Lambda, 1gG Kappa) [13]. This cross-
sectional case-control study was conducted in accordance
with the Helsinki Declaration. Ethical approval was obtained
from the Faculty of Medicine at Akdeniz University for this
study (decision no: 664, date: 14.12.2016). Written consent
was obtained from all patients.

Mononuclear Cell Separation

Samples from patients whose diagnosis was confirmed by
flow cytometry and bone marrow smear examination were
evaluated. During BMA, and biopsy, performed aseptically
from the right iliac crest of patients with MM and ITP, 3
mL of bone marrow aspirate was taken. The aspirate was
collected in a tube containing sodium heparin and another
tube containing ethylenediamine tetraacetic acid in addition
to routine procedures. After 3.5 mL of ficoll histopaque-1077
(Sigma-Aldrich) was added to the Falcon tubes, bone marrow
diluted with PBS was slowly added at a ratio of 1:2. The sample
was centrifuged for 30 minutes at 2000 rpm (800 g) and 20 °C,
using a Beckman-Coulter centrifuge. Mononuclear cells were
taken with a pipette. PBS was added and centrifuged. The cells
obtained were diluted with Becton Dickinson (BD) Pharmingen
Stain Buffer (FBS) to 10° cells per mL.

Flow Cytometry

Cell surface staining: Appropriate amounts of surface antibodies
(CD4 and CD25 (20 pl), CD279 (PD-1) (5 wl), CD45 (3 ul)) and
isotypes were pipetted into 12x75mm tubes. Allophycocyanin-
H7-CD45 [catalog number (cat. no.) 560178], phycoerythrin
-CD25 (cat. no. 555432), fluorescein isothiocyanate-CD4
(cat. no. 555346), Brilliant Violet 421-PD-1 (cat. no. 562516)
- 100 pl of cells were added to each tube, vortexed, and
incubated for 20 minutes in the dark at room temperature. Two
mL wash buffer (FBS) was added. The sample was centrifuged
at 250 x g for 10 minutes the supernatant was removed. To
fix the cells, the cell pellet remaining in the tube was gently
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resuspended and 2 mL 1x human FoxP3 buffer A was added
on top. Two mL BD FBS, was added to the tubes, and the pellet
was gently resuspended.

Intracellular staining: 0.5 mL 1x working solution human FoxP3
buffer C was added to permeabilize the cells. It was vortexed
and incubated for 30 minutes at room temperature in the
dark. FoxP3 antibody (20 plL) was added to the tubes and
incubated for 30 minutes at room temperature in the dark.
Alexa Fluor 647-FoxP3 (cat. no. 560045). The washing process
was repeated with BD FBS, and after the supernatant was
removed, the cell pellet remaining in the tubes was diluted
with 400 pL wash buffer and analyzed as soon as possible. Treg
cells were identified by flow cytometry as CD4*, CD25*, FoxP3*,
PD-1* based on their phenotypic properties [14]. During
the reading, a minimum of 15,000 to 25,000 CD4 positive
lymphocytes were counted. Samples were evaluated by flow
cytometry (FACSCanto 2, CA) and analyzed using FACS Diva
software [15].

Real-Time Polymerase Chain Reaction

Bone marrow samples were pelleted by centrifugation.
Erythrocytes were removed using lysis buffer solution, and
total RNA was obtained from the remaining nucleated cells
by the silica column method (NucleoSpin® RNA Blood (MN-
740200.50, Germany). RNA quality and quantity were measured
spectrophotometrically with a Nanodrop (Nano). RNA samples
were stored at -20 °C for cDNA synthesis. Before starting cDNA
synthesis, all RNA samples were adjusted to 100 ng/uL. The
EasyScript Plus TM cDNA Synthesis Kit, (ABM-G236, Canada)
was used for cDNA synthesis. Before starting cDNA synthesis,
all RNA samples were adjusted to 100 ng/uL. The EasyScript
Plus TM cDNA Synthesis Kit, (ABM-G236, Canada) was used
for cDNA synthesis. Total RNA samples that we kept at -20 °C
were thawed at room temperature. Samples were incubated
at 25 °C for 10 minutes, at 40 °C for 50 minutes, and at 85 °C
for 5 minutes in a thermal cycler, respectively, in accordance
with the kit procedure. The melting curve was analyzed using
LightCycler® 480 Software release 1.5.0. The cycle values of the
target and reference genes were normalized using the REST®
program, with the RPL13A gene used as a reference. PCR for
all patients and controls was repeated twice. The primers were
synthesized by Sentegen Biotechnology (Tirkiye). The primers
used for the PD-1 gene were FW: CCCTGGTGGTTGGTGTCGT
and R: GCCTGGCTCCTATTGTCCCTC; while those for the PD-L1
(CD274) gene were FW: GGTGCCGACTACAAGCGAAT and R:
ATGGTCACTGCTTGTCCAGATG [16].

Statistical Analysis

The data were analyzed utilizing Statistical Package for the
Social Sciences statistics for Windows version 23 (IBM Corp.,
Armonk, NY, USA). In the within-group analysis, the chi-square
test of independence was used to analyze the relationship
between categorical variables, and the Mann-Whitney U and
Kruskal-Wallis tests were used to compare continuous data.
The correlation between continuous variables was evaluated
using Spearman’s rho correlation. A p value less than 0.05 was
considered statistically significant.

Results

There is similarity in all individuals in the study in terms of
age and biochemical parameters. This enables us to compare
the Treg and PD-1/PD-L1 mRNA values obtained in the patient
and control groups. It was observed that the female and male
ratios were similar in the control and patient groups, and the
study groups were homogeneous in terms of gender (p=0.53).
The mean age of all individuals in the study was 60.59+8.62.
It was observed that the mean ages were not significantly
different between the control and patient groups (p=0.90).

It was observed that the MM subtypes were IgA K (Kappa) at
15%, IgA L (Lambda) at 10%, 1gG K at 25%, and IgG L at 35%.
The disease stage levels of the patients were stage 1 at 25%,
stage 2 at 15%, and stage 3 at 60%. Five patients were R-ISS 1
(25%), seven patients were R-ISS 2 (35%), and eight patients
were R-ISS 3 (40%) (Table 1).

In the study, there was no statistically significant difference
in the levels of CD4*CD25*FoxP3*PD-1* Treg cells (%) (1.4-
11.2%, 0.01-3.5%) between the patient and control groups
(p=0.095) (Figure 1a). However, the cell percentage was higher
in myeloma patients than in our control group. Relative PD-1
MRNA expression levels in the patient and control groups
(0.1-6.62, 0.1-2.17) did not show a statistically significant
difference (p=0.167) (Figure 1b). There was no statistically
significant difference in the relative PD-L1 mRNA expression
levels between the patient and control groups (0.13-37.77,
0.014-11.61) (p=0.69) (Figure 1c). The gating strategy for Tregs
is shown in Figure 2. There was no statistically significant
difference in the levels of CD4*CD25*FoxP3*PD-1* Treg cells (%)
(p=0.68), PD-1 mRNA expression levels (p=0.59), and PD-L1
MRNA expression levels (p=0.7) between the groups according
to R- of the patients. There was no significant correlation
between the expression levels of Treg cells and the levels of
PD-1 mRNA and PD-L1 mRNA (p>0.05). There was a strong
correlation between PD-1 mRNA and PD-L1 mRNA levels in the
control and patient groups (p<0.0001, r=0.827).

Discussion

In MM, as with other hematologic cancers, the relationship
between Tregs and cancer has been questioned and has
become an area of research. In recent years, the increase
in clinical trials of PD-1 and PD-L1 inhibitors in hematologic
cancers has led to more scrutiny of the relationship between
MM and Tregs, and has also necessitated the development of
new research strategies and parameters. In 2014, Braga et al.
[15] investigated Tregs in the bone marrow of MM patients
as potential biomarkers, therapeutic targets, and prognostic
indicators in the local immune environment. Compared to
controls, FoxP3 expression was found to be six-fold higher in
MM patients. In another study conducted by D’Arena et al. [16]
in 2016, the percentage and absolute number of circulating
Tregs (CD4* CD25*high CD127-low) of 39 untreated MM
patients and 44 monoclonal gammopathy of undetermined
significance (MGUS) patients were tested and compared.
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Table 1. Experimental results of MM patients and controls

acid

Patient Gender Age ISS R-ISS PD-1* Tregs(%) | PD-1 mRNA copy | PD-L1 mRNA copy
1 55 | 1 2.3 0.65 1.05
2 M 75 Il 2 1.7 0.92 0.91
3 F 55 | 2 14 4.83 2.67
4 M 66 I 3 1.8 0.28 0.15
5 M 67 | 1 1.43 2.98 4.27
6 F 73 1] 2 1.9 2.31 5.33
7 F 51 1 3 2.9 6.30 5.06
8 F 65 1 3 2.1 0.40 1.31
9 M 53 11 3 1.5 0.21 0.52
10 F 60 1l 3 2.8 4.08 5.891
11 M 45 11 3 14 0.18 0.20
12 F 50 1l 2 11.2 0.42 1.21
13 F 62 | 1 2.7 0.10 0.16
14 M 67 ] 2 2.6 0.21 0.28
15 F 58 1 1 1.8 0.53 0.13
16 M 65 I 3 2.5 0.66 1.23
17 F 66 I 3 1.9 1.64 1.91
18 F 57 | 1 2.8 6.10 37.7
19 M 60 11} 2 1.8 6.62 13.1
20 59 1] 2 1.96 3.01 2.21
Control Gender Age

1 F 61 1.1 0.29 0.01
2 F 55 0.01 1.06 0.88
3 M 81 0.26 0.19 0.31
4 F 64 0.7 0.28 0.73
5 F 58 0.01 0.48 2.46
6 M 40 2.9 0.58 2.86
7 M 61 3.5 0.81 3.84
8 F 68 0.01 2.17 11.6
9 F 60 13 0.10 0.42
F: Female, M: Male, R-ISS: Revised International Staging System, PD-1/PDL-1: Programmed cell death protein 1/death ligand 1, mRNA: Messenger ribonucleic
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MM: Multiple myeloma, PD: Programmed cell death protein 1, PD-L1: Programmed cell death-ligand 1, mRNA: Messenger ribonucleic acid
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Figure 2. Gating strategy for Tregs
Fox: Forkhead box, PD: Programmed cell death

Twenty healthy individuals were tested as a control group.
However, there is a significant disagreement in the literature
regarding the numbers and functions of Tregs in MM.

The average percentage of circulating Tregs was found to be
2.1£1.0% (0.75-6.1%) in MM patients, 2.1£0.9% (0.3-4.4%) in
MGUS patients, and 1.5+0.4% (0.9-2.1%) in controls [16,17].
Prabhala et al. [18] found lower Treg cell numbers compared
to the control group. In contrast, Beyer et al. [19] showed
the presence of strong inhibitory function in MGUS and MM
with high Treg cell numbers. A recent study reported that
regulatory T-cells (Tregs) were more abundant in the bone
marrow in patients with MM [20]. Our study supports this
result. We found that PD-1+ Treg cell percentage was higher
in myeloma patients than in our control group. However,
there was no statistically significant difference in the levels of
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CD4*CD25*FoxP3*PD-1* Treg cells (%) (1.4-11.2%, 0.01-3.5%)
between the patient and control groups. In another study
conducted on peripheral blood lymphocytes in ITP patients,
the CD4* CD25 high FoxP3* Treg cell rate was found to be
9.69+3.70% [21]. In our study, unlike this study, 0.01+3.5%
was measured in lymphocytes obtained from bone marrow,
not from peripheral blood, and this difference in percentage
occurred because PD-1 expression was also included [21].
The differences in Treg function and numbers in these studies
may be due to differences in purification techniques and
evaluations. Although peripheral blood is typically used in
such studies, we used bone marrow material, which is more
difficult to obtain.

Clinical studies have been conducted on PD-1 and PD-L1
inhibitors for hematological malignancies. Badros et al.
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[22] published the results of their combination study of
pembrolizumab, low-dose dexamethasone, and pomalidomide
in relapsed/refractory MM. In this study, PD-L1 expression was
evaluated as positive or negative using immunohistochemical
staining of bone marrow biopsies in 29 patients, and it was
found to be correlated with treatment response. In analyses
of pre-treatment bone marrow samples, there is increased
expression of PD-L1 in responding patients, independent of
PD-1 expression. In a recent study conducted, it was found
that low-dose, single-fraction radiotherapy in combination
with pembrolizumab was safe and induced an early response.
They stated that larger studies were needed to confirm their
findings [23].

The number of studies that have investigated the correlation
of Treg cell levels with PD-1 mRNA and PD-L1 mRNA levels is
limited in the literature. However, in our study, no positive or
negative relationship was found between Treg cell expression
and PD-L1 and PD-1 mRNA levels. A recent review reported
that studies with proteasome inhibitors and monoclonal
antibodies are ongoing, and long-term analyses are awaited
[24]. Studies like ours contribute to expanding the knowledge
base and accelerating clinical studies.

Study Limitations

Limitations of this study include the selection of bone marrow,
which is not as easily accessible as peripheral blood, this
may have limited both the small patient population and our
comparison group.

Conclusion

Although not statistically significant, CD4*CD25*FoxP3*PD-1*
Treg cell percentages and PD-1, PD-L1 gene expression
distributions differed in our patient control groups. We found
both higher cell percentages and higher gene expressions
in our patient group compared to controls. There was no
significant relationship between Treg cell expression and
both PD-1 mRNA and PD-L1 mRNA levels. However, a strong
correlation was found between PD-1 mRNA and PD-L1 mRNA
levels. This strong relationship supports the use of blockade
points in the treatment of myeloma patients. In addition,
selecting bone marrow, which is difficult to access, as the
study material and including ITP patients as the control group
increases the specificity of our study and its contribution to
science.

In the coming years, our study should be supported by further
studies with a larger number of patients to identify who will
benefit from treatment strategies targeting Treg cells and the
PD-1/PD-L1 pathway.
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Aim: Prostate cancer is the second most frequently diagnosed malignancy and the fifth leading cause of cancer-related mortality worldwide.
Accurate staging at diagnosis is crucial for guiding treatment decisions. However, conventional imaging methods have limited sensitivity, especially
for detecting early metastatic disease. Gallium-68 (Ga-68) prostate-specific membrane antigen (PSMA) positron emission tomography/computed
tomography (PET/CT), a molecular imaging modality targeting PSMA, provides high sensitivity and specificity by visualizing PSMA expression in
both primary and metastatic lesions. This study aimed to evaluate the correlation of serum prostate-specific antigen (PSA) levels and Gleason grade
groups with primary lesion standardized uptake value maximum (SUV__), and to assess the predictive value of PSMA expression for extraprostatic
involvement in patients undergoing initial staging for prostate adenocarcinoma.

Methods: This retrospective study included 37 patients with biopsy-proven prostate adenocarcinoma who underwent Ga-68 PSMA PET/CT for
initial staging. Correlations between primary tumor SUV__, serum PSA levels, and Gleason grade groups were analyzed. The predictive value of
SUV__ for extraprostatic metastases was assessed. Additionally, associations between PSA, Gleason grade groups, and the presence of lymph node
or bone metastases were evaluated. In 33 patients, Ga-68 PSMA PET/CT findings were compared with concurrent bone scintigraphy. A subgroup
underwent dual-phase PET/CT imaging to assess changes in delayed SUV__ in relation to PSA and Gleason grade groups.

Results: SUV__ of the primary tumor showed significant positive correlations with PSA levels (p<0.001) and Gleason grade groups (p=0.005).
Gleason grade group was significantly associated with lymph node metastasis (p=0.04), but not with bone metastasis. A SUV__ threshold of 8.97
predicted extraprostatic disease with 81.25% sensitivity and 66.67% specificity. No significant association was found between PSA levels and
lymphatic or osseous metastases. PSMA PET/CT outperformed bone scintigraphy in 76% of cases with suspected skeletal lesions. Although dual-
phase imaging revealed no additional lesions, delayed SUV__ values remained significantly correlated with PSA and Gleason grade groups (p=0.002
and p=0.013, respectively).

ABSTRACT

Conclusion: Ga-68 PSMA PET/CT demonstrates high diagnostic performance in the staging of prostate adenocarcinoma and correlates significantly
with key prognostic factors. It offers superior accuracy compared to bone scintigraphy and may guide personalized management strategies. While
dual-phase imaging adds limited incremental value, it may be beneficial in selected cases. Further prospective studies are warranted to validate
these findings.

Keywords: Clinical oncology, gallium-68, oncology, positron emission tomography computed tomography, prostate cancer, prostatic neoplasms
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Introduction

Prostate cancer is one of the most frequently diagnosed
malignancies and remains a significant cause of morbidity and
mortality among men worldwide. According to GLOBOCAN
2018 data, it is the second most common cancer and the
fifth leading cause of cancer-related deaths in men globally
[1]. Both the European Association of Urology (EAU) and
the National Comprehensive Cancer Network emphasize the
necessity of accurate risk stratification and staging for optimal
treatment planning [2].

In intermediate- and high-risk patients, multiparametric
magnetic resonance imaging (mpMRI), computed tomography
(CT), and bone scintigraphy are traditionally used for initial
staging. However, these conventional imaging techniques
show significant limitations, particularly in identifying lymph
node involvement and early metastatic spread. The 2024
EAU guidelines now recommend the use of prostate-specific
membrane antigen (PSMA) positron emission tomography/CT
(PET/CT) as the preferred imaging modality for staging high-
risk and selected intermediate-risk prostate cancer cases,
owing to its superior diagnostic performance in detecting both
nodal and distant metastases [2].

A meta-analysis by Hovels et al. [3] reported that CT and
MRI exhibit relatively low sensitivity (approximately 42%) for
lymph node staging, despite showing reasonable specificity
(around 82%). In contrast, gallium-68 (Ga-68) PSMA PET/CT,
a molecular imaging modality targeting PSMA, has emerged
as a highly sensitive and specific tool for detecting both
locoregional and systemic spread of disease. The proPSMA
randomized trial further confirmed that Ga-68 PSMA PET/CT
demonstrates significantly higher diagnostic accuracy (92% vs.
65%) than conventional imaging and leads to more frequent
and impactful management changes [4].

Given this context, the present study aims to assess the clinical
utility of Ga-68 PSMA PET/CT in the initial staging of biopsy-
proven intermediate- to high-risk prostate cancer. Specifically,
we evaluate the correlations between PSMA PET/CT findings
and key prognostic markers, including serum prostate-specific
antigen (PSA) levels, Gleason Grade Groups, and metastatic
involvement. Furthermore, the potential added value of dual-
phase PET/CT imaging in a selected subgroup of patients is
also investigated.

Methods

This retrospective study included 37 patients with biopsy-
confirmed prostate adenocarcinoma who underwent Ga-68
PSMA PET/CT for initial staging. Ethical approval was
received from the University of Health Sciences Turkiye, Dr.
Abdurrahman VYurtaslan Ankara Oncology Education and
Research Institute Institutional Review Board (approval no:
9, date: 01.06.2017). Demographic data, histopathological
characteristics (Gleason score/Grade Group), serum PSA levels
(measured within one month prior to imaging), clinical and
radiological findings, and treatment details were retrieved
from the hospital information system.

Ga-68 PSMA- Inhibitor & Therapy (1&T) was synthesized using
a scintomics gallium radiopharmaceuticals module with a
germanium-68/Ga-68 (Ge-68/Ga-68) generator (iThemba Labs,
South Africa) and reagents from ABX (Germany). Radiolabeling
efficiency and radiochemical purity were assessed using radio-
thin layer chromatography and radio- high performance liquid
chromatography, with a final purity of 295%.

All patients received 1.8-2.2 MBq/kg of Ga-68 PSMA-I&T via
intravenous injection. Oral hydration with 1-1.5 liters of water
containing contrast agent was administered approximately
30 minutes prior to injection. PET/CT imaging was performed
approximately 60 minutes post-injection using a Siemens
Biograph TruePoint 6 PET/CT scanner, covering the area from
the vertex to mid-thigh. When the initial scan showed equivocal
pelvic findings, typically due to urinary bladder tracer activity
obscuring the prostate bed or subcentimetric nodal uptake, a
120-min delayed pelvic acquisition was obtained to improve
lesion conspicuity.

Low-dose CT scans were acquired for attenuation correction
and anatomical localization. PET/CT images were reconstructed
in axial, coronal, and sagittal planes using a Siemens Leonardo
workstation. Two experienced nuclear medicine physicians
performed image interpretation. Lesions showing focal or
heterogeneous uptake distinguishable from physiological
background were evaluated in correlation with CT. Volumes
of interest (VOIs) were semi-automatically delineated based
on standardized uptake value (SUV) thresholds and manually
adjusted to exclude adjacent normal tissues. The SUV
maximum (SUV__ ) was recorded for each VOI.

The SUV__ of the primary prostate lesion was measured on
early-phase PET/CT images. The presence of lymph node
and bone metastases was also assessed. In 33 patients, bone
scintigraphy was performed within one week of PET/CT, and
findings were compared for concordance.

A subgroup of patients underwent dual-phase Ga-68 PSMA
PET/CT with delayed-phase images acquired at 120 minutes
post-injection. SUV__ values from early and delayed phases
were compared, and their correlations with serum PSA levels
and Gleason Grade groups were analyzed.

All statistical analyses were conducted using IBM Statistical
Package for the Social Sciences statistics version 22.0 (IBM
Corp., Armonk, NY, USA). Descriptive statistics were presented
as number (n), percentage (%), mean +* standard deviation
(x£SD), or median with interquartile range, as appropriate. The
distribution of continuous variables was evaluated using the
Shapiro-Wilk test and Q-Q plots.

For correlation analyses, Pearson’s correlation coefficient was
used for normally distributed variables, while Spearman’s rank
correlation was applied for non-normally distributed data.
Independent samples t-test and Mann-Whitney U test were
used to compare two groups, depending on the distribution.
One-way ANOVA or Kruskal-Wallis tests were used for
comparisons among more than two groups. Categorical
variables were analyzed using Pearson’s chi-square or Fisher’s
exact test, as appropriate.
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Receiver operating characteristic (ROC) curve analysis was
performed to evaluate the diagnostic performance of SUV__
in predicting extraprostatic disease (lymph node and/or bone
metastases). The optimal cut-off value was determined using
the Youden index, and corresponding sensitivity and specificity
values were calculated. A p value <0.05 was considered
statistically significant.

Results

A total of 37 patients who underwent Ga-68 PSMA PET/
CT for primary staging due to elevated serum PSA levels
and/or suspicious radiologic or scintigraphic findings were
retrospectively evaluated. The mean age was 65.6 years
(range: 44-84). According to biopsy results, Gleason Grade
group distribution was as follows: 3 patients (8.1%) in group 1,
10 (27.0%) in group 2, 4 (10.8%) in group 3, 8 (21.6%) in group
4, and 12 (32.4%) in group 5. The mean * SD serum PSA level
was 29.88+34.40 ng/mL.

In all patients, Ga-68 PSMA PET/CT demonstrated focal or
heterogeneous an increase in PSMA uptake in the prostate
gland, corresponding to the primary tumor. The mean SUV__ of
the primary lesions was 11.84+8.14 (range: 3.64-35.61) (Table
1). A statistically significant positive correlation was found
between SUV__ and serum PSA levels (p<0.001, r=0.572), as
well as between SUV__ and Gleason Grade group (p=0.005,
r=0.449) (Table 2).

Lymph Node Metastases

Lymph node involvement consistent with prostate cancer
metastasis was identified in 15 of 37 patients (40.5%), with
localization confined to the pelvic region in 10 patients and
involving both pelvic and extrapelvic regions in 5. One patient
exhibited lymphadenopathy with low PSMA expression
and atypical imaging features; further workup confirmed a
diagnosis of chronic lymphocytic leukemia/lymphoma.

Among patients with nodal metastases, three had Gleason
Grade group 2, six had group 4, and six had group 5 disease. A
statistically significant association was found between Gleason
Grade group and nodal metastasis (p=0.04). However, no
significant relationship was observed between Gleason Grade
group and the distribution pattern of nodal disease (pelvic vs.
pelvic + extrapelvic) (p=0.16). Additionally, PSA levels were not
significantly associated with nodal metastasis (p=0.19). The
smallest PSMA-avid lymph node measured 5 mm in diameter.

Following the study, we were able to assess the surgical
outcomes of 6 patients who underwent radical prostatectomy
and lymph node dissection. Among these, lymph node
metastasis was histopathologically confirmed in 2 patients,
who showed lymph node involvement on PET/CT. In the
remaining 4 patients, no lymph node involvement was
observed on PET/CT, and histopathological examination also
ruled out metastasis. In these 6 patients, PET/CT findings
were in complete concordance with histopathological results;
however, the sample size was relatively small for a robust
comparative analysis.

Bone Metastases and Scintigraphy Comparison

Bone metastases were detected in 7 patients (18.9%),
with a mean SUV__ of 10.61%6.77. In 4 additional patients
(10.8%), sclerotic bone lesions were observed on CT
without corresponding PSMA uptake. These lesions were
deemed indeterminate, given that certain intensely sclerotic
metastases may be PSMA-negative. Further evaluation via
other imaging modalities or follow-up was recommended.
No significant correlation was found between the presence of
bone metastases and Gleason grade or PSA levels.

Thirty-three patients underwent concurrent bone scintigraphy.
Among these, 6 patients (18%) showed no scintigraphic
evidence of metastases, 2 (6%) showed definite metastases,
and 25 (76%) had indeterminate findings. PSMA PET/CT was
concordant with bone scintigraphy in only 8 cases (24%),
specifically in patients with either negative or definitively
positive scans.

In the subgroup with indeterminate scintigraphy (n=25),
20 patients (80%) had no PSMA-avid lesions, attributed to
benign causes such as degenerative changes. In the remaining
5 patients (20%), PSMA-avid lesions confirmed metastatic
involvement, thereby clarifying the diagnosis.

Table 1. Patient characteristics and imaging findings

Parameter Value

Gleason Grade group (Gleason score)

-1(3+3) 3 patients (8.1%)
-2 (3+4) 10 patients (27%)
-3 (443) 4 patients (10.8%)

-4 (4+4, 3+5, 543) 8 patients (21.6%)

- 5(4+5, 5+4, 545) 12 patients (32.4%)

Age (years) 65.62+8.12
Serum PSA (ng/mL) 29.88+34.40
Gleason Grade group (median) 4 (z: 2-5)

- primary lesion 11.84+8.14
- bone metastasis 10.61+6.77

- lymph node metastasis 6.25 (3.64-9.16)

*Data are presented as median (interquartile range) or mean * standard
deviation. Percentages may not total 100% because of rounding.

PSA: Prostate-specific antigen, SUV__: Standardized uptake value
maximum

Table 2. Statistically significant correlations and metastatic

findings

Parameter Value
Total number of patients 37
Patients with lymph node metastases 15 (40.5%)
Patients with bone metastases 7 (18.9%)

Correlation: PSA vs. of primary tumor | r=0.572, p<0.001

Correlation: Gleason Grade group vs. r=0.449, p=0.005

Correlation: Gleason Grade group vs.

LN metastasis p=0.04, Cramér’s V=0.51

PSA: Prostate-specific antigen, : Standardized uptake value maximum, LN:
Lymph Node
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Correlation with Suv__ and Disease Extent

Among all patients, 16 (43.2%) were found to have
extraprostatic disease (nodal and/or bone metastases). A
statistically significant correlation was observed between
primary tumor SUV__ and the presence of metastasis (p=0.04).
ROC curve analysis identified a cut-off SUV__ value of 8.97
for predicting extraprostatic involvement, with a sensitivity
of 81.3% and specificity of 66.7% (Figure 1, Table 3). In the
remaining 21 patients, no extraprostatic spread was detected,
and these patients underwent curative treatments accordingly.
Patients with advanced disease were managed with systemic
therapies. Below, Case 1 and Case 2 are presented as two
patient examples, highlighting the importance of Ga-68 PSMA
PET/CT in treatment planning (Case 1, 2)

Dual-Phase Imaging

Dual-phase PSMA PET/CT imaging was performed in 27
patients to evaluate pelvic lymph nodes with subcentimetric
size or equivocal uptake. No additional lesions were identified
on delayed images. However, PSMA-avid lymph nodes were
better visualized on delayed scans.

When comparing SUV__ between early and delayed phases,
delayed SUV__ remained significantly correlated with PSA
levels (p=0.002) and Gleason Grade group (p=0.013), similar
to early-phase values. Although dual-phase imaging did
not reveal additional lesions, it provided improved lesion
conspicuity in selected cases and may be helpful in patients
with high PSA levels or equivocal findings on standard imaging.

Discussion

This retrospective study assessed 37 patients with biopsy-
proven intermediate- to high-risk prostate adenocarcinoma
who underwent Ga-68 PSMA PET/CT for initial staging. The
aim was to evaluate the correlation between imaging findings
and key clinical parameters including PSA levels, Gleason
Grade group, and presence of metastasis.

Based on previous studies in the literature, Silver et al. [5]
demonstrated that PSMA expression is absent in benign
prostatic epithelium and significantly elevated in high-grade
prostate carcinomas, highlighting its potential as a molecular
target for imaging and therapy. Building upon this, Perner et al.
[6] reported astrongcorrelation between PSMA overexpression
and adverse pathological features such as poor differentiation,
tumor progression, and biochemical recurrence, further
supporting its prognostic relevance. Fendler et al. [7] evaluated
the accuracy of 68Ga-PSMA PET/CT in localizing intraprostatic
tumor lesions and reported significantly higher SUV__ values
in histopathologically confirmed tumor-positive segments
compared to negative ones (mean 11.8 vs. 4.9; p<0.001), with
a high positive predictive value (97%) and notable accuracy

in the study. Consistent with these findings, our study
demonstrated that all 37 patients exhibited visually discernible
PSMA uptake in the primary prostate tumor, regardless of
Gleason score or PSA level, further supporting the reliability of
68Ga-PSMA PET/CT in identifying the intraprostatic tumor site
with high sensitivity, even in early-stage or multifocal disease
presentations.

In our study, a statistically significant positive correlation
was observed between the SUV__ of the primary tumor
and both serum PSA levels (p<0.001) and Gleason Grade
group (p=0.005). The mean SUV__ of the primary lesion was
11.84+8.14. These findings underscore the potential utility of
SUV__ as a non-invasive surrogate biomarker reflecting tumor
aggressiveness. Similarly, Kwan et al. [8] demonstrated that
intraprostatic SUV_ values derived from Ga-68 PSMA PET/
CT strongly correlated with International Society of Urological
Pathology Grade groups, particularly in identifying Grade group
5lesions. ASUV__ threshold >10 was associated with a 2.3-fold
increased risk for high-grade disease, reinforcing its diagnostic
value for risk stratification. Also, Uprimny et al. [9] reported
significantly higher SUV__ values in primary tumors of patients
with elevated PSA and higher Gleason scores, supporting the
use of SUV__ values in initial staging and prognostication.

In a retrospective study by Zhou et al. [10], ®®Ga-PSMA PET/
CT demonstrated superior detection rates compared to
mpMRI in high-risk prostate cancer (97.0% vs. 87.9%, p< 0.05).
Conversely, mpMRI showed higher sensitivity in low- and
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Figure 1. ROC Analysis ROC curve demonstrating the relationship
between of the primary lesion and extraprostatic spread (lymph
node and/or bone metastases)

ROC: Receiver operating characteristic, SUV__: Standardized uptake
value maximum

Table 3. Optimal cut-off for predicting extraprostatic disease

Parameter AUC (95% ClI) Optimal cut-off

Sensitivity % (95% Cl) | Specificity % (95% Cl) p value

0.70 (0.53-0.87) 8.97

81.3 (57.0-93.4) 66.7 (45.4-82.8) 0.04

AUC: Area under the curve, : Standardized uptake value maximum, Cl: Confidence interval
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Case 1. A ffifty-five-year-old male patient was diagnosed with prostate adenocarcinoma (Gleason Grade group 5; Gleason score 5+5) based on TRUS-
guided biopsy. Due to elevated PSA level (19.07 ng/mL) and suspicious pelvic lymph nodes detected on MRI, the patient was referred for Ga-68
PSMA PET/CT for disease staging.

Figure A shows the MIP image demonstrating intense PSMA uptake in the prostate gland and pelvic lymph nodes.

Figure B(i) displays axial PET/CT images of the primary prostate tumor with a maximum SUV of 29.55.

Figure B(ii) shows bilateral external iliac and obturator lymph nodes with pathological PSMA uptake; the smallest node measured 5 mm (range:
5-15 mm).

Following PET/CT, the patient underwent radical prostatectomy and pelvic lymph node dissection. Histopathological evaluation confirmed lymph
node metastases. Postoperative pelvic radiotherapy was administered. At 9 months post-treatment, the patient is disease-free with undetectable
PSA levels (<0.003 ng/mL).

ROC: Receiver operating characteristic, : Standardized uptake value maximum, TRUS: Transrectal ultrasound, PSA: Prostate-specific antigen, MRI:
Magnetic resonance imaging, Ga-68: Gallium-68, PSMA: Prostate-specific membrane antigen, PET/CT: Positron emission tomography/computed

tomography, MIP: Maximum intensity projection

intermediate-risk cases (85.7% vs. 60.0%, p<0.05), particularly
in younger patients and those with lower PSA levels. Notably,
PSMA PET/CT positivity in lower-risk groups was more likely
in patients aged >62.5 years and with PSA >9.4 ng/mL. These
findings highlight the complementary roles of PSMA PET/CT
and mpMRI across different risk categories. Although some
prior studies have reported variability in the correlation
between PET parameters and histopathological grades, our
data support a robust association between PSMA expression
level (SUV__) and tumor differentiation. Nevertheless, further
validation in prospective multicenter cohorts is warranted.

The proPSMA trial by Hofman et al. [4] showed that PSMA
PET/CT outperformed conventional imaging in detecting nodal
and distant metastases, with an accuracy of 92%, sensitivity of
85%, and specificity of 98%, compared to 65%, 38%, and 91%,
respectively, for conventional imaging. Additionally, a meta-

analysis by Hovels et al. [3] demonstrated limited sensitivity for
both CT (42%) and MRI (39%) in detecting nodal involvement,
despite relatively high specificity (~82%), highlighting the
diagnostic gap that molecular imaging can address [3].

In a retrospective study of 50 intermediate- to high-risk
prostate cancer patients, Spena et al. [11] evaluated Ga-68
PSMA PET/CT in patients undergoing radical prostatectomy
and extended pelvic lymph node dissection, reporting a
specificity of 88.1% but limited sensitivity of 25% for nodal
metastasis. Furthermore, they noted a positive correlation
between the SUV__ of the primary lesion and baseline PSA
levels and tumor burden, suggesting its dual role in local and
systemic assessment [11].

In a multicentre study, Obek et al. [12] evaluated the diagnostic
performance of ®Ga-PSMA PET/CT for primary lymph node
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iii.

Case 2. A seventy-four-year-old male patient was diagnosed with prostate adenocarcinoma, Gleason Grade group 4 (Gleason score 5+3), based on
TRUS-guided biopsy. Due to elevated serum PSA levels (168 ng/mL), a Ga-68 PSMA PET/CT scan was performed for staging purposes.

A: MIP image showing increased tracer uptake in the prostate gland, as well as in abdominopelvic and left supra-infraclavicular lymph nodes.

B: PET/CT images demonstrating pathological PSMA uptake in the primary tumor within the prostate gland (i), and in metastatic lymph nodes in the

pelvic (i), abdominal (iii), and left supra-/infraclavicular (iv) regions.

The diagnosis of metastasis in the supraclavicular lymph nodes was histopathologically confirmed. The patient was diagnosed with metastatic
prostate carcinoma with widespread lymph node involvement, and hormone therapy was initiated.

Ga-68: Gallium-68, PSMA: Prostate-specific membrane antigen, PET/CT: Positron emission tomography/computed tomography, MIP: Maximum
intensity projection, TRUS: Transrectal ultrasound, PSA: Prostate-specific antigen

staging in high- and very high-risk prostate cancer. PSMA
PET/CT demonstrated higher specificity (86%) and accuracy
(76%) than conventional imaging, with improved values in
patients undergoing extensive lymphadenectomy (accuracy:
81%). Kappa analysis showed better concordance with
histopathology compared to morphological imaging, (0.41 vs.
0.18) and supports PSMA PET/CT as a superior non-invasive
tool, although extended surgical dissection remains the gold
standard for nodal staging [12].

Corona-Montes et al. [13] assessed the accuracy of %Ga-
PSMA PET/CT for primary lymph node staging in high-risk
prostate cancer using extended pelvic lymphadenectomy as
the reference. In a small cohort of 17 patients, PSMA PET/CT
demonstrated high specificity (92.3%) and negative predictive
value (92.3%), with an overall diagnostic accuracy of 88.2%.
Although sensitivity was lower (75%), the findings support the
potential of PSMA PET/CT to reliably exclude nodal metastases

preoperatively, suggesting it may help avoid unnecessary
lymphadenectomy in selected patients [13].

In a large multicenter phase 3 trial, Hope et al. [14] assessed
the diagnostic performance of %Ga-PSMA-11 PET/CT for
detecting pelvic lymph node metastases in intermediate-
to high-risk prostate cancer. Among 277 patients who
underwent radical prostatectomy with lymph node
dissection, PSMA PET/CT demonstrated high specificity (95%)
but limited sensitivity (40%) for pelvic nodal disease. Despite
its high negative predictive value (81%), the relatively low
sensitivity highlights its limitations in detecting small-volume
metastases, reinforcing that a negative PSMA PET result
should not preclude pelvic lymph node dissection in surgical
candidates [14].

Jochumsen and Bouchelouche [15] provided an updated
overview of PSMA PET/CT for primary staging of prostate
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cancer, highlighting its superior sensitivity and specificity
for metastatic detection compared to conventional imaging.
When combined with multiparametric MRI, PSMA PET/CT
enhances assessment of extracapsular extension and seminal
vesicle invasion, and may serve as a second-line modality in
patients with inconclusive MRI or negative biopsies. Notably,
PSMA PET/CT alters clinical management in approximately 25%
of cases. However, its impact on long-term outcomes remains
uncertain, underscoring the need for prospective validation.

In our study, lymph node metastases were detected in 40.5% of
patients and were significantly associated with Gleason Grade
group (p=0.04). Among the 37 patients included in our primary
staging cohort, lymph node metastases were detected in 15
individuals. Of these, ten had metastatic involvement limited
to the pelvic region, whereas five patients exhibited both
pelvic and extrapelvic nodal metastases. The identification
of extrapelvic spread led to significant modifications in
treatment planning. The smallest lymph node demonstrating
PSMA uptake measured 5 mm in short-axis diameter (range:
5-20 mm). Notably, the majority of these lymph nodes were
below the threshold for pathological enlargement, rendering
them unlikely to be identified with conventional radiological
modalities. These findings highlight the added diagnostic value
of PSMA PET/CT in detecting subclinical nodal metastases that
may be missed on anatomical imaging alone.

In our study, bone metastases were identified in seven patients.
Among patients who underwent concurrent conventional
bone scintigraphy and Ga-68 PSMA PET/CT, PSMA PET/CT
successfully characterized suspicious lesions in 76% of cases
initially considered equivocal for metastasis on scintigraphy.
This imaging modality demonstrated a significant clinical impact
by contributing to more accurate disease staging and informing
subsequent modifications in therapeutic management. Zhao
et al. [16] conducted a meta-analysis comparing PSMA PET/CT
with conventional bone scintigraphy and demonstrated superior
sensitivity (98% vs. 83%) and specificity (97% vs. 68%) for PSMA
PET/CT in detecting osseous involvement. Mainta et al. [17]
reported that combining PSMA-RADS and PROMISE criteria in
interpretation significantly reduced equivocal bone lesions and
increased diagnostic accuracy, particularly in the pelvis and ribs,
underscoring the value of structured reporting systems.

Some sclerotic lesions in our cohort showed no PSMA uptake
and were deemed benign, highlighting the potential for false
negatives. This is in line with findings by Afshar-Oromieh et al.,
[18] who found that although PSMA PET/CT achieves excellent
tumor-to-background ratios and high lesion detectability (up
to 100% in patients with PSA >2.2 ng/mL), variants such as
dedifferentiated or neuroendocrine tumors may demonstrate
low uptake. In our study, Ga-68 PSMA PET/CT resolved
indeterminate findings in 76% of patients who also underwent
bone scintigraphy, further supporting its clinical advantage.

Inour cohort, an SUV__ cutoff of 8.97 yielded 81.3% sensitivity
and 66.7% specificity for predicting extraprostatic extension.
These results are comparable to those of Koerber et al.,
[19] who reported a threshold of 11.9 with sensitivity and
specificity values of 76% and 58.4%, respectively, indicating

that SUV__ may help stratify local invasion risk preoperatively.

Dual-phase imaging was performed in 27 patients. A significant
correlation was again observed between delayed-phase SUV
values and both PSA (p=0.002), and Gleason Grade group
(p=0.013), although no additional lesions were identified.
Derlin et al. [20] demonstrated that delayed imaging following
diuretic administration can enhance lesion visualization in
the prostate region by minimizing urinary tracer interference,
particularly aiding pelviclymph node assessment. Intraprostatic
uptake patterns in our cohort ranged from heterogeneous to
focally intense. This has previously been described by Afshar-
Oromieh et al., [18] who reported strong tumor contrast and
progressive lesion conspicuity in delayed imaging phases.
Thus, while our findings suggest limited added diagnostic
value in this population, tailored imaging protocols may offer
benefits in specific clinical scenarios.

Tsechelidis and Vrachimis [21] highlighted in their review,
that PSMA PET/CT detects more extensive disease than
conventional modalities, and may significantly impact clinical
management, with the potential to upstage more than
50% of patients initially classified as MO. Their conclusions
support its growing role as a new standard in the staging of
high-risk prostate cancer [21].Von Stauffenberg et al. [22]
highlighted the transformative role of PSMA-PET in prostate
cancer imaging, with superior sensitivity and specificity
over conventional modalities. Its clinical utility spans initial
staging of intermediate- to high-risk cases, detection of
biochemical recurrence, and evaluation of metastatic disease.
The use of targeted radiotracers enables detection of small-
volume metastases, facilitating both diagnostic precision
and personalized therapeutic strategies such as radioligand
therapy. While its integration into guidelines has improved
care pathways, prospective outcome data remain limited [22].

In our study, PSMA PET/CT was superior to bone scintigraphy
in skeletal evaluation, particularly in cases with indeterminate
findings, and demonstrated the ability to detect subcentimetric
lymph node metastases undetectable by conventional
imaging. Although dual-phase imaging did not yield additional
lesions, delayed-phase SUV__ values remained consistent with
early-phase measurements and may provide added value in
selected clinical scenarios.

Given its capacity to provide both anatomical and functional
information, PSMA PET/CT contributes meaningfully to initial
staging, treatment planning, and prognostic assessment. Our
findings support its incorporation into clinical algorithms for
individualized management of prostate cancer patients. This
study is limited by its retrospective nature, small sample size,
and partial histopathological verification. Nonetheless, the
findings offer valuable insights for hypothesis generation and
warrant further prospective validation. Further large-scale
prospective studies are warranted to refine the prognostic
thresholds for optimal clinical decision-making.

Study Limitations

This study has several limitations. First, its retrospective
design may have introduced selection bias and limited the
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completeness of clinical data. Second, the relatively small
sample size (n=37) may reduce the statistical power and limit
the generalizability of the results. Third, histopathological
confirmation of lymph node metastases was available in
only a limited number of patients, potentially affecting the
assessment of imaging accuracy. Lastly, the number of patients
who underwent dual-phase imaging was low, making it
difficult to draw definitive conclusions about the added value
of delayed-phase acquisition. Further prospective, multicenter
studies with larger cohorts and histopathological validation
are needed to confirm these findings.

Conclusion

Ga-68 PSMA PET/CT demonstrates high diagnostic accuracy in
the staging of intermediate to high-risk prostate cancer and
shows significant correlation with key clinical and pathological
prognostic markers, including serum PSA levels and Gleason
Grade group. The SUV__ of the primary tumor was significantly
associated with both the presence of extraprostatic disease
and overall tumor aggressiveness, highlighting its potential as
a non-invasive imaging biomarker for risk stratification.
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Aim: Extrapulmonary neuroendocrine carcinomas (EPNECs) are rare and aggressive malignancies characterized by poor prognosis. The hemoglobin,
albumin, lymphocyte, platelet (HALP) score is an immunonutritional index that has shown prognostic value in various cancers. However, its
significance in EPNECs remains unclear.

Methods: This retrospective study included 48 patients with metastatic EPNECs treated at a single institution between 2018 and 2023. Baseline
HALP scores were calculated from laboratory values obtained before systemic treatment. Patients were categorized into low (<19.54) and high
(>19.54) HALP groups based on receiver operating characteristic curve analysis. Associations between HALP score and survival outcomes, overall
survival (OS) and progression-free survival (PFS), were assessed using Kaplan-Meier and Cox regression methods.

Results: The median OS was 7.8 months. Although the HALP score was not a statistically significant predictor of OS (p=0.072), patients with low
HALP scores demonstrated a numerical trend toward shorter survival. Elevated lactate dehydrogenase (LDH) levels and absence of chemotherapy
were significantly associated with poorer OS. Chemotherapy was confirmed as an independent prognostic factor in multivariate analysis (p=0.001).
No significant association was found between HALP scores and PFS.

ABSTRACT

Conclusion: While the HALP score did not show statistically significant prognostic impact in this cohort, the observed trends suggest potential
clinical relevance. Further prospective studies are needed to validate its utility in EPNEC and to explore whether immunonutritional factors may
inform treatment decisions.

Keywords: Extrapulmonary neuroendocrine carcinomas, HALP score, inflammatory markers, predictive biomarkers

Introduction tumor remains undetected despite extensive diagnostic

workup, and such cases are categorized as unknown primary
Neuroendocrine carcinomas are a group of poorly tumors.

differentiated, biologically aggressive malignancies believed
to originate from neuroendocrine cells located in endocrine
glands, within glandular structures, or scattered among
epithelial tissues. These tumors can arise in various anatomical
locations, with the lungs being the most common site.

EPNECs are known for their aggressive clinical course, often
marked by early and extensive metastasis. Although a minority
of patients with localized disease may achieve durable
remission through intensive multimodal therapy, recurrence
rates remain high, and the overall prognosis is generally poor,

When these carcinomas develop outside the pulmonary with five-year survival reported to be below 15% [3]. The
system, they are referred to as extrapulmonary hemoglobin, albumin, lymphocyte, platelet (HALP) score is a
neuroendocrine carcinomas (EPNECs), most frequently found composite biomarker derived from routine hematological and
in the gastroenteropancreatic tract, followed by the urinary biochemical parameters, and has emerged as a prognostic
and gynecological systems [1,2]. In certain cases, the primary indicator in various malignancies.
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Anemia in cancer can be driven by chronic inflammation
or iron deficiency related to blood loss and malnutrition.
Hypoalbuminemia, similarly, often reflects poor nutritional
and inflammatory status and has been linked to worse
outcomes in several cancer types [4,5]. These alterations
are also commonly seen in cancer cachexia, a multifactorial
syndrome characterized by progressive skeletal muscle loss
[6].

Lymphocytes play a key role in anti-tumor immunity, and
lymphopenia has been associated with worse survival in
studies evaluating ratios such as the platelet-to-lymphocyte
ratio and the neutrophil-to-lymphocyte ratio [7,8].

On the other hand, platelets contribute to tumor progression
by promoting angiogenesis through vascular endothelial
growth factor release and by shielding tumor cells from
immune surveillance. Thrombocytosis, a marker of systemic
inflammation, has been shown to correlate with poor
prognosis in many cancers [9,10].

First introduced by Chen et al. [11] in gastric cancer, the HALP
score is calculated using the formula:

[hemoglobin (g/L) x albumin (g/L) x lymphocyte count (/L)]
/ platelet count (/L), and integrates immune and nutritional
markers to reflect systemic host status. Since then, its
prognostic utility has been explored in various malignancies.

While several studies have reported the prognostic value of the
HALP score in small cell lung cancer (SCLC) patients receiving
first-line etoposide-based chemotherapy, there remains a lack
of evidence regarding its role in EPNECs. Therefore, this study
aims to investigate the prognostic significance of the HALP
score in this rare and heterogeneous tumor group.

Methods

This study was conducted in accordance with the principles of
the Declaration of Helsinki. This study was approved by the
Ethics Committee of Ankara Bilkent City Hospital (1% Medical
Research Scientific and Ethics Review Board) (decision no:
TABED 1-24-777, date: 04.12.2024).

This retrospective cohort study included 48 adult patients
diagnosed with EPNEC at Ankara Bilkent City Hospital
between March 2018 and October 2024. Eligibility criteria
comprised age 218 vyears, histopathological confirmation
of neuroendocrine carcinoma, and presence of metastatic
disease at the time of diagnosis. Patients were excluded if
they had incomplete medical records, non-metastatic disease,
pulmonary-origin NEC, or were younger than 18 years. Data
collected for analysis included demographic variables (age and
sex), clinical characteristics (Eastern Cooperative Oncology
Group [ECOG] performance status), pathological features
(histological subtype: small cell, large cell, or mixed type),
primary tumor site (colorectal, pancreatic, gastric, or unknown
origin), Ki-67 proliferation index, and laboratory parameters :
hemoglobin, albumin, lymphocyte count, and platelet count.
Additional variables included lactate dehydrogenase (LDH)
levels and systemic treatment status, specifically whether
patients received chemotherapy.

The HALP score, reflecting the patient’simmune and nutritional
status, was calculated using the following formula:

HALP = Hemoglobin (g/L) x Albumin (g/L) x Lymphocyte
count (/L) + Platelet count (/L)

Values used for this calculation were obtained from blood tests
performed prior to the initiation of chemotherapy to ensure
assessment of baseline conditions.

To determine the optimal HALP threshold for prognostic
classification, a receiver operating characteristic (ROC) curve
analysis was conducted. The analysis identified 19.54 as
the cut-off value (area under curve: 0.676, sensitivity: 75%,
specificity: 58.3%, p=0.07). Based on this threshold, patients
were categorized into two groups: low HALP (<19.54) and high
HALP (>19.54). Similarly, LDH levels were classified as <246
IU/L or >246 IU/L, based on the upper limit of normal in our
institution. The Ki-67 index was dichotomized at the median
value (85%) into <85% and >85%.

Endpoints

The primary endpoints were overall survival (OS), defined
as the time from diagnosis to death from any cause, and
progression-free survival (PFS), defined as the time from
diagnosis to disease progression or death from any cause.

Statistical Analysis

Descriptive statistics were used to summarize baseline
characteristics. Group comparisons were performed using
the chi-square or Fisher’s exact test for categorical variables
and the Mann-Whitney U test for continuous variables. The
optimal HALP cut-off value was determined by ROC analysis.
Kaplan-Meier survival analysis was used to estimate OS and
PFS, and survival differences between groups were evaluated
using the Log-Rank Test. Univariate and multivariate analyses
were conducted using Cox proportional hazards regression to
identify independent prognostic factors. Results were reported
as hazard ratios with corresponding 95% confidence intervals,
and statistical significance was defined as a two-tailed p value
<0.05.

Results

Patient Characteristics

A total of 48 patients diagnosed with EPNECs were enrolled in
this study. The median age was 60 years, ranging from 20 to
83. Males comprised the majority of the cohort (77.1%, n=37).
Most patients (87.5%, n=42) had an ECOG performance status
of 2 or below. Regarding histological subtypes, small cell NEC
was the predominant form (81.3%, n=39), followed by mixed
NEC types (14.6%, n=7) and large cell NEC (4.2%, n=2). The
most common primary tumor sites were colorectal (20.8%,
n=10), unknown sites (20.8%, n=10), gastric (14.6%, n=7), and
pancreas (12.5%, n=6). LDH levels were elevated (>246 IU/L) in
64.6% (n=31) of patients (Table 1).
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HALP Groups and Baseline Characteristics

Patients were divided into low HALP (£19.54, n=24) and
high HALP (>19.54, n=24) groups. Comparison of baseline
features revealed that elevated LDH levels were significantly
more common in the low HALP group (83.3%) compared
to the high HALP group (45.8%) (p=0.006). No statistically
significant differences were detected between the two groups
concerning age, sex, ECOG status, histological subtype, or Ki-
67 proliferation index (Table 2).

Overall Survival (OS)

The median OS for the entire cohort was 7.8 months (range
0.09-10.48 months). Univariate analysisidentified elevated LDH
levels (2246 IU/L) as significantly associated with decreased
0OS (p=0.023). Although the HALP score demonstrated a trend
toward predicting OS, this association did not reach statistical
significance (p=0.072). These results should therefore be
interpreted with caution. (Figure 1).

Patients who received chemotherapy had significantly better
OS than those who did not (p<0.001). Multivariate analysis
identified chemotherapy as an independent prognostic factor
for OS (p=0.001), while LDH levels approached statistical
significance (p=0.082) (Table 3).

Table 1. Clinical, pathological and laboratory characteristics

of the patients

Variables n (%)
Age, years, median 60 (20-83)
<60 years 22 (45.8%)
>60 years 26 (54.2%)
Sex

Male 37 (77.1%)
Female 11 (22.9%)
ECOG performance status

0 2 (4.2%)

1 25 (52.1%)
2 15 (31.3%)
3 5(10.4%)
4 1(2.1%)
Histological type

Small cell NEC 39 (81.3%)
Large cell NEC 2 (4.2%)
Mix (NEC + other component) 7 (14.6%)
Primary tumour site

Colorectal 10 (20.8%)
Unknown 10 (20.8%)
Pancreas 6 (12.5%)
Gastric 7 (14.6%)
Other 15 (31.3%)
Ki-67

<85% 18 (43.9%)
>85% 23 (56.1%)
LDH

<246 17 (35.4%)
>246 31 (64.6%)
ECOG: Eastern Cooperative Oncology Group, NEC: Neuroendocrine
carcinoma, LDH: Lactate dehydrogenase

Progression-Free Survival (PFS)

The median PFS for the cohort was not reported in detail
due to the limited number of progression events. Univariate
analysis showed that receiving chemotherapy was the only
factor significantly associated with longer PFS (p<0.001).
Consequently, multivariate analysis was not performed for PFS
(Table 4, Figure 2).

Response Rates

The overall response rate did not show significant associations
with any clinical or laboratory variables, including HALP scores.
However, when considering the disease control rate (DCR),
patients with mixed histological subtypes demonstrated
a significantly higher DCR compared to other subtypes
(p=0.028). No other variables were found to be significantly
associated with DCR.

Discussion

This study aimed to evaluate the prognostic significance of the
HALP score in patients with EPNECs, a rare and biologically
aggressive tumor group. Although our findings did not
demonstrate statistically significant associations, the observed
trends suggest that lower HALP scores may be linked to
inferior clinical outcomes. This aligns with existing literature
highlighting the prognostic value of immunonutritional
markers in oncology.

The prognostic utility of the HALP score has been extensively
studied in various cancers. For instance, Shen et al. [12]
demonstrated that a low HALP score before first-line treatment
with etoposide was independently associated with shorter PFS
in patients with SCLC, who are 65 years or older, a pulmonary
NEC subtype. Similarly, Yang et al. [13] identified the HALP
score as a significant prognostic factor for OS in SCLC patients
undergoing chemotherapy, highlighting its role as a reliable
biomarker in this patient population.

In comparison to SCLC, studies focusing on HALP scores in
EPNECs are scarce. Our findings contribute to filling this gap
by exploring the potential role of HALP scores in a distinct,
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Figure 1. The Kaplan-Meier curves of overall survival for HALP
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non-pulmonary NEC cohort. While SCLC and EPNECs share
significant biological characteristics, including their aggressive
clinical course, their prognosis and therapeutic strategies
differ in important ways. Both malignancies are typically
treated with etoposide and platinum-based chemotherapy
regimens, and demonstrate rapid progression if left untreated.
However, subtle differences in biological behavior and
treatment outcomes between the two entities warrant further
investigation [2,14,15].
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Figure 2. The Kaplan-Meier curves of progression free survival for
HALP
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Table 2. The features of HALP groups

Variables Low HALP | High HALP value

(n:24) | (n:24) P
Age, years, median
<60 years 8(33.3%) | 14(58.3%) | 0.081
>60 years 16 (66.7%) | 10 (41.7%)
Sex
Male 17 (70.8%) | 20 (83.3%) | 0.300
Female 7(29.2%) | 4(16.7%)
ECOG performance status
0-1 11 (45.8%) | 16 (66.7%) | 0.130
2-4 13 (54.2%) | 8 (33.3%)
Histological type
Small cell NEC 21(87.5%) | 18 (75.0%)
Large cell NEC 0.144
Mix (NEC + other 1(4.2%) 1(4.2%)

2 (8.3%) 5(20.8%)
component)
Ki-67
<85% 7 (35.0%) | 11(52.4%) |0.261
>85% 13 (65.0%) | 10 (47.6%)
LDH
<246 4(16.7%) | 13 (54.2%) | 0.006
>246 20 (83.3%) | 11 (45.8%)
Chemotherapy
Yes 21 (87.5%) | 2 (8.3%) 0.637
No 3(12.5%) |22(91.7%)
HALP: Hemoglobin, albumin, lymphocyte, platelet, ECOG: Eastern
Cooperative Oncology Group, LDH: Lactate dehydrogenase, NEC:
Neuroendocrine carcinomas

In our study, the median OS of patients with EPNEC was
notably shorter compared to reported outcomes in SCLC,
highlighting the aggressive nature of this disease. Consistent
with the literature, EPNECs are reported to have a worse
prognosis and a poorer response to chemotherapy than
SCLC. Tumor localization patterns in our cohort were also
consistent with those reported in the literature, with the
majority of cases originating in the gastrointestinal tract,
followed by unknown primary sites [2]. These findings align
with previously documented trends, providing a solid basis
for investigating the prognostic role of HALP scores in EPNEC
patients. Further research is needed to better understand
the interplay of these clinical parameters and their impact on
patient outcomes.

Beyond NEC, the HALP score has shown consistent prognostic
value across a range of malignancies. A recent meta-analysis by
Farag et al. [16] reviewed the prognostic ability of HALP scores
in different cancer types and emphasized its robust association
with outcomes such as PFS and OS across various solid
tumors. Another meta-analysis by Xu et al. [17] involving 13,
110 patients reinforced these findings, highlighting the HALP
score’s utility as a simple yet effective biomarker for cancer
prognosis. These meta-analyses provide strong evidence for
incorporating the HALP score into clinical practice, given its
ability to reflect both inflammatory and nutritional states,
which are critical determinants of cancer progression and
treatment response.

Various studies have demonstrated the potential of the
HALP score as an immunonutritional biomarker, showing its
association with prognosis in a variety of cancers [16,17]. A
low HALP score has been linked to poorer survival outcomes,
suggesting that it may serve as a valuable prognostic indicator.
However, the clinical applicability of the HALP score remains
an area of active exploration. Specifically, while a lower
HALP score is often indicative of worse prognosis, it raises
the question of whether immunonutritional interventions
could positively impact survival outcomes in these patients.
Given the association between low HALP scores and poorer
survival, incorporating routine nutritional and immunological
assessments into clinical practice may help identify high-risk
patients. Furthermore, targeted nutritional interventions,
such as high-protein diets or supplementation with immune-
modulating nutrients, could be explored as part of a
comprehensive treatment strategy.

Although no significant differences were observed in our study
between HALP groups and age or gender, the differences in
cutoff values across studies may be related to variations in age-
related factors, such as the decline in hemoglobin and albumin
levels with age [18,19]. This can influence the prognostic
value of the HALP score. Additionally, other variables such
as gender, which may influence immune and inflammatory
responses, could further affect the prognostic accuracy of the
HALP score. Some studies have noted variations in baseline
HALP scores between males and females. However, even
when adjustments are made for sex, HALP has been shown
to retain its prognostic significance. This suggests that while
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gender-related differences in HALP scores may exist, they do
not substantially impact their reliability as a biomarker [16].

The discrepancies in cutoff values may stem from variations in
calculation methods, such as X-tile or other approaches, as well
as differences in patient demographics and clinical parameters
[20]. This highlights the critical need for standardization in
HALP score calculations. Future studies should focus on how
these variables impact the interpretation and utility of HALP
scores across different cancer populations.

Although our study’s findings did not reach statistical significance,
which is likely because of the limited sample size, the numerical
trend observed, aligns with these prior studies. The HALP score’s
numerical association with survival in EPNEC patients suggests that
it may serve as a useful tool for risk stratification. Nevertheless,
this numerical trend should be interpreted cautiously, particularly
in light of the limited sample size. However, larger, prospective

Table 3. Prognostic factors of overall survival in patients

Univariate analysis

Variables p value
Age, <60 years vs >60 years 0.438
Sex, male vs female 0.411
ECOG performance status, 0-1 vs 2-4 0.287
Histological type, small cell NEC, large cell NEC vs mix 0.657
(NEC + other component)

Ki-67, <85% vs >85% 0.966
LDH, <246 vs 2246 0.023
HALP, high vs low 0.072
Chemotherapy, yes vs no <0.001
Multivariate analysis

Variables p value
LDH, <246 vs 2246 0.082
Chemotherapy, yes vs no 0.001
ECOG: Eastern Cooperative Oncology Group, LDH: Lactate
dehydrogenase, NEC: Neuroendocrine carcinomas, HALP: Hemoglobin,
albumin,lymphocyte, platelet

Table 4. Prognostic factors of progression-free survival in
patients

Univariate analysis
Variables p value
Age, <60 years vs >60 years 0.363
Sex, male vs female 0.402
ECOG performance status, 0-1 vs 2-4 0.089
Histological type, small cell NEC, large cell NEC vs mix

0.667
(NEC + other component)
Ki-67, <85% vs >85% 0.826
LDH, <246 vs 2246 0.247
HALP, high vs low 0.124
Chemotherapy, yes vs no <0.001
ECOG: Eastern Cooperative Oncology Group, LDH: Lactate dehydrogenase,
NEC: Neuroendocrine carcinomas, HALP: Hemoglobin, albumin,
lymphocyte, platelet

studies are needed to confirm these observations and establish
definitive clinical guidelines.

Study Limitations

The retrospective nature of our study and the relatively small
cohort size are notable limitations, potentially impacting the
statistical power of our analyses. In particular, the limited
sample size may have increased the risk of type 2 error and
reduced the generalizability of our results to broader EPNEC
populations. Despite these limitations, the comprehensive
evaluation of patient records and the focus on a rare cancer
type are strengths that enhance the relevance of our
findings. Furthermore, the uniformity in treatment protocols,
with all patients receiving platinum plus etoposide-based
chemotherapy at first line, minimizes potential confounding
effects related to variability in treatment approaches.

Our study supports the potential utility of the HALP score as a
prognostic marker in EPNECs. While the association observed
in this cohort was not statistically significant, the numerical
trend aligns with existing evidence from other cancer types
and NEC subtypes. The HALP score’s ease of measurement
and cost-effectiveness make it an attractive biomarker for
routine clinical use. Further research, particularly in the form
of large-scale, prospective studies, is warranted to confirm
these findings and explore the HALP score’s role in guiding
individualized treatment strategies.

Conclusion

Although the HALP score was not significantly associated with
OS or PFS in our study, its correlation with LDH levels and
observed trends suggest potential prognostic implications
that deserve further exploration. Elevated LDH levels, a
known marker of tumor burden and metabolic stress, were
associated with worse survival outcomes. Furthermore, the
absence of chemotherapy was another critical factor linked to
poor prognosis. These findings underscore the importance of
comprehensive metabolic and treatment-based assessments
in the management of patients with extrapulmonary NEC.
Future research should focus on validating these observations
and exploring the potential benefits of interventions, such
as immunonutritional support, tailored to specific metabolic
profiles.
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Risk-based Evaluation of Adjuvant Chemotherapy in Stage I
Epithelial Ovarian Cancer: A Retrospective Cohort Study
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Aim: This study aims to assess the clinical utility of adjuvant chemotherapy in patients diagnosed with International Federation of Gynecology and
Obstetrics (FIGO) stage | epithelial ovarian cancer (EOC), focusing on its impact on recurrence, disease-free survival (DFS), and overall survival (OS)
based on patient risk stratification.

Methods: A retrospective cohort of 67 patients with FIGO stage | EOC treated at a single tertiary center between January 2006 and February 2024

b was analyzed. Demographic, clinical, and pathological characteristics were reviewed. DFS and OS were evaluated using Kaplan-Meier analysis, log-
< rank tests, and Cox proportional hazards modeling.
E Results: Among patients with low-risk stage | disease, the 10-year DFS and OS were both 100%. High-risk patients exhibited lower survival outcomes
3 with DFS at 78% and OS at 92%. Interestingly, 10-year survival was marginally reduced among individuals who underwent adjuvant chemotherapy
< compared to those who were only observed. Variation in the number of administered chemotherapy cycles showed no statistically significant
impact on survival rates.
Conclusion: These findings underscore the importance of risk-based therapeutic decision-making in stage | EOC. While low-risk patients may not
benefit from adjuvant chemotherapy, high-risk individuals may still require tailored interventions.
Keywords: Adjuvant therapy, stage 1 epithelial ovarian cancer, chemotherapy, survival, recurrence
Introduction decisions regarding additional systemic treatment [5].
Clinical studies including International Collaborative Ovarian
Epithelial ovarian cancer (EOC) stands out as the deadliest form Neoplasm trial (ICON1) and Adjuvant Chemotherapy in Ovarian
of gynecological malignancy. Even with the development of Neoplasm trial (ACTION) have shown that platinum-based
targeted treatments like poly (adenosine diphosphate-ribose) adjuvant chemotherapy may enhance survival, particularly
polymerase inhibitors, the majority of EOC is still identified at for high-risk subgroups [6-8]. The necessity of such therapy
advanced stages [International Federation of Gynecology and in low-risk, comprehensively staged individuals remains a
Obstetrics (FIGO) I11/1V], which adversely affects survival rates subject of debate.

over time [1]. Earlier diagnosis has led to more cases being
found at FIGO stages I-Il, where five-year survival typically
surpasses 70%. Still, recurrence rates within these early stages
remain variable, ranging from 10% to 50% [2,3].

This study investigates whether adjuvant chemotherapy
provides a survival advantage in stage | EOC patients,
particularly focusing on its relevance in low-risk cases.

Management of FIGO stage | EOC typically involves total Methods

abdominal hysterectomy with bilateral salpingo-oophorectomy

(TAH-BSO), lymph node dissection, omentectomy, and A total of 67 FIGO stage | EOC cases treated between January
sampling of peritoneal fluid and tissues [4]. Precise surgical 2006 and February 2023 at a single tertiary center were
staging plays a crucial role both in diagnosis and in guiding retrospectively reviewed. The study received ethical approval
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from the Ethics Committee of Ankara Bilkent City Hospital
(decision no: TABED 1-25-1055, date: 26.02.2025). Due to its
retrospective nature, informed consent was not required.

Eligible participants were women aged 18 years or older with
histologically confirmed stage IA, 1B, or IC EOC, or including
subtypes IC1, IC2, and IC3. A minimum clinical follow-up of 12
months was required for inclusion to ensure reliable outcome
evaluation [9]. Patients were excluded if they had FIGO
stage Il or higher disease, non-epithelial tumors, borderline
histologies, or insufficient follow-up documentation.

Data extracted from medical records included patient
demographics, tumor characteristics (e.g., grade, histology),
menopausal status, treatment modalities, surgical procedures,
recurrence, and survival outcomes. Every patient received
comprehensive staging surgery, encompassing TAH-BSO,
lymph node excision, omentectomy, and sampling of the
peritoneum [10]. Surgical re-staging was performed in cases of
incidental diagnosis.

In our cohort, all patients underwent TAH+BSO, which aligns
with our institution’s standard practice for earlystage EOC.
This surgical strategy was selected to minimize the presence
of microscopic residual disease and to avert understaging-
an issue reported in up to one-third of cases when less
comprehensive procedures are performed [9,11]. Fertility-
sparing surgery may be considered for young, well-selected
patients; however, none of the individuals in our series met
the established criteria: specifically, high-risk features such
as grade 3 histology or unfavorable histologic subtypes were
exclusionary. Consequently, we adopted a uniform standard
radical surgical approach to ensure accurate staging and
oncologic safety.

For the purposes of this study, risk classification was performed
using established pathological and clinical parameters.
Patients were considered to have low-risk disease if they
were diagnosed with FIGO stage IA or IB tumors of grade 1-2
histology without the presence of clear cell subtype. High-risk
disease was defined as FIGO stage IC (IC1-1C3), grade 3 tumors,
or any case of clear cell carcinoma, irrespective of tumor grade
[6,9,12,13]. Therapeutic decisions were tailored according
to this categorization. Women in the low-risk group were
usually managed with surveillance following complete surgical
staging, whereas those in the high-risk category were more
frequently offered adjuvant chemotherapy. This risk-based
allocation of therapy reflects evidence from large randomized
clinical trials, including ICON1 and ACTION [6], subsequent
analyses by the Gynecologic Oncology Group [12,13], and
the recommendations of the European Society for Medical
Oncology — European Society of Gynaecological Oncology
consensus panel [9].

Chemotherapy regimens administered in the adjuvant
setting were selected in accordance with internationally
accepted oncologic protocols and tailored to individual clinical
circumstances. Typically, paclitaxel (175 mg/m?) was delivered
via a 3-hour intravenous (IV) infusion, followed by a 1-hour
carboplatin infusion at an area under the curve of 5-6. This
combination was delivered on day one of a 21-day cycle [14].

In specific clinical contexts, alternative chemotherapy
schedules were employed. The FOLinic acid (leucovorin) +
Fluorouracil (5-FU) + OXaliplatin (FOLFOX) regimen included
oxaliplatin (85 mg/m? IV) and leucovorin (400 mg/m? IV),
accompanied by 5-FU delivered initially as a 400 mg/m? bolus,
followed by a continuous infusion of 2400 mg/m? over 46
hours. This protocol was implemented on days 1 and 14 of a
28-day cycle [15]. Additionally, the XELoda (capecitabine) +
OXaliplatin (XELOX) regimen, consisting of IV oxaliplatin (130
mg/m? on day 1) and oral capecitabine (2000 mg/m?/day in
two divided doses for 14 days), was administered every 21
days as another treatment alternativean alternative treatment
[16].

The primary endpoints of this study were disease-free survival
(DFS) and overall survival (OS). DFS was defined as the time
interval from the initial diagnosis of FIGO stage | EOC until
either the first documented recurrence or the last date the
patient was known to be alive. OS was calculated from the
date of diagnosis to either the date of death or the most
recent follow-up.

Statistical Analysis

All statistical analyses were performed using IBM Statistical
Package for the Social Sciences statistics version 25.0. The
Kolmogorov-Smirnov test was applied to assess the distribution
characteristics of continuous variables. Descriptive statistics,
including median, minimum, and maximum values, were used
to summarize patient demographics and clinical data.

Kaplan-Meier analysis was used to determine survival, while
intergroup comparisons were conducted using the Log-Rank
test. To identify independent prognostic factors, variables
showing significance in univariate analysis were subsequently
included in a multivariate Cox proportional hazards model.
Additionally, receiver operating characteristic curve analysis
was performed to determine optimal cut-off values for
selected parameters. A two-sided p value less than 0.05 was
considered statistically significant in all analyses.

Results

A total of 67 patients diagnosed with FIGO stage | EOC were
included in this study. The median age at diagnosis was
53 years. Preoperative and postoperative serum cancer
antigen-125 levels had median values of 74 and 8, respectively.
Most participants had an ECOG performance status of O or
1, reflecting favorable baseline health. While 15 patients
were premenopausal, 52 were postmenopausal at diagnosis.
Abdominal pain was the predominant initial symptom,
followed by abdominal distension.

Histopathological subtypes included high-grade serous
carcinoma (n=24), mucinous carcinoma (n=14), endometrioid
carcinoma (n=13), clear cell carcinoma (n=8), and low-grade
serous carcinoma (n=8). FIGO sub-staging revealed that 36
patients were classified as stage IA, 5 as stage IB, 9 as stage IC1,
and 17 as stage IC2. Based on predefined clinicopathological
criteria, 48 patients were categorized as high-risk and 19 as
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low-risk. Tumor grading was available in 52 cases: 16 patients
had grade 1 tumors, 7 had grade 2 tumors, and 29 had grade 3
tumors. In all patients, complete tumor resection was achieved
with no residual macroscopic disease (Table 1).

Among all participants, 50 patients (74.6%) received adjuvant
chemotherapy, while 17 (25.4%) did not undergo additional
systemic treatment. The most frequently used chemotherapy
regimen was carboplatin-paclitaxel, administered in 48
patients (71.6%). FOLFOX and XELOX regimens were each
administered to one patient. Regarding treatment duration,
28 patients (56.0%) received six cycles of chemotherapy, 18
patients (36.0%) received four cycles, and four patients (8.0%)
completed three cycles.

Adverse events associated with chemotherapy were routinely
monitored during treatment and follow-up. Although mild
to moderate side effects such as nausea, vomiting, and
neutropenia were observed in several cases, no patients
experienced grade 3 or 4 toxicities. Peripheral neuropathy,
primarily related to paclitaxel use, was the most commonly
reported persistent adverse effect, affecting 13 patients
(26.0%).

Disease recurrence occurred in four patients (6.0%). In the
relapse setting, three patients received a rechallenge with
carboplatin-paclitaxel, and one patient was treated with
liposomal doxorubicin (Table 2).

Table 1. Baseline demographic and clinicopathological characteristics of the study population

Mean (xSD) Median (min.-max.) n (%)
Age at diagnosis 53 (10)
preopCA125 74 (11-3396)
postopCA125 8 (1-107)
0 31 (46.3)
ECOG PS 1 32 (47.8)
2 4 (6)
Premenopausal 15 (22.4)
Menopausal
Postmenopausal 52 (77.6)
Painless hematuria 4 (6)
Abdominal pain 43 (64.2)
Urinati.on symptoms (dysuria, 2(3)
nocturia...)
Symptom at admission Flank pain 2(3)
Incidental 4(6)
Vaginal bleeding 3(4.5)
Abdominal swelling 9(13.4)
High grade serous carcinoma 24 (35.8)
Endometriod carcinoma 13 (19.4)
Pathological subtype Clear cell carcinoma 8(11.9)
Mucinous carcinoma 14 (20.9)
Low grade serous carcinoma 8(11.9)
1A 36 (53.7)
1B 5(7.5)
FIGO stage
IC1 9(13.4)
IC2 17 (25.4)
Risk High risk early stage 48 (71.6)
Low risk early stage 19 (28.4)
Unknown 15 (22.4)
Grade 1 16 (23.9)
2 7 (10.4)
3 29 (43.3)
Residue No 67 (100)
preopCA125: Preoperative cancer antigen 125, postop CA125: Postoperative cancer antigen 125, ECOG PS: Eastern Cooperative Oncology Group Performance
Status, SD: Standard deviation, min.-max.: Minimum-maximum, FIGO: Federation of Gynecology and Obstetrics
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The 10-year median DFS (mDFS) and median OS (mQS) for the
entire cohort were 84% and 94%, respectively (Figures 1A, 1B).
When stratified by risk status, the 10-year mDFS was 78% for
high-risk patients and 100% for low-risk patients (p=0.140,
Figure 2A), while the corresponding mOS rates were 92% and
100% (p=0.366, Figure 2B).

In patients who received adjuvant chemotherapy, the 10-year
mDFS and mOS were 81% and 93%, respectively. Among those
who did not receive adjuvant chemotherapy, both mDFS and
mOS were 100% (p=0.253, p=0.452, respectively; Figures 3A, 3B).

When comparing chemotherapy cycles, patients who received
six cycles had a 10-year mDFS and mOS of 73% and 92%,
respectively. These outcomes were slightly lower than those
observed in patients who received three to four cycles (mDFS
95%, mOS 95%), though the differences were not statistically
significant (p=0.391, p=0.776; Figures 4A, 4B).
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Discussion

EOC remains one of the most frequently encountered
gynecologic malignancies. Although only approximately 20%
of patients present with early-stage disease, outcomes in
these cases are generally favorable, with reported 5-year
survival rates ranging from 80% to 93% [17]. Nonetheless, the
presence of high-risk features is associated with a significantly
increased likelihood of recurrence high-risk factors in early-
stage EOC are commonly defined as grade 3 histology, clear
cell carcinoma of any grade, and FIGO stage IC or Il disease
[13]. These clinical variables have been adopted as inclusion
criteria in randomized trials evaluating adjuvant chemotherapy
and are often used to guide clinical decision-making outside
of trial settings, particularly in patients whose 5-year DFS
falls between 40% and 80% depending on their risk profile
[12,18,19].
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Figure 1. The 10-year median disease-free survival rate is 84% (A), and the 10-year median overall survival rate is 94% (B) for all patients

Table 2. Details of adjuvant chemotherapy, treatment-related toxicities, and relapse patterns in the study cohort

n (%) Column
] Yes 50 (74.6) 74.6%

Adjuvant therapy

No 17 (25.4) 25.4%

No 17 (25.4) 25.4%

Carboplatin and paclitaxel 48 (71.6) 71.6%
Adjuvant chemotherapy regimen

FOLFOX 1(1.5) 1.5%

XELOX 1(1.5) 1.5%

3 4(8) 8.0%
Number of chemotherapy cycles | 4 18 (36) 36.0%

6 28 (56) 56.0%

No 37 (74) 74.0%
Chemotherapy adverse effects

Neuropathy 13 (26) 26.0%

Yes 4 (6) 6.0%
Relapse

No 63 (94) 94.0%

No 63 (94) 94.0%
The regimen for relapses Carboplatin and paclitaxel 3(4.5) 3.0%

Liposomal doxorubicin 1(1.5) 1.5%
FOLFOX: FOLinic acid (leucovorin) + Fluorouracil (5-FU) + Oxaliplatin, XELOX: XELoda (capecitabine) + OXaliplatin
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Figure 2. The 10-year median disease-free survival rate is 78% for high-risk and 100% for low-risk early-stage cases (p=0.140) (A), and the 10-year
median overall survival rate is 92% and 100%, respectively, for high-risk and low-risk groups (p=0.366) (B)
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Figure 3. The 10-year median disease-free survival rates for patients with and without adjuvant chemotherapy were 81% and 100%, respectively
(p=0.253) (A), while the 10-year median overall survival rates were 93% and 100%, respectively (p=0.452) (B)
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In contrast, patients with low-grade tumors confined to one
or both ovaries (FIGO stage IA or IB) typically demonstrate
excellent long-term outcomes, with 5-year survival rates
exceeding 90% [19,20]. In our cohort, low-risk patients
demonstrated excellent long-term outcomes, achieving 100%
10-year DFS and OS DFS and OS, whereas high-risk patients had
lower survival rates of 78% and 92%, respectively. Although this
trend suggests a prognostic impact of risk stratification, the
differences did not reach statistical significance, which may be
attributed to the limited sample size and low recurrence rates.

The potential benefit of adjuvant chemotherapy in early-
stage EOC has been explored in two meta-analyses. The
first meta-analysis included 13 randomized phase |lll
trials conducted between 1965 and 2004 of which only 8
exclusively enrolled patients with stage | disease [21]. The
combined data demonstrated that patients who received
adjuvant chemotherapy had significantly improved DFS and
0S, particularly with platinum-based regimens. The second
meta-analysis, which pooled data from five randomized
trials involving 1277 patients published between 1990 and
2003, further supported the survival benefit of adjuvant
chemotherapy in high-risk patients [22]. However, among
those who had undergone complete surgical resection, the
survival advantage of chemotherapy was less apparent. The
benefit was largely restricted to patients with residual disease
postoperatively, while patients with low-risk features derived
minimal, if any, survival gain from systemic therapy [22].
Interestingly, patients who received adjuvant chemotherapy—
most of whom were categorized as high-risk—demonstrated
slightly worse survival outcomes compared to those who did
not receive systemic treatment. Specifically, 10-year mDFS and
mOS were 81% and 93%, respectively, among chemotherapy
recipients, whereas both metrics were 100% in the observation
group. This seemingly paradoxical finding likely reflects the
higher baseline risk in the chemotherapy cohort rather than
an adverse effect of the treatment itself.

Our analysis revealed no significant survival advantage
associated with the number of chemotherapy cycles
administered; patients who received six cycles had lower
10-year mDFS and mOS rates (73% and 92%, respectively)
compared to those who received three or four cycles (95%
for both). This observation aligns with the findings of the
Gynecologic Oncology Group 157 study, which demonstrated
that extending adjuvant chemotherapy from three to six cycles
in high-risk early-stage EOC patients did not improve OS and
instead led to increased toxicity without significantly reducing
recurrence rates [23]. Paclitaxel plus carboplatin, a platinum-
based duo, is recommended based on indirect evidence of
significant benefit when utilized as adjuvant treatment for
more progressed stages of the disease [24].

This study has several noteworthy strengths. Firstly, it presents
a long-term follow-up of up to 10 years, which allows for
robust evaluation of DFS and OS in a real-world cohort of
patients with stage | EOC. The inclusion of both low- and

high-risk patient subgroups provides valuable insight into risk-
stratified treatment outcomes. Moreover, the study applied
comprehensive surgical staging and utilized standardized
chemotherapy regimens in accordance with international
guidelines, ensuring consistency in therapeutic exposure.

In our cohort, the concept of complete resection referred to
the surgical removal of all gross disease with pathologically
negative margins. Even in patients with early-stage
presentation, this principle was followed to minimize the risk
of occult microscopic foci and to provide accurate staging
information. Therefore, TAH+BSO was consistently performed,
aiming to achieve both oncological safety and a uniform
treatment approach. Contemporary evidence confirms that
maximal cytoreduction, when no macroscopic disease is
left behind, translates into improved survival outcomes and
remains a fundamental goal in EOC surgery [25,26].

Study Limitations

A few limitations need to be acknowledged. The retrospective,
single-center nature of the study introduces potential biases,
particularly in treatment selection and risk categorization.
The relatively small sample size, especially in the low-risk
subgroup, may limit the statistical power to detect significant
differences between treatment groups. Additionally, the
absence of molecular or genomic profiling restricts the ability
to correlate outcomes with underlying tumor biology. Despite
these constraints, the study contributes meaningful data on
the nuanced decision-making process surrounding adjuvant
chemotherapy in stage | EOC and underscores the importance
of individualized therapeutic strategies. Future studies should
confirm current findings through larger, prospective trials.
Integrating genomic profiling and patient-reported outcomes
could enhance understanding of recurrence risks and guide
more personalized, tolerable treatment strategies in stage |
EOC.

Conclusion

This study reinforces the critical role of risk stratification
in guiding adjuvant treatment decisions for patients with
stage | EOC. Our findings suggest that patients classified
as low-risk achieve excellent long-term survival outcomes
without the need for additional systemic therapy. Conversely,
individuals with high-risk features exhibit less favorable
survival, underscoring the potential need for more intensive or
personalized interventions. Notably, the number of adjuvant
chemotherapy cycles did not significantly impact survival
outcomes, indicating that extended treatment may not confer
additional benefit in this setting. These insights advocate for a
tailored approach to adjuvant therapy, balancing efficacy with
potential toxicity. Future studies incorporating genomic and
molecular profiling may further refine treatment strategies
and support more individualized care.
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Aim: Nucleophosmin 1 (NPM1) mutation is the most frequent genetic abnormality that points to a favorable prognosis in patients with
cytogenetically normal acute myeloid leukemia (CN-AML). NPM1 mutation rate has not been documented yet in Turkish patients. We aimed to
investigate NPM1 frequency and its prognostic impact.

Methods: A total of 160 patients diagnosed with CN-AML were enrolled in this study retrospectively. Clinical and laboratory data, as well as results
from polymerase chain reaction tests for NPM1 and FMS-like tyrosine kinase 3 (FLT3) mutations, were analyzed.

Results: The NPM1 mutation was found in 35 (21.9%) patients. Patients were followed for a median of 16.5 (0.5-132.0) months. Patients with
NPM1 mutation were characterized by a higher leukocyte count (p=0.03). Primary refractory disease (p=0.02) and early mortality (p=0.02) were
lower in patients with NPM1 mutation positivity. Relapse-free survival (70.9% vs. 41.8%, p=0.03) and overall survival (OS) (65.5%vs. 47.0%, p=0.04)
were higher in NMP1 mutation positive patients. In NPM1 positive group, relapse free survival (21.4%vs. 81.5%, p=0.01) and OS (22.9%vs. 70.0%,
p=0.03) were lower in patients with hyperleukocytosis (p<0.05).

ABSTRACT

Conclusion: NPM1 mutation frequency was lower in Turkish CN-AML patients than western populations. NPM1 mutation status is related to good
prognosis. However, we showed that hyperleukocytosis is a poor prognostic marker for NMP1-positive, FLT3-negative CN-AML patients.
Keywords: NMP1, FLT3-ITD, hyperleukocytosis, prognosis, acute myeloid leukemia

Introduction normal (CN)-AML], which is considered an intermediate risk

disease. This subgroup shows quite heterogeneous prognoses
Acute myeloid leukemia (AML) is the most common type [1,2]. Several studies reported that a positive nucleophosmin
of acute leukemia in adults. The disease prognosis is 1 (NPM1) mutation and a negative FMS-like tyrosine kinase
heterogeneous due to various mutations at cytogenetic and 3-internal tandem duplication (FLT3-ITD) status are usually

molecular levels. Genetic properties are known as one of associated with more favorable outcomes in CN-AML [3-6].
the most important prognostic markers that determines

consolidation therapy modality in AML. Almost half of the
patients with AML have a normal karyotype [cytogenetically

The NPM1 mutation is the most commonly identified genetic
abnormality in AML. NPM1 frequency has been reported as
41-66% in Europe and the USA [7-9]. However, the frequency
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of NPM1 mutation and the impact of these mutations on
prognosis have not been documented yet in the Turkish
population with CN-AML. We aimed to investigate the NPM1
frequency and factors contributing to survival in Turkish
patients with NPM1-mutated AML.

Methods

This is a single-center database retrospective cohort study. A
total of 160 patients diagnosed with CN-AML from January
2007 to December 2018 [median age: 51.5 (18-91) years;
male/female: 94/66] were enrolled in this study consecutively.
Demographic information, complete blood count, percentage
of blast at bone marrow aspiration, flow cytometry,
conventional cytogenetic, and polymerase chain reaction
(PCR) test results were obtained retrospectively. All of the
patients had NPM1 data, but only 95 patients had FLT3-ITD
test results.

We recorded follow-up data, including chemotherapy/
transplantation information and response assessment.
The induction regimen was cytarabine and idarubicin
(3+7). Hypomethylating agents were used for elderly
patients. Response assessment was performed at day 28
of intensive induction chemotherapy, at the end of 4%
course of hypomethylating agents treatment. Fludarabine,
cytarabine, granulocyte colony-stimulating factor (FLAG-Ida),
regimen was used for primary refractory patients. High-
dose cytarabine (HDAC), FLAG-Ida, hypomethylating agents,
autologous stem cell transplantation (ASCT), or allogeneic
stem cell transplantation (allo-SCT) were used as consolidation
treatment in patients who obtained a complete response. The
study was approved by the Clinical Research Ethics Committee
of Keciéren Training and Research Hospital (decision no: 958,
date: 14.10.2015). All patients signed informed consent forms
and agreed to the use of their clinical data in medical research.

Detection of NPM1 Mutation

Detection of NPM1 mutation: Total ribonucleic acid (RNA)
was isolated from bone marrow samples using the QlAamp
RNA Blood Mini Kit (QIAGEN, Hilden, Germany). RNA integrity
was assessed using a NanoDrop Lite spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA), and samples
with adequate quality, (260/280 ratio >1.8), were processed
for complementary deoxyribonucleic acid (cDNA) synthesis.
Total RNA from each sample was reverse-transcribed into
cDNA using Ipsogen® RT kit (QIAGEN) according to the
manufacturer’s protocol. Real-time quantitative PCR (RQ-PCR)
assay for detection and quantification of NPM1 type A mutation
(the most common variant, representing ~75-80% of all NPM1
mutations) was performed using NPM1 mut A MutaQuant Kit
(IPSOGEN, Marseille, France) on QIAGEN’s Rotor-Gene Q real-
time PCR cycler. The assay targets the 4-base pair insertion
Timine, Sitozin, Timine, Guanin in exon 12 of the NPM1 gene,
which creates a frameshift mutation leading to aberrant
cytoplasmic localization of the NPM1 protein. Each reaction
was performed in duplicate with appropriate positive and
negative controls. A sample was considered NPM1-mutated if

the mutation was detected in both replicates with adequate
amplification curves.

Quality control measures included: Use of abelson murine
leukemia viral oncogene homologous 1 as a housekeeping
gene for RNA quality assessment. Negative controls (water
blanks) in each run. “Positive controls with known NPM1
mutations.” Assessment of PCR efficiency and linearity.

Detection of FLT3 Mutations

Genomic DNA was extracted from bone marrow samples
by the EZ1 Advanced XL System, QIAGEN. ITD mutation and
tyrosine kinase domain (TKD) mutation (D835) of FLT3 gene
were identified using the LeukoStrat® CDx FLT3 mutation
Assay Kit, INVIVOSCRIBE. DNA was amplified via PCR according
to the manufacturer’s instructions, and the size of the ITD PCR
product was determined by the FlashGel™ System, Lonza.
However, the FLT3 TKD PCR product was digested with EcoRY,
and the presence of the mutation was also assessed using
the FlashGel™ System, Lonza. A product measured at 327+1
bp was identified as wild-type for FLT3-ITD mutations, while
alleles that contain ITD mutations produced a product that
exceeds 32711 bp. For FLT3-TKD mutations, wild-type alleles
of the FLT3 gene yield digestion products of 79+1 bp whereas
mutant alleles yield products of 1251 bp or 12741 bp from
the original undigested amplicon product of 145+1 bp or
147+1 bp [10].

Statistical Analysis

Continuous and categorical variables were compared with
the Mann-Whitney U test and chi-squared test, respectively.
Kaplan-Meier analysis was used for survival analysis SPSS 16.0
program was used for statistical analysis (SPSS Inc, Chicago, IL,
USA). P<0.05 was considered to be statistically significant.

Results

NPM1 mutation was found in 35 (21.9%) patients. Patients’
characteristics were similar between NPM1 positive and
negative groups with respect to age, gender, French—
American—British classification, hemoglobin levels, platelet
counts, and percentage of bone marrow blast (p>0.05) (Table
1). Median white blood cell (WBC) count was found to be
significantly higher in patients with NMP1 mutation-positive
than in mutation-negative patients [62.8 (12.6-182.3) vs. 31.4
(1.2-69.7)] (p=0.03) (Table 1). The percentage of patients with
hyperleukocytosis at the time of diagnosis was more frequent
in the NPM1 mutation positive group (34.2% vs. 6.6%, p=0.02).
Among patients who had an FLT3-ITD test result (n=95), FLT3-
ITD was positive in 4 (14.8%) patients in the NPM1 positive
group (n=27) and in 18 patients (26.6%) in the NPM1 negative
group (n=68). FLT3-ITD positivity was not significantly different
between NPM1 positive, and negative, patients (p>0.05).

Patients were followed median 16.5 (0.5-132.0) months.
Primary refractory disease was found more frequently in NPM1
mutation negative patients compared to NPM1 mutation
positive patients (22.4% vs. 5.7%, p=0.02). Early mortality
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Table 1. Patient’s characteristics respect to NPM1 positive and negative patients

NPML1 positive NPM1 negative

n=35 (21.9%) n=125 (78.1) o
Gender (male/female) n (%) 20/15 (57.1/42.8) 77/48 (61.6/38.4) NS>0.05
Age (years) 50.0 (20-90) 44.0 (19-91) NS
Hemoglobin (g/dL) 8.9 (5.7-14.0) 8.1(4.1-13.2) NS>0.05
WBC (/mm?3) 62.8 (12.6-182.3) 31.4(1.2-119.7) 0.03
Hyperleukocytosis
(WBC2100000/mm?) n (%) 12 (34.2) 10 (6.6) 0.02
Platelet (/mm?3) 71000 (3900-284000) 51650 (3000-85000) NS>0.05
Blast in bone marrow (%) 90 (22-100) 90 (22-100) NS>0.05
FAB classification (n/%)
MO 3(8.6) 24 (19.2)
M1 5(14.2) 35 (28.0)
M2 6(17.1) 19 (15.2) NS
M4 14 (40.0) 39(31.2)
M5 6(17.1) 6(4.8)
M6 1(2.8) 2 (1.6)
FLT3 positivity (n/%) 4(14.8) 18 (26.6) NS>0.05
Early mortality (within first month) 1(2.8%) 15 (12.0%) 0.03
Refractory to first line chemotherapy 2 (5.7%) 28(22.4%) 0.02
Consolidation n=34 n=95 0.02
chemotherapy/ASCT 28 (82.4) 46 (55.8) ’
Consolidation
allo-SCT 6(17.6) 42 (44.2) 0.003
NPM1: Nucleophosmin 1, FLT3: FMS-like tyrosine kinase 3, ASCT: Autologous stem cell transplantation, Allo-SCT: Allogeneic stem cell transplantation, WBC:
White blood cell, FAB: French—-American—British

within the first month was higher in the NPM1 negative
group compared to the NPM1 positive group (12.0% vs. 2.8%)
(p=0.02). Consolidation procedures included chemotherapy,
including high-dose cytarabine, FLAG-Ida, or hypomethylating
agents, in 65 patients, and ASCT in 16 patients and allogeneic
stem cell transplantation in 48 patients at first complete
remission. Allo-SCT was a more frequent consolidation
approach in the NPM1 mutation negative group. ASCT or
chemotherapy was preferred in the NPM1 mutation positive
group (p=0.02) (Table 1).

When the FLT3-ITD positive patients are excluded from survival
analysis, relapse free survival (RFS) [70.9% vs. 41.8%, p=0.03,
confidence interval (Cl): 52.0-75.5, standard error (SE): 5.9]
and overall survival (OS) (65.5% vs. 47.0%, p=0.04, Cl: 52.6-
76.2, SE: 6.0) were lower in the NPM1 mutation positive group
compared to the negative group (Figures 1, 2). Among NPM1
positive patients, RFS (21.4% vs. 81.5%, p=0.01, Cl:35.6-54.3
SE:4.7) and OS (22.9% vs. 70.0%, p=0.03, Cl:37.7-54.9, SE:
4.3) probabilities were significantly lower in patients WBC
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Figure 1. Relapse-free survival in NPM1 positive and negative patients
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>100,000/mm?* compared to <100,000/mm?3, respectively
(Figures 3, 4).

Discussion

NPM1 mutation is found in AML frequently, but some studies
lack information regarding the NPM1 frequency in CN-AML
due to a heterogeneous patient population, including mixed

NPM1: Nucleophosmin 1

karyotype features or translocations. Almost all of the studies
from the USA and Europe reported NPM1 frequency of 41-
68%, and FLT3-ITD frequency has been reported: 20-38% of
patients with CN-AML [11-14]. These data were obtained
generally from phase I/l studies about AML genetic features
and prognosis. On the other hand, lower NPM1 mutation
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Figure 3. Relapse-free survivals according to WBC count in patients
with NPM1 mutation
WBC: White blood cell, NPM1: Nucleophosmin 1

frequency was reported as 28.3% in the Egyptian [15], 27.7%
in the Bulgarian [16], 24.7% in the Brazilian [17], 20.8% in the
Iranian [18], and 17.1% in the Indian [19] CN-AML population.
We found that 21.9% of CN-AML patients aged over 18 had
mutated NPM1. This situation could indicate that the mutation
in question may be influenced by ethnicity and geographic
origin. However, it could be argued that limitations in the
evaluation and laboratory testing (such as isolation issues or
not performing the test on the same kit) may also play a role
in this situation.

In some studies, NPM1 mutation has been reported more
frequently in females and correlated with older age [20]. We
did not confirm these findings. among NPM1 positive and
negative patients, gender and median age were similar. As

WBC count
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Figure 4. Overall survival according to WBC counts in patients with
NPM1 mutation
WBC: White blood cell, NPM1: Nucleophosmin 1

seen in the literature, leucocyte count was higher in NPM1
positive patients; thrombocyte count and hemoglobin levels
were not different in this study.

Among CN-AML patients, NPM1 mutation positive, patients
reached complete response more frequently at the end of
the first induction regimen compared to mutation negative,
patients. In addition, the early mortality rate within the first
month was lower in NPM1 mutation-positive patients. When
the FLT3 positive patients were excluded from the survival
analysis, both RFS and OS were higher in NPM1 positive
patients than negative ones. These data confirmed those
previously reported [4-6,21]. In our study, NPM1-positive
patients were divided into two groups according to whether
their leukocyte count was higher than or lower than 100,000/
mm?3. Patients with higher leukocyte counts had significantly
lower RFS and OS probabilities. Higher leukocyte count was
known as a classical negative prognostic factor, but novel
European LeukemiaNet (ELN) pretreatment risk stratification
is now only based on cytogenetic and mutational status [22].
According to ELN, CN-AML with NPM1 mutation without
FLT3-ITD has a good prognosis and is referred to allo-SCT at
relapse. However, Bazarbachi et al. [23], reported that survival
outcomes are better when patients with NPM1 mutation are
transplanted in first complete remission (CR1) versus second
CR2.Tien et al. [24] reported that hyperleukocytosis, defined as
>50,000/mm?3, was an independent prognostic factor for poor
outcomes in distinct genetic alterations and CN-AML patients.
The authors pointed out allo-SCT in first CR, ameliorated the
negative impact of hyperleukocytosis on survival. A higher
leucocyte count may already be an important poor prognostic
marker besides the cytogenetic markers.

The molecular processes underlying hyperleukocytosis remain
unclear. However, we do know that there are interactions
between leukaemic blasts and endothelial cells that lead
to leukostasis. Leukemic blasts interact with endothelial
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cells via cell adhesion molecules, such as various members
of the selectin family. These molecules are upregulated by
inflammatory cytokines released by the leukemic blasts
themselves [25]. To understand the molecular processes
contributing to hyperleukocytosis in AML, a METASCAPE
analysis, and Gene Set Enrichment Analysis were conducted.
The analyses revealed several gene sets that exhibited
a negative association with hyperleukocytosis, including
cytokine-cytokine receptor interaction, extracellular matrix-
receptor interaction, cell cycle regulation, DNA replication,
cell adhesion molecules, cytokine signaling pathway,
adhesion signaling pathway, and epithelial mesenchymal
transition. The correlation between hyperleucostasis and gene
mutations, particularly those of FLT3 and DNA (Cytosine-5)-
methyltransferase 3 alpha, suggests the importance of these
mutations in hyperleucostasis development and progression
in AML. Further research is needed to elucidate the underlying
mechanisms and explore targeted therapies for patients with
these specific genetic markers [26].

Study Limitations

The limitations of the study include the small number of NMP1
mutation positive cases and the short follow-up period.

Conclusion

In conclusion, this is the first report on the frequency and
clinical characteristics of NPM1 mutation in the CN-AML
Turkish population. We found that the NPM1 mutation
frequency is 21.9% in the Turkish CN-AML population. NPM1
mutation status related with good prognosis. However, we
showed that the hyperleukocytosis is a poor prognostic marker
for NMP1 positive, FLT3 negative CN-AML patients. We may
refer to allo SCT as first CR for NMP1 positive, FLT3 negative
CN-AML patients if they have hyperleukocytosis at the time of
diagnosis. These results should be confirmed by prospective
randomized clinical trials.
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Aim: Cancer is one of the biggest problems of this era and is progressing with increasing momentum. Understanding the etiology of cancer is as
crucial as its treatment. Numerous sources emphasize that modifiable factors constitute the largest proportion of cancer causes. This study aimed
to evaluate the lifestyle habits of cancer patients and identify potential new modifiable risk factors for cancer.

Methods: A cross-sectional survey study was conducted. A total of 199 individuals aged 18 years and older, with a histologically confirmed cancer
diagnosis, regardless of cancer type or stage, participated in the study.

B Results: The median age of the cancer patients included in the study was 60 years (range: 20-86). A significant majority, 175 (87.9% of respondents),
é reported not engaging in regular exercise, whereas 24 (12.1% of respondents) reported that they exercised regularly. Furthermore, 139 (69.8%)
!7, patients worked in sedentary jobs. It was observed that a large proportion of patients [126 (63%)] had the habit of eating or drinking <4 hours
g before sleep. A statistically significant association was found between marital status and cancer stage, as 30 (82%) of unmarried patients were in
the advanced stage of cancer (p<0.001). The use of electromagnetic radiation-emitting devices, such as smartphones, Wi-Fi, and televisions, was
significantly higher among college or university graduates [n=87 (82%)] compared to other groups (p<0.001).
Conclusion: Advances in modern medicine have led to significant progress in cancer treatments; however, the disease still maintains its frightening
image due to high mortality rates. Therefore, raising awareness of modifiable causes of cancer, such as lifestyle habits, is essential.
Keywords: Cancer risk factors, lifestyle habits, primary prevention of cancer
Introduction associated with inherited genetic mutations [2,3]. Almost all
risk factors of cancer are lifestyle-related, including smoking,
Cancer is one of the most diagnosed and the deadliest diet, alcohol, sun exposure, obesity, physical inactivity,
diseases. About 10 million deaths and 20 million new cases radiation, stress, etc. [4]. They are also modifiable risk factors.
are reported worldwide each year. Unfortunately, the number Among them, the strongest known risk factors are smoking
of deaths is predicted to increase dramatically and will result and diet [5-8]. Based on these studies and similarities, we
in approximately double the current number in 20 years thought that primary prevention for cancer was essential, so
[1]. Therefore, hundreds of studies have been conducted to we wanted to focus on modifiable factors. We hypothesize that
elucidate its etiology. Often, cancer development is considered cancer is more strongly associated with modifiable risk factors
multifactorial. It is usually caused by environmental factors than previously thought, many of which are still unknown
and lifestyle choices, and just a small percentage of cases are and not discussed. It is also, not fully known how to protect
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oneself from known risk factors. The aim of our study was to
evaluate the frequency of some lifestyle behaviors that may
be related to cancer development and that are often ignored
or normalized among cancer patients. Cancer requires more
primary prevention than other diseases, because once the
diagnosis is made, both the disease and its treatment lead to
devastating consequences [9-11].

Methods

An observational single-center cross-sectional survey
study was performed to investigate how lifestyle behaviors
may affect cancer development. A total of 199 patients
with histologically confirmed cancer were included. Data
were obtained through a self-administered questionnaire
completed by 199 patients from outpatient and inpatient
units. The inclusion criteria were the following: [i] cancer
diagnosis at any time in life, [ii] volunteering to participate,
[iii] age 218 years. The exclusion criteria were the following:
[i] too ill to understand the questions. The survey, composed
of sixty-seven questions exploring at least ten dimensions, was
designed after an extensive literature review. Questions aim to
examine sociodemographic factors, environmental exposures,
occupational history, exercise pattern, exercise environment,
the relationship between exercise and food, timing of food
intake, radiation exposures, daily water consumption, smoking
and alcohol use, maternal birth age, breastfeeding duration,
sleep duration, and quality, siesta frequency, tea and coffee
consumption, UV exposure,screen-light exposure, rotation
night shift work, mood pattern. Questions include multiple-
choice, as well as free-text options. All the behaviors we
investigated were related to the patients’ lives before they
were diagnosed with cancer. To improve the accuracy of
the questionnaire, the researcher conducted face-to-face
interviews with patients and gave them an opportunity to ask
questions if there was anything they could not understand.
The study garnered ethical approval, ensuring all participants
fully understood its purpose. Personal permission was
thoughtfully obtained from each individual, underscoring our
commitment to transparency and respect throughout the
research process. Ethical approval for the study was obtained
from the Non-invasive Clinical Research Ethics Committee of
Ankara City Hospital and was conducted in accordance with
the Declaration of Helsinki (decision no: E2-22-2782, date:
09.11.2022).

Statistical Analysis

Descriptive statistical methods (number, mean, median,
percentage, frequency) were used to evaluate the study data.
The Pearson chi-square was used to compare the qualitative
variables. The statistical significance level was set at 0.05 in all
analyses. Statistical Package for the Social Sciences version 18.0,
developed by IBM (Chicago, USA), was used to analyze the data.

Artificial Intelligence Declaration

No artificial intelligence tools were used in writing the article.
All responsibility belongs to the authors of the article.

Results

199 patients were included in the study. The median age of
patients was 60 (minimum 20-maximum 86). One hundred and
six (53.3 %) patients were male and 93 (46.7%) were female.
Fif-teen (7.5%) were single and 160 (80.4%) were married,
and 22 (11%) were divorced or widowed. Other demographic
parameters were also specified. Table 1 summarizes the
patients’ demographic status.

Types of cancer were ranked as, lung cancer 39 (19.6%),
genitourinary system cancer 29 (14.6%), breast cancer 23
(11.6%) and colorectal cancer 14 (7%). Ninety-four (47.2%)
patients had advanced cancer, and 76 (38.2%) patients had
early stage cancer. Ninety-six (49.2%) patients reported a family
history of cancer in first, second, or third-degree relatives.
The majority of cancer patients participating in the study,
145 (73%), were breastfed for more than 6 months. Table 2
summarizes cancer, patients, and family characteristics.

According to the smoking status, patients were grouped as 98
(49.2%) smokers, 96 (48.2%) non-smokers. Forty-two (21.1%)

Table 1. Demographic status

Median Number of | Percentage

(min-max) | patients (n) | (%)
Age, years

60 (20-86)
Gender
Female 93 46.7
Male 106 53.3
Marital status
Single 15 7.5
Married 160 80.4
Divorced/widowed 22 11
Education
llliterate 18 9
Less than college 142 71.4
College/university 35 17.6
Number of children

3(0-11)
Never have 15 7.5
3 children or less 123 61.8
4 or more 41 20.5
Job
Civil servant 29 14.6
Worker 38 19.1
Others 48 24.1
Salary (per month ) (5500 TL = minimum wage)
Less than 5500 TL 56 28.1
5500 TL 79 39.1
More than 5500 TL 50 25T
TL: Turkish lira, min-max: Minimum-maximum
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patients quit smoking after being diagnosed and 157 (78.9%)
continued to smoke. According to exercise status, 24 (12.1
%) patients engaged in regular exercise, while 175 (87.9%) of
patients did not exercise. In this study population, 85 (42%) of
the patients consumed water in plastic containers, while 113
(57%) consumed water from glass bottles or by purification. One
hundred and thirty-nine (69.8%) cancer patients participating
in the study work in sedentary conditions, whereas 51 (25.6%)
of them work in non-sedentary conditions.

It was observed that 40 (20.6%) of cancer patients slept less
than 6 hours a day and their sleep was frequently interrupted.
Most of the patients [126 (63%)] eat something within <4
hours before going to sleep; some of them [68 (34%)] do
not eat. Most of patients [146 (73%)] used smartphones or
watched television as a last activity before sleep. In this study
population, 137 (67%) patients have more than 2 hours of daily
screen exposure time, including blue light. Mood status in
cancer patients over the last few years before cancer diagnosis
was categorized as follows: 83 (41.7%) of patients were
generally stressed, 54 (27.1%) patients were generally happy,
19 (9.5%) of patients were generally upset, and 38 (19.1%)
of patients had a non-dominant mood. Table 3 summarizes
lifestyle behaviors.

Table 2. Cancer patients and family characteristics

Number of | Percentage

patients (n) | (%)
Cancer type
Lung 39 19.6
Breast 23 11.6
Gus 29 14.6
Colorectal 14 7
Other 39 19.6
Stages
Early stage 76 38.2
Advanced stage 94 47.2
Family cancer history
No 103 51.8
Yes 96 48.2
Maternal age at birth
<40 years 183 92
>40 years 7 3.5
Breastfeeding duration
None 9 4.5
Less than 6 months 29 14.6
More than 6 months 145 72.9
Which child is she/he in the family
First child 51 25.6
Second or third child 87 43.7
Fourth or more 57 28.6

There was statistical significance between marital status and
disease stage. 30 (82%) of unmarried patients were in the
advanced stage of the disease (p<0.001). It was observed that

Table 3. Lifestyle behaviors

Number of | Percentage
patients (n) | (%)
Smoking use
Yes 98 49.2
Never 96 48.2

Cessation of smoking after diagnosed
(How many years not smoked)

For 5 years 11 5.5
5-10 years 10 5
More than 10 years 21 10.6
Total 42 21.1
Continues to smoke 157 78.9
Exercise

Regular 24 12.1
No 175 87.9
Obtaining method of water

Purifier/fountain/glass 113 56.8
Plastic 85 42.7
Working condition

Sedentary 139 69.8
Non-sedentary 51 25.6
Sleep duration

Lower than 6 hours 41 20.6
6-8 hours 116 58.3
More than 8 hours 39 19.6
Sleep quality

Interrupted 133 66.8
Never interrupted 62 31.2
Eating before sleeping

Within 4 hours 126 63.3
After 4 hours 68 34.2
Habit before sleep

Reading book 6 3
Mobile phone & tv & computer 146 73.4
None 40 20.1
Daily screen exposure time

Less than 2 hours 52 26.1
More than 2 hours 137 68.8

Mood over the last few years

Generally happy 54 27.1
Generally stressfully-upset 102 51.3
No dominant mood 38 19.1
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the usage of radiation-emitting devices such as smartphones,
wifi, and television in the university/college graduate group
[n=87(82%)] was significantly higher than that in the less
educated population (p<0.001)

In our study population, we found that 64 (70.3%) of patients
in the advanced stage had sedentary working conditions.
(p=0.148). Additionally, 79 (56.8%) of individuals with a
sedentary lifestyle were college/university graduates, but this
analysis did not reach statistical significance (p=0.35). Among
the cancer patients participating in the study, a difference in
daily sleep hours was observed between those with a screen
time of <2 hours and those with >2 hours. Patients with
shorter screen exposure (n=109, 64%) were able to sleep =6
hours per day (p<0.001). In addition, it was observed that the
majority of cancer patients with sedentary working conditions
[26 (65%)] could sleep less than 6 hours, and this difference
was significant (p=0.005). It was observed that the rate of
those who did not demonstrate sun protection behavior was
significantly lower in the low-income group 48 (87%) than in
the higher-income group of cancer patients (p=0.018).

Discussion

This study investigated the link between lifestyle behaviors
and the risk of developing cancer. Additionally, this study
addresses possible risk factors that were insufficiently studied
previously, such as sleep duration.

Age is one of the major risk factors for cancer, more than 50
percent of cancer patients are >65 years of age in the world.
Unfortunately, due to lifestyle changes, the age of cancer
diagnosis has decreased significantly in the last few decades
[12]. In our study population, which is consistent with the
literature, the median age of patients was 60 years, with
a range from 20 to 86; most patients were younger than 65
years of age.

Smoking is a well-established risk factor for several types of
cancer, particularly lung cancer [13]. Approximately 80% of
individuals diagnosed with lung cancer were current or former
smokers [14]. Also, roughly 80% of lung cancer-related fatalities
are observed in patients with a history of smoking [15,16].
Thirty-eight of the patients included in our study had lung
cancer diagnoses, and a significant portion of them, 26 (69%),
had smoked. Additionally, 98 (49.2%) of the cancer patients
participating in the study were smokers. Strong evidence
supports the idea that smoking increases the risk of not only lung
cancer but also colorectal cancer by approximately 15% [17]. In
our study, 57% of individuals diagnosed with colorectal cancer
reported a history of smoking. The findings in our study support
the relationship between smoking and cancer development.

In our study, the proportion of cancer patients using plastic bottles
as a source of drinking water was 85 (42.7%), which is quite high.
Studies in the literature investigating the potential carcinogenic
effects of long-term plastic bottle usage show similarities with
our findings [18-22]. This finding is also important and warrants
further investigation regarding the relationship between plastic
use and cancer development for public health.

According to Wang et al. [23], daily eating patterns are a
significant factor in cancer development due to their impact
on the endogenous circadian rhythm mechanism. In our
study, 126 (63.3%) of cancer patients were found to consume
food within four hours before sleep. This finding suggests
that eating before sleep may disrupt the circadian rhythm,
potentially playing a role in cancer development.

There is a substantial body of evidence indicating a relationship
between regular physical activity, exercise timing, and cancer
incidence [24,25]. Notably, a 2021 study conducted in Spain
demonstrated that engaging in physical activities in the early
morning and evening could reduce the risk of prostate and
breast cancers [26]. Regular physical activity is a modifiable
lifestyle factor that has been consistently associated with
a significant reduction in cancer risk [27]. In our study, 174
(87.9%) of participants were found not to engage in regular
exercise. This high percentage supports a strong link between
physical inactivity and cancer development. Additionally, in
our study, no statistically significant relationship was found
between exercise time and cancer types (p=0.48).

Although alcohol is not as strongly associated with cancer as
smoking, numerous studies have demonstrated that chronic
alcohol consumption is a significant risk factor for various types
of cancer [28,29]. Research conducted in Atlanta indicates that
the combined use of alcohol and tobacco significantly increases
the risk of cancer, particularly oropharyngeal, esophageal,
laryngeal, and breast cancer, compared to the individual
effects of either factor alone [30]. However, in this study, the
relationship between combined alcohol-tobacco consumption
and cancer types did not reach statistical significance (p=0.7).

The study by Sancar and Van Gelder [31] provided stronger
evidence for the relationship between the circadian rhythm
mechanism and cancer, allowing a better understanding of
this connection. These findings highlight the need for further
detailed investigation into the link between sleep patterns and
cancer. As per Li et al. [32], the optimal duration of sleep for
reducing cancer risk is 7-8 hours. Contrary to the literature, in
our study, most cancer patients were found to sleep between
6-8 hours. Also consistent with our study, in a study conducted
by Cai et al. [33], which examined the association between
sleep duration and breast cancer, no statistically significant
correlation was identified between the two variables.

Xiao et al. [34] demonstrated that nighttime exposure to light
disrupts the circadian rhythm and may increase the risk of
pancreatic cancer. In accordance with this finding, we found
that 146 (73.4%) of participants reported using phones or
computers before going to sleep. This suggests that blue light
emitted from electronic devices may impact the circadian
rhythm, potentially contributing to the development and
progression of cancer.

Skin cancer is the most commonly diagnosed type of cancer
in the United States, with millions of cases reported annually
[35-38], of which 90% are non-melanoma. This finding
emphasized that protecting against UV radiation plays a critical
role in reducing the risk of skin cancer [39]. In our study, sun
protection behavior was found to be significantly different
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between patients in low and high-income groups. (p=0.018).
Forty-eight (87%) individuals earning minimum wage or less
reported not taking any precautions against sun exposure.
Furthermore, these findings emphasize the importance of
socioeconomic factors in playing a crucial role in influencing
sun protection behaviors.

According to Stuebe [40], breastfeeding reduces the risk of
breast and ovarian cancers, as well as several other types of
cancer, in mothers. In our study, a significant relationship was
found between the duration of breastfeeding and alcohol use
in later years. 114 (82%) of patients who did not consume
alcohol were found to have breastfed for more than six months
(p=0.039). This finding suggests a strong potential relationship
between alcohol consumption and breastfeeding, warranting
further detailed investigation into this association.

The impact of working life on health is closely related to the
environmental conditions. A study conducted in Japan in 2022
investigated the relationship between walking time, type of
work, and posture during work and the incidence of colorectal
cancer. The results indicated that increased physical activity
during working hours, particularly walking, was associated
with a reduced risk of colorectal cancer [41]. In our study, 27
(65%) of individuals who slept less than six hours per day were
employed in sedentary jobs (p=0.005). This finding suggests
that prolonged physical inactivity and irregular sleep habits
may increase the risk of cancer.

The study by Wegrzyn et al. [42] indicated that long-term
rotating night shift work, particularly among women working
shifts during early adulthood, was associated with an increased
risk of breast cancer. In our study, we obtained indirect data
supporting this finding. There was a statistically significant
association observed between night shift work and smoking.
Among non-smokers, 77 (93%) had never worked night shifts
(p<0.001), suggesting that smoking behavior may be linked
to the sleep disturbances caused by night shift work. The
literature also supports the notion that work-related factors
may increase cancer risk [43].

Study Limitations

This study presents several limitations that should be taken
into account when interpreting the findings. First, the absence
of a control group and the cross-sectional nature of the
study design limit the ability to establish causal relationships
and reduce the etiological interpretability of the results.
Second, the relatively small sample size may reduce statistical
power, affecting the precision and reliability of the findings.
Therefore, the generalizability of the results to broader
populations remains limited. Third, reliance on self-reported
data introduces the potential for bias, particularly recall
and social desirability biases, which may compromise data
accuracy. Finally, the study sample was drawn from a single
geographic region, which may limit the representativeness of
the findings and restrict their applicability to populations in
different settings or healthcare systems. Taken together, these
limitations highlight the need for cautious interpretation of

the results and emphasize the importance of further studies
with more rigorous designs and diverse, larger populations.

This study examined the impact of lifestyle behaviors on
cancer development, highlighting both well-established and
underexplored risk factors. Specifically, physical inactivity,
prolonged exposure to blue light from electronic devices,
irregular exercise habits, circadian rhythm disruption, and
workplace conditions.

Conclusion

In conclusion, raising awareness about modifiable lifestyle-
related risk factors such as physical activity, sun protection,
working conditions, smoking, among others, and making these
factors actionable for a wider population will play a critical role
in reducing cancer incidence. More extensive, long-term, and
prospective studies are needed to develop effective prevention
strategies.
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Aim: Metastatic renal cell carcinoma (mRCC) is a challenging malignancy requiring multiple lines of therapy. While tyrosine kinase inhibitors remain
the standard first-line treatment, resistance often necessitates further therapeutic options. Nivolumab, everolimus, axitinib, and cabozantinib are
commonly used in later-line settings, but the optimal sequencing strategy remains unclear.

Methods: This retrospective study analyzed 32 patients with mRCC treated at University of Health Sciences Turkiye, Giilhane Training and Research
Hospital between January 2015 and December 2022. All patients had received at least two prior systemic therapies. Survival outcomes were
assessed using Kaplan-Meier analysis. Progression-free survival (PFS) and overall survival (OS) were compared among treatment groups using the
Log-Rank test.

Results: Axitinib was the most frequently used third-line therapy (50.0%), followed by everolimus (25.0%), cabozantinib (12.5%), and nivolumab
(12.5%). Nivolumab showed the longest median PFS (41.0 months, p=0.034) and OS (149.0 months), although OS differences were not statistically
significant (p=0.154).

Conclusion: This study highlights variation in third-line treatment patterns and outcomes among mRCC patients. Nivolumab and axitinib
demonstrated promising efficacy, suggesting their consideration as preferred options in this setting.

ABSTRACT

Keywords: Genitourinary cancer, metastatic renal cell carcinoma, third-line therapy

The phase 3 METEOR trial compared cabozantinib and
everolimus in 658 mMRCC patients who had progressed
after VEGF-TKI therapy, revealing that 69% had received one
prior systemic therapy, while 31% had undergone two or

Introduction

Metastatic renal cell carcinoma (mRCC) remains a significant
challenge in oncology, often requiring multiple lines of therapy

202

to achieve sustained disease control. Tyrosine kinase inhibitors
(TKls), which target the vascular endothelial growth factor
receptor (VEGFR) pathway, have long been the backbone of
first-line treatment. However, the development of resistance
is common, necessitating additional therapeutic options.
Among patients who experience disease progression on
immunotherapy, the role of titrated axitinib dosing as a
subsequent therapy remains investigational, with only a single
phase 2 study evaluating its efficacy [1].

more, underscoring the need for effective later-line treatment
options [2-4]

Recent studies indicate that everolimus is increasingly being
utilized in third-line and subsequent treatment lines for renal
cell carcinoma, reflecting its evolving role in later treatment
stages [5-8]. Additionally, immune checkpoint inhibitors (ICls),
such as nivolumab, have reshaped the treatment landscape,
particularly in second-line and beyond settings. Nivolumab
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has demonstrated superior efficacy and tolerability compared
to everolimus, leading to its widespread adoption in clinical
practice [4].

Despite these advancements, the optimal sequencing of third-
line therapies remains an area of active investigation, with
treatment options including axitinib, everolimus, cabozantinib,
and nivolumab.

This study aims to evaluate real-world treatment patterns
and survival outcomes of mRCC patients receiving third-line
therapy, focusing on the efficacy of available options including
axitinib, everolimus, cabozantinib, and nivolumab.

Methods

We conducted an analysis of 32 patients diagnosed with mRCC
who were managed at University of Health Sciences Turkiye,
Gilhane Training and Research Hospital. The analyzed patients
had previously received two lines of systemic therapy before
initiating third-line treatment. The effectiveness of third-
line therapies was assessed by comparing their impact on
survival outcomes using the Kaplan-Meier analysis. Primary
end points were time to progression-free survival (PFS) and
overall survival (OS). OS is the duration of time from the start
of treatment until death from any cause. PFS was defined as
disease progression or death from any cause after third-line
treatment.

Ethical approval for this study was obtained from the
University of Health Sciences Tirkiye, Gilhane Training and
Research Hospital Ethics Committee, and the study was
conducted in accordance with the principles of the Declaration
of Helsinki (decision no: 2025/119, date: 12.06.2025). Due to
the retrospective nature of the study, the Ethics Committee
of University of Health Sciences Turkiye, Giilhane Training and
Research Hospital waived the obligation to obtain informed
consent.

Statistical Analysis

All statistical analyses were performed using the IBM Statistical
Package for the Social Sciences Statistics 27.0 software
package. Continuous variables were described as medians
(interquartile range), and categorical variables were described
as percentages. Survival curves and rates were estimated
using the Kaplan-Meier method. The Log-Rank test was used
to compare the survival outcomes between the groups. All
reported p values were two-sided, and p values <0.05 were
regarded as statistically significant

Results

Atotal of 32 patients were included in the study, with a median
age of 55 years among them, 26 were male (81.25%) and most
were diagnosed at stage 4 (68.8%). Clear cell carcinoma was the
most prevalent histological subtype (84.4%), while papillary
(9.4%) and chromophobe (6.3%) subtypes were less common.
Additionally, sarcomatoid differentiation was identified
in 9.4% of cases. Regarding metastatic involvement, lung
metastases (78.1%) were the most frequently observed,

followed by lymph node/soft tissue (68.8%), bone (50.0%), liver
(15.6%), and brain (15.6%) metastases. The distribution of
the International Metastatic RCC Database Consortium risk
categories among the study cohort demonstrated that the
majority of patients were classified as intermediate risk
(78.1%), while 18.8% of patients were categorized as poor
risk. Only 3.1% of patients were classified as having a good
risk profile. In this study, all patients received TKI therapy as
a first-line treatment. The most commonly used treatment
among second-line treatments was nivolumab, which
was administered to 27 patients (84%). Axitinib was used
by 3 patients (9.4%), while sunitinib and everolimus were
administered to 1 patient (3.1%). In the third-line treatment
analysis, axitinio was the most frequently administered
therapy, used by 16 patients (50.0%). Everolimus was the
second most common option, given to 8 patients (25.0%),
while cabozantinib and nivolumab were each used by 4
patients (12.5%) (Table 1).

Table 1. Clinical characteristic of patients

Variable Category Count (percentage)
Male 26 (81.3%)
Gender
Female 6 (18.8%)
Stage 1 2 (6.3%)
. . Stage 2 6 (18.8%)
Diagnosis stage
Stage 3 2 (6.3%)
Stage 4 22 (68.8%)
Clear Cell 27 (84.4%)
Histological type Papillary 3(9.4%)
Chromophobe 2 (6.3%)
No 29 (90.6%)
Sarcomatoid features
Yes 3(9.4%)
Brain 5 (15.6%)
) Lung 25 (78.1%)
Metastasis status
Liver 5(15.6%)
Bone 16 (50.0%)
Lymph node/soft Absent 10 (31.3%)
tissue
Poor 6 (18.8%)
IMDC risk Intermediate 25 (78.1%)
Good 1(3.1%)
Nivolumab 27 (84%)
Second line Axitinib 3 (94%)
treatments Sunitinib 1(3.1%)
Everolimus 1(3.1%)
Aksitinib 16 (50.0%)
Everolimus 8 (25.0%)
Third-line treatment
Cabozantinib 4(12.5%)
Nivolumab 4(12.5%)
IMDC: International Metastatic Database Consortium
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Axitinib exhibited a median PFS of 13.0 months [95%
confidence interval (Cl): 5.03-20.97], whereas everolimus had
a median PFS of 6.0 months (95% Cl: 0.00-13.13). Cabozantinib
demonstrated the shortest median PFS of 2.0 months (95% Cl:
0.00-10.49). Nivolumab showed the longest median PFS of 41.0
months, though its Cl could not be determined. Nivolumab
provided a statistically significant PFS advantage compared to
other treatment groups (p=0.034) (Figure 1).

Axitinib demonstrated a median OS of 59.0 (95% Cl: 27.64-
90.36), whereas everolimus had a median OS of 73.0 months
(95% Cl: 0.00-154.89). Cabozantinib showed a median OS of
22.0 months (95% Cl: 0.00-49.44). Nivolumab exhibited the
longest median OS of 149.0 months (95% Cl: 106.93-358.58).
No statistically significant difference in OS was observed
among the treatment subgroups (p=0.154) (Figure 2).

Discussion

In this study, we evaluated the treatment patterns and
outcomes of mRCC patients who received first, second, and
third-line therapies. Our findings indicate that all patients
received TKI therapy as a first-line treatment. While clinical
trials have provided valuable insights into the efficacy of
these agents, real-world data on third-line treatment choices
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and survival outcomes remain limited. Understanding the
comparative effectiveness of these therapies in later-line
settings is crucial for optimizing treatment strategies and
improving patient prognosis.

Among second-line treatments, nivolumab was the
predominant choice, administered to 84% of patients, while
other options such as axitinib, sunitinib, and everolimus
were used less frequently. This suggests a preference for
ICIs following TKI failure, consistent with the latest clinical
guidelines favoring nivolumab-based regimens due to their
superior efficacy and tolerability [4].

Our third-line treatment analysis revealed notable differences
in PFS and OS among different therapeutic options. In our study
axitinib was the most frequently administered therapy, used
by 16 patients (50.0%). A study Tsironis et al. [8] demonstrated
that axitinib is an effective therapeutic agent following
second-line treatment. Similarly, Ishihara et al. [9] highlighted
the promising efficacy of axitinib as a third-line treatment for
mMRCC, reporting 50.0% usage, median PFS of 12.8 months, and
1-year PFS rate of 51.3%. Additionaly, its objective response
rate (29.4%) and disease control rate (94.1%) further support
its effectiveness in this setting.

According to a study Rauthan et al. [10], nivolumab has
demonstrated efficacy in the third-line or later setting, showing
a 60% response rate and a median OS of 26 months. While
median PFS was 5 months, some patients achieved long-term
remission exceeding 40 months, reinforcing the treatment’s
role in later-line therapy for immunotherapy-sensitive cases.
In our study nivolumab demonstrated the longest median PFS
and a statistically significant advantage over other treatments
(p=0.034), emphasizing its role as a durable treatment option.
Furthermore, despite no statistically significant OS differences
(p=0.15), nivolumab exhibited the longest median OS (149
months), suggesting potential long-term survival benefits.
Meanwhile, the relatively limited efficacy of cabozantinib
highlights the need for further investigation into optimal
sequencing strategies in mRCC treatment.

Everolimus remains a third-line option for mRCC after VEGFR-
TKI failure. In this study, a certain treatment was used in 25.0%
of patients, showing better outcomes (PFS: 6, OS: 73 months)
than cabozantinib but inferior to nivolumab (PFS: 41, OS: 149
months) and axitinib. A review conducted Buti et al. [11],
which multiple studies on the efficacy of everolimus in the
treatment of mMRCC, demonstrated that the role of everolimus
has shifted primarily to third-line and subsequent treatment
options.

Study Limitations

This study has several limitations. First, the retrospective design
introduces inherent risks of selection bias and incomplete data
capture. Second, the relatively small sample size (n=32) limits
the statistical power to detect differences in OS, and restricts
the generalizability of the findings. Additionally, the single-
center setting may not reflect variations in treatment practices
across institutions. Finally, heterogeneity in prior lines of
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therapy and patient characteristics could have influenced
treatment outcomes.

Conclusion

In this retrospective single-center study evaluating third-line
treatment options for mRCC, nivolumab demonstrated the
longest PFS and OS among the evaluated therapies, although
the difference in OS was not statistically significant. Axitinib
also showed promising efficacy and remained the most
frequently used third-line agent. These findings suggest that
immunotherapy and VEGFR-targeted TKI continue to be
relevant options in later-line settings. However, the optimal
sequencing of therapies remains uncertain, underscoring the
need for further prospective studies to establish individualized
treatment strategies.
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Aim: Wound complications after breast surgery may adversely affect the healing process and delay the initiation of adjuvant therapy. Despite
appropriate surgical technique and postoperative care, wound complications can still occur following breast operations. To evaluate the role of a
collagen-laminin-based dermal matrix combined with resveratrol microparticles in the management of wound complications after breast surgery.
Methods: This study was conducted in the Surgical Department of a Training and Research Hospital between March 2021 and March 2022, and
included 15 patients who underwent breast surgery. Inclusion criteria were: (a) prior breast surgery; (b) postoperative wound complication; (c)
presence of granulation tissue; (d) a microbiologically culture-negative wound; and (e) use of a collagen-laminin-based dermal matrix combined
with resveratrol microparticles during wound care.

Results: The mean age of the patients was 52.6718.61 years. All were female. Wound complications occurred after breast cancer surgery in 73.4%
of patients, while in 26.6% they were related to other surgical indications. Consecutive applications resulted in a statistically significant mean
reduction in wound dimensions (p=0.012). Collagen-laminin-based dermal matrix combined with resveratrol microparticles showed a maximal
effect by day 8 (after two consecutive applications), producing a marked decrease in wound size. No studies have evaluated the role of a collagen-
laminin-based dermal matrix combined with resveratrol microparticles in wound complications after breast surgery. This study is the first to
evaluate the therapeutic role of a collagen-laminin-based dermal matrix combined with resveratrol microparticles in wound complications after
breast surgery. A characteristic feature of our study is that the patient population predominantly comprises individuals with wound complications
following breast cancer surgery.

ABSTRACT

Conclusion: Collagen-laminin-based dermal matrix combined with resveratrol microparticles may have a role in the ambulatory management of
granulating wound complications with microbiologically clean wound beds following breast surgery. Larger multicenter randomized controlled
trials are needed.
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Introduction

Breast surgery is among the most commonly performed surgical
procedures and is undertaken for a variety of indications.
These procedures include breast-conserving surgery, modified
radical mastectomy, and simple mastectomy [1].

Breast cancer is one of the principal indications for breast
surgery; it is the most frequent malignancy in women,
accounting for 23.8% of cancers in women [2]. Incidence rates
of breast cancer in Tirkiye are consistent with global statistics
[3].

Although postoperative complication rates after breast
surgery are generally low, morbidity rates reported in the
literature vary widely, from 2% to 50%. The most commonly
observed complications are infection, seroma formation, and
hemorrhage [4]. Wound complications after breast surgery
are of particular concern: the incidence of mastectomy-flap
necrosis, nipple necrosis, wound dehiscence, and delayed
wound healing has been reported to range from 6% to 30% [5].

Wound complications that develop after breast surgery may
adversely affect the healing process and give rise to important
clinical problems. Despite appropriate surgical technique and
postoperative care, such complications can still occur. Failure to
manage wound complications in accordance with established
wound-care principles may increase the risk of infection,
delay the initiation of adjuvant therapy, and ultimately impair
patients’ quality of life [6-8].

Consequently, effective management of wound complications
requires alternative wound-care approaches capable of
closing tissue defects and accelerating healing. Biomaterials
that actively participate in the repair process are classified as
bioactive wound dressings. Composed of natural extracellular
matrix components, these materials provide structural
support for tissue repair owing to their biocompatibility.
Such biomaterials may include polymers such as collagen,
hyaluronic acid, chitosan, and alginate.

A collagen-laminin-based dermal matrix loaded with resveratrol
-containing microparticles is an innovative wound dressing
consisting of dipalmitoylphosphatidylcholine (DPPC)-based
microparticles incorporated into a three-dimensional porous
collagen-laminin scaffold [9]. The composite formulation includes
a glycosaminoglycan derivative (hyaluronic acid), collagen/
gelatin to provide hydrophilicity and a three-dimensional
porous architecture, laminin as a cell-binding protein, DPPC (a
phospholipid abundant in cell membranes), and resveratrol,
which has antioxidant properties [10].

The aim of this study was to evaluate the role of a collagen-
laminin-based dermal matrix combined with resveratrol
microparticles in the management of wound complications
following breast surgery.

Methods

Study Setting and Design

This retrospective analysis was conducted in the Surgical
Oncology Clinic of a Training and Research Hospital between

March 2021 and March 2022. The study population comprised
all patients who underwent breast surgery during the study
period. The sample consisted of 15 patients who developed
postoperative wound complications and were treated with
a collagen-laminin-based dermal matrix combined with
resveratrol collagen-laminin-based dermal matrix combined
with resveratrol microparticles (Dermalix”).

Patient Selection Criteria

Inclusion criteria were:

- Underwent breast surgery,

- Developed a postoperative wound complication,
- Microbiologically culture-negative wound,

- Dermalix” used during the wound-care process.
Exclusion criteria were:

- Primary wound healing after breast surgery,

- Development of other postoperative complications that
could affect wound management (e.g., Seroma, abscess).

Data Collection

Data were obtained from the hospital information system and
wound-care records using a data collection form prepared by
the investigators. For each patient, demographic information,
type of surgical procedure, characteristics of the wound
complication, and the healing course were recorded.

Collagen-Laminin-Based Dermal Matrix Combined with
Resveratrol Microparticles Application and Wound-care Protocol

In patients with postoperative tissue defects or non-healing
wounds, Dermalix” application was initiated after confirming
negative culture results and the establishment of granulation
tissue.

Application protocol:

1. Application of an antiseptic to the dressing area,

2. Gentle debridement to remove biofilm layers,

3. Wound cleansing followed by measurement of wound
dimensions,

4. Placement of the Dermalix” dressing tailored to the wound
size and positioned on the wound bed,

5. Placement of a secondary absorbent dressing or gauze over
Dermalix” to control exudate and completion of the dressing.

Dressing changes were performed every four days. At
each dressing change, the wound area was measured,
photographed, and documented. Patients were followed on an
outpatient basis until complete epithelialization of the wound.

Ethical Considerations

Institutional approval was obtained from the University of
Health Sciences Turkiye, Gllhane Scientific Research Ethics
Committee (decision no: 2025-283, date: 03.06.2025).

207



Acta Haematol Oncol Turc 2025;58(3):206-211

Akyuz et al. Use of a Dermalix for Wound Complications After Breast Surgery

Statistical Analysis

Statistical analysis were performed using IBM Statistical
Package for the Social Sciences statistics for Windows, version
24.0 (IBM Corp., Armonk, NY, USA; released 2016). Descriptive
statistics are presented as numbers (percentages), means, and
standard deviations. The suitability of the data for a normal
distribution was assessed by examining the skewness and
kurtosis coefficients. Repeatedmeasures analysis of variance
was used for comparisons across time points, and p values
<0.05 p values <0.05 were considered statistically significant.

Results

The mean age of the patients included in the study was
52.67+8.61 years; all were female. An analysis of the surgical
procedures performed on patients who developed wound
complications revealed that 46.6% underwent oncoplastic
breast surgery, 26.6% mastectomy, and 26.6% biopsy. Among
the patients who had oncoplastic breast surgery, 42.8%
underwent a subcutaneous mastectomy with implants,
while 57.2% received level 2 glandular flaps. In the cohort
of patients who underwent mastectomy, 75% had modified
radical mastectomy and 25% had simple mastectomy.
Additionally, localization of the wound typically occurred at the
incision line and was accompanied by evisceration. Following
wound bed preparation, the mean number of applications
of a collagen laminin-based dermal matrix with resveratrol

microparticles (Dermalix’) was 2.47+0.91, and the mean time
to epithelialization was 15.33+5.43 days. Patient characteristics
are summarized in Table 1.

Wound monitoring was performed on 15 samples. Because
some patients improved during the study, the number of
samples decreased to 12 on day 8, 6 on day 12, and 2 on day
16. The average wound size in 15 patients before application
of Dermalix” was 7.8749.21 cm?; it decreased to 5.53+7.87
cm? (change -2.34+2.70) on day 4, 2.70+4.90 cm? (change
-5.0845.01) on day 8, 2.08+2.46 cm? (change -10.53+9.84) on
day 12, and 1.45%1.76 cm? (change -21.30+16.87) on day 16.

Due to because of epithelialization-related inequalities
imbalances in the data set, patients who were measured on
days 4 and 8 were included in the analysis. Variance analysis
of variance performed on repeated measurements showed
that the wound healing process observed measured on days
4 and 8, based onrelative to initial wound sizes, exhibited
a statistically significant improvement patternpattern of
improvement (p=0.012). The mean reduction in wound size in
sequential applicationswith sequential applications was found
to be statistically significantwas statistically significant, and the
cumulative effect of the wound healing process was observed
to be maximalthe cumulative effect of wound healing peaked
on day 8. In measurements taken on day 12, the difference in
wound size compared to baseline reachedthe change in wound
size from baseline was 10.53+9.84 cm?in six patients. In the final
stage of treatment (day 16), the average wound size decreased

Table 1. Patient and wound characteristics following breast surgery

Characteristics Mean * SD
Age 52.6718.61
Average number of dressing applications 2.47+0.91
Wound measurement
Pre-application measurement (n=15) 7.87+9.21
First post-application measurement (n=15) 5.53+7.87
Second post-application measurement (n=12) 2.70%+4.90
Third post-application measurement (n=6) 2.08+2.46
Fourth post-application measurement (n=2) 1.45+1.76
Time to epithelialization (days) 15.33+5.43
Number (n) Percentage (%)

Diagnosis
Breast cancer 11 73.4
Other 4 26.6
Surgical procedure
Oncoplastic breast surgery 7 46.8
Mastectomy 4 26.6
Biopsy 4 26.6
Wound location
Incision line 15 100.0
Number of wound dressing applications
1 2 13.3
2 6 40.0
3 5 33.3
4 2 13.3
SD: Standard deviation
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to 1.45+1.76 cm?, and a total improvement of 21.30+16.87 cm?
was achieved compared towith baseline. The characteristics of
the wound healing process are presented in Table 2.

Discussion

This study found that the use of a collagen-laminin-based
dermal matrix combined with resveratrol microparticles for the
management of tissue defects following breast surgery may
contribute to wound epithelialization. The findings show that,
in wounds characterized by granulation tissue formation and
a microbiologically negative wound bed, sequential use of the
wound dressing produces maximal effect by day 8 (after two
applications), resulting in a significant reduction in wound size.

The severity and prevalence of postoperative complications
associated with breast surgery are variable and significantly
related to the surgical procedure. Surgical complications may
occur in the breast, at the lumpectomy or mastectomy site,
or in the axillary region [4]. According to a meta-analysis
investigating the effect of wound-related postoperative
complications on oncological outcomes, which included
1,418 breast cancer patients, wound complications were
occurred in 26.9% of patients, and the time to adjuvant
therapy was statistically significantly longer in patients
with wound complications, with delays ranging from an
average of 1.18 to 16.21 days [6]. The importance of wound
complications stems from their causing delays in adjuvant
therapy among patients with breast cancer. The vast majority
of patients who experienced complications also reported
significant stress and anxiety [7,11]. This situation can also
lead to prolonged hospital stays, increased risk of hospital-
acquired infection, and higher healthcare costs. Considering
these risks, effective wound management protocols are
an absolute necessity. In our study sample, the reduction
in wound size from the first to the last measurement, the
average number of days to epithelialization, the ability to
provide outpatient follow-up, and follow-ups performed
by wound care professionals highlight the importance of
effective wound management and wound-care product
selection. Considering the negative effects on patients
and healthcare services of complications following breast
surgery, as reported in the literature, the correct selection of
products can contribute to healing.

There is no single ideal product for the management of wound
complications [12]. Given the wide range of wound-care
products available, selecting a product suitable for the wound-
bed characteristics and supportive of healing is critically
important.

Wound care nurses and wound care specialists play an
important role in this process. These professionals provide
guidance on determining the type and cause of the wound,
planning treatment and care goals, and managing difficult
symptoms and complications. They also make important
contributions to identifying factors that support wound healing
through a holistic approach that includes consideration of the
impacts of wounds on psychological well-being and quality of
life [13]. To meet these needs, new-generation wound-care,
enabled by technological developments, offer promising
alternatives. One such alternative is a collagen-laminin-based
dermal matrix combined with resveratrol microparticles, which
we used in our research for wound management. Classified
in the current literature as bioactive, these wound dressings
can influence wound healing through various physiological
mechanisms. These products, enriched with hyaluronic
acid, honey, collagen, alginates, and polymers containing
polyhexamethylene biguanide, chitin, and chitosan derivatives,
create a suitable microenvironment for wound healing by
providing pH regulation, moisture homeostasis, oxygen
permeability, and exudate management [14]. Studies show
that resveratrol stimulates collagen synthesis and fibroblast
activation with its antioxidant properties, thereby supporting
cellular proliferation [15]. Extracellular matrix components
such as glycosaminoglycans and fibrous proteins are reported
to facilitate cell migration, adhesion, and new tissue formation
[9,16]. In this context, the developed collagen-laminin-based
dermal matrix combined with a resveratrol microparticle
formulation is reported to contain laminin, which plays a role
in cell adhesion; collagen, which provides structural support;
and hyaluronic acid, a glycosaminoglycan derivative; the lipid
DPPC forms the microparticle structural component. In vitro
studies have demonstrated that these components exhibit
synergistic effects in tissue repair [10].

Clinical studies support these theoretical foundations. Gokce
et al. [17] reported that a collagen-laminin dermal matrix
impregnated with resveratrol-loaded hyaluronic acid-DPPC
microparticles accelerated the wound healing process in
a diabetic environment. In another study, Cetinkalp et al.
[10] compared standard wound care with standard wound
care combined with a collagen-laminin-based dermal matrix
and resveratrol microparticles for 4 weeks in patients with
diabetic foot wounds. At the end of the study, the wound
closure rates were 57.82% in the dressing group and 26.63%
in the standard care group. Statistical analyses showed that
a collagen-laminin-based dermal matrix combined with
resveratrol microparticles promoted rapid wound healing
and reduced parameters of oxidative stress [10]. In line with

Table 2. Wound healing measurement results

Initial Day 4 Day 8 Wilks’ lambda F 2
wound size wound size wound size distribution
Wound size 7.87%9.21 5.53+7.87 2.70+4.90
ifference compared to 234127 -5.0825.01 AT O b
Analysis of variance in repeated measurements
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these findings, the current literature supports the use of this
wound dressing as a effective therapeutic agent in diabetic
wound healing and in colonic anastomotic dehiscence
[9,10,17]. No studies have evaluated the role of a collagen-
laminin-based dermal matrix combined with resveratrol
microparticles in wound complications following breast
surgery. This study is the first to evaluate the therapeutic
role of collagen laminin-based dermal matrix combined
with resveratrol microparticles in wound complications after
breast surgery. A characteristic feature of our study is that
the patient population consists predominantly of cases with
wound complications after breast cancer surgery.

The findings suggest that a collagen-laminin-based dermal
matrix combined with resveratrol microparticles may have an
alternative role in the management of wound complications
after breast surgery, with clinical advantages such as shortening
the time to start adjuvant therapy, enabling outpatient
follow-up, and accelerating epithelialization. Furthermore,
our study emphasizes the importance of specific wound-bed
conditions to achieve the optimal effect of a collagen- and
laminin-based dermal matrix combined with resveratrol
microparticles. Specifically, this wound dressing was found
to be effective in wound beds where granulation tissue was
present and microbiological contamination was eliminated.
Objective measurements showed that sequential applications
of a collagen-laminin-based dermal matrix combined with
resveratrol microparticles resulted in a statistically significant
reduction in wound size on day 8 (after two consecutive
applications). This finding suggests that the dressing has a
cumulative effect on wound healing over time and that a clean,
granulated wound bed is critical for optimal results. Similarly,
the literature reports that wound bed preparation and control
of microbial load increase the effectiveness of wound care [18].

Study Limitations

However, our study has some methodological limitations. The
single-center design and relatively small sample size, along
with substantial attrition over time, limit the generalizability
of the results. Furthermore, the availability of the product and
lack of coverage by reimbursement schemes may limit patient
access in clinical practice and increase costs. These limitations
indicate the need for future multicenter randomized controlled
trials with larger sample sizes.

Conclusion

This study is the first to evaluate the role of a collagen-
laminin-based dermal matrix combined with resveratrol
microparticles in wound complications following breast
surgery. sequential collagen-laminin-based dermal matrix
combined with application of resveratrol microparticles in
granulated, microbiologically clean wound beds showed the
maximal effect on day 8, resulting in a significant reduction in
wound size. With its clinical advantages such as minimizing
delays to adjuvant treatment and enabling outpatient
follow-up, this dressing may serve as an alternative in the
management of wound complications following breast

surgery. Due to the single-center design and limited sample
size, multicenter randomized controlled trials are needed.

Ethics

Ethics Committee Approval: Institutional approval was
obtained from the University of Health Sciences Tirkiye,
Gulhane Scientific Research Ethics Committee (decision no:
2025-283, date: 03.06.2025).

Informed Consent: Retrospective study.

Footnotes

Authorship Contributions

Surgical and Medical Practices: S.A., K.i., K.BY., M.A.G.,
Concept: S.A., H.E.G., i.B.B.,, M.T,, E.E., S.B.M., M.A., K.BY,,
M.A.G., Design: S.A., K.I., H.E.G., I.B.B., M.T,, E.E., $.B.M., M.A,,
K.BY., M.A.G., Data Collection or Processing: S.A., K.I., Analysis
or Interpretation: S.A., B.K., Literature Search: S.A., B.K., i.B.B.,
M.T., E.E.,, S.B.M., M.A., K.BY.,, M.A.G., Writing: S.A., B.K,,
H.E.G., M.A., M.AG.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial suppor.

References

1. Ozmen V, Ozmen T, Dogru V. Tiirkiye>de meme kanseri analizi: 20000
hastanin analizi. 21. Ulusal Cerrahi Kongresi. Akademik Veri Yonetim
Sistemi. 2018;ss1

2. International Agency for Research on Canser. Wold Health Organization.
Dataviz. Accessed 15.08.2025. https://gco.iarc.fr/today/en/dataviz/

3. TC Saglik Bakanhgi, Halk Sagligi Genel Mudurltgi, Tirkiye Kanser
istatistikleri, 2020. https://hsgm.saglik.gov.tr/depo/birimler/kanser-
db/Dokumanlar/Istatistikler/Turkiye_Kanser_lstatistikleri_2020.pdf.
Accessed 10 Aug 2025.

4. Al-Hilli Z, Wilkerson A. Breast surgery: management of postoperative
complications following operations for breast cancer. Surg Clin North
Am. 2021;101:845-863.

5. Murthy BL, Thomson CS, Dodwell D, et al. Postoperative wound
complications and systemic recurrence in breast cancer. Br J Cancer.
2007;97:1211-1217.

6. Balasubramanian |, Harding T, Boland MR, et al. The impact of
postoperative wound complications on oncological outcomes following
immediate breast reconstruction for breast cancer: a meta-analysis. Clin
Breast Cancer. 2021;21:e377-e387.

7. Gopie JP, Timman R, Hilhorst MT, Hofer SO, Mureau MA, Tibben A.
The short-term psychological impact of complications after breast
reconstruction. Psychooncology. 2013;22:290-298.

8. Timman R, Gopie JP, Brinkman JN, et al. Most women recover from
psychological distress after postoperative complications following
implant or DIEP flap breast reconstruction: a prospective long-term
follow-up study. PLoS One. 2017;12:e0174455.

9. Ersoz$, KonukY. The effect of Dermalix® on colon anastomosis leakage:
experimental study. Ulus Travma Acil Cerrahi Derg. 2023;29:1212-
1217.

10. Cetinkalp S, Gokge EH, Simsir |, et al. Comparative evaluation of
clinical efficacy and safety of collagen laminin-based dermal matrix
combined with resveratrol microparticles (dermalix) and standard
wound care for diabetic foot ulcers. Int J Low Extrem Wounds.
2021;20:217-226.



Acta Haematol Oncol Turc 2025;58(3):206-211

Akyuz et al. Use of a Dermalix for Wound Complications After Breast Surgery

11.

12.

13.

14.

15.

Prochazka V, Zavadovd A, Zatecky J, Martinek L. Incidence of
postoperative complications in patients with breast cancer depending
on the type of drain. Rozhl Chir. 2023;102:17-22.

Pallaske F, Pallaske A, Herklotz K, Boese-Landgraf J. The significance of
collagen dressings in wound management: a review. J Wound Care.
2018;27:692-702.

J Clemett V. Wound assessment and documentation: rationale and
guidance. BrJ Nurs. 2025;34:520-526.

Polverino G, Russo F, D’Andrea F. Bioactive dressing: a new algorithm in
wound healing. J Clin Med. 2024;13:2488.

Ndiaye M, Philippe C, Mukhtar H, Ahmad N. The grape antioxidant
resveratrol for skin disorders: promise, prospects, and challenges. Arch
Biochem Biophys. 2011;508:164-170.

16.

17.

18.

Sangnim T, Puri V, Dheer D, Venkatesh DN, Huanbutta K, Sharma
A. Nanomaterials in the wound healing process: new insights and
advancements. Pharmaceutics. 2024;16:300.

Gokce EH, Tuncay Tanriverdi S, Eroglu |, et al. Wound healing effects of
collagen-laminin dermal matrix impregnated with resveratrol loaded
hyaluronic acid-DPPC microparticles in diabetic rats. Eur J Pharm
Biopharm. 2017;119:17-27.

De Francesco F, Ogawa R. From time to timer in wound healing through
the regeneration. Adv Exp Med Biol. 2024;1470:1-18.

211



212

Acta Haematologica
oncologica
Turcica

AHOT

Acta Haematol Oncol Turc 2025;58(3):212-217

Original Article

DOI: 10.4274/ahot.galenos.2025.2025-7-4

Cladribine Treatment Outcomes in Hairy Cell Leukemia:

A Single-center Experience

® Sema Secilmis, ® Burcu Aslan Candir, ® Samet Yaman, ® Ersin Bozan, ® Bahar Uncu Ulu, ® Tugce Nur Yigenoglu, ® Dicle iskender,

® Merih Kizil Cakar

University of Health Sciences Tiirkiye, Dr. Abdurrahman Yurtaslan Ankara Oncology Training and Research Hospital, Clinic of Hematology and Bone Marrow

Transplantation Center, Ankara, Tiirkiye

Aim: Hairy cell leukemia (HCL) is a rare, indolent, chronic B-cell lymphoproliferative disorder. This study aimed to assess the clinical features,
treatment responses, and outcomes of patients with HCL monitored at our institution.

Methods: We conducted a retrospective cohort study of 25 patients diagnosed with HCL who were followed at our center. Data on demographics,

ABSTRACT

presenting symptoms, laboratory findings, immunophenotypic characteristics, treatment responses, and long-term follow-up were reviewed.
Results: The median age at diagnosis was 48 years, and most patients were male. Fatigue, abdominal fullness, and abdominal pain were the leading
presenting symptoms. All patients had splenomegaly at diagnosis. All patients received cladribine as first-line therapy, achieving complete remission
(CR) in 92.0% and partial remission in 8.0% of cases. During a median follow-up of 36.9 months after CR, three patients (12%) experienced relapse,
but subsequently achieved CR following re-treatment with cladribine. No treatment-related deaths or secondary malignancies were recorded.

Conclusion: Cladribine continues to be a reliable and well-tolerated initial therapy for patients with HCL. In those who relapse, retreatment with
cladribine is effective, reinforcing its established role in disease management.

Keywords: Hairy cell leukaemia, cladribine, prognosis, purine nucleoside analog

Introduction

Hairy cell leukemia (HCL) is a rare B-cell malignancy with an
indolent course, first identified by Bouroncle et al. [1]. It is
typically characterized by pancytopenia and splenomegaly and
constitutes nearly 2% of all leukemia cases. The disease usually
appears around the age of 55 and is 3-4 times more common
in men than in women [2]. In many patients, long-lasting
cytopenias are the first sign, but may remain undetected for
years [2]. With more frequent peripheral blood testing, hairy
cells can now be detected even in asymptomatic patients. In
5-10% of these cases, a watch-and-wait approach is used, with
regular follow-up until treatment is needed [3,4].

Treatment becomes necessary when symptoms appear or
blood counts continue to drop. While HCL usually progresses

slowly, most patients eventually need therapy because of
worsening cytopenias or an enlarged, symptomatic spleen [5].
A major advance in HCL treatment occurred in the early 1990’s
with the introduction of purine analogs such as cladribine
[2-chlorodeoxyadenosine, (2-CdA)][6] and pentostatin
(2’-deoxycoformycin) [7,8]. These drugs are now the first-line
treatment for suitable patients, leading to durable complete
remissions (CR) and longer survival in those without active
infections and with good performance status [9-12].

This study aimed to evaluate the clinical features and treatment
outcomes of patients with HCL managed at our center.
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Methods

The study was approved by the Clinical Research Ethics
Committee of the University of Health Sciences Tirkiye, Dr.
Abdurrahman Yurtarslan Ankara Oncology Health Application
and Development Center of the (decision no: 2022-02/1651,
date: 09.02.2022). All procedures were carried out in
accordance with the ethical principles of the 1964 Helsinki
Declaration.

This retrospective cohort study included 25 patients with
classic HCL diagnosed between January 2010 and February
2022. Cases with variant HCL were excluded. Demographic
characteristics, initial symptoms, physical examination
findings, complete blood counts, biochemical test results,
bone marrow biopsy reports, and peripheral blood smear
evaluations were reviewed. Treatment responses, side effects,
and relapses were also analyzed.

The diagnosis was made using peripheral blood smear,
bone marrow morphology, and immunophenotypic and
immunohistochemical findings [13,14].

Identifying typical “hairy” lymphoid cells under the microscope
was key to the diagnosis. Imaging methods, such as computed
tomography or ultrasound, were used to evaluate organ
enlargement and lymph node involvement [5]. All patients
underwent bone marrow aspiration and biopsy, and flow
cytometry was used to confirm the diagnosis. This technique
aided the identification of leukemic cells through detection
of B-cell markers [Cluster of Differentiation 19 (CD19),
CD20, CD22] and antigens such as CD11c, CD25, CD103, and
CD123 [15,16].

Immunohistochemical staining of the bone marrow also
supported the diagnosis [17,18]. Markers such as tartrate-
resistant acid phosphatase (TRAP), annexin-1, and reticulin
were used. Treatment was initiated in patients with cytopenias
[Hemoglobin (Hb) <11 g/dL, white blood cell <1,000/uL,
platelets <100,000/uL], symptomatic splenomegaly, systemic
complaints, or frequent infections [5]. All patients had normal
kidney and liver function and had no uncontrolled infections.

All patients were treated with the purine analog cladribine
(2-CdA) as first-line therapy at a dose of 0.14 mg/kg/day
subcutaneously for five days. Patients were monitored with
daily temperature measurements and serial blood counts until
the blood counts returned to normal.

Treatment response was assessed by physical examination,
blood counts, and measurement of spleen size. Because
bone marrow recovery after purine analog therapy can
take several months, a repeat bone marrow biopsy was
performed 4 to 6 months after treatment to confirm
the clearance of leukemic cells [14]. CR was defined as
normalized blood counts (Hb>11 g/dL without transfusion,
platelets >100,000/uL, absolute neutrophil count>1500/
pL), absence of organomegaly or lymphadenopathy, and
absence of visible hairy cells in the blood or bone marrow.
Partial remission (PR) was characterized by near-normalization
of peripheral blood counts, accompanied by at least a 50%
reduction in organomegaly and in bone marrow infiltration by
hairy cells. Patients who did not meet the criteria for either

CR or PR were classified as non-responders. Hematologic
relapse refers to the recurrence of cytopenias. Morphologic
relapse was defined as the reappearance of leukemic cells on
smears or in biopsies without accompanying peripheral blood
cytopenias. While morphologic relapse alone did not always
require treatment, hematologic relapse was assessed based on
symptoms and lab findings to decide on further management
[14,19].

Overall survival (OS) was measured from diagnosis to death
from any cause or to last follow-up. After treatment, patients
were monitored for neutropenic fever and possible treatment-
related side effects.

Statistical Analysis

Statistical analysis was performed using SPSS version 25.0 (IBM
Corp., Armonk, NY, USA). Continuous data were presented as
medians with ranges, while categorical data were presented
as percentages. OS and progression-free survival (PFS) were
calculated using the Kaplan-Meier method.

Results

Patient Characteristics

This study analyzed 25 individuals diagnosed with HCL. Among
them, 64% (n=16) were male and 36% (n=9) were female. The
median age at diagnosis was 48 years, ranging from 27 to 68
years. The most frequent initial complaints included fatigue
(84%), abdominal fullness (56%), and abdominal pain (48%).
Only one patient (4%) had no symptoms at diagnosis and was
referred to hematology following the detection of cytopenias
during routine tests.

Splenomegaly was present in all patients at diagnosis, and 32%
(n=8) had massive enlargement. Pancytopenia was observed
in 72% (n=18) of patients. Hairy cells were identified in 88%
(n=22) of peripheral blood smears, with a median infiltration
rate of 30% (range: 0-80%). On bone marrow examination, the
median infiltration by hairy cells was 70% (range, 5-99%).

All patients expressed CD19, CD20, and TRAP. CD103 was
positive in 96% of cases, and CD11c and CD25 were positive
in 92% of cases. Annexin Al expression was detected in
88% of patients. The BRAF V600E mutation was tested
for in four individuals, all of whom were positive. Due to
technical constraints, this analysis could not be performed
on the remainder of the cohort. A detailed overview of the
demographic and clinical features is shown in Table 1.

Treatment Outcomes

All patients received cladribine as first-line therapy. Among
them, 23 (92.0%) achieved CR, and 2 (8.0%) achieved PR. The
median follow-up duration from CR was 36.9 months (range,
1.4-139.3 months). During follow-up, relapse occurred in
three patients (12%), with a median time to relapse of 90
months (range 24-118 months) calculated from the date of
CR. All relapsed cases were retreated with cladribine and
achieved CR.
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Table 1. Demographic and clinical characteristics of the

patients (n=25)

Parameter Value
Gender, n (%)

Male 16 (64%)
Female 9 (36%)
Median age, years (range) 48 (27-68%)
Comorbidities, n (%) 11 (44%)
Type of HCL, n (%)

De novo 24 (96%)
Therapy-related 1(4%)
ECOG performance status, n (%)

0 5 (20%)
1 18 (72%)
2 2 (8%)
Symptoms at diagnosis, n (%)

Fatigue 21 (84%)
Weight loss 7 (28%)
Night sweats 2 (8%)
Fever 7 (28%)
Abdominal pain 12 (48%)
Abdominal fullness 14 (56%)
Infection 4 (16%)
Bone marrow fibrosis grade, n (%)

Grade 1 10 (40%)
Grade 2 12 (48%)
Grade 3 3(12%)
Bone marrow infiltration pattern

Diffuse 17 (68%)
Interstitial 5 (20%)
Diffuse + interstitial 3(12%)
Hairy cells in peripheral blood 22 (88%)
Peripheral LAP, n (%) 2 (8%)

Median hairy cells (%)

In bone marrow

70% (5-99%)

In peripheral smear

30% (6-80%)

Splenic size by ultrasound (mm)

Pre-treatment

170 (135-290)

Post-treatment

120 (106-160)

Laboratory findings at diagnosis

Hemoglobin (g/dL) 9.6 (4.0-15.9)
WBC (x103/pL) 2.4(0.7-18.1)
ANC (x10%/pL) 0.51 (0.15-2.31)
Lymphocytes (x103/uL) 1.5(0.1-13.6)
Monocytes (x10%/uL) 0.09 (0-2.26)
Platelets (x10%/uL) 58 (26-445)
Febrile neutropenia post-treatment 20 (80%)

HCL: Hairy cell leukemia, ECOG: Eastern Cooperative Oncology Group, LAP:
Lymphadenopathy, WBC: White blood cell ANC: Absolute neutrophil count

Median OS and PFS were not reached. At 12 vyears, the
estimated OS and PFS rates were 100% and 80% (95%
confidence interval: 53-95%), respectively. Details of treatment
outcomes are provided in Table 2, and PFS is illustrated by the
Kaplan-Meier curve in Figure 1.

Toxicity and Safety

The most frequent side effect observed was hematologic
toxicity, followed by infections and gastrointestinal complaints.
Anemia and thrombocytopenia improved after treatment, and
leukocyte counts normalized within three months. Febrile
neutropenia developed in 80% (n=20) of patients during the
neutropenic phase, representing grade 3 hematologic toxicity
according to Common Terminology Criteria for Adverse Events
v5.0. Due to the persistent risk of infection and potential
treatment-related mortality, all patients received prophylactic
measures and infection management as recommended in
current guidelines [20,21]. Mild gastrointestinal symptoms
(grade 1-2 nausea and vomiting) were reported by seven
patients (28%). Transient elevations in liver enzymes
(aspartate aminotransferase, alanine aminotransferase) or
bilirubin (grade 1-2) occurred in 4 patients (16%). No grade
4 hematologic or grade >3 non-hematologic toxicities were
recorded.

Discussion

Classic HCL is a rare and indolent B-cell malignancy, marked
by the slow buildup of malignant lymphoid cells in the bone
marrow and spleen. This process often leads to cytopenias
and a higher risk of infections [22]. With improved treatment
options, most patients diagnosed with HCL now have a life
expectancy comparable to that of healthy individuals [23].

In line with previous reports [2], our study demonstrated
a higher frequency of HCL in males. Only one patient (4%)
was asymptomatic at diagnosis, but treatment was initiated
because of significant cytopenias.

Fatigue and abdominal complaints—often associated with
splenic enlargement—are frequent in HCL, occurring in up to
90% of cases [24-26]. Our findings were consistent with this
pattern: fatigue was the leading symptom (84%), followed
by abdominal fullness (56%), and abdominal pain (48%).
Splenomegaly was identified in all patients and remained the
most common physical sign.

Table 2. Treatment outcomes of patients with hairy cell
leukemia

n (%)
CR 23 (92%)
PR 2 (8%)
Relapsed disease 3(12%)
Follow-up, months, median (min-max) ?ffggn;?s
PFS Not reached
oS Not reached
CR: Complete response, PR: Partial remission, PFS: Progression-free
survival, OS: Overall survival, min-max: Minimum-maximum
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Figure 1. Progression-free survival (PFS)
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Kaplan-Meier analysis showing PFS of the 25 patients. The median PFS was not reached. Censored observations are marked with a “+” symbol. At
the 12-year follow-up, estimated PFS was 80% (95% confidence interval: 53-95%)

In our cohort, 72% of patients (n=18) had pancytopenia
at diagnosis, reflecting baseline marrow suppression prior
to therapy. Although no patient presented with febrile
neutropenia at baseline, 80% developed it during cladribine
treatment, which is consistent with the expected post-
treatment cytopenic phase of purine analogs. This finding
represents grade 3 hematologic toxicity, not an unexpected
or life-threatening adverse event. Importantly, no grade 4
(life-threatening) hematologic toxicities were observed, and
all episodes of febrile neutropenia resolved with appropriate
antimicrobial and supportive management. Mild cytopenias
and transient infections were observed; however, no grade
>3 non-hematologic toxicities were observed in our cohort.
Similar findings were reported in a Turkish series in which
the rate of febrile neutropenia among patients treated with
cladribine was 60% [27].

To minimize infection risk, prophylactic and supportive
measures were systematically implemented. Patients with
lymphopenia received prophylaxis with co-trimoxazole and
aciclovir until lymphocyte recovery to >1x10°/L [IV, B] [14].
Routine filgrastim use with cladribine is not recommended
[IV, C] [20]; however, granulocyte colony-stimulating factor
was administered selectively for severe infection-associated
neutropenia. All patients were screened for hepatitis B, and
those who tested positive received antiviral prophylaxis [14].

HCL typically causes suppression of at least two blood cell
lineages, with leukopenia—particularly monocytopenia—
being a hallmark feature. Monocyte depletion was observed
in nearly all cases. Extranodal involvement, including
lymphadenopathy and skeletal lesions, is uncommon at initial
presentation but becomes more prominent in relapsed disease
[28,29]. In our series, lymph node enlargement was detected
in only two patients (8%).

Purine nucleoside analogs (PNAs), including cladribine and
pentostatin, have achieved overall response rates exceeding
90%, with CR rates between 79% and 91%. No significant
difference in efficacy has been noted between the two agents
[3,9,30-32].

In our cohort, 23 patients (92%) achieved CR and 2 patients
(8%) achieved PR following cladribine therapy. However,
relapses can still occur despite the high efficacy of PNAs. A
large cohort reported a relapse rate of only 3% after nearly
10 years of follow-up [30]. In another study, relapse rates for
patients treated with pentostatin were 24% at 5 years and
42% at 10 years, whereas relapse rates for those receiving
cladribine were 33% at 5 years and 48% at 10 years [33].

In our cohort, three patients (12%) experienced relapse
after a median follow-up of 36.9 months. This relapse rate
appears lower than those reported in large European series.
In a study of 279 patients, Paillassa et al. [34] reported overall
and CR rates of 97% and 78%, respectively, following first-line
purine analog therapy. After a median follow-up of 10 years,
the cumulative 10-year relapse incidence was 39%, and the
median relapse-free survival was 11 years [34]. Despite the
generally favorable long-term prognosis of HCL, relapses and
secondary malignancies remain important concerns among
long-term survivors.

The youngest individual in our cohort was 27 years old.
Although prior studies have reported relapse rates as high
as 58% among patients younger than 40 following cladribine
therapy [35], both of our patients in this age group remained
in long-term CR. Cladribine re-treatment has previously been
associated with a 62% complete response rate and a 26%
partial response rate [32]. In our series, all three patients
who relapsed achieved CR again following a second course of
cladribine.
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Published data show OS rates of 96% at 4 years and 84% at 20
years for HCL patients [3,32]. By the fifth year after diagnosis,
mortality risk becomes similar to that of peers in the general
population [36]. In our cohort, no deaths were recorded over
a median follow-up of 36.9 months.

Earlier reports indicate that 8-10 % of HCL survivors may
develop secondary cancers over time [3,32]; nevertheless, no
such events were detected in our series during follow-up.

In recent vyears, novel therapeutic strategies, including
rituximab-based chemoimmunotherapy, targeted agents, such
as BRAF and MEK inhibitors, and the BTK inhibitor ibrutinib,
have demonstrated encouraging results in patients with
relapsed or refractory HCL, providing new options beyond
conventional purine-analog therapy [5].

The chief limitation of this work is the small number of patients,
a consequence of the rarity of HCL. Moreover, assessment
of the BRAFV600E mutation—found in nearly all classic
HCL cases and viewed as a pivotal oncogenic driver [37]—
was inconsistent because the study was retrospective and
comprehensive molecular data were not always available.

In addition, molecular testing was limited to BRAF V600E and
was performed in only four patients, while other potentially
relevant mutations, such as MAP2K1 [38] and IGHV4-34
[24], were not assessed. These molecular aberrations are
increasingly recognized as prognostic markers, and their
absence restricts our ability to perform genotype-phenotype
correlations and evaluate their impact on treatment response.

Unlike many other hematologic malignancies, HCL lacks a
standardized risk stratification system. However, unfavorable
outcomes have been linked to factors such as splenomegaly,
elevated beta-2 microglobulin levels, leukocyte counts above
10x10°/L, and levels of circulating hairy cells exceeding 5x10°/L
[29]. In our analysis, minimal residual disease assessment and
extended molecular profiling were not performed, further
limiting the evaluation of long-term prognostic factors.

Conclusion

Cladribine continues to serve as a highly effective and well-
tolerated first-line therapy for HCL, providing strong response
rates and lasting remissions. Its manageable toxicity profile
supports its continued use in clinical practice. In relapsed cases,
cladribine re-administration remains a viable and effective
strategy. However, prospective studies in larger populations
are needed to optimize treatment approaches and enhance
long-term outcomes in HCL.
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Aim: Mosaic variants in oncogenic signaling pathways, particularly the Rat Sarcoma/Mitogen-Activated Protein Kinase (RAS/MAPK) cascade, are
increasingly recognized causes of non-malignant developmental disorders presenting with segmental cutaneous manifestations.

Methods: We evaluated patients carrying somatic mosaic variants in the Kirsten RAS Viral Oncogene Homolog, Neurofibromin 1, Fibroblast Growth

Factor Receptor 3, and Neuroblastoma RAS Viral Oncogene Homolog genes. Molecular analyses were performed with emphasis on tissue-specific

Results: The reported cases demonstrate the broad phenotypic spectrum of mosaic RAS/MAPK-related disorders. Clinical severity was shown to
depend on both the type of variant and the extent of mosaic distribution. Importantly, several low-frequency variants were detectable only in

Conclusion: Current American College of Medical Genetics and Genomics/Association for Molecular Pathology guidelines for germline and cancer-
associated variants are insufficient to classify somatic mosaic variants underlying cutaneous disorders. Our findings emphasize the need to reshape

-
S() sequencing to detect low-level mosaicism.
[+ 4
=
(%]
g affected tissue, highlighting the diagnostic value of tissue-specific molecular testing.
diagnostic approaches and variant classification strategies for mosaic RAS/MAPK-related dermatologic conditions.
Keywords: Skin, somatic, RAS pathway, mosaic, postzygotic
Introduction

The Rat Sarcoma/Mitogen-activated Protein Kinase (RAS/
MAPK) signaling pathway plays a central role in regulating
fundamental biological processes such as cell growth,
proliferation, and differentiation. Germline pathogenic
variants in genes of this pathway are responsible for a group
of neurocutaneous developmental disorders collectively
known as RASopathies. In recent years, postzygotic (mosaic)
activating variants in genes such as Harvey RAS Viral Oncogene
Homolog (HRAS), Kirsten RAS viral oncogene homolog (KRAS),
neuroblastoma RAS viral oncogene homolog (NRAS), and

Protein Tyrosine Phosphatase Non-receptor Type 11 (PTPN11)
have also been increasingly recognized as causative of mosaic
forms of RASopathies, which represent phenotypically distinct
and increasingly well-defined clinical entities [1]. These
disorders typically present in the neonatal or early childhood
period with cutaneous, vascular, skeletal, and neurological
anomalies, accompanied by segmental proliferative lesions
and an increased risk of malignancy. Due to the mosaic nature
of the variants, clinical findings are frequently asymmetric,
segmental, or localized, and may be missed if genetic testing is
limited to peripheral blood samples.
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In this study, we present a series of patients harboring mosaic
pathogenic variants in genes of the RAS/MAPK signaling
pathway, and we emphasize the complementary role of
genetic and dermatologic evaluation in the recognition of
mosaic signaling disorders.

Methods

All procedures performed in this study were carried out in
accordance with the ethical standards stated in the World
Medical Association Declaration of Helsinki. Ethics committee
approval for the study was received from the Scientific
Research Evaluation and Ethics Committee of University of
Health Sciences Tiirkiye, Ankara Etlik City Hospital on (decision
no: AESH-BADEK-2024-757, date: 28.08.2024). This study is
descriptive in nature, and no statistical analysis was performed
because the dataset did not require comparative or inferential
evaluation.

Five patients who presented to University of Health Sciences
Turkiye, Ankara Etlik City Hospital were included in the study.
Written informed consent was obtained from all patients or
theirlegalguardians. Inretrospectively evaluated clinical exome
sequencing, the following kits were used. For G23-25265,
G23-9663, and BSH1 patients’ genomic deoxyribonucleic acid
(DNA) extracted from affected skin tissue samples was used
for library preparation with the Sophia Clinical Exome Solution
V3 capture kit (SOPHIA Genetics SA, Switzerland) and was
sequenced on the MiSeq platform (lllumina Inc., CA).

For patient G24-25268, DNA extracted from the patient’s skin
tissue sample was analyzed by next-generation sequencing
(NGS) on the Seq Genomize V8.2.3 platform (Roche), and
library preparation was performed using the KAPA HyperCap
Custom kit. The corresponding Binary Alignment/Map file
alignments, visualized with Integrative Genomics Viewer, are
provided in the Supplementary Material.

Ribonucleic acid was isolated from the fibroblast tissue of
patient G24-7460 and quantified using a Qubit fluorometer.
Libraries were prepared with the Archer’ Comprehensive
Thyroid & Lung Kit, indexed, and sequenced on an NGS
platform.

Results

Patients

G23-25265

An 8-year-old girl was referred for evaluation of congenital focal
alopecia of the scalp and linear cutaneous hyperpigmentation.
She was the fifth child of parents related at the third degree.
Prenatal history was unremarkable, and neurodevelopment
was age-appropriate. Vision and hearing assessments,
echocardiography, brain magnetic resonance imaging
(MRI), and abdominal ultrasound were within normal limits.
Academic performance was reported as good. Anthropometric
measurements were as follows: weight, 30 kg [standard
deviation score (SDS): +0.48]; height, 121 cm (SDS: -1.57); and

head circumference, 53 cm (SDS: +0.63). Physical examination
revealed a relative nevus sebaceous on the scalp (Figure 1a),
macrocephaly, sparse, lusterless hair with patchy alopecia, and
dysmorphic features including coarse facial appearance, high
forehead, mild synophrys, broad nasal root, full lips (Figure
1b), short neck, low posterior hairline, and hypopigmented
macules along Blaschko’s lines (Figure 1c). Conventional
karyotyping and chromosomal microarray were normal.
Because of pigmentary mosaicism and dysmorphic features,
NGS of affected skin tissue was performed. A somatic KRAS
(NM_004985.5) variant, c.26T>G; p.(Val9Gly), was detected
[Variant Allele Frequency (VAF) 13; read depth 56]. According
to American College of Medical Genetics and Genomics/
Association for Molecular Pathology (ACMG/AMP) guidelines,
this variant was classified as likely pathogenic based on PM1,
PM2, PP2, and PP3.

G24-25268

A 34-year-old woman was referred for evaluation of multiple
neurofibromas localized to the back. Histopathological
examination confirmed the diagnosis of neurofibroma, and
the lesions were reported to have developed postnatally.
Aside from cutaneous neurofibromas, she did not meet any
other diagnostic criteria for Neurofibromin type 1 (NF1).
NGS of peripheral blood revealed no pathogenic variants in
the NF1 gene. However, because of a segmental distribution
and the absence of systemic involvement, mosaic NF1 was
suspected. Targeted NGS of affected skin tissue identified
a somatic NFI variant: NM_001042492.3:c.7797_7806del,
p.(Glu2600PhefsTer21), with a VAF consistent with mosaicism
(VAF 8.23%; read depth 243). According to ACMG/AMP
guidelines, this frameshift deletion was classified as likely
pathogenic based on pathogenic very strong 1 and PM2.

G23-9663

A4-year-old boy was referred for evaluation of hyperpigmented
skin lesions distributed in a linear pattern on the neck, trunk,
andinguinalregion,accompanied by pruritus. The lesionsbegan
to appear around the fourth month of life and progressively
spread. Prenatal and perinatal histories were unremarkable;
he was born at term by cesarean section, weighing 3350 g.
There was no parental consanguinity, and neurodevelopmental
milestones were normal. At presentation, anthropometric
measurements were: weight 17 kg (SDS: -0.53), height 104
cm (SDS: -1.16), and head circumference 51 cm (SDS: -0.35).
Physical examination revealed a widow’s peak; wavy, woolly
hair; downslanted palpebral fissures; a prominent lower lip;
and papillomatous lesions around the perioral and periorbital
areas. Additionally, hyperkeratotic verrucous plaques were
noted in the cervical and axillary regions (Figures 1d, 1e),
and linear and whorled hyperpigmented patches or plaques
following Blaschko’s lines were observed over the trunk (Figure
1f) and extremities (Figure 1g). Abdominal ultrasonography
was unremarkable. Histopathological examination of a
skin biopsy demonstrated basket-weave hyperkeratosis,
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papillomatosis, and focal vacuolization in the basal layer of
the epidermis. Targeted NGS of the affected tissue revealed a
somatic Fibroblast Growth Factor Receptor 3 (FGFR3) variant:
NM_000142.5:c.742C>T; p.(Arg248Cys) (VAF 9%; read depth
165). This variant is classified as pathogenic according to the
ACMG guidelines (PS3, PS4, PM1, PM2, PP3, PP5).

G24-7460

A 4-year-old boy with a history of congenital giant nevus was
referred for genetic evaluation. He was the child of parents
described as non-consanguineous but with a known fourth-
degree familial relationship. Prenatal and perinatal histories
were unremarkable; he was born at 41+3 weeks’ gestation via
normal spontaneous vaginal delivery, with a birth weight of
3.600 g. Neurodevelopmental milestones were appropriate for
age. At the time of examination, his weight, height, and head
circumference were 13 kg, 94 cm, and 48 cm, respectively.
Physical examination revealed Ilateral thinning of the
eyebrowsand numerous melanocytic nevi with hairs of various
lengths throughout the body, including a giant congenital
nevus on the back (Figures 1h, 1i). In addition, bilateral pes
planus and prominent heels were noted. Audiological and
ophthalmological assessments, as well as cranial MRI and
abdominal ultrasonography, were within normal limits. NGS
of affected skin tissue identified a somatic variant in the
NRAS gene (NM_002524.5:¢c.182A>G; p.GIn61Arg), consistent
with a molecular diagnosis of congenital melanocytic nevus
syndrome (CMNS) (VAF 25%, read depth: 300). This variant is
classified as pathogenic according to ACMG guidelines (PS3,
PS4, PM1, PM2, PP2, PP3).

BSH1

An 8-month-old female patient was born at 35 weeks’
gestation with a birth weight of 2620 g. She was referred for
dysmorphic facial features and skin lesions. Her parents were
consanguineous. Physical examination revealed macrocephaly;
hypertelorism; eyelid coloboma; bilateral eyelid hypoplasia
(Figure 1j); protruding conjunctiva; sparse hair, eyebrows, and
eyelashes; macroglossia; and hypopigmented linear verrucous
plaques along Blaschko’s lines on the chin and back (Figure
1k). Her weight was 4 kg [-5.9 standard deviation (SD)] and her
length was 60 cm (-4.4 SD). Echocardiography demonstrated
coarctation of the aorta and hypoplasia of the transverse
aortic arch and isthmus. Ophthalmological examination
of the left eye revealed a lid lipodermoid and aniridia.
Abdominal ultrasonography and hearing screening were
normal. Chromosome analysis revealed a 46,XX karyotype. A
pathogenic KRAS variant, NM_004985.5:¢.35G>A (p.Gly12Asp)
(rs121913529) (VAF 31%, read depth 163), was identified by a
RASopathy gene panel performed on a skin biopsy. This variant
is classified as pathogenic according to ACMG guidelines (PS3,
PS4, PM1, PM2, PP2, PP3). The patient died at 10 months of
age due to respiratory distress and sepsis.

Table 1 presents the detected somatic mosaic variants in the
study cohort, together with their tissue distribution, variant
allele frequencies, and sequencing depths.

Discussion

The cases presented in this series illustrate the expanding
spectrum and diagnostic complexity of mosaic disorders
involving oncogenic signaling pathways, particularly the RAS/
MAPK and PI3K/AKT/mTOR cascades. Although these pathways
have traditionally been associated with cancer pathogenesis,
dysregulation of these pathways due to postzygotic activating
variants has increasingly been implicated in non-malignant
developmental disorders with highly variable and often
segmental phenotypic manifestations. Our findings underscore
the diagnostic value of detailed dermatological assessment for
the early recognition of mosaic signaling disorders, particularly
in individuals with localized pigmentary or proliferative
cutaneous anomalies. Furthermore, the detection of low-
level somatic variants in affected tissue, undetectable in
peripheral blood, highlights the necessity of tissue-specific
molecular testing in the diagnostic evaluation of suspected
mosaic phenotypes. These cases, which present both classical
and atypical clinical features, contribute to the growing body
of evidence bridging cancer biology and developmental
genetics, and emphasize the importance of interdisciplinary
collaboration in the management of such patients.

Our two patients with mosaic KRAS variants highlight the
wide phenotypic spectrum of epidermal nevus syndromes.
G23-25265, carrying the rare p.(Val9Gly) variant, presented
with a scalp lesion that was clinically suggestive of nevus
sebaceus, which dermatological evaluation described as
more consistent with scarring alopecia, along with patchy
alopecia, hypopigmented macules along Blaschko’s lines,
and dysmorphic features, without neurological or systemic
involvement. Histopathological confirmation could not be
performed; therefore, the exact classification of the lesion
remains uncertain. The literature indicates that mosaic KRAS
variants are not restricted to classical nevus sebaceus but can
alsopresentaslinearorsegmental keratinocytic epidermal nevi,
pigmentary mosaicism, and occasionally mucosal involvement,
supporting a broader phenotypic spectrum [2]. To the best
of our knowledge, the p.(Val9Gly) variant has not previously
been reported in association with this presentation, raising
the possibility of a novel genotype-phenotype correlation at
the milder end of the spectrum. In contrast, the BSH1 case
supports previous reports of patients with Schimmelpenning-
Feuerstein syndrome, in whom the p.Gly12Asp variant has
been associated with multisystem involvement and a severe
clinical course. Moreover, a relatively high mosaicism rate of
31% may account for the fatal outcome observed in this patient
[2,3]. Taken together, these cases demonstrate that both the
specific KRAS mutation and the extent of mosaic distribution
are critical determinants of clinical severity, ranging from
isolated cutaneous or dysmorphic findings to life-threatening
multisystem disease.

The clinical and molecular findings of patient G24-25268 are
consistent with a diagnosis of segmental neurofibromin (also
referred to as mosaic NF1). According to current estimates,
approximately 10% of patients with NFI have the mosaic
form of the disease [2]. The patient presented with multiple
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Figure 1. Patient photographs illustrating the phenotypic spectrum. (a) Patchy alopecia on the scalp (b) coarse facial features with a
broad forehead, subtle synophrys, wide nasal bridge, and prominent lips (c) linear hypopigmented macules along Blaschko’s lines on
the right arm (d) linear blaskoid hyperpigmented verrucous plaques surrounding the neck and (e) axillary region and linear swirling
hyperpigmented patches and plaques following Blaschko’s lines on the anterior trunk, (f) back and (g) extremities (h-i) multiple
melanocytic nevi of varying sizes with hypertrichosis on the right arm and back (j) macrocephaly, hypertelorism, eyelid coloboma,
bilateral eyelid hypoplasia, sparse scalp hair, sparse eyebrows and eyelashes, macroglossia, and (k) hypopigmented linear verrucous
plaques following Blaschko’s lines on the chin, perioral region and around the nose
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Table 1. Somatic mosaic variants identified in the study cohort, indicating the affected genes, variant type, tissue distribution,

VAF, and coverage depth.

Patient no Gene Variant Affected tissue | Blood VAF Depth
G23-25265 KRAS €.26T>G; p.(Val9Gly) + - 13% 56
G24-25268 NF1 €.7797_7806del, p.(Glu2600PhefsTer21) | + - 8.2% 243
G23-9663 FGFR3 c.742C>T; p.(Arg248Cys) + NA 9% 163
G24-7460 NRAS ¢.182A>G; p.(GIn61Arg) + NA 25% 300

BSH1 KRAS €.35G>A (p.Gly12Asp) + NA 31% 163

VAF: Variant allele frequency, KRAS: Kirsten Rat Sarcoma Viral Oncogene Homolog, NF1: Neurofibromin Type 1, FGFR3: Fibroblast Growth Factor Receptor 3,
NRAS: Neuroblastoma Rat Sarcoma Viral Oncogene Homolog, NA: Not applicable

neurofibromas localized exclusively to the back and did not
meet the National Institutes of Health diagnostic criteria
for generalized NF1. The absence of systemic involvement
and the postnatal onset of the lesions supported the
suspicion of mosaicism. Targeted NGS of affected skin tissue
revealed a somatic NF1 frameshift variant—c.7797_7806del,
p.(Glu2600PhefsTer21)—with a VAF of 8.23%, consistent with
a mosaic pattern. This novel variant, not previously reported,
was not detected in peripheral blood, further supporting
its somatic origin. There are currently no specific follow-up
guidelines for mosaic NF1. Based on previous reports indicating
a 13% risk of malignancy in patients with mosaic NF1 [2], the
patient was counseled accordingly and scheduled for regular
follow-up.

The FGFR3 p.(Arg248Cys) hotspot mutation has been
consistently reported as a pathogenic variant underlying
mosaic epidermal nevus syndrome [4]. In some patients,
this mutation extended beyond the epidermis into the oral
mucosa or hematopoietic cells, suggesting an early embryonic
mutational event [5]. In our patient, however, the mutation
was confined to a nevus sebaceus on the scalp and to
areas of hypopigmentation along Blaschko’s lines, with no
extracutaneous manifestations. The relatively low mutant
allele frequency (~9-13%) further supports limited tissue
involvement, which may account for the mild phenotype. While
constitutional Arg248Cys mutations cause thanatophoric
dysplasia, a typically lethal skeletal dysplasia [6], mosaic forms
result in non-lethal presentations with variable expressivity.
These observations highlight the wide phenotypic spectrum
of FGFR3 mosaicism and emphasize the need for careful
dermatologic examination and tissue-specific molecular
testing in suspected epidermal nevus syndromes. Even in the
absence of systemic involvement, long-term surveillance is
advisable, as extracutaneous features and rare complications
have been described in previously reported cases [4,7].

In G24-7460, targeted sequencing of affected skin tissue
identified the pathogenic hotspot NRAS p.(GIn61Arg), a
recurrent postzygotic activating mutation well documented
in CMNS and other mosaic RASopathies [8]. Together with
p.GIn61Lys and p.Gly13Arg, this variant has been described as
one of the most frequent drivers of large or multiple congenital
melanocytic nevi and represents a prototypical example of
somatic mosaicism [9]. The mutant allele frequency in our
case (25%) was consistent with a mosaic state, as previously

reported in similar patients [10]. Although extracutaneous
features such as neurocutaneous melanosis, seizures, and
structural central nervous system malformations have been
described in association with CMINS [11], our patient exhibited
only cutaneous findings, further highlighting the phenotypic
variability of NRAS-driven mosaic disorders. The additional
findings of pes planus and prominent heels may be incidental;
however, given the pleiotropic effects of RAS/MAPK signaling,
a contributory effect cannot be entirely excluded. Unlike some
previously reported mosaic RASopathy patients in whom
hypophosphatemic rickets has been documented [12], no
biochemical evidence of hypophosphatemia was observed in
our patient. However, because of the acute risk of developing
rickets, he was placed under close clinical follow-up. Overall,
our findings are consistent with previous reports and reinforce
the concept that NRAS mosaicism underlies a clinically
heterogeneous spectrum, emphasizing the importance of
detailed dermatological assessment, tissue-specific molecular
testing, and longitudinal surveillance in children presenting
with extensive congenital melanocytic nevi.

There are currently no ACMG/AMP guidelines specifically
developed for the classification of somatic mosaic variants
associated with non-malignant cutaneous lesions, such as
epidermal nevus syndromes or segmental neurofibromatosis.
The widely adopted 2015 ACMG/AMP recommendations
were primarily designed to evaluate germline variants,
whereas the 2017 AMP/ASCO/CAP guideline was directed
toward interpreting somatic variants in malignancies [13,14].
Consequently, the interpretation of variants identified in non-
malignant cutaneous mosaic disorders generally relies on the
application of germline ACMG/AMP criteria with appropriate
modifications. However, the applicability and weight of
these criteria can vary in the mosaic context. For example,
evidence such as de novo occurrence or gene-specific loss-of-
function can support pathogenicity, but interpretation must
take into account the somatic mosaic nature and restricted
tissue distribution of the variant. Collectively, our findings
emphasize the need for tailored classification frameworks for
somatic mosaic variants in dermatologic disorders, bridging
the gap between germline guidelines and cancer-focused
recommendations. Moreover, the genetic characterization
of somatic mosaic skin disorders related to the RAS/
MAPK pathway has advanced the understanding of disease
pathogenesis and paved the way for the development of new
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therapeutic targets. Indeed, targeted therapies originally
developed for cancers with RAS/MAPK pathway alterations
(such as MAPK inhibitors) may also hold therapeutic promise
in cutaneous mosaic disorders driven by the same pathway,
and their potential use in this context deserves further
exploration. The increasing number of reported cases is
expected to contribute to refining clinical approaches and to
shaping treatment strategies with translational potential.

Study Limitations

This study is limited by the inability to demonstrate the absence
of variants in blood samples from some patients (e.g., because
of death), the lack of functional validation, and the absence of
specific ACMG/AMP guidelines tailored for cutaneous mosaic
variants. These factors may affect the generalizability and
interpretation of our findings.

Conclusion

Mosaic disorders involving oncogenic signaling pathways
represent a dynamic interface between developmental
genetics and cancer biology. The cases presented herein
highlight the wide phenotypic variability of RAS/MAPK-related
mosaic syndromes and underscore the essential role of
dermatologic evaluation and tissue-specific molecular testing
in their diagnosis. The identification of novel and low-level
mosaic variants further expands the genotypic and phenotypic
spectrum of these disorders. Establishing standardized criteria
for the interpretation of somatic mosaic variants in non-
malignant settings and exploring the translational potential of
pathway-targeted therapies remain important future goals.
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ABSTRACT

Aim: Approximately 5-10% of breast cancer (BC) cases are hereditary, most frequently associated with germline variants in homologous
recombination repair (HRR) genes such as BRCA1/2. However, non-BRCA HRR gene alterations, including ATM gene and CHEK2, may also influence
tumor biology and clinical outcomes. This study aimed to evaluate the clinical relevance of germline homologous recombination deficiency (HRD)-
related variants in BC and to compare the clinicopathological features and survival outcomes between BRCA and non-BRCA carriers.

Methods: A retrospective cohort of 148 BC patients with germline HRD-related variants identified by next-generation sequencing between 2018
and 2022 was analyzed. Variants were classified according to the American College of Medical Genetics and Genomics/Association for Molecular
Pathology 2015 criteria. Clinical, pathological, and survival data were assessed using descriptive statistics and Kaplan-Meier survival analysis with
the Log-Rank test.

Results: Of 148 patients (mean age 45.2+10.1 years), 80 (54%) carried BRCA variants and 68 (46%) non-BRCA variants, most frequently ATM and
CHEK2. Pathogenic or likely pathogenic variants were more frequent in BRCA carriers (77.5% vs. 58.8%, p=0.014). Disease-free survival (DFS) did
not differ significantly between BRCA and non-BRCA groups (p=0.42). Prophylactic mastectomy and oophorectomy were performed significantly
more often in BRCA carriers (p<0.05).

Conclusions: Although DFS was comparable between BRCA and non-BRCA carriers, relapse was more frequent in BRCA1 and pathogenic variant
carriers. These results emphasize the clinical importance of integrating germline HRR gene analysis into personalized surveillance and management
strategies in BC.

Keywords: BRCA, breast cancer, disease free survival, germline mutations

Introduction

Breast cancer (BC) is the most frequent type of cancer among
women, and approximately 5-10% of BC cases are attributable
to hereditary factors. BRCA1/2 are tumor suppressor genes
that belong to the homologous recombination repair (HRR)
family, which plays a crucial role in repairing deoxyribonucleic
acid (DNA) double-strand breaks, which are harmful to cells.
In addition to BRCA1 and BRCA2, the HRR gene group includes

genes such as ATM, CHEK2, PALB2 (partner and localizer of
BRCA2), and RAD51 (RAD51 recombinase). If a pathogenic
variant is found in any of the HRR genes, the proteins encoded
by these genes cannot perform their normal functions,
resulting in homologous recombination deficiency (HRD) [1].

Women carrying pathogenic variants in BRCA1 have a lifetime
risk of BC of 50-80% and of ovarian cancer of 20-50%.
For the BRCA2 gene, the lifetime risks are 50% for BC and 20%
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for ovarian cancer [2]. In addition to BRCA germline variants,
alterations can be detected in other genes associated with
HRD, including those with high penetrance (CDH1, TP53, PTEN)
and those with moderate penetrance (PALB2, ATM, CHEK2,
BRCA1, BRIP1) [3,4]. These variants have been reported to
increase BC risk by up to fourfold compared with the general
population [5]. ATM and CHEK2 variants, which, along with the
PALB2 variant, play a role in DNA repair, are important in the
context of hereditary BC [6,7]. In addition to known pathogenic
variants, variants of uncertain clinical significance (VUS) may
be detected [8]. Individuals with these variants may develop
other malignancies alongside BC, presenting with substantially
different pathological and clinical profiles [9]. Current
guidelines emphasize that recommendations for treatment
or preventive surgery based on these types of variants should
not be made [10]. However, evaluating germline HRD-related
genes is crucial for improving clinical outcomes through
personalized therapies, such as targeted poly (ADP-ribose)
polymerase (PARP) inhibitors for various cancers, particularly
breast and ovarian cancers [11,12].

Although several studies have collected data on various
malignancies associated with BRCA variants in our country
[11,12], no study has clinically and pathologically evaluated
BRCA and non-BRCA variants together, particularly among
BC patients. This study aims to evaluate the clinical utility of
germline variant analysis in BC for diagnosis and follow-up,
and to determine its contribution to understanding the clinical
significance of non-BRCA variants.

Methods

Study Design

This study had a retrospective design. All procedures and
measurements in this study were performed according to the
1964 Helsinki Declaration or comparable ethical standards.
Ethical board approval was granted by the Ethical Board for
Clinical Studies at University of Health Sciences Tirkiye, Tepecik
Education and Research Hospital, with the following protocol
number: approval number: 2021/05-37, date: 17.05.2021.

Patients

Data from patients diagnosed with BC, found to have germline
HRD gene variants, and referred to the medical oncology
clinic at University of Health Sciences, izmir Tepecik Training
and Research Faculty of Medicine Hospital were screened
retrospectively between 2018 and 2022. The inclusion criteria
were: (1) a confirmed diagnosis of BC, (2) age over 18 years,
and (3) the presence of pathogenic germline variants. Patients
whose clinical data were unavailable or whose germline
variant analysis results were incomplete were excluded from
the study. A total of 148 patients met the eligibility criteria and
were included in the final analysis.

Genetic Testing

Peripheral blood samples were collected from patients for
germline DNA extraction. DNA isolation was performed

using standard commercial kits, following the manufacturer’s
instructions. The extracted DNA was analyzed with next-
generation sequencing to identify germline variants in genes
related to HRR and hereditary cancer predisposition. Only
variants in HRR-associated genes were considered for analysis.
Targeted sequencing included BRCA1, BRCA2, APC, ATM,
BARD1, BLM, BMPR1A, BRIP1, CDH1, CDK4, CDKN2A, CHEK2,
EPCAM, MLH1, MRE11, MSH2, MSH6, MUTYH, NBN, PALB2,
PMS2, PRSS1, PTEN, RAD50, RAD51C, RAD51D, SLX4, SMAD4,
STK11, TP53, and VHL. Sequence data were processed through
a web-based bioinformatics pipeline (Genomize Seq Analysis
v16.7.2) using the GRCh37 (hg19) human reference genome.
All coding regions and exon-intron boundaries (+20 bp) were
analyzed, ensuring at least 20x coverage depth across 100%
of targeted areas. Detected variants were filtered based on
a minor allele frequency<5% in population databases such
as gnomAD, 1000 Genomes, ESP6500, and ExAC. Variant
classification followed the ACMG/AMP 2015 guidelines [13].
Pathogenic and likely pathogenic variants were confirmed
by Sanger sequencing before reporting. VUS were noted but
not considered actionable for clinical decisions in accordance
with current recommendations. The analysis excluded 3’ and
5’ untranslated regions, pseudogenes, and other homologous
regions where accurate alighment was not feasible. Copy
number variations, large deletions or duplications, repeat
expansions, and mosaic variants were beyond the detection
limits of this method.

Statistical Analysis

The data were expressed as mean and standard deviation
for metric variables and as counts and percentages for
nominal variables. Normality was assessed using Kolmogorov-
Smirnov test and by examining Skewness and Kurtosis values.
Univariate survival analysis was performed using the Kaplan-
Meier method and the Log-Rank test for dichotomous data.
Survival outcome was based on “death” for overall survival
(OS) or “relapse” for disease-free survival (DFS) during the
follow-up period, respectively. Data were analyzed at the
95% confidence level, and a p-value of 0.05 was considered
significant. IBM Statistical Package for the Social Sciences
version 27 (Chicago, IL, USA) was used for the analysis.

Results

This study included 148 patients with BC. Only one patient was
male. The mean age of the patients was 45.18+10.11 years.
The great majority of patients (n=104, 70.3%) were under the
age of 40 at the time of diagnosis. 107 of 147 patients were
premenopausal. The vast majority of patients (87.1%) had
invasive ductal carcinoma. Nearly all patients had histological
grades IlllIl (97%). Thirteen of 148 patients had malignancies
other than BC. By molecular subtype, 35 of 148 patients had
triple-negative BC. Over half of the patients reported no HRD-
related cancer (n=83, 56.5%). 23.4% and 19.7% of patients
underwent prophylactic mastectomy and oophorectomy,
respectively. The clinical and demographic characteristics of
patients are shown in Table 1.
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Table 1. Clinical and demographic characteristics of patients

Sex

Female 147 99.3
Male 1 0.7
Age groups

>40 44 29.7
<40 104 70.3
Menapause

Premenapause 108 73.0
Postmenapause 40 27.0
Histopathological Type

Invasive ductal 130 87.8
Invasive lobular 10 6.7
Medullary 2 1.3
Solid papillary 1 0.67
Other 5 3.54
Grade

I 4 2.7
I 76 51.3
1] 68 46
Other malignities

Yes 10 6.75
No 138 93.25
Molecular subtypes

HR: +, Her2: - 79 53.3
HR: +, Her2: + 22 14.8
HR: -, Her2: + 12 8.1
TN 35 23.8
HRD related cancer

Yes 64 43.3
No 84 56.7
RRM

Yes 34 23.0
No 114 77.0
RRSO

Yes 29 19.6
No 119 80.4
Pathogenity

LP/P 9 6.1
P 93 62.8
Vus 46 31.1
Gene mutations

BRCA 80 54.1
Non-BRCA 68 45.9

TN: Triple-negative, HR: Hormone receptor, Her2: Human epidermal growth
factor receptor 2, RRM: Risk-reducing mastectomy, RRSO: Risk-reducing
salpingo-oophorectomy, HRD: Homologous recombinant defect, LP/P: Likely
pathogenic/pathogenic, VUS: Variants of uncertain clinical significance

The median follow-up time of patients was 50.46 months
(interquartile range, 25-75: 33.80-81.10). During the follow-up
period, 8 of 148 patients (5.4%) died of BC, while 26 (17.6%)
experienced a relapse. 80 out of 148 patients had BRCA-
related variants. The percentage distribution of BRCAI and
BRCA2 variants within the BRCA-related group was 46.8%
and 53.2%, respectively. In the non-BRCA group, the most
frequent types of variants were ATM (n=25, 38.5%) and CHEK2
(n=24, 36.9%). Among variants from 148 patients, 102 (68.9%)
were classified as likely pathogenic or pathogenic (LP/P),
while the remainder were classified as VUS. Comparison of
the distribution of variant pathogenicity between BRCA and
non-BRCA groups revealed a significant difference (x?=5.985,
p=0.014): 77.5% vs 58.8% LP/P in BRCA and non-BRCA groups,
respectively. The frameshift variant was most frequent in the
BRCA group (n=25, 31.6%), whereas the missense variant
was most frequent in the non-BRCA group (n=40, 58.8%).
80.8% of patients who relapsed had an LP/P variant; however,
there was no significant association between relapse and
pathogenicity (x=2.068, p=0.150), with relapse proportions of
80.8% versus 19.2% in the LP/P and VUS groups, respectively.
There were also significant differences between BRCA and
non-BRCA groups with respect to prophylactic mastectomy
(x>=7.201, p=0.027; 30.8% vs 14.9% in the BRCA and non-
BRCA groups, respectively) and prophylactic oophorectomy
[X3(2)=9.904, p=0.007; 27.5% vs 10.4% in the BRCA and non-
BRCA groups, respectively]. Among patients who relapsed,
54.2% had a BRCA1 variant; nearly 70% of those patients had
missense or frameshift variants. The Comparison of the clinical
characteristics of patients with and without BRCA mutations is
shown in Table 2.

[X3(1)=0.633, p=0.426], prophylactic mastectomy [x*(1)=1.678,
p=0.190], prophylactic oophorectomy [x*(1)=1.506, p=0.223],
histological grade [x%*(2)=0.931, p=0.621], having HRD related
cancer [x*(1)=0.103, p=0.747], menopausal state [x*(1)=0.048,
p=0.822], age groups (<40<) [x*(1)=0.038, p=0.843] except
for variant pathogenity [LP/P vs VUS, x*(1) =3.907, p=0.048].
Though the non-BRCA group showed higher median DFS time
than the BRCA group (47.83 vs 37.13 months), the Log-Rank
test was not significant [x?(1)=0.915, p=0.333]. The DFS also
did not differ significantly between pathogenicity groups (LP/P
vs P) [x*(1)=1.402, p=0.235]. Menopausal status, age groups,
HRD-related cancer history, prophylactic mastectomy, and
oophorectomy were also not significantly associated with DFS
(p>0.050).

Discussion

In this retrospective cohort of 148 BC patients, with a
median follow-up of more than four years, we observed no
significant difference in DFS between BRCA carriers and non-
BRCA carriers. Although the non-BRCA group showed a longer
median DFS than the BRCA group, this difference did not reach
statistical significance. Similarly, relapse was more frequently
associated with BRCA1 LP/P variants, but this association
was not statistically significant. Prophylactic mastectomy and
oophorectomy were significantly more common among BRCA
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Table 2. Comparison of the clinical characteristics of patients with and without BRCA mutation

BRCA Non-BRCA
n % n % P
HR: +, Her2: - 35 44.3 44 55.7
HR: +, Her2: + 9 40.9 13 59.1
IHK_FISH 0.001*
HR: -, Her2: + 50.0 3 50.0
TN 29 82.9 6 17.1
| 1 25.0 3 75.0
Histological grade Il 31 47.0 35 53.0 0.286
] 35 57.4 26 42.6
| 23 46.9 26 53.1
. . I 20 57.1 15 42.9
Stage at the diagnosis 0.405
] 30 58.8 21 41.2
v 4 80.0 1 20.0
BRCA1 37 97.4 1 2.6
BRCA2 42 100.0 0 0.0
ATM 0 0.0 25 100.0
BARD1 0 0.0 3 100.0
Gene 0.000*
BRIP1 0 0.0 6 100.0
CHEK2 0 0.0 24 100.0
NBN 0 0.0 3 100.0
PALB2 0 0.0 3 100.0
LP/P 62 60.8 40 39.2
Pathogenity 0.014*
VUS 18 39.1 28 60.9
Censored 74 52.9 66 47.1
Event 0.222
Exitus 6 75.0 2 25.0
Menopause 21 52.5 19 47.5
Menopause 0.775
Premonapause 59 55.1 48 44.9
<40 30 68.2 14 31.8
Age 0.025%*
>40 50 48.1 54 51.9
<14 21 55.3 17 44.7
Ki-67 0.862
>14 59 53.6 51 46.4
No 62 50.8 60 49.2
Relapse 0.087
Yes 18 69.2 8 30.8
X No 42 50.6 41 49.4
HRD associated cancer 0.402
Yes 38 59.4 26 40.6
*: Statistically significant at the level of p<0.05.
IHK_FISH: Immunohistochemistry+fluorescence in situ hybridization, VUS: Variants of uncertain clinical significance, HR: Hormone receptor, Her2: Human
epidermal growth factor receptor 2

carriers, reflecting current clinical practice guidelines [14,15].
The distribution of variants in our cohort was consistent with
previous studies, showing a higher proportion of BRCA-related
variants and a predominance of invasive ductal carcinoma
and luminal molecular subtypes [16]. In addition, the most
frequently observed variants in the non-BRCA group were ATM
and CHEK2 [2,7]. Age, menopausal status, and histological
grade were not significantly associated with DFS in our cohort,
a finding that may be explained by the predominance of
advanced-stage disease and the relatively small sample size.

Our findings are consistent with several prior studies reporting
comparable survival outcomes between BRCA and non-
BRCA carriers [17]. Liu et al. [18] reported that patients with
BRCA variants have lower OS rates based on analysis of data
from nearly 36,000 patients. While some reports suggest
that BRCA1 variants may be linked to a worse prognosis due
to their association with aggressive tumor biology [17,19],
others have found no significant differences in long-term
survival [20,21]. Nevertheless, it should be noted that BRCA
variant carriers have a lifetime risk of BC exceeding 50%
[22]. The lack of statistical significance in our study might
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have originated from limited sample size, heterogeneity in
treatment modalities, or the impact of novel therapeutic
approaches, including the increasing use of PARP inhibitors
and platinum-based chemotherapy, which may mitigate the
adverse prognostic impact of BRCA variants. Moreover, data
from the literature [23] suggest that many confounding factors
beyond BRCA status may influence OS. In our study, nearly half
of the patients who experienced relapse were BRCAI carriers,
a finding consistent with previous reports [17,19].

The distribution of variant pathogenicity in our cohort is also
noteworthy. A higher proportion of LP/P variants was detected
in BRCA carriers than in non-BRCA patients, suggesting
potential clinical implications for genetic counseling and risk-
adapted management [14,15]. On the other hand, the most
common variant types differed between groups: frameshift
variants predominated in BRCA carriers, whereas missense
variants predominated in non-BRCA carriers. Similarly, Yazici
et al. [24] reported that frameshift variants were the most
frequent type, accounting for 63.5% of BRCA1/2 carriers in
their study. From a clinical perspective, our results support
the notion that genetic testing should not only focus on
BRCA variants but also encompass non-BRCA variants such as
ATM and CHEK2, which were frequent in our cohort. Toss et
al. [25] also reported that these two variants are associated
with a higher risk of developing BC. In our study, nearly 40%
of patients within groups with ATM and CHEK?2 variants had
positive family history, which is comparable yet lower than
the rates of over 60% reported by Toss et al. [25]. Given
the increased risk of BC in ATM and CHEKZ2 variant carriers,
the National Comprehensive Cancer Network recommends
annual mammography beginning at age 40 [10]. Moreover,
since those variants are also reported to be associated with
other malignancies, such as ovarian, colorectal, and kidney
cancers, individuals with a positive family history should be
thoroughly investigated [26]. Consistent with this observation,
six of our patients with other malignancies—most commonly
ovarian cancer—carried BRCA variants, while four carried
CHEK2 variants. Although the prognostic implications of
these variants remain uncertain, their detection has potential
value for individualized surveillance strategies and familial
risk assessment [25]. Metcalfe et al. [15] reported that nearly
50% of BRCA carriers in their study underwent risk-reducing
mastectomy (RRM), and that the risk of death from BC was
approximately 1% within 15 years following RRM. The higher
rate of prophylactic surgery among BRCA carriers in our
study underscores adherence to guideline-based preventive
strategies, which may contribute to long-term outcomes
regardless of differences in DFS.

In conclusion, our study demonstrated no significant DFS
differences between BRCA carriers and non-BRCA carriers
in BC, though relapse events were more frequent among
carriers of BRCA1 and LP/P variants. These findings highlight
the complexity of interpreting genetic variants in BC and the
importance of integrating molecular, clinical, and therapeutic
factors into prognostic assessment. Larger, multicenter
studies with longer follow-up are warranted to validate

these observations and to clarify the prognostic impact of
BRCA and non-BRCA variants. These findings emphasize the
need for broader genetic testing panels in routine clinical
practice, particularly in young BC patients without BRCA1/2
variants. Future studies integrating germline and somatic HRD
profiles with treatment outcomes could help define molecular
prognostic models for BC.

Study Limitations

The strengths of this study include a relatively long follow-up
period and a detailed molecular characterization of variants.
Several limitations should be acknowledged in this study.
The single-center design, relatively small sample size, and
inclusion of only one male patient limit the generalizability
of our results. Moreover, subgroup analyses (e.g., BRCA1
vs BRCA2, LP/P vs VUS) may have been underpowered to
detect small but clinically relevant differences. In addition,
since nearly all patients in our study were white women, the
generalizability of our results to other ethnic groups may be
limited.

Conclusion

Our findings suggest that while DFS did not significantly differ
between BRCA and non-BRCA carriers, relapse was more
common among BRCA1 pathogenic variant carriers. This
highlights the biological and clinical heterogeneity within HRR
gene alterations. Incorporating germline HRR gene testing
into the diagnostic and follow-up process can support more
individualized risk assessment, surveillance, and preventive
strategies for BC patients.
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Aim: BAPI-tumor predisposition syndrome (BAPI1-TPDS) is a rare autosomal dominant condition predisposing to multiple malignancies,
most notably uveal melanoma and mesothelioma. The full phenotypic and genotypic spectrum remains incompletely defined, particularly in
underrepresented populations.

Methods: Six unrelated Turkish probands carrying germline pathogenic or likely pathogenic BAP1 variants were identified through multigene
hereditary cancer panel testing. Clinical data, family histories, and segregation analyses were evaluated, and variant classification followed
American College of Medical Genetics and Genomics guidelines.

Results: All six affected individuals were female, with cancer onset between 38 and 57 years of age. Breast carcinoma was the most common
diagnosis (n=4), followed by uveal melanoma (n=2). Three novel BAP1 variants were identified, expanding the mutational landscape of BAP1-TPDS.
Pedigree analysis revealed extensive familial clustering of malignancies, including uveal melanoma, colon carcinoma, hepatocellular carcinoma,
and mesothelioma. None of the breast cancer patients carried additional pathogenic variants in known susceptibility genes.

Conclusion: This study describes the first Turkish cohort of germline BAP1 carriers and broadens the clinical and genetic spectrum of BAP1-
TPDS. The predominance of breast carcinoma highlights the need to consider BAP1 testing in patients with early-onset or familial breast cancer.
Integrating BAP1 analysis into hereditary cancer panels will enhance recognition, risk stratification, and surveillance across diverse populations.

ABSTRACT

Keywords: BAP1, uveal melanoma, BAP1-tumor predisposition syndrome, breast cancer, hereditary cancer syndromes

Introduction recognized as involving a broader spectrum of cancers,

most commonly uveal melanoma, malignant mesothelioma,
BAP1-tumor predisposition syndrome (BAP1-TPDS) is a rare cutaneous melanoma, and renal cell carcinoma, which are

autosomal dominant hereditary cancer syndrome caused regarded as the core tumors of the syndrome [1-3]. These
by heterozygous germline pathogenic or likely pathogenic cancers often arise at younger ages than their sporadic

variants in the BRCAl-associated protein 1 (BAP1) gene counterparts, and multiple tumor types may develop within
[1,2]. BAP1-TPDS was first reported in 2011 in families with the same individual or within a family [4,5].

uveal melanoma and mesothelioma. Since then, it has been
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In addition to malignant tumors, BAP1 mutation carriers
frequently develop BAPI-inactivated melanocytic tumors
(MBAITs). These are benign dermal lesions with distinctive
histopathologic and immunohistochemical features, including
loss of nuclear BAP1 expression [6]. Although they are non-
malignant, MBAITs are increasingly regarded as cutaneous
indicators of germline BAP1 mutations and may precede
malignant transformation [2]. Over the past decade, additional
tumor types, including meningioma, cholangiocarcinoma,
hepatocellular carcinoma, basal cell carcinoma, and breast
carcinoma, have been proposed as part of the BAP1-TPDS
spectrum, although the strength of these associations remains
under investigation [5,7,8]. Louie and Kurzrock [9] summarized
over 200 germline carriers, highlighting this heterogeneity and
underscoring the growing relevance of BAP1 in diverse cancer
contexts.

Recent consensus guidelines recommend annual dermatologic
and ophthalmologic surveillance, periodic imaging for
mesothelioma and renal cancer, and cascade testing in families
with confirmed pathogenic variants [10]. However, surveillance
strategies for other, less established tumor types are not
yet defined because their associations remain uncertain.
Therefore, the publication of new clinical and genotypic
data from diverse cohorts is essential to refine management
recommendations and delineate the full phenotypic spectrum
of the syndrome.

BAP1 is a tumor suppressor gene located on chromosome
3p21.1 that encodes a ubiquitin carboxyl-terminal hydrolase
involved in chromatin remodeling, histone modification, the
deoxyribonucleic acid (DNA) damage response, cell-cycle
regulation, and apoptosis [11]. As the catalytic subunit of the
polycomb repressive deubiquitinase complex, BAP1 removes
monoubiquitin from histone H2A (H2AK119ub) and thereby
helps maintain transcriptional control and genomic integrity
[12]. Similar to many hereditary cancer syndromes, tumor
development in BAP1-TPDS is thought to follow a two-hit
mechanism involving germline loss of one allele and somatic
inactivation of the other [13].

Despite growing awareness of BAP1-TPDS, its true prevalence
and associated cancer risks remain uncertain. Current
estimates suggest lifetime risks of approximately 20-25% for
uveal melanoma, mesothelioma, and cutaneous melanoma,
with an overall risk of any BAPI-associated malignancy
approaching 80-85% [5]. However, these figures are likely
influenced by ascertainment bias, as most published series
focus on index cases with multiple tumors or strong family
histories, while unaffected carriers are underrepresented.
In several studies, only probands underwent genetic testing,
further limiting accurate penetrance estimates [7].

Most germline BAP1 carriers reported to date are of
European ancestry, while considerably fewer cases have
been described in other ethnic groups, resulting in the
underrepresentation of some populations in current
knowledge of the syndrome. To date, no germline BAPI-
positive families have been reported in Turkiye, highlighting
a major gap in global data.

Inthis context, the present study reports the first Turkish cohort
of individuals carrying germline BAP1 variants, including those
with uveal melanoma and breast carcinoma. The series also
expands the genotypic landscape by identifying novel BAP1
variants and integrates clinical and molecular data, enhancing
understanding of BAP1-TPDS across populations.

Methods

This multicenter study included six unrelated probands from
different families who were found to carry germline BAP1
pathogenic or likely pathogenic variants. These variants
were detected among individuals undergoing multigene
hereditary cancer panel testing for various clinical indications.
All participants were evaluated at the Department of Medical
Genetics because of a clinical suspicion of hereditary cancer
predisposition.

Clinical information, including tumor type, age at diagnosis,
histopathologic findings, and family history of malignancy,
was obtained through review of medical records and patient
interviews.

The study was approved by the University of Health Sciences
Turkiye, Ankara Etlik City Hospital Scientific Research
Evaluation and Ethics Committee (approval number: AESH-
BADEK-2024-845, date: 25.09.2024) and conducted in
accordance with the ethical standards of the Declaration of
Helsinki. Written informed consent for genetic testing and
publication of anonymized results was obtained from all
participants before inclusion.

Peripheral blood samples were collected in
ethylenediaminetetraacetic acid tubes, and genomic DNA
was extracted using the QlAamp DNA Mini Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s protocol.
Next-generation sequencing was performed with a custom
hereditary cancer panel targeting the coding exons and exon-
intron boundaries of at least forty tumor-predisposition genes,
including APC, ATM, AXIN2, BAP1, BARD1, BLM, BMPRI1A,
BRCA1, BRCA2, BRIP1, CDH1, CDK4, CDKN2A, CHEK2, FANCC,
FLCN, GALNT12, HOXB13, MEN1, MET, MLH1, MSH2, MSH6,
MUTYH, NBN, NTHL1, PALB2, PMS2, POLD1, POLE, PTCH1,
PTEN, RAD51C, RAD51D, RB1, RET, SMAD4, STK11, TP53, and
VHL.

Variant filtering and interpretation were conducted
using the Seq Genomize Variant Analysis Platform and,
in some cases, the Sophia DDM software, in accordance
with each laboratory’s standard workflow, following the
recommendations of the American College of Medical
Genetics and Genomics (ACMG) [14]. Only variants classified
as pathogenic or likely pathogenic were reported. Each
variant was manually reviewed in the Integrative Genomics
Viewer (IGV) to confirm accuracy. Segregation analysis by
Sanger sequencing was performed in available relatives
who provided informed consent; this was feasible in only
one family, in which the BAP1 variant was tested in three
unaffected daughters of the proband (P6).
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Statistical Analysis

Descriptive statistics were applied to summarize demographic
and clinical variables. Categorical data were expressed as
frequencies and percentages, and continuous variables as
medians with corresponding ranges. Owing to the descriptive
nature of this cohort, no comparative or inferential statistical
analyses were conducted. All calculations were performed
using Microsoft Excel (Microsoft Corp., Redmond, WA, USA;
accessed October 2025).

Results

Clinical Characteristics of Affected Individuals

This study included six affected individuals from six unrelated
families, each carrying germline BAP1 variants. Detailed
demographic, clinical, and molecular characteristics are
summarized in Table 1. All patients were female and had a
confirmed diagnosis of cancer. The ages at diagnosis ranged
from 38 to 57 years, with a median of 47.5 years.

Breast carcinoma was the most frequent malignancy, occurring
in four patients (66.7%). All tumors were unilateral; three
were diagnosed as invasive ductal carcinoma and one as an
invasive pleomorphic lobular carcinoma. Uveal melanoma was
identified in the remaining two patients (33.3%), both of whom
had unilateral involvement. One of these patients underwent
enucleation and later developed distant metastases to the
liver and iliac bone, while the other remained disease-free
under regular ophthalmologic surveillance.

Pedigree analysis showed that four of the six families had at
least two relatives affected by cancer, whereas the remaining
families had only one or no additional affected individuals.

In Family 6, the proband’s brother was diagnosed with uveal
melanoma and died of the disease; one of his sons developed a
central nervous system tumor. Segregation analysis confirmed
the presence of the familial BAP1 variant in three unaffected
daughters of the proband (P6). They are currently under
follow-up in the dermatology, ophthalmology, and urology
departments for surveillance of potential BAPI-associated
manifestations. Family 5 also exhibited a substantial cancer
burden, with close relatives diagnosed with colon carcinoma,
mesothelioma, hepatocellular carcinoma, and primary brain
tumors. Several other families had recurrent gastrointestinal
or breast cancers across generations.

Genetic Findings

Six distinct BAP1 variants, classified as pathogenic or likely
pathogenic, were identified in the six affected individuals
(NM_004656.4). These included three splice-site variants,
two frameshift variants, and one non-sense variant (Figure
1). Three of these alterations [c.659+1G>A, c.784-2A>G,
and ¢.1294_1295insGAA (p.Ser432Ter)] were novel and not
previously reported in population or disease databases.

All affected individuals were heterozygous for their respective
BAP1 variants. The splice-site variant c.659+1G>A is located
within the ubiquitin carboxy-terminal hydrolase (UCH) domain,
which mediates the deubiquitinase activity of the BAPI
protein [9]. The other two splice-site variants (c.783+1G>A and
€.784-2A>G) are located in the BARDI1-binding region, which
interacts with the BRCA1/BARD1 E3 ubiquitin ligase complex
and participates in homologous recombination-mediated DNA
repair (Figure 1) [9].

The frameshift variant ¢.1766_1770del (p.lle589ArgfsTer52)
and the nonsense variant ¢.1294_1295insGAA (p.Ser432Ter)

Table 1. Clinical and molecular characteristics of six affected individuals with germline BAP1 variants

BAP1
. . Age at cancer . . :
ID | Gender | Diagnosis g . Family history (NM_004656.4) Concurrent variant
diagnosis (y) .
variant
BRCA2 (NM_000059.4)
PL F Breast cancer | 38 - (C'l/?\f:::émr foTert0) | C85240T
P- p.(Arg2842Cys)

P2 F Breast cancer | 49 Father pancreas ca €.659+1G>A -
P3 F Breast cancer | 55 Father gastric ca, 5|ste.r breast. c.783+1G>A -

cancer, maternal cousin gastric ca

Father prostate and lung ca,
P4 F Breast cancer | 42 mate.rnal unclg colon ca, maternal c.784-2A>G -

cousin leukemia, another maternal

cousin breast ca

Sister colon ca, another sister

mesothelioma, maternal uncle
P5 | F Uveal a4 HCC; one of his daughter CNS ¢.1766_1770del )

melanoma tumor, another maternal uncle (p.lle589ArgfsTer52)

dermatological ca, maternal cousin

CNS tumor, paternal cousin colon ca
PG r Uveal 57 Brother uveal melanoma, one of his | c.1294_1295insGAA )

melanoma son CNS (p.Ser432Ter)
F: Female, HCC: Hepatocellular carcinoma, CNS: Central nervous system, ca: Carcinoma, —: not detected
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¢.783+1G>A ¢.1766_1770del
p.Ile589ArgfsTer52
.659+1G>A 784-2/ ¢.1294_1295insGAA c.1934del
‘ cIASG p-Serd32Ter p-Asn645ThrfsTer10

5 6 7 8 9

N UCH

10 1 12

13 14 15

16 17
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I—k—\
o I
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BARD1 FoxK1/K2 BRCA1
1
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Figure 1. Schematic representation of BAP1 protein domains and distribution of germline mutations
The upper bar represents the exons of the BAP1 gene, while the lower bar depicts the corresponding functional protein domains. Intermittent
red bars indicate known binding regions. Pathogenic variants identified in our cohort are mapped along the BAP1 gene with the corresponding

functional domains; novel variants are highlighted in red

UCH: Ubiquitin carboxyl hydrolase domain, BARD1: BRCA1-associated RING domain protein 1 (BARD1) binding region, HBM: host cell factor 1
(HCF1) binding domain, FoxK1/K2: Forkhead Box Protein K1/2 binding region, BRCA1: Breast cancer type 1 (BRCA1)-binding region, CTD: C-terminal
domain, YY1: Yin Yang 1 (YY1) binding domain, NLS: Nuclear localization signals

both affect the C-terminal region of the protein, which is
predicted to be intrinsically flexible and involved in dynamic
interactions with chromatin-associated and transcriptional
regulators [15,16]. The remaining frameshift variant c.1934del
(p.Asn645ThrfsTer10) is located in the BRCA1-binding region,
which is essential for the tumor-suppressive cooperation
between BAP1 and BRCAI in maintaining genomic stability
[9]. Read-level IGV and Sanger views for all six germline BAP1
variants are presented in Figure 2. In patients with breast
cancer, no pathogenic or likely pathogenic variants were
detected in other well-established breast cancer susceptibility
genes. A heterozygous BRCAI1 variant (NM_000059.4:
c.8524C>T, p.Arg2842Cys) identified in one patient was
classified as a variant of uncertain significance according to
ACMG guidelines [14].

Discussion

This study is the first report from Tirkiye of a small cohort of
six unrelated probands with germline BAP1-related cancers.
The cohort included two patients with uveal melanoma and
four with breast cancer, highlighting both classical and non-
classical manifestations of BAP1-TPDS.

All six probands in our study carried heterozygous loss-of-
function BAP1 variants, comprising three splice-site and three
frameshift mutations. Three of the six variants were novel,
thus contributing to the expanding genotypic spectrum of
BAP1-TPDS. All identified alterations are predicted to result
in premature truncation or aberrant splicing, leading to
complete loss of functional BAP1 protein. Saturation genome-

editing data from Waters et al. [17] show that variants
impacting the catalytic and UCH domains, as identified in our
patients, are strongly depleted, which is consistent with a
loss of deubiquitinase function and supports their pathogenic
role. These findings reinforce the concept that pathogenic
BAP1 variants act as tumor suppressors, with tumorigenesis
following biallelic inactivation via a somatic second hit.

The clinical characteristics of our cohort illustrate the diversity
of tumor presentation in BAPI-TPDS. All six probands were
female, with cancer onset between 38 and 57 years of age.
Four patients presented with breast carcinoma, three of whom
were diagnosed before the age of 50, supporting the trend
toward early tumor onset in BAPI-associated cancers, which is
consistent with prior studies. The breast tumors were mainly
invasive ductal carcinomas; one was of the lobular subtype,
and several showed hormone receptor positivity and a high
proliferative index.

The predominance of breast carcinoma in our cohort adds to
the growing discussion about the potential inclusion of breast
carcinoma within the BAPI-associated tumor spectrum.
While these tumors have not yet been incorporated into
formal diagnostic criteria, several case reports and small
series have described this association [5,8]. Non-etheless,
the predominance of breast cancer in our series may partly
reflect selection bias, as individuals with suspected hereditary
breast cancer represent the largest group referred for
multigene panel testing in our clinical practice. Functionally,
the link is biologically plausible: BAP1 interacts with BRCA1
and other homologous recombination (HR) repair proteins,
and its loss impairs double-strand break repair, resulting
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P1 BAPI: c.1934del (p.Asn645ThrfsTer10) P2 BAPI: c.659+1G>A

k02,800bp  52402810bp  52.402820bp 52,402830bp

P3 BAPI: ¢.783+1G>A P4 BAPI: ¢.784-2A>G

2440250 b9 52.440.270 bp

52.440.280bp n.l-np

GGGCACCTACCTGCTGCAGAGCCTEC

chr3:52,440,268
Total Count 633
A0

C 313 (49%, 181+, 132-)
GO0

T 320 (51%, 181+, 139-)

P5 BAPI: ¢.1766_1770del (p.Ile589ArgfsTer52) P6 BAPI: c.1294_1295insGAA (p.Ser432Ter)
) 52.403.200 09 N
¢ © © ¥ TieL;@ A T e G GT T SWGCTGMT G R
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Figure 2. IGV and Sanger representations of the germline BAP1 variants in probands P1-P6
Integrative genomics viewer (IGV) screenshots and Sanger sequencing chromatograms demonstrating the six germline BAP1 variants detected in
probands P1-P6
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in genomic instability [18]. This HR-deficient phenotype
resembles that seen in BRCA1/2-mutated tumors, suggesting
potential therapeutic overlap. As such, confirming the role
of BAP1 in breast cancer predisposition could have clinical
implications, including the application of poly (adenosine
diphosphateribose) polymerase inhibitors in selected patients.
Evaluating homologous recombination deficiency (HRD) in
BAP1-mutant breast cancers may help identify those who
could benefit from such therapies, representing an important
direction for future studies.

The two probands with uveal melanoma were diagnosed
at ages 44 and 57, respectively, consistent with the typical
tumor spectrum of BAP1-TPDS. Their family histories were
remarkable for additional malignancies: the 44-year-old
proband had a sister with malignant mesothelioma, and
the 57-year-old proband had a brother who died from uveal
melanoma. In our cohort, family histories also included a wide
range of other cancers—such as breast, colorectal, bladder,
pancreatic, and hematologic malignancies—among relatives
who were not genetically tested. The occurrence of these
diverse tumors within BAPI1-positive families may indicate
that the phenotypic spectrum of BAP1-TPDS is broader than
currently appreciated.

Beyond its role in inherited cancer risk, BAP1 status influences
tumor aggressiveness and treatment response, making it
a potential biomarker for prognosis and therapy selection.
BAPI1-mutant uveal melanoma is associated with aggressive
clinical behavior and early metastasis [19], whereas BAP1-
deficient mesothelioma paradoxically exhibits improved
outcomes and longer survival compared with sporadic forms of
mesothelioma, likely due to increased sensitivity to platinum-
based chemotherapy [20]. Thus, BAP1 testing can inform both
prognosis and therapy, identifying patients who may benefit
from DNA-damaging agents or, conversely, those who require
intensified surveillance.

Clinicians should maintain a high level of suspicion for BAP1-
TPDS in specific clinical contexts. Testing should be considered
in patients with (i) early-onset or multifocal uveal melanoma,
(i) patients with malignant mesothelioma diagnosed before
age 50 or in the absence of significant asbestos exposure,
(iii) patients with atypical melanocytic lesions with BAP1 loss
on immunohistochemistry, and (iv) individuals or families
with multiple primary cancers, including uveal melanoma,
mesothelioma, renal cancer, or early-onset breast carcinoma
[7,10] (Table 2). From a clinical management perspective,
our findings emphasize the importance of including BAP1
in hereditary cancer panels. Several of our patients were
identified through broad multigene testing rather than clinical
suspicion alone, demonstrating that single-gene approaches
may overlook this syndrome. The recognition of BAP1-TPDS in
patients with early-onset or multiple primary cancers is crucial,
especially when BRCA1/2 testing is negative. Panel inclusion
not only improves detection but also enables family-based risk
assessment and cascade testing.

Surveillance and prevention remain the cornerstones of
managing BAP1 carriers. Current consensus guidelines

recommend initiating follow-up in late adolescence, with
annual dermatologic and ophthalmologic examinations,
periodic chest and abdominal imaging, and avoidance of
exposure to ultraviolet radiation and asbestos [7,10]. Predictive
genetic testing should be offered once a familial pathogenic
variant is confirmed. Identifying carriers before tumor onset
enables early intervention and risk-adapted monitoring.

Although our study includes a small number of cases,
it provides valuable insight from an underrepresented
population. The predominance of breast carcinoma, a history
of multifocal tumors, and strong familial clustering observed
in our cohort highlight the importance of considering BAP1
alterations in patients with suggestive clinical features.
Further functional and clinical studies are needed to better
define the prevalence and biological behavior of BAPI-
mutant breast cancers and to identify potential therapeutic
vulnerabilities related to HRD.

While BAP1 loss impairs several DNA damage-response
pathways and contributes to genomicinstability, environmental
factors may further modify cancer risk and phenotype in
certain populations. Cappadocia, in central Tirkiye, has a
high incidence of mesothelioma owing to long-standing
environmental exposure to erionite and asbestos [21]. Previous
investigations in these villages did not identify germline BAP1
mutations, suggesting that environmental carcinogenesis
alone was sufficient to explain the observed clustering of cases
[22]. Nevertheless, given the established synergistic effect of
BAP1 deficiency and mineral fiber exposure in experimental
models, continued genetic surveillance in this region
remains warranted. ldentifying potential germline carriers
among individuals with early-onset or familial mesothelioma
could provide valuable insight into the interplay between
environmental and hereditary risk factors.

Study Limitations

The main limitation of this study is the small cohort size,
which restricts the generalizability of the findings. A second
limitation is the inability to perform functional assays to
validate the pathogenicity of the novel BAPI1 variants. In
addition, segregation analysis in cancer-affected relatives
could not be completed, as several affected family members
were not available for testing. Despite these constraints, the
study provides valuable insight into the clinical and genetic
features of BAP1-TPDS in an underrepresented population.

Conclusion

In conclusion, our findings demonstrate that BAP1-TPDS is a
clinically actionable hereditary cancer syndrome. It should be
considered in patients with early-onset cancers or multiple
primary malignancies, particularly when the family history
includes diverse cancer types. Recognizing and testing for BAP1
is crucial for accurate risk assessment, prognostic evaluation,
and treatment planning. Incorporating BAP1 analysis into
hereditary cancer panels will facilitate the timely identification
of carriers, the implementation of structured surveillance, and
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Table 2. Clinical situations in which germline BAP1 testing may be considered

Clinical context

Rationale

Early-onset uveal melanoma (<50 years) or multifocal uveal melanoma

Classical BAP1-associated tumor; early onset increases suspicion

Malignant mesothelioma <50 years or without significant asbestos
exposure

Suggests hereditary etiology rather than environmental cause

Atypical melanocytic lesions with loss of BAP1 expression on IHC (MBAITs)

Recognized dermatological marker of germline BAP1 variants

Individuals with multiple primary tumors, including any core BAP1-
associated tumors

Fits the typical pattern of BAP1-TPDS

Families with >2 relatives affected by uveal melanoma, mesothelioma,
renal cell carcinoma, or related malignancies

Suggestive familial clustering

Early-onset or familial breast cancer with additional diverse tumors in the
family

Emerging association; not a formal criterion, but may raise
suspicion

Core BAPI-associated tumors: uveal melanoma, malignant mesothelioma, cutaneous melanoma, and renal cell carcinoma. IHC: Immunohistochemistry,

MBAITs: BAP1-inactivated melanocytic tumors, BAP1-TPDS: BAP1-tumor predisposition syndrome

the consideration of targeted therapeutic strategies, such as
platinum-based therapies. Altogether, this study reinforces
that BAP1 predisposition extends beyond its classical tumor
spectrum and carries significant implications for precision
oncology and the prevention of familial cancer.
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Aim: Treatment guidelines for thymic carcinoma, a rare cancer involving multiple clinical subgroups, are primarily derived from retrospective
studies. We aimed to evaluate the frequency of histopathological subgroups, treatment modalities, clinicopathological characteristics, and to
assess their correlation with the odds of survival of patients with thymic cancer.

Methods: A retrospective analysis was performed on data from 19 individuals monitored in outpatient oncology clinics following diagnosis of

thymic carcinoma. Surgical history, margin status, sites of recurrence or metastasis, date of final follow-up, and date of death were among the

Results: For the whole group, the median overall survival (OS) was 20 months [95% confidence interval (Cl): 2.25-37.75]. The median OS was ten
months for individuals who were not operated on (95% Cl: 7.43-12.56), compared with 68 months for operated patients (95% Cl: 16.67-119.32)
(p=0.010). The median OS for patients receiving mediastinal radiation was 68 months (95% Cl: 15.67-120.32), compared with 8 months (95% Cl:

3.19-12.80) for those not receiving RT. Although the difference did not reach statistical significance (p=0.064), patients with stage IV disease had a
median OS of 14 months (95% Cl: 6.45-21.55), whereas patients without stage IV disease had a median OS of 68 months (95% Cl: 22.18-113.83).

Conclusion: Consistent with our findings, postoperative radiotherapy and surgical excision seem to be the most significant prognostic factors.
Surgical options-including upfront surgery-and postoperative radiotherapy should be seriously considered in the treatment of thymic carcinoma.
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Introduction

According to data from the World Health Organisation, thymic
malignancies are uncommon cancers, with an incidence of
0.15-0.25 per 100,000 people. Histologically, they are classified
into two major groups: thymomas and thymic carcinomas [1].
Roughly 20% of all thymic epithelial malignancies are thymic
carcinomas, which have been reported to be more prevalent
among Asia-Pacific [2]. In the United States, they are more
common in men, and previous studies have reported a median
age at diagnosis ranging from 54 to 65.5 years [3,4]. Squamous
cell carcinoma (SCC) is the most frequently encountered

histological subtype. Low-grade papillary adenocarcinoma,
lymphoepithelial carcinoma, clear cell carcinoma, and
basaloid carcinoma are further subtypes [5]. Thymomas are
often diagnosed early and remain confined, in contrast to
thymic carcinomas, which usually present with metastases.
Given that total resection yields the most favorable survival
outcomes, surgical management continues to be the preferred
therapeutic option [6,7]. However, recommendations for
metastatic disease are limited and mainly derived from small
retrospective studies [8,9].

Several studies have demonstrated a survival benefit from
postoperative radiotherapy (RT) in patients with thymic cancer
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who had positive surgical margins or received a total resection
[10-12]. A multicenter European analysis reported that the
most pronounced survival improvement with postoperative
RT was observed in disease stages Il and 1V, and that it also
conferred a statistically significant benefit among individuals
with positive surgical borders [12].

For unresectable thymic carcinoma, platinum-based
chemotherapy (CT) regimens combined with agents such as
paclitaxel, anthracyclines, or etoposide may be used; these
combinations have shown survival benefits [13,14]. In locally
advanced cases that respond to CT, surgery is an feasible
option for further treatment [15]. For metastatic thymic
carcinoma, carboplatin plus paclitaxel is the preferred first-
line regimen [16]. One study reported that this combination
resulted in a 36% objective response rate and a median
progression-free survival of 7.5 months [17]. Other platinum-
based regimens are also used in clinical practice. Thymic
carcinoma is a rare malignancy with multiple pathological
subtypes, and treatment recommendations are largely based
on retrospective data. We aimed to evaluate the frequencies
of histopathological subgroups, treatment modalities, and
clinicopathological characteristics, and their associations with
survival in individuals with thymic carcinoma.

Methods

Patient Population and Data Collection

Information about individuals with thymic carcinoma who
attended the outpatient cancer clinics of our hospital
between January 1, 2012, and October 1, 2022, was
examined retrospectively. Participants were included if they
were at least 18 years old, had thymic carcinoma confirmed
by histopathology, had an Eastern Cooperative Oncology
Group performance status of 0-1 at diagnosis, and had
comprehensive follow-up information available in clinical and
electronic records. Patients with a history of another primary
malignancy were not considered eligible. Nineteen of the
twenty-four thymic cancer patients who were screened during
the study period met the inclusion criteria and were included
in the analysis.

Data were obtained from hospital files and electronic medical
records. Collected variables included diagnostic date, disease
location, histological subtype, disease stage, receipt of RT, CT
regimens, comorbidities, smoking and alcohol history, surgical
history, margin status, date and site of recurrence or metastasis,
treatments received after recurrence or metastasis, date of
death and date of most recent follow-up.

The Ethics Committee of Health Sciences University Tirkiye,
Diskapi Yildirrm Beyazit Training and Research Hospital
approved the study (approval number: 141/13; date:
04.07.2022). The tenets of the 1964 Declaration of Helsinki
were adhered to when carrying out the research protocol.

Statistical Analysis

IBM SPSS statistics (version 22.0; IBM Corp., Armonk, NY,
USA) was used to perform statistical analyses. Utilising
descriptive statistics to summarise clinical and demographic
data. Non-normally distributed variables were expressed
as median (range). Counts and percentages were used to
present numerical and categorical variables (n, %). To compare
categorical variables, the chi-square test was used. Overall
survival (0S) was defined as the time from diagnosis to death
or to last follow-up. The Log-Rank test was utilised to compare
groups, and the Kaplan-Meier method was employed for
survival analysis. For all analyses, a p value of less than 0.05
was deemed statistically significant.

Results

Three women and sixteen men comprised the study’s 19
patients. The median age at diagnosis was 55 years (range: 20-
80 years). Fifteen patients (78.9%) had a history of smoking.
Stage IV disease was identified in 57.9% of the individuals.
Thirteen patients (68.4%) underwent surgical resection.
Among them, 9 (47.4%) had RO resection and 4 (21.1%) had
R1 resection. Regarding histopathological subtypes, the most
prevalent type was SCC, observed in 15 cases (78.9%). Of
the 13 patients who received curative treatment, 7 (53.8%)
experienced recurrence. Six individuals (31.6%) had metastases
in their lymph nodes, which were the most prevalent site.
Thirteen patients received mediastinal RT; of these, 12 (63.2%)
received it as adjuvant therapy and one for palliative purposes.
Among them, 5 were stage I-ll, 2 were stage Ill, and 6 were
stage IV. Six patients (31.6%) underwent combined CT and RT
after RO resection, whereas four patients (21.1%) received the
combination following R1 resection. All 8 patients who received
adjuvant CT were treated with carboplatin plus paclitaxel. In
first-line treatment for metastatic disease, the most commonly
used regimen was carboplatin plus paclitaxel (n=7, 36.8%),
followed by the cisplatin, doxorubicin, and cyclophosphamide
(PAC) regimen (n=5, 26.3%). For second-line treatment, PAC
was again the most commonly administered regimen (n=5,
26.3%). Table 1 summarizes the patients’ clinicopathological
and demographic characteristics.

In terms of OS, the cohort’s median OS was 20 months [95%
confidence interval (Cl): 2.25-37.75]. The median OS was
10 months (95% Cl: 7.43-12.56) in non-operated patients,
whereas it was 68 months (95% Cl: 16.67-119.32) in those
who received surgery (p=0.010). Patients who did not receive
mediastinal RT had a median OS of 8 months (95% Cl: 3.19-
12.80), while those who got RT had an OS median of whereas
those who received RT had a median OS of 68 months (95% Cl:
15.67-120.32). According to tumor, node, metastasis staging
staging at diagnosis, the median OS for patients with stage IV
disease was 14 months (95% Cl: 6.45-21.55), while the median
OS for those without stage IV disease was 68 months (95% Cl:
22.18-113.83). This difference was not statistically significant
(p=0.064). Table 2 summarises, and Figure 1 depicts, the
relationship between clinicopathological features and OS.
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Table 1. Clinicopathological and demographic characteristics

of the patients

Features n (%)

Age (median, minimum-maximum) 55 (20-80)
Gender

Female 3 (15.8%)
Male 16 (84.2%)
Smoking status

Yes 15 (78.9%)
No 4(21.1%)
ECOG Performance Status

0 5(26.3%)
1 14 (73.7%)
Stage at diagnosis (TNM)

[ 4(21.1%)
I 1 (5.3%)

I 3 (15.8%)
v 11 (57.9%)
Surgery

Performed 13 (68.4%)
Not performed 6 (31.6%)
Type of resection

RO 9 (47.4%)
R1 4(21.1%)
Histopathological subtype

Squamous cell carcinoma 15 (78.9%)
Adenocarcinoma 2 (10.5%)
Basaloid type 1(5.3%)
Adenosquamous carcinoma 1(5.3%)
Mediastinal RT

Yes 13 (68.4%)
No 6 (31.6%)
Site of metastasis

Lymph nodes 6 (31.6%)
Lung 1(5.3%)
Multiple sites 4(21.1%)
First-line CT regimen for metastatic disease
Carboplatin+paclitaxel 7 (36.8%)
PAC 5(26.3%)
Cisplatin+gemcitabine 1(5.3%)
Second-line CT regimen for metastatic disease

PAC 5(26.3%)
Carboplatin+paclitaxel 1(5.3%)
Gemcitabine 1(5.3%)

ECOG: Eastern Cooperative Oncology Group, CT: Chemotherapy, RT:
Radiotherapy, PAC: Cisplatin, doxorubicin, and cyclophosphamide, TNM:
Tumor, node, metastasis staging

Discussion

Thymic carcinoma is an uncommon and serious cancer that
develops from the epithelial cells of the thymus, characterized
by its heterogeneous histopathological features and a generally
unfavorable prognosis [18,19]. Despite improvements in
diagnostic imaging, surgical techniques, and multimodal
treatment strategies, the optimal management of thymic
carcinoma remains a subject of ongoing debate. In the present

investigation, our goal was to evaluate the clinicopathological
characteristics, treatment preferences, survival rates, and
prognostic variables in individuals with thymic carcinoma.

In our study, of all patients, 84.2% of patients were male;
however, male and female patients did not differ significantly
in 0S. Overwhelmingly predominant pathologic subtype
was SCC (78.9%), with adenocarcinoma, basaloid thymic
carcinoma, and adenosquamous carcinoma following closely
behind. No significant difference in OS was detected among
histological subtypes. Similarly, Petat et al. [9] reported SCC
as the predominant histological type (67%), followed by
undifferentiated carcinoma, basaloid carcinoma, sarcomatoid
carcinoma, and adenocarcinoma, in their cohort.

In the same study, 50% of the patients had stage IV cancer,
including 15% with stage IVa; the presence or absence of
surgery was identified as the most important prognostic
factor, even among those who underwent upfront surgery.
The PAC regimen was preferred by 62% of patients and the
carboplatin-paclitaxel regimen by 22%, with PAC being linked
to better progression-free survival (p=0.001) [9]. In our cohort,
57.9% of patients presented with stage IV disease, and 31.5%
had stage IVa disease at diagnosis. Median OS was 68 months
for surgically treated patients versus 10 months for those
not operated on (p=0.010), underscoring the prognostic
importance of surgical resection in thymic carcinoma. Among
patients receiving CT as a first-line treatment for metastases,
36.8% received carboplatin-paclitaxel and 26.3% received the
PAC regimen; there was no discernible variation in survival
between regimens.

In a large analysis of 462 patients with thymic carcinoma,
mediastinal RT after surgery did not significantly improve OS
among stage |-l patients who underwent complete tumor
resection (p=0.14). In contrast, OS was significantly better

Survival Functions

10 Surgery 0s
Performed 68 months
Not performed —— 10 months
08
p:0.010
©
2 08
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0 50 100 150 200

Overal Survival (month)

Figure 1. Kaplan-Meier curves of clinically significant prognostic
factors (surgery and mediastinal RT)
RT: Radiotherapy, OS: Overal survival
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Table 2. Univariate and multivariate analysis of prognostic factors for overall survival

Features Univariate analysis

Multivariate analysis

HR (95% Cl)

p value HR (95% Cl) p value

Gender
Female
Male

0.64 (0.17-2.33)

0.49

Histopathological subtype
Squamous cell carcinoma
Adenocarcinoma

Basaloid type
Adenosquamous carcinoma

2.09 (0.44-9.92)

0.144

Smoking status
Yes 2.64 (0.57-12.16)
No

0.213

ECOG PS
0 4.18 (0.90-19.50)
1

0.069

At diagnosis, stage IV?
Yes 3.21(0.94-10.97)
No

0.064

Surgery
Performed
Not performed

5.56 (1.5-20.64)

Ref

0.010 0.872 (0.41-18.75)

0.930

Type of resection
RO 2.53(0.41-15.62)
R1

0.317

Treatment modalities
Total excision+CT+RT
Total excision+RT

No total excision, CT+RT
No total excision, CT only
No surgery, palliative CT

0.054

Mediastinal RT
Yes 0.15 (0.04-0.54)
No

Ref

0.004 6.01(0.27-132.12)

0.255

Adjuvant CT
Yes 0.66 (0.19-2.33)
No

0.522

First-line CT regimen for metastatic disease
PAC

Carboplatin+Paklitaksel
Sisplatin+Gemsitabin

0.321

and cyclophosphamide, HR: Hazard ratio

Cl: Confidence interval, ECOG PS: Eastern Cooperative Oncology Group Performance Status, CT: Chemotherapy, RT: Radiotherapy, PAC: Cisplatin, doxorubicin,

in stage IllI-IV patients with RO resection (p=0.043) and in
patients with residual disease after surgery (R1-2) (p=0.001).
The authors reported that pathological stage, postoperative
RT, and complete resection were independent predictors of
survival [12]. Similarly, Nazzal et al. [20] analyzed data from
patients with stage Il thymic carcinoma and reported that
adjuvant RT did not confer a survival benefit in early-stage RO-
resected cases. In our study, the median OS was 8 months for
those without mediastinal RT and 68 months for those who did
receive mediastinal RT (p=0.004), suggesting a survival benefit
associated with postoperative mediastinal RT. However, OS did

not differ significantly by surgical margin status, likely because
of the limited sample size and the relatively small proportion
(21.1%) of R1-resected patients.

Previous studies have shown that disease stage at diagnosis
is a crucial predictor of survival outcomes [12,21]. In our
study, patients with stage IV disease had a median OS of 14
months, compared with 68 months for patients without stage
IV disease. Although this difference did not reach statistical
significance (p=0.064), which is likely due to the relatively
small sample size, the numerical trend suggests a clinically
meaningful impact of advanced stage on survival.
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Study Limitations

Our study’s retrospective design and relatively small patient
population are its primary limitations. Because thymic
carcinoma is rare, larger patient cohorts in multicentre
prospective studies are needed to better define optimal
treatment strategies and prognostic variables.

Conclusion

Thymic carcinoma is an infrequent malignancy with a
challenging treatment course, and recommended treatment
strategies are largely based on retrospective studies. As
demonstrated in our study, postoperative RT and the extent of
surgical resection are the most influential prognostic factors.
Accordingly, management decisions should include a thorough
evaluation of surgical strategies, including upfront surgery and
postoperative RT.
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Aim: Nodular lymphocyte-predominant Hodgkin lymphoma (NLPHL) is a rare subtype of lymphoma classified within Hodgkin lymphomas. Often
the diagnosis is made at an early stage. Treatment varies according to the stage of the disease and the underlying prognostic factors. Because of
cluster of differentiation 20 expression, rituximab-based agents can be used for treatment. In this study, we aimed to present the demographic,
treatment, and survival data of patients with NLPHL in the context of the existing literature.

Methods: In our study, demographic characteristics, laboratory findings, disease stage, and treatments administered to patients diagnosed with
NLPHL between 2012 and 2024 were evaluated.

Results: Of the 13 patients enrolled in the study, seven were male, and the median age was 44 years. Of the patients, eight were in the early stage
and five were in the advanced stage. One patient had liver involvement, three had splenic involvement, seven had subdiaphragmatic involvement,
and four had a bulky mass. Rituximab was added to the treatment regimens of six patients. Progression was observed in two patients. One patient
died from Coronavirus disease 2019-related pneumonia. While the 2-year and 5-year overall survival of our patients were both 92%, progression-
free survival was 100% at 2 years and 45.5% at 5 years.

ABSTRACT

Conclusion: NLPHL is a rare condition that, despite its generally favorable prognosis, requires effective treatment because of the risk of recurrence
and transformation into diffuse large B-cell lymphoma (DLBCL). Although data on the transformation of subdiaphragmatic involvement into DLBCL
exist in the literature, information on disease progression is lacking.

Keywords: Nodular lymphocyte-predominant hodgkin lymphoma, overall survival, progression free survival

Introduction Most patients have localized disease with a slowly progressive

course. It usually involves peripheral lymph nodes. Central
Nodular lymphocyte-predominant Hodgkin lymphoma (NLPHL) lymph node involvement and extranodal involvement are
is a rare subtype, accounting for 5%-13% of all patients with rarely observed. Bone marrow involvement is observed in

Hodgkin lymphoma (HL) [1]. NLPHL occurs predominantly in 1-2%, liver involvement in 2-3%, and spleen involvement in 5%
males, accounting for 75% of patients. NLPHL usually occurs [1].

between the ages of 30 and 40 [2,3]. Because the pathological and clinical features of the disease

In NLPHL' the malignant cells are called lymphocyte- differ from classical HL, the treatment approach also differs.
predominant (LP) cells. Although Reed-Sternberg cells and The ideal treatment for NLPHL has not yet been determined.
LP cells seen in classical HL originate from germlnél centre Depending on disease stage and patient risk factors, treatment
cells, they show morphological differences [4]. Unlike Reed options include monotherapy, anti-CD20 antibody therapy,
Sternberg cells, LP cells express cluster of differentiation 20 radiotherapy (RT) alone, or combination therapy involving anti-
(CD20) from B cell markers, while they do not express CD15 CD20 antibody with or without RT plus chemotherapy regimens
and CD30 [5]. such as doxorubicin, bleomycin, vinblastine, and dacarbazine
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(ABVD) or cyclophosphamide, doxorubicin, vincristine, and
prednisone (CHOP). Treatment selection should primarily
take into account effectiveness and toxicity, since the disease
progresses slowly and has a good prognosis [6]. Although this
disease is associated with longer survival than lymphoma, it
also has higher rates of secondary malignancies and treatment-
related deaths; therefore, patient-specific treatment selection
is important [7].

In this study, we aimed to contribute survival data to the
literature by evaluating treatments given, demographic
characteristics, clinical and laboratory values, stage, and
prognostic risk factors of patients we followed with an NLPHL
diagnosis.

Methods

The study included 13 patients diagnosed with NLPHL who
were followed at the Firat University Faculty of Medicine Adult
Hematology Clinic between December 2012 and December
2024. Ethics committee approval, was obtained from the
Firat University Rectorate Non-Interventional Scientific
Research Ethics Committee (approval no: 2025/06-48, date:
24/04/2025). Since the data were collected from medical
records without revealing the identities of the participants and
the study was retrospective, consent was not obtained from
the patients.

The patients’ data were obtained from the patient files and
the hospital information system. The following variables
were evaluated: Age; gender; survival status; mean follow-up
time; recurrence status; stage; international prognostic index
(IP1) score in advanced-stage (stage llI-IV) disease; presence
of adverse risk factors in early-stage (stage I-ll) disease;
subdiaphragmatic involvement; liver and spleen involvement;
presence of bulky disease; treatment response; haemogram
and biochemical parameters; overall survival (0OS); and
progression-free survival (PFS) were evaluated.

For early-stage patients, mediastinal mass, extranodal disease,
involvement of > three nodes, and elevated sedimentation rate
(>30 mm/h in the presence of B symptom, >50 mm/h in the
absence of B symptom) were considered adverse risk factors,
and lymphocyte counts below 1,000/mm? were considered
indicative of lymphopenia.

Patients in the early stage received only RT, and patients in both
early and advanced stages received chemotherapy * Rituximab
+ RT, according to the follow-up physician’s decision. The time
from diagnosis to death or last follow-up was defined as OS, and
the time from remission after treatment to relapse or death
was defined as PFS. Complete response (CR) was defined as
the absence of disease symptomes, a positive positron emission
tomography (PET) at baseline or a negative PET in those with
any residual mass, or absence of involvement on subsequent
biopsies when initial bone marrow involvement was present.

Patients’ responses were evaluated according to the Lugano
response criteria [8]. Recurrences occurring within 12 months
after treatment were considered early recurrences.

Statistical Analysis

Statistical analyses were performed using IBM Statistical
Package for the Social Sciences (SPSS) for Windows, version
25.0 (SPSS, IBM Corp., Armonk, NY, USA). Descriptive statistics
are presented as n and % for categorical variables and median
(minimum-maximum) for continuous variables. The Kaplan-
Meier method was used to determine survival times; p<0.05
was considered statistically significant.

Results

The median age of patients is 44 years (range 18-73 years);
53% are male and 46% are female. Of the patients, five were
diagnosed at stage | and three at stage Il; in total, eight were
diagnosed at an early stage. Among patients with early-stage
disease, two had a negative risk factor, whereas six had none.
At diagnosis, five patients had advanced disease. According
to IPI scores for patients with advanced-stage disease, two
patients were classified as low risk and three were classified
as intermediate risk. Liver involvement was present in only
one patient, splenic involvement in three, subdiaphragmatic
involvement in seven, and bulky disease in four (Table 1).

Table 2 shows the patients’ laboratory results at the time of
diagnosis; three patients had anemia and one patient had
lymphopenia.

As first-line treatment, three patients received RT only,
two received ABVD, two received ABVD+RT, three received
R-ABVD, one received R-ABVD+RT, and two received R-CHOP
therapy. Progressive disease was present in two patients. In
one of these patients, an early relapse occurred after first-line
treatment despite an initial CR; autologous Hematopoietic
stem cell transplantation was performed after Rituximab,
cisplatin, cytarabine, dexamethasone, and the patient is still
being followed in remission. The other patient was treated
with  rituximab-bendamustine; rituximab, gemcitabine,
dexamethasone, cisplatin; and R2 (rituximab, lenalidomide),
due to refractory disease. Eleven patients achieved CR
after first-line treatment, while two patients experienced
progression. One of the two patients with progression was
stage Il with a bulky lesion, and the other was stage IV without
a bulky lesion; subdiaphragmatic involvement was detected
in both patients. Table 3 presents information on the clinical
course of the patients.

During a median follow-up of 60 months (range, 8-144
months), median OS was not reached, and the 2- and 5-year
OS rates were both 92.5%. Median PFS was 54.0 months (95%
confidence interval: 0.0-112.26), and 100% 5-year PFS with 2-
and 5-year PFS being 45.5%. Twelve of the patients are still
alive, while one patient is deceased. An ex-patient died of
Coronavirus disease (COVID)-related pneumonia while in CR
after first-line treatment.

Discussion

NLPHL is a rare subtype of HL with a slow course, with a good
prognosis. Patients diagnosed with NLPHL have been shown



Acta Haematol Oncol Turc 2025;58(3):245-250
Oral and Uysal. Nodular Lymphocyte Predominat Hodgkin Lymphoma

Table 1. Characteristic features of patients

Variables n=13 %
Age

Median (min-max) 44.0 (18-73)
Gender

Male 53.8
Female 6 46.2
Stage

Stage-1 5 38.5
Stage-2 3 23.1
Stage-3 2 15.4
Stage-4 3 23.1
Advanced stage IPI score

1 1 20.0
2 1 20,0
3 3 60.0
Early stage negative risk factor

No 6 75.0
Yes 2 25.0
L involvement

No 12 92.3
Yes 1 7.7
Spleen involvement

No 10 76.9
Yes 3 23.1
Subdiaphic involvement

No 6 46.2
Yes 7 53.8
Bulky disease

No 9 69.2
Yes 4 30.8
1st line treatment

RT only 3 23.1
ABVD 2 15.4
ABVD+RT 2 15.4
R-ABVD 3 23.1
R-ABVD+RT 1 7.7
R-CHOP 2 15.4
Relapse

No 11 84.6
Yes 2 15.4
Mortality

Alive 12 92.3
Ex 1 7.7
RT: Radiotherapy, ABVD: Doxorubicin, bleomycin, vinblastine, dacarbazine,
R-CHOP: Rituximab, cyclophosphamide, adriamycin, vincristine,
prednisone, Li: Liver, IPI: International prognostic index

to account for 5-13% of HL cases [9,10]. Among our patients,
those diagnosed with NLPHL constitute 9% of all patients
with HL. From this perspective, it appears consistent with
the literature. In this subtype of lymphoma, which is more
common in males aged 30-40 years, 53% of our patients
were male, and the median age in our study was 44 years [2].
Although our study is compatible with the literature in terms
of sex distribution, with a higher prevalence in males, the
patients’ mean age was slightly higher than that reported in
the literature.

The clinical course of NLPHL is indolent, and patients are
usually in an early stage at initial diagnosis. In our study,
61% of our patients were early-stage, which is consistent
with the literature [11]. Despite a slow course and good
prognosis, transformation to diffuse large B-cell lymphoma
(DLBCL) is observed during patient follow-up. The risk of
transformation to DLBCL is higher in patients with a bulky
mass, subdiaphragmatic disease, and splenic involvement
[12]. In our study, a bulky mass was observed in 30% (n=4)
of patients, subdiaphragmatic involvement in 53% (n=7) of
patients, and spleen involvement in 23% (n=3) of patients;
no transformation to DLBCL was observed in any of our
patients. Although no transformation was observed in our

oo
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Figure 1. Overall Survival Curve
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Figure 2. Progression-free Survival Curve
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Table 2. Laboratory results at the time of diagnosis of patients

Patient | WBC HB PLT LYM NEU ALB ALT CR LDH SEDIM CRP
1 4050 13.1 283000 1440 1660 4.3 42 1.2 220 11 11
2 6680 10.1 406000 1460 4430 4.8 11 0.54 167 11 3

3 4230 14.3 199000 1020 2270 4.2 50 0.6 234 7 3

4 8920 15.4 339000 1190 6990 4.8 38 0.82 283 20 3

5 5180 15.9 254000 1210 3110 3.9 28 0.78 226 7 3

6 5990 154 230000 1330 3920 4.4 26 0.49 287 7 3

7 8950 11.6 210000 1100 6930 4.3 19 0.5 204 35 3

8 8240 12.6 219000 1690 5530 3.8 13 0.65 254 66 32
9 5370 13.8 210000 990 3370 4.6 15 0.84 276 18 8
10 6990 14 189000 1240 3490 4 19 0.61 218 11 3

11 8260 12.6 330000 2930 4700 4.6 18 0.44 245 21 4

12 6740 13.9 256000 1370 4660 4.5 28 0.7 159 11 3

13 4160 10.5 329000 1380 2500 4.4 17 0.47 192 8 3
WBC: White blood cell, HB: Haemoglobin, PLT: Platelet, LYM: Lymphocyte, NEU: Neutrophil, ALB: Albumin, ALT: Alanine aminotransferase, CR: Creatinine, LDH:
Lactate dehydrogenase, SEDIM: Sedimentation rate, CRP: C-reactive protein

Table 3. Clinical course of patients

Patient Age Gender Stage Liver Spleen iS:vl::laphragmahc :;I:Zse :r.e::;en : Mortality
1 45 Male 3 No No Yes No R-ABVD alive
2 29 Female 3 No No Yes No R-ABVD+RT alive
3 51 Male 2 No No Yes Yes ABVD alive
4 38 Male 2 No No No Yes R-ABVD alive
5 29 Male 4 Yes Yes Yes Yes R-ABVD Ex

6 32 Male 1 No No No No RT only alive
7 18 Female 2 No No No No ABVD alive
8 68 Female 4 No Yes Yes No R-CHOP alive
9 73 Male 4 No Yes Yes Yes R-CHOP alive
10 56 Female 1 No No No No ABVD+RT alive
11 37 Female 1 No No No No RT only alive
12 66 Male 1 No No Yes No RT only alive
13 44 Female 1 No No No No ABVD+RT alive
RT: Radiotherapy, ABVD: Doxorubicin, bleomycin, vinblastine, dacarbazine, R-CHOP: Rituximab, cyclophosphamide, adriamycin, vincristine, prednisone

patients, subdiaphragmatic involvement in two patients who
progressed drew our attention.

In the literature, splenic involvement is observed in 5% of
patients, whereas hepatic involvement is observed in 2-3% [1].
In our patient group, splenic involvement was observed in 23%
(n=3) of patients, and hepatic involvement in 7% (n=1). We
attribute the discordance between our data and the literature
to the small number of patients.

In this rare subtype of lymphoma, the prognosis is usually good
and survival rates are high. Eichenauer et al. [13] evaluated 85
early-stage NLPHL patients and found 5-year PFS and OS to be
90% and 100%, respectively. According to the study conducted

by Xing et al. [14] involving 42 patients with advanced-
stage NLPHL, 5-year OS and 10-year OS were 89% and 86%,
respectively; 5-year PFS and 10-year PFS were 72% and 63%,
respectively. In the study by Lazarovici et al. [15] involving
314 patients, 10-year PFS was 44% and 10-year OS was 94%.
Although results for survival in studies of NLPHL differ in the
literature, we believe these discrepancies are attributable
to differences in disease stage (some studies included early-
stage patients, others late-stage), sample size, and adverse risk
factors. In our study, the median 5-year OS was 92% during the
60-month follow-up period, while 2-year PFS was 100% and
5-year PFS was 45%.
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Due to the rarity of NLPHL, there is no standardized method
of treatment, as studies to guide treatment selection are
retrospective. Defining the optimal treatment method remains
a significant challenge given that studies are generally small
and single-center. When we examine studies in the literature
on early-stage disease, Chen et al. [16], in a study of 113
patients, found that the addition of chemotherapy to RT did
not improve PFS or OS compared with RT alone. Eichenauer et
al. [17] compared combined modality therapy (CMT), extended
field radiotherapy (EF-RT), involved field (IF)-RT, four-week
standard-dose rituximab treatment, and found that rituximab
treatment alone increased the risk of relapse, whereas CMT
was equivalent to EF-RT and IF-RT in disease control. They
emphasized that IF-RT would be the appropriate treatment
for Stage IA patients because of concerns regarding toxicity
[17]. Among other studies of treatment for early-stage NLPHL,
Savage et al. [18] conducted a study of 88 patients, comparing
32 who received RT alone with 56 who received ABVD, found
that both OS (93% vs. 85%) and PFS (93% vs. 66%) rates were
higher in the ABVD arm during the 10-year follow-up period.
Despite these data, it is difficult to interpret differences among
treatment methods and regimens because adverse risk factors
were not assessed in these early-stage patient populations
treated with each approach. In our study, three patients with
Stage | disease received only RT. In Stage |, two patients also
received ABVD+RT. In stage 2, two patients were given ABVD
and one patient was given R-ABVD. Only two of our early-stage
patients had adverse risk factors, and no transformation to
DLBC, relapse, or death occurred during follow-up.

Data on the optimal treatment of advanced-stage NLPHL are
also limited, as this rare subtype of lymphoma accounts for
only 20% of advanced-stage cases. Xing et al. [14] compared
advanced-stage NLPHL with classical HL; both groups received
ABVD-like chemotherapy and reported that, although OS was
similar in both groups, NLPHL patients had a higher recurrence
rate than patients with classical HL. Similarly, in their study
evaluating treatment outcomes of classical HL and NLPHL
treated with ABVD, Ames et al. [19] reported that, among
eight patients with stage Ill-lV NLPHL treated with ABVD,
the 5-year recurrence rate was over 50%, and they had the
highest recurrence rate compared with all groups (early-
advanced-stage HL, early-stage NLPHL). The PFS of patients
with advanced NLPHL was lower than that of patients with
early-stage NLPHL and of patients with classical HL at early and
advanced stages (47% vs. 97%, 85%, and 74%) [19]. According
to the results of R-CHOP treatment in NLPHL conducted by
Fanale et al. [20] with 59 patients in both early and advanced
stages, 27 patients received R-CHOP and the estimated 5 and
10-year PFS during a median follow-up period of 6.7 years was
found to be 88.5% and 59.3%, respectively, and among the
patients who received systemic treatment, the PFS of those
who received R-CHOP was shown to be better compared to
all other regimens. Consistent with these studies, R-CHOP
therapy is more effective than ABVD-based therapies for
patients with advanced-stage disease. In our study, two of the
patients with advanced disease received R-ABVD, two received
R-CHOP, and one received R-ABVD+RT. While our patient

who received R-ABVD achieved CR after treatment, another
of our patients died from COVID pneumonia, and one of our
patients who received R-CHOP therapy was switched because
of refractoriness to treatment.

Study Limitations

The limitations of our study are that it is based on a single
center; that data on the regions in which patients received RT
were not available; and that survival data by stage could not
be calculated because of the small number of patients.

Conclusion

As a result, demographic information, treatment methods,
and survival data of this extremely rare group of patients
were reported in the literature. Although data on the
transformation of subdiaphragmatic involvement into
DLBCL exist in the literature, we believe that it will lead to
further studies in this regard, since information on disease
progression is lacking.
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Case Report

The Role of Radiotherapy in Myeloid Sarcoma: A Case Report
and Review of the Literature
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Myeloid sarcoma (MS) is a rare tumor characterized by the extramedullary proliferation of immature granulocytic cells. It can occur as a primary
disease or as a manifestation of acute myeloid leukemia, with an incidence of three to five percent in patients diagnosed with the condition. This
report presents a thirty-seven-year-old female patient with acute monoblastic leukemia (French-American-British classification, subtype M5) who

'L-) achieved complete remission after induction therapy, and allogeneic bone marrow transplantation. Six-teen months after achieving remission,
é the patient experienced a relapse in the pituitary gland, which was initially misdiagnosed as a pituitary adenoma. Following gross total surgical
!3 resection, the diagnosis of MS was confirmed. Adjuvant craniospinal radiotherapy and systemic therapy with azacitidine and venetoclax led to
2 sustained remission without further complications. This case highlights the diagnostic and therapeutic challenges of MS, particularly in its rare
presentation involving the pituitary gland. Radiotherapy, in combination with systemic treatment, played a crucial role in the management of this
relapse. The findings emphasize the importance of a multidisciplinary approach in managing rare cases of MS to optimize patient outcomes.
Keywords: Acute myeloid leukemia, myeloid sarcoma, craniospinal radiotherapy, pituitary relapse
Introduction MS most commonly involves the skin, lymph nodes, soft tissues,
and bones, while central nervous system (CNS) localization is
Myeloid sarcoma (MS) is a rare hematologic malignancy exceedingly rare and typically does not cause parenchymal
characterized by the uncontrolled proliferation of immature damage. @stgaard et al. [1] found that MS was located in the
granulocytic cells in extramedullary tissues. It may occur de craniospinal system in only 0.4% of AML patients. Pituitary
novo, represent an extramedullary manifestation of acute involvement represents only a very small fraction of CNS
myeloid leukemia (AML), or develop following hematopoietic cases, with fewer than 10 cases of pituitary or sellar region MS
stem cell transplantation. In the literature, it is also referred to described in the literature to date (10, 12, 20).
as granulocytic sarcoma, chloroma, or extramedullary myeloid . -
tumor. In this report, we present a rare case of pituitary relapse
of MS occurring after allogeneic hematopoietic stem cell
The reported incidence of isolated de novo MS is approximately transplantation in a female patient with AML and discuss its
2 per 100,000 in adults and 0.7 per 1,000,000 in children. diagnostic and therapeutic aspects in the context of current
When presenting concurrently with AML, the frequency ranges literature.

between 2-9% in adults and 10.9-23.3% in pediatric patients.
In the post-transplant remission setting, its incidence has been
reported between 5% and 12%.
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Case Report

A 37-year-old female patient presented with gingival bleeding,
fatigue, and skin rash. Hematological analysis revealed a
hemoglobin level of 9 g/dL, leukocyte count of 300,000/uL,
and platelet count of 34 k/uL. Due to gingival hypertrophy,
AML-M5 was suspected, and subsequent bone marrow
biopsy confirmed acute monoblastic leukemia with the feline
mcdonough sarcoma-like tyrosine kinase 3/internal tandem
duplication (FLT3/ITD) mutation. The patient underwent
induction therapy consisting of continuous administration of
cytarabine for seven days, in combination with idarubicin during
the first three days, followed by midostaurin administered
from days 8 to 21. Following confirmation of the diagnosis
with bone marrow biopsy results, consolidation therapy
was initiated with high-dose cytarabine, complemented by
midostaurin administered during days 8 to 21 of each cycle.
The patient achieved complete remission with minimal

residual disease (MRD) negativity. After one month, the
patient underwent myeloablative conditioning and received
an allogeneic bone marrow transplant from her sibling. At 1, 3,
6, and 12 months post-transplantation, the patient exhibited
100% chimerism and maintained MRD-negative status. No
graft-versus-host disease, cytomegalovirus infection, or other
complications were observed. Six-teen months after treatment
completion, the patient presented with somnolence,
visual impairment, polydipsia, and fatigue. Hematological,
hormonal, and biochemical analyses revealed normal results.
However, magnetic resonance imaging (MRI) of the pituitary
gland revealed a 19x17 mm diffuse contrast-enhancing lesion
extending from the stalk level to the superior optic chiasm,
initially diagnosed as a pituitary adenoma (Figure 1). In March
2023, gross total resection was performed, and the diagnosis
was confirmed of MS (Figure 2). At this juncture, a bone
marrow biopsy demonstrated remission, 100% chimerism,
and a negative FLT3/ITD mutation. Postoperative cranial MRI

Figure 1. Preoperative contrast-enhanced brain magnetic resonance imaging (MRI) images, (a) axial section, (b) coronal section, (c) sagittal section.
MRI of the pituitary gland revealed a 19x17 mm diffuse contrast-enhancing lesion extending from the stalk level to the superior optic chiasm

Figure 2. Pathology specimen images

1. The nucleus is irregularly elongated with occasional indentations, containing fine vesicular chromatin, a prominent nucleolus, and discohesive

cells (hematoxylin and eosin, x400)

2. Positive reaction with cluster of differentiation 117 (CD117) (x400)
3. Positive reaction with CD34 (x400)

4. Positive reaction with myeloperoxidase (x400)
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revealed an approximately 3 cm hemorrhage in the suprasellar
region and postoperative changes in the right temporal area
(Figure 3). One month after surgery, the patient received
adjuvant craniospinal radiotherapy with 18 Gy in 10 fractions
and an additional dose of 23.4 Gy in 13 fractions to the tumor
bed (Figure 4). The patient continued to receive systemic
treatment. At the third month after radiotherapy, the patient
experienced restricted eye movements with limited upward
gaze in the right eye, and limited outward gaze in the left eye.
However, MRIs showed changes consistent with the post-
surgical effects. The patient received 11 cycles of azacitidine
and venetoclax for maintenance therapy, and remained in
remission with negative bone marrow, and extramedullary
involvement and 100% chimerism. The patient was monitored
without complications and received supportive treatment for
the pituitary insufficiency. The patient’s data used in this study
have been fully anonymized, and no identifiable information is
included. Therefore, consent to publish is not required.

Discussion

MS is a rare tumor characterized by extramedullary
localization of immature granulocytic cells. It is also known
as a myeloblastoma, chloroma, or granulocytic sarcoma. The
term chloroma is derived from the green staining of cells
due to myeloperoxidase content [2]. This condition was first
described in the orbit by Allan [3]. Regarding its pathogenesis,
it is hypothesized that there is an aberrant expression of
homing signals of leukemic blasts in the extramedullary region
compared to the bone marrow [4]. Avni and Koren-Michowitz
[5] reported that AML blast cells express chemokine receptors
that are absent in normal bone marrow and peripheral blood
blasts.

MS occurs most commonly with AML, followed by chronic
myeloid leukemia. It can present de novo or as an initial
symptom in patients who have not yet been diagnosed

with AML. In addition, it may appear as an early relapse
manifestation after bone marrow transplantation in patients
with known AML. The incidence of AML in patients ranges
from 3% to 5%. It can also develop as a transformation of
myeloproliferative diseases or myelodysplastic syndromes [4].
Our patient presented with an MS relapse while in remission
from AML after allogeneic bone marrow transplantation. MS
can manifest at any age without a sex predilection [6]. A meta-
analysis encompassing CNS MS cases reported a median age
of 35 years, with a higher incidence observed in males [7]. MS
occurs more frequently in cases of French-American-British
classification M4/M5 types, cytogenetic abnormalities such
as t, (8; 21), inversion 16, infant leukemias, chromosomal
11q abnormalities, cellular immunodeficiency, and following
allogeneic stem cell transplantation [2]. Although the patient
in this study did not exhibit any of these chromosomal
abnormalities, the FLT-3/ITD mutation, which is associated
with a poor prognosis, was present. Furthermore, allogeneic
bone marrow transplantation, which increases the frequency
of MS, constitutes a risk factor for patients [8]. A review
conducted by Paydas et al. [8] determined that the interval
between previous hematological diseases and MS diagnosis
ranged from 5 to 60 months [9]. A meta-analysis by Lee et
al. [6] reported a mean duration of 25.5 months between
AML remission and MS diagnosis. This meta-analysis did not
demonstrate the impact of the duration between AML and MS
on patient mortality. The patient in this study experienced an
MS relapse 17 months after AML remission. The most common
sites for MS are the subperiosteal regions of the skull, paranasal
sinuses, sternum, ribs, vertebrae, pelvis, lymph nodes, and the
skin. CNS involvement is infrequent and typically manifests
as leptomeningeal or extra-axial cranial bone-based masses.
Parenchymal involvement rarely occurs subsequent to
meningeal involvement [10]. Due to its rarity, MS presents
diagnostic challenges, with an overall misdiagnosis rate of up
to 40%. Biopsy remains the preferred diagnostic method [11].

Figure 3. Postoperative cranial magnetic resonance imaging images, (a) coronal section, (b) sagittal section. An approximately 3 cm hemorrhage in

the suprasellar region and postoperative changes in the right temporal area
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Figure 4. Treatment field of a patient undergoing craniospinal
radiotherapy with helical intensity-modulated radiation therapy
technique on a radixact device

MS infrequently presents as intracranial MS (IMS) of the skull
[12]. The most prevalent locations for IMS are the temporal
lobes, cerebellum, and falx or parasagittal regions, accounting
for approximately 30.9% of IMS cases [12]. In the present case,
the pituitary mass was initially diagnosed as pituitary adenoma.
Differential diagnosis for pituitary masses includes adenoma,
sarcoidosis, optic nerve glioma, aneurysm, craniopharyngioma,
Rathke cleft cyst, and teratoma [13]. Based on our current
knowledge and literature review, this case is considered one
of the exceedingly rare reported instances of isolated pituitary
MS. Clinical symptoms of MS vary according to anatomical
location. Symptoms arise from the tumor’s mass effect or
organ dysfunction, due to infiltration. In instances of pituitary
involvement, symptoms can include visual disturbances,
diabetes insipidus, and panhypopituitarism [14]. In the
present case, the patient exhibited symptoms of decreased
vision, somnolence, and polydipsia due to the mass effect of
the pituitary tumor. The treatment of MS remains a subject
of debate, with a lack of prospective randomized controlled
trials [15]. Chemotherapy regimens employed for AML are
applicable to both isolated MS and MS occurring concurrently
with AML. Patients with isolated multiple sclerosis MS who
undergo local treatment exhibit a higher rate of progression
compared to those receiving systemic treatment [16,17]. Imrie

et al. [17] observed that chemotherapy in isolated MS patients
was associated with improved overall survival rates. While
the efficacy of combining radiotherapy with chemotherapy is
not fully elucidated, radiotherapy is frequently administered
in conjunction with chemotherapy. Radiotherapy has been
demonstrated to enhance progression-free survival in MS
patients, although its impact on overall survival remains
uncertain [18]. Lan et al. [15] reported no significant difference
in overall survival between groups receiving chemotherapy
with radiotherapy and those receiving chemotherapy without
radiotherapy in MS patients. The treatment of IMS primarily
comprises radiotherapy and chemotherapy. A meta-analysis
conducted by Lee et al. [6] demonstrated that the addition of
chemotherapy or radiotherapy to IMS treatment significantly
reduces mortality. No correlation was identified between
surgical resection and its extent and mortality. Although
surgical resection is essential for histological diagnosis, its role
remains uncertain. It is observed that surgical resection may
enhance quality of life, in patients experiencing neurological
symptoms or mass effect [7]. In the case reported, the patient
initially received systemic treatment for AML and subsequently
presented with symptoms related to the pituitary mass while
in remission. Post-surgical radiotherapy was administered with
the intention of preventing local recurrence, and subsequent
chemotherapy resulted in remission.

Conclusion

In conclusion, MSis a neoplasm that may arise from the myeloid
lineage in any part of the body, while sellar involvement is
exceedingly rare. Nonetheless, it should be considered in
the differential diagnosis of pituitary and parasellar masses,
and it is important to note that no consensus currently exists
regarding its optimal management. Radiotherapy provides
rapid local control and symptomatic relief when administered
in combination with systemic therapy, may further improve
clinical outcomes. Reporting such cases is of great importance,
as it contributes to the accumulation of collective experience
and guides the development of treatment strategies in these
rare clinical scenarios.
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