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Soueal by BE of children with cancer consented to autopsy in about one-third of cases,

highlighting the rarity yet ongoing importance of this practice in pediatric
oncology. This study found that decisions were shaped less by demographic or
diagnostic factors and more by circumstances surrounding end-of-life care.
Higher consent rates were associated with intensive care involvement, life-
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4/" ﬁh sustaining interventions such as ventilation or dialysis, and receipt of CPR at
(htt;ps -[lwww.mdpi.cofis eﬂ% gghereas the presence of a Do Not Resuscitate order was linked to lower
7729/33/5/297) consent. These findings underscore the deeply personal and situational nature of
autopsy decisions and emphasize the need for consistent, unbiased approaches
to discussing autopsy, as well as greater attention to understanding family

perspectives. View this paper (https://www.mdpi.com/1718-7729/33/5/297),
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Family Relationships as Modifiable Targets for Caregiver Quality of Life in Hospice Care: A
Multicenter Study (/1718-7729/33/5/301)

by In Cheol Hwang, Youn Seon Choi, Hong Yup Ahn, So-Jung Park and Yoo Jeong Lee

Curr. Oncol. 2026, 33(5), 301; https://doi.org/10.3390/curroncol33050301
(https://doi.org/10.3390/curroncol33050301) - 21 May 2026

Viewed by 722

Abstract Family caregivers play a critical role in supporting patients with advanced cancer, yet their
a@ality of life (QoL) is often adversely affected and remains insufficiently addressed in routine care. )
Although family relationships have been widely recognized as important in the caregiving context, their
[.--] Read more.

(This article belongs to the Special Issue Palliative Care in Oncology: Current Advances (
ljournal/curroncol/special_issues/9A0I7UZFQY ))

» Show Figures
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Management of Facial Inmune Checkpoint Inhibitor-Induced Vitiligo with Topical Ruxolitinib:
Quantitative Assessment Using a Semi-Automatic Tool (/1718-7729/33/5/300)

by Thomas Breakell, Paolo Neri, Léonie A. N. Staats, Rafaela Kramer, Carola Berking,

Michael Erdmann and Anke Hartmann

Curr. Oncol. 2026, 33(5), 300; https://doi.org/10.3390/curroncol33050300
(https://doi.org/10.3390/curroncol33050300) - 21 May 2026

Viewed by 1198

Abstract Immune checkpoint inhibitors (ICls) have substantially improved outcomes in advanced
melanoma but are frequently linked to immune-related adverse events (irAEs). Vitiligo is a common
cutaneous irAE and has been consistently associated with improved patient outcome, including
prolonged progression-free and overall survival. It also [...] Read more.

(This article belongs to the Special Issue Immunotherapy for Melanoma: Systemic and Locoregional
Approaches, Mechanisms, and Future Directions (/journal/curroncol/special_issues/I0YS175NVC

)
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E‘arly Neurological Improvement and Ambulation Recovery After Delayed Surgery in Surgically ’
Selected Nonambulatory Metastatic Epidural Spinal Cord Compression: A Retrospective Cohort
Study (/1718-7729/33/5/299)

by Aydin Talat Baydar, Baran Taskala, Bahadir Topal, Muhammed Bayindir, Yunus Emre Batman,
llhan Yilmaz and Ali Dalgic

Curr. Oncol. 2026, 33(5), 299; https://doi.org/10.3390/curroncol33050299
(https://doi.org/10.3390/curroncol33050299) - 20 May 2026

Viewed by 872

Abstract Delayed decompression for metastatic epidural spinal cord compression (MESCC) is a
common real-world problem, yet short-interval recovery after patients have already remained
nonambulatory for at least 48 h is poorly defined. We retrospectively evaluated 41 surgically selected
patients with MRI-confirmed epidural MESCC (Bilsky [...] Read more.

(This article belongs to the Section Surgical Oncology
(/journal/curroncol/sections/Surgical_Oncology))
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by Zaure Dushimova, Timur Saliev, Aigul Bazarbayeva, Kymbat Karimova, Abay Kussainov and
lidar Fakhradiyev
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Abstract Purpose: Autopsy remains an important diagnostic and research modality in pediatric
oncology. This study examined demographic and clinical factors associated with parental acceptance or
decline of autopsy in childhood cancer. Patients and Methods: This study was a retrospective chart
review of autopsy consent [...] Read more.
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Abstract The incidence of cancer during pregnancy is rising, yet scientific understanding and clinical
management remain underdeveloped. Delayed diagnoses, limited therapeutic options, and lack of
safety data exacerbate the clinical challenges of treating cancer during pregnancy. Further, the biology
of gestational cancers is poorly [...] Read more.
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Abstract Colon adenocarcinoma (COAD) is a common malignancy with substantial morbidity and
mortality, and the identification of new therapeutic targets remains essential for improving patient
outcomes. In this study, we investigated SHC SH2-domain binding protein 1 (SHCBP1) in COAD
through two complementary components with [...] Read more.
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Abstract The perioperative management of systemic breast cancer therapies is an increasingly
important aspect of planning for breast cancer surgery and reconstruction. This commentary compares
two recent sets of recommendations and explains why treatment decisions often need to be tailored to
the individual patient. [...] Read more.
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Abstract Background: Wilms tumor (WT) rupture is a serious complication that upstages the disease
and requires treatment intensification. This study evaluates clinical characteristics, radiological-
pathological concordance, and survival outcomes of ruptured versus non-ruptured WT at a major Middle
Eastern tertiary center. Methods: We conducted a [...] Read more.
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Abstract Zinc transport plays a critical role in cellular signaling, but its function in the tumor
microenvironment remains poorly understood. We aimed to investigate the role of zinc transporters in
cancer-associated fibroblasts in head and neck squamous cell carcinoma. Single-cell RNA sequencing
data were [...] Read more.
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Abstract Head and neck non-melanoma skin cancers (H&N NMSCs) account for most head and neck
malignancies. While primary treatment comprises surgery, adjuvant radiation is recommended in
advanced tumors. Radiation oncology practice patterns for resected locally advanced (rLA) and
locoregional (rLR) H&N NMSCs have not [...] Read more.
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Abstract Innovative models of cancer care have emerged in response to advances in cancer treatment,
expanding technologies that bring care closer to home and address COVID-19-related challenges and
concerns about a shrinking healthcare workforce. Despite the advancements made, the psychosocial
impact on people affected [...] Read more.
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Abstract Capecitabine plus temozolomide (CAPTEM) |mproves' ﬂ/t 8%%3%?1'4?
pancreatic endocrine and neuroendocrine neoplasms (PNENS), yet its real-world effectiveness across
other endocrine and neuroendocrine neoplasm (ENEN) subtypes remains uncertain. We conducted a
retrospective population-based cohort study including 159 adults with ENENs treated with [...] Read
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Abstract Whilst advance care planning (ACP) is important to ensure person-centred end of life care,
there is sparse evidence about factors contributing towards engagement for people from Mandarin and
Cantonese speaking backgrounds (MCSB) affected by cancer. This study aimed to establish barriers
and facilitators [...] Read more.

(This article belongs to the Section Palliative and Supportive Care
(/journal/curroncol/sections/Palliative_Supportive_Care))

Open Access Review 20 pages, 415KB  (/[1718-7729/33/5/287/pdf?version=1779098119) =

Applications of Artificial Intelligence in Endobronchial Ultrasound for Lung Cancer Diagnosis
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Abstract Introduction: Lung cancer remains highly lethal. Endobronchial ultrasound (EBUS) enables
minimally invasive diagnosis and staging. Artificial intelligence (Al) improves image analysis and
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Abstract Background/Objectives: Patients with unresectable hepatocellular carcinoma (UHCC)
refractory or intolerant to immune checkpoint inhibitor (ICl)-based regimens represent a growing yet
therapeutically underserved population with limited treatment options. We investigated the efficacy,

safety, and mechanistic underpinnings of lenvatinib combined with New FP hepatic arterial [...] Read
more.
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Radioembolization Practice in North America Versus Europe: Results from a Global Survey
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Abstract Purpose: The Cardiovascular and Interventional Radiological Society of Europe (CIRSE)
conducted an international survey on the real-life application of transarterial radioembolization (TARE).
This sub-analysis of the complete survey evaluates intercontinental disparities in TARE practices.
Materials and Methods: A survey of 32 multiple-choice questions [...] Read more.
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Temporal Clustering of Endometrial Cancer and Hyperplasia in HRT Users with Unscheduled
Bleeding: A Retrospective NHS Cohort Study (/1718-7729/33/5/284)
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Abstra ckground: Unscheduled bleeding in postmenopausal women on hormone replacement

therapy (HRT) represents a common but poorly characterised clinical challenge. Whilst endometrial

. 0 . , R 2 (toggle_desktop, layput_cooki ) 8 =
cancer affects approximately 9% of women with unexplained pos{me%’opausallggleé@mg,—ems% n
evidence in HRT users is largely restricted to women under 60 [...] Read more.
(This article belongs to the Section Gynecologic Oncology
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High-Grade Glioma Tumoral Cells in a Case of Postoperative, Recurrent Subdural Hematoma...
Where Did They Come From? (/1718-7729/33/5/283)

by Paul E. Constanthin, Arthur Durouchoux, Gianpaolo Jannelli, Mégane Le Quang,

Quillaume Chotard and Julien Engelhardt 4
Curr. Oncol. 2026, 33(5), 283; https://doi.org/10.3390/curroncol33050283
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Abstract Background: High-grade glioma (HGG), formerly known as Glioblastoma multiforme, can be
complicated by hematomas, either at the initial presentation or after surgical removal. Rarely,
postoperative bleeding can occur extra-axially, resulting in subdural hematomas (SDH) that might
require surgical evacuation. Of note, little is [...] Read more.
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Abstract Spontaneous regression of metastatic renal cell carcinoma is a rare and incompletely
understood phenomenon. We report the case of a 61-year-old man with biopsy-proven pulmonary
metastases from clear cell renal cell carcinoma who experienced durable tumor regression without
receiving any systemic therapy. The [...] Read more.
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Mustract Objectives: Error-tracking studies have become an invaluable tool for gaining deeper insight®
into the patterns, causes, and clinical consequences of errors. In this paper, we examine the long-term
impact of analyzing errors at the level of an individual surgeon. Methods: We [...] Read more.
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Abstract Prostate cancer (PCa) management has evolved with biomarker-driven strategies, yet
biological heterogeneity, adaptive resistance, and an immunosuppressive microenvironment limit their
efficacy. Galectin-3 (Gal-3) has emerged as a central node in PCa pathobiology, influencing tumor
survival, metastasis, and immune escape. This review comprehensively reviews [...] Read more.
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Abstract Purpose: Virtual reality (VR) and augmented reality (AR) are increasingly being explored as
tools with potential applications in radiation oncology, with applications in education, patient care, and
workflow optimization. This review evaluates the current landscape and future potential of immersive
technologies in clinical [...] Read more.
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Abstract Background: Accurate identification of complete or near-complete responders after total
neoadjuvant therapy (TNT) is critical for selecting candidates for non-operative management in locally
advanced rectal cancer (LARC). While static inflammatory biomarkers have been widely investigated,
the predictive value of dynamic changes in [...] Read more.
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Abstract Docetaxel has been a standard second-line or later (2L+) treatment for advanced non-small
cell lung cancer (NSCLC) for more than two decades and remains recommended in current treatment
algorithms. However, real-world outcomes in the era of immune checkpoint inhibitors (ICl) are limited.
This [...] Read more.
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Abstract Treatment intensification with androgen receptor pathway inhibitors (ARPIs) and/or docetaxel
in addition to androgen deprivation therapy (ADT) improves survival for men with metastatic hormone-
sensitive prostate cancer (IMHSPC), yet real-world uptake has historically been low. We conducted a
population-based retrospective cohort study of Ontario [...] Read more.
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Abstract Background: Head and neck cancer (HNC) and its multimodal treatment substantially impair

speech, swallowing, breathing, appearance, and psychosocial well-being. Patient-reported outcome
neasures (PROMs) improve symptom monitoring and quality of life in oncology, yet their integration inte
routine HNC care remains inconsistent. This study [...] Read more.
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Abstract Advances in surgical techniques, radiographic imaging capabilities, radiotherapy, and
chemotherapy have led to improved outcomes for patients with rectal adenocarcinoma. Treatment
strategies have correspondingly evolved, as seen with total neoadjuvant therapy (TNT) and organ
preservation approaches. TNT is a treatment strategy for primary, [...] Read more.
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Abstract Background: Eyelid malignancies require accurate intraoperative margin control to achieve

complete tumor excision while preserving the functional and aesthetic integrity of the periocular region.
Mohs micrographic surgery (MMS) is widely regarded as the reference standard for margin-controlled

excision, whereas frozen section—controlled excision (FSC) [...] Read more.
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Abstract This pilot study (NCT05743686) evaluated the feasibility of a web-based application enabling
patients with breast cancer (BC) receiving oral therapy to self-report and manage treatment-related
adverse effects (AEs). Patients were enrolled between January and August 2023. Historical controls

were used for comparison. Participants [...] Read more.
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Abstract RET fusions are rare but actionable oncogenic drivers in metastatic colorectal cancer (INCRC),
occurring in a small molecular subset with limited clinical evidence for selective RET inhibition. We
report a 77-year-old woman with mCRC harboring a rare TIMM23B::RET fusion who achieved durable
benefit [...] Read more.
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Abstract Cancer patients with an enterostomy or urostomy face significant physical and psychological
challenges that impact their sexuality and quality of life. Despite its importance, this topic is often
overlooked in clinical settings. This study explores the lived experiences of these patients regarding their

[...] Read more.
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Abstract Extremity soft tissue sarcoma resection often results in complex defects requiring

reconstruction to preserve function and support multidisciplinary treatment. Propeller flaps have
emerged as a local alternative to free flaps in selected cases, but their role in sarcoma reconstruction
remains incompletely defined. This [...] Read more.
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Abstract Combined immune checkpoint inhibition (ICl) and multitargeted tyrosine kinase inhibition (TKI)
improve outcomes in advanced melanoma, especially in heavily pretreated patients, but introduce
complex, overlapping toxicities. Although immune-related adverse events and TKI-specific toxicities are
well characterized individually, their concurrent presentation is uncommon and [...] Read more.
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Abstract Background: Pembrolizumab combined with pemetrexed—platinum chemotherapy is the

standard first-line treatment for patients with metastatic non-squamous non-small-cell lung cancer
(NSCLC) and a PD-L1 tumor proportion score (TPS) of 1-49%. Real-world data on treatment outcomes
and the prognostic relevance of immune-related adverse events [...] Read more.
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Abstract Anal cancer is a rare and under-researched malignancy, leading to limited understanding of
patients’ experiences and potentially insufficiently tailored care. This study explored the health-related
quality of life (HRQoL) and healthcare interactions of people with anal cancer. Patients with confirmed
diagnosis took part [...] Read more.
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immune microenvironment (TME). Its clinical significance in head and neck squamous cell carcinoma
(HNSCC) remains controversial because of HPV-dependent tumor biology and the limitations of single-

timepoint biomarker assessments. This preliminary [...] Read more.
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Abstract Retinoblastoma is the most common intraocular malignancy of childhood and is most often
driven by loss of the RB1 tumor suppressor gene. While current treatments achieve high survival rates,
they are frequently associated with significant morbidity, highlighting the need for more precise, biology-
driven [...] Read more.
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(This article belongs to the Special Issue Routine Screening for Distress, Depression and Anxiety in
Oncology: Where Are We Now? (_/journal/curroncol/special_issues/9N790S8U40 ))

» Show Figures

(https://pub.mdpi-res.com/curroncol/curroncol-33-00263/article_deploy/html/images/curroncol-

33-00263-9001-550.jpg?1778137632)_(https://pub.mdpi-res.com/curroncol/curroncol-33-
00263/article_deploy/html/images/curroncol-33-00263-g002-550.jpg?1778137633)

4
(hitps://pub.mdpi-res.com/curroncol/curroncol-33-00263/article_deploy/html/images/curroncol-

33-00263-g003-550.jpg?1778137635)

Open Access Article 15 pages, 260 KB (11718-7729/33/5/262/pdf?version=1777538121)

Greek Physicians’ Skills and Factors Affecting Breaking Bad News to Cancer Patients (/1718-
7729/33/5/262)

by Georgios Goumas, Theodoros |. Dardavesis, Konstantinos Syrigos, Nikolaos Syrigos,
Dimitra S. Mouliou and Effie Simou

Curr. Oncol. 2026, 33(5), 262; https://doi.org/10.3390/curroncol33050262
(https://doi.org/10.3390/curroncol33050262) - 30 Apr 2026

Viewed by 1696

Abstract Background/Objectives: Breaking bad news is crucial for patient-centered care. This study
aimed to assess physicians’ skills and investigate the possible factors affecting their ability to
communicate bad news. Methods: This web-based cross-sectional survey of 633 Greek physicians
included demographic and other breaking bad [...] Read more.
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Abstract Background and Methods: Sinusoidal obstruction syndrome/veno-occlusive disease
(SOS/VOD) is a severe complication of allogeneic stem cell transplant (allo-SCT). Given the increased
use of allo-SCT and variability of SOS/VOD incidence in published reports, cases of allo-SCT from two
major transplant centers in Ontario, Canada [...] Read more.
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>
Abstract Maintenance chemotherapy prolongs progression-free survival (PFS) in several malignancies,

but its role in soft tissue sarcoma (STS) remains unclear. Conventional doxorubicin is limited by
cumulative toxicities. Liposomal doxorubicin may allow prolonged therapy. We evaluated outcomes of
patients treated with maintenance liposomal doxorubicin following [...] Read more.
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A t We evaluated global radiotherapy practices in the management of early-stage (AJCC/UICC

8t ng'ges I-11) glottic cancer (ESGC). A cross-sectional online survey was conducted in March
2025 across centers worldwide. Data was collected on clinical practices, including staging, CT
simulation, target volumes delineation, [...] Read more. © 2 (ltoggle_desktop_layout_cookie) Q =
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Abstract Anaplastic lymphoma kinase (ALK) rearrangement is a well-established oncogenic driver
alteration in non-small cell lung cancer (NSCLC), and ALK tyrosine kinase inhibitors (TKIs), particularly
lorlatinib, have significantly improved the prognosis of ALK-positive NSCLC patients. Although high
programmed death-ligand 1 (PD-L1) expression (250%) is [...] Read more.
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Aiﬂmt Background: Ultraviolet (UV) radiation is a major risk factor for skin cancer. Nevertheless,
m M%}Bl}an in the sun and in tanning beds. The aim of this study was to explore the reasons
behind these behaviors and to investigate whether the reasons for [...] Read more.
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Abstract Objectives: Small-cell lung cancer (SCLC) is an aggressive malignancy often diagnosed at
the extensive stage (ES-SCLC). While chemoimmunotherapy (CIT) has emerged as a first-line option,
SCLC'’s “cold” immune profile limits broad efficacy. This study evaluates the real-world clinical efficacy of
CIT versus chemotherapy [...] Read more.

(This article belongs to the Special Issue Clinical Advances and Therapeutic Challenges in Small-

Cell Lung Cancer and Rare Thoracic Cancers (_/journal/curroncol/special_issues/P5P665675E ))
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Abstract A diagnosis of acute leukemia (AL) represents a sudden, life-threatening event that places
family caregivers (FCs) at high risk for traumatic stress. While traumatic stress symptoms have been
documented among FCs later in the cancer trajectory, little is known about how these responses [...]
Read more.

(This article belongs to the Special Issue Psychological Interventions for Cancer Survivors (
/journal/curroncol/special_issues/8AW288Z3GL ))
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Imaging _Features and Clinical Outcomes of Ischemic Cholangiopathy After Drug-Eluting Bead
Transarterial Chemoembolization for Hepatocellular Carcinoma: A Retrospective Single-Center
Cohort Study and Literature Review (/1718-7729/33/5/254)

by Sasa étupar, Peter Popovi¢, Rok Dezman, Jure Ursi¢, Martin Zaplotnik, Miha Stabuc,

Sanjo Finderle and Alojz Smid

Curr. Oncol. 2026, 33(5), 254; https://doi.org/10.3390/curroncol33050254
(https://doi.org/10.3390/curroncol33050254) - 28 Apr 2026

Viewed by 814

Abstract Background: Ischemic cholangiopathy (IC) is an under-recognized complication after
transarterial chemoembolization (TACE) for hepatocellular carcinoma (HCC). Our goal was to estimate
the incidence, timing, clinical presentation, and management of IC after drug-eluting bead TACE.
Methods: Single-center retrospective cohort of consecutive drug-eluting bead TACE [...] Read more.
(This article belongs to the Section Gastrointestinal Oncology
(ljournal/curroncol/sections/Gastrointestinal_Oncology))
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The Implementation of a Caregiver Distress Screening Initiative in a Pediatric Oncology
Healthcare Setting: A Quality Improvement Project (/1718-7729/33/5/252)

by Clayton Culp, Christen Long, Angelique Ribieras and Erica H. Sirrine
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Abstract Background: Parents of children with cancer often experience significant stressors that can
heighten distress and impact overall well-being. Despite recommendations supporting distress
screening for adult and pediatric patients with cancer, systematic assessment of parent or caregiver
distress in pediatric oncology settings remains [...] Read more.

(This article belongs to the Special Issue Quality of Life and Management of Pediatric Cancer (
ljournal/curroncol/special_issues/R9254581DM ))

Open Access Case Report 10 pages, 1251 KB (/1718-7729/33/5/251/pdf?2version=1778570252)

Treatment Selection Based on Dominant Tumor Biology in Endometrial Carcinoma with
Choriocarcinomatous Differentiation: A Case-Based Review (/1718-7729/33/5/251)

by Norihito Kamo, Shigenori Furukawa, Asami Kato, Keisuke Yoshida, Chikako Okabe,
Hideki Miura, Tetsu Sato, Hiroshi Suzuki, Shu Soeda and Keiya Fujimori

Curr. Oncol. 2026, 33(5), 251; https://doi.org/10.3390/curroncol33050251
(https://doi.org/10.3390/curroncol33050251) - 27 Apr 2026
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Abstract Endometrial carcinoma (EC) with choriocarcinomatous differentiation is an exceptionally rare
malignancy for which standardized postoperative treatment strategies are lacking. Herein, we describe
two postmenopausal patients with endometrioid carcinoma containing a choriocarcinomatous
component. One patient had an EC-dominant tumor with low and rapidly normalized [...] Read more.
(This article belongs to the Section Gynecologic Oncology
(/journal/curroncol/sections/gynecologic_oncology))
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Perineural Spread and Base of Skull Involvement in Cutaneous Squamous Cell Carcinoma—A
Critical Review from an Endemic Region (/1718-7729/33/5/250)

by Charles Y. Lin, Rahul Ladwa and Ryan Sommerville
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Mustract Perineural spread (PNS) from cutaneous squamous cell carcinoma (cSCC) to the skull base b
increasingly recognised as a route of cancer spread. Management historically involved definitive
radiotherapy to treat PNS at the skull base. In the endemic region with modern magnetic resonance

neurogram [...] Read more.
(This article belongs to the Special Issue The Role of Targeted Therapy in Head and Neck Cancers (
ljournal/curroncol/special_issues/PNL0I5V110 ))
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Abstract Background: High-risk cytogenetic multiple myeloma (HRMM) confers inferior outcomes
despite significant therapeutic advances. Real-world data characterizing contemporary treatment
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Abstract We thank Venkataraman and Mokbel [...] Full article (/1718-7729/33/5/248)
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Omission of Axillary Lymph Node Dissection in Breast Cancer Patients with 1-2 Positive Sentinel
Lymph Nodes: A Multicenter Real-World Cohort Study in a Chinese Population (/1718-
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by Chengye Hong, Jianhui Chen, Yongwu Chen, Liangqgiang Li, Xiangiang Du, Debo Chen and
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Abstract The optimal management of patients with limited sentinel lymph node metastasis in breast
cancer, particularly regarding whether to perform additional axillary surgery, continues to be an area of
clinical uncertainty in routine practice. This multicenter retrospective cohort study aimed to evaluate
adherence to [...] Read more.
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Abstract Introduction: High-risk multiple myeloma (HRMM) is primarily defined by adverse cytogenetic
abnormalities that are associated with inferior outcomes despite contemporary treatment with novel
induction agents and autologous stem cell transplantation (ASCT). While the accumulation of high-risk
lesions has been proposed to further stratify [...] Read more.
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Abstract Introduction: The management of resectable non-small cell lung cancer has long relied on a
relatively limited set of determinants, primarily anatomical resectability and pathological stage. Although
these parameters remain central to therapeutic planning, accumulating clinical and translational
evidence indicates that they do not [...] Read more.
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small cell lung cancer (NSCLC) and has historically been associated with primary resistance to first- and
second-generation EGFR tyrosine kinase inhibitors (TKIs). Evidence guiding optimal first-line

management in this subgroup, [...] Read more.
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Abstract Triple-negative breast cancer (TNBC) has been associated with a poorer prognosis than other
subtypes, due to its more aggressive behaviour. Since 2020, significant advances in locoregional and
systemic therapy have improved outcomes for patients with TNBC, but the implementation of these

treatments remains [...] Read more.
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Abstract Patients following brain tumour resection experience significant disability, yet rehabilitation is
not typically delivered prior to adjuvant treatment such as radiation or chemotherapy. This study aims to
characterize the medical and functional profiles, and function outcomes of patients with brain tumour
admitted over [...] Read more.
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Abstract Immune checkpoint inhibitors (ICls) have transformed non-small cell lung cancer (NSCLC)
treatment; however, durable responses occur in only a subset of patients, underscoring the need for
robust predictive biomarkers. Serine/threonine kinase 11 (STK77) is an emerging biomarker that
portends poor prognosis [...] Read more.
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Abstract It is well-known that immune checkpoint inhibitors (ICls) can lead to uncommon but potentially
life-threatening immune-related adverse events (irAEs) such as checkpoint-inhibitor pneumonitis (CIP).

Early recognition, identification, and treatment are crucial with regard to decreasing toxicity from ICls.
However, there is a discrepancy [...] Read more.
(This article belongs to the Section Thoracic Oncology

(/journal/curroncol/sections/Thoracic_Oncology))
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Abstract (1) Background: Hypofractionated radiotherapy and immunotherapy (IT) are possible
treatment options for HNSCC patients unsuitable for standard curative treatment, yet no high-level
evidence supports their combined use. We aim to report on the clinical outcome of a single-center
cohort of HNSCC patients treated [...] Read more.

(This article belongs to the Special Issue Immunotherapy for Head and Neck Cancer: Biomarkers,
Trials, and Transformative Outcomes (/journal/curroncol/special_issues/EN3FR50678 ))

» Show Figures

(https://pub.mdpi-res.com/curroncol/curroncol-33-00239/article_deploy/html/images/curroncol-

33-00239-g001-550.jpg?1776854075)

Open Access Article 14 pages, 1113 KB (11718-7729/33/5/238/pdf?version=1776853578)

Retrospective Monocentric Analysis of Carmustine Wafer Implantation in Recurrent
Glioblastoma: Impact on Survival and Key Prognostic Factors (/1718-7729/33/5/238)

by Naomi Houedjissin, Franziska Staub-Bartelt, Michael Sabel, Julia Steinmann,
Hannah Fischer and Marion Rapp

Curr. Oncol. 2026, 33(5), 238; https://doi.org/10.3390/curroncol33050238
(https://doi.org/10.3390/curroncol33050238) - 22 Apr 2026

https://www.mdpi.com/1718-7729/33/5 34/37


https://www.mdpi.com/1718-7729/33/5/239/pdf?version=1776853953
https://www.mdpi.com/1718-7729/33/5/239/pdf?version=1776853953
https://www.mdpi.com/1718-7729/33/5/238/pdf?version=1776853578
https://www.mdpi.com/1718-7729/33/5/238/pdf?version=1776853578
https://doi.org/10.3390/curroncol33050240
https://doi.org/10.3390/curroncol33050240
https://www.mdpi.com/journal/curroncol/sections/Thoracic_Oncology
https://www.mdpi.com/journal/curroncol/sections/Thoracic_Oncology
https://pub.mdpi-res.com/curroncol/curroncol-33-00240/article_deploy/html/images/curroncol-33-00240-g001-550.jpg?1776857074
https://pub.mdpi-res.com/curroncol/curroncol-33-00240/article_deploy/html/images/curroncol-33-00240-g001-550.jpg?1776857074
https://pub.mdpi-res.com/curroncol/curroncol-33-00240/article_deploy/html/images/curroncol-33-00240-g002-550.jpg?1776857078
https://pub.mdpi-res.com/curroncol/curroncol-33-00240/article_deploy/html/images/curroncol-33-00240-g002-550.jpg?1776857078
https://www.mdpi.com/1718-7729/33/5/239
https://doi.org/10.3390/curroncol33050239
https://doi.org/10.3390/curroncol33050239
https://www.mdpi.com/journal/curroncol/special_issues/EN3FR50678
https://www.mdpi.com/journal/curroncol/special_issues/EN3FR50678
https://www.mdpi.com/journal/curroncol/special_issues/EN3FR50678
https://pub.mdpi-res.com/curroncol/curroncol-33-00239/article_deploy/html/images/curroncol-33-00239-g001-550.jpg?1776854075
https://pub.mdpi-res.com/curroncol/curroncol-33-00239/article_deploy/html/images/curroncol-33-00239-g001-550.jpg?1776854075
https://www.mdpi.com/1718-7729/33/5/238
https://doi.org/10.3390/curroncol33050238
https://doi.org/10.3390/curroncol33050238
https://www.mdpi.com/
https://www.mdpi.com/toggle_desktop_layout_cookie

9/4/26, 3:58 PM Current Oncology | May 2026 - Browse Articles

Vi by 1081
MDPLlO . | . |
Abstra jective: The implantation of biodegradable carmustine (BCNU) wafers is a treatment option

for recurrent high-grade glioma (HGG), but its efficacy is debated. We evaluated its impact on overall

: . L ""G_tr? le_desktop_layout ¢ kie),%,a=
survival (OS) and survival after recurrence (SAR) consideringec g - treatment.
Methods: In [...] Read more.
(This article belongs to the Special Issue Glioblastoma: Symptoms, Causes, Treatment and
Prognosis (_/journal/curroncol/special_issues/82BU63249P ))

» Show Figures

(https://pub.mdpi-res.com/curroncol/curroncol-33-00238/article_deploy/html/images/curroncol-

33-00238-g001-550.jpg?1776853665)_(https://pub.mdpi-res.com/curroncol/curroncol-33-

00238/article_deploy/html/images/curroncol-33-00238-9g002-550.jpg?1776853667)

4
(hitps://pub.mdpi-res.com/curroncol/curroncol-33-00238/article_deploy/html/images/curroncol-

33-00238-g003-550.jpg?1776853669)

Open Access Article 16 pages, 806 KB (11718-7729/33/5/237/pdf?version=1776928278)

Survival Outcomes and Prognostic Factors in Patients with Meningioma: A Single-Center Study
at the Indonesian National Cancer Center Dharmais Hospital (2019-2025) (/1718-7729/33/5/237)
by Rini Andriani, Sylvanie Ratna Permatasari, Ansi Rinjani, Mohammad Firdaus, Arwinder Singh,
Oskar Ady Widarta, Rosalina, Achmad Fachri, Farilaila Rayhani, Nikrial Dewin and Aldithya Fakhri
Curr. Oncol. 2026, 33(5), 237; https://doi.org/10.3390/curroncol33050237
(https://doi.org/10.3390/curroncol33050237) - 22 Apr 2026

Viewed by 903

Abstract Background: Meningioma is the most common primary intracranial tumor in adults, and
survival outcomes are influenced by histopathological grade, tumor characteristics, and treatment
strategies. This study aimed to evaluate overall survival (OS) and identify prognostic factors in patients
with meningioma treated at [...] Read more.

(This article belongs to the Section Neuro-Oncology (/journal/curroncol/sections/Neuro-Oncology))

» Show Figures

(https://pub.mdpi-res.com/curroncol/curroncol-33-00237/article_deploy/html/images/curroncol-

33-00237-g001-550.jpg?21776928387)_(https://pub.mdpi-res.com/curroncol/curroncol-33-

00237/article_deploy/html/images/curroncol-33-00237-9002-550.jpg?1776928389)

(https://pub.mdpi-res.com/curroncol/curroncol-33-00237/article_deploy/html/images/curroncol-

33-00237-g003-550.jpg?21776928391)_(https://pub.mdpi-res.com/curroncol/curroncol-33-

00237/article_deploy/html/images/curroncol-33-00237-9g004-550.jpg?1776928392)

Show export options v

Displaying articles 1-65

Previous Issue

https://www.mdpi.com/1718-7729/33/5 35/37


https://www.mdpi.com/1718-7729/33/5/237/pdf?version=1776928278
https://www.mdpi.com/1718-7729/33/5/237/pdf?version=1776928278
https://www.mdpi.com/journal/curroncol/special_issues/82BU63249P
https://www.mdpi.com/journal/curroncol/special_issues/82BU63249P
https://www.mdpi.com/journal/curroncol/special_issues/82BU63249P
https://pub.mdpi-res.com/curroncol/curroncol-33-00238/article_deploy/html/images/curroncol-33-00238-g001-550.jpg?1776853665
https://pub.mdpi-res.com/curroncol/curroncol-33-00238/article_deploy/html/images/curroncol-33-00238-g001-550.jpg?1776853665
https://pub.mdpi-res.com/curroncol/curroncol-33-00238/article_deploy/html/images/curroncol-33-00238-g002-550.jpg?1776853667
https://pub.mdpi-res.com/curroncol/curroncol-33-00238/article_deploy/html/images/curroncol-33-00238-g002-550.jpg?1776853667
https://pub.mdpi-res.com/curroncol/curroncol-33-00238/article_deploy/html/images/curroncol-33-00238-g003-550.jpg?1776853669
https://pub.mdpi-res.com/curroncol/curroncol-33-00238/article_deploy/html/images/curroncol-33-00238-g003-550.jpg?1776853669
https://www.mdpi.com/1718-7729/33/5/237
https://doi.org/10.3390/curroncol33050237
https://doi.org/10.3390/curroncol33050237
https://www.mdpi.com/journal/curroncol/sections/Neuro-Oncology
https://www.mdpi.com/journal/curroncol/sections/Neuro-Oncology
https://pub.mdpi-res.com/curroncol/curroncol-33-00237/article_deploy/html/images/curroncol-33-00237-g001-550.jpg?1776928387
https://pub.mdpi-res.com/curroncol/curroncol-33-00237/article_deploy/html/images/curroncol-33-00237-g001-550.jpg?1776928387
https://pub.mdpi-res.com/curroncol/curroncol-33-00237/article_deploy/html/images/curroncol-33-00237-g002-550.jpg?1776928389
https://pub.mdpi-res.com/curroncol/curroncol-33-00237/article_deploy/html/images/curroncol-33-00237-g002-550.jpg?1776928389
https://pub.mdpi-res.com/curroncol/curroncol-33-00237/article_deploy/html/images/curroncol-33-00237-g003-550.jpg?1776928391
https://pub.mdpi-res.com/curroncol/curroncol-33-00237/article_deploy/html/images/curroncol-33-00237-g003-550.jpg?1776928391
https://pub.mdpi-res.com/curroncol/curroncol-33-00237/article_deploy/html/images/curroncol-33-00237-g004-550.jpg?1776928392
https://pub.mdpi-res.com/curroncol/curroncol-33-00237/article_deploy/html/images/curroncol-33-00237-g004-550.jpg?1776928392
https://www.mdpi.com/
https://www.mdpi.com/toggle_desktop_layout_cookie

9/4/26, 3:58 PM Current Oncology | May 2026 - Browse Articles

Vo 33, April (/1718-7729/33/4)
MDPI ()

F

Next Issue

Volume 33, June (/1718-7729/33/6)

:: (ltoggle_desktop_layout_cookie) —

Curr. Oncol. (/journal/curroncol), EISSN 1718-7729, Published by MDPI

RSS (/rss/journal/curroncol) Content Alert (/journal/curroncol/toc-alert)

Further Information

Article Processing Charge (/apc)

Pay an Invoice (/about/payment)

Open Access Policy (lopenaccess)
Contact MDPI (/about/contact) >

Jobs at MDPI (https://careers.mdpi.com)

Guidelines

For Authors (/authors)

For Reviewers (/reviewers)

For Editors (/editors)

For Librarians (/librarians)

For Publishers (/publishing_services)

For Societies (/societies)

For Conference Organizers (/conference_organizers)
MDPI Initiatives

Sciforum (https://sciforum.net)

MDPI Books (https://www.mdpi.com/books)

Preprints.org_(https://www.preprints.org)

Scilit (https://www.scilit.com)

SciProfiles (https://sciprofiles.com?

utm_source=mpdi.com&utm_medium=bottom_menu&utm_campaign=initiative)

Encyclopedia (https://encyclopedia.pub)
JAMS (https://[jams.pub)

Proceedings Series (/about/proceedings)

Follow MDPI

Linkedin (https://www.linkedin.com/company/mdpi)

Facebook (https://www.facebook.com/MDPIOpenAccessPublishing)
X (https://x.com/MDPIOpenAccess)

https://www.mdpi.com/1718-7729/33/5 36/37


https://www.mdpi.com/apc
https://www.mdpi.com/about/payment
https://www.mdpi.com/openaccess
https://www.mdpi.com/about/contact
https://careers.mdpi.com/
https://www.mdpi.com/authors
https://www.mdpi.com/reviewers
https://www.mdpi.com/editors
https://www.mdpi.com/librarians
https://www.mdpi.com/publishing_services
https://www.mdpi.com/societies
https://www.mdpi.com/conference_organizers
https://sciforum.net/
https://www.mdpi.com/books
https://www.preprints.org/
https://www.scilit.com/
https://sciprofiles.com/?utm_source=mpdi.com&utm_medium=bottom_menu&utm_campaign=initiative
https://encyclopedia.pub/
https://jams.pub/
https://www.mdpi.com/about/proceedings
https://www.linkedin.com/company/mdpi
https://www.facebook.com/MDPIOpenAccessPublishing
https://x.com/MDPIOpenAccess
https://www.mdpi.com/journal/curroncol
https://www.mdpi.com/journal/curroncol
https://www.mdpi.com/rss/journal/curroncol
https://www.mdpi.com/rss/journal/curroncol
https://www.mdpi.com/journal/curroncol/toc-alert
https://www.mdpi.com/journal/curroncol/toc-alert
https://www.mdpi.com/1718-7729/33/4
https://www.mdpi.com/1718-7729/33/4
https://www.mdpi.com/1718-7729/33/6
https://www.mdpi.com/1718-7729/33/6
https://www.mdpi.com/
https://www.mdpi.com/toggle_desktop_layout_cookie

9/4/26, 3:58 PM Current Oncology | May 2026 - Browse Articles

=
MDPI L0
F

R A .
Subscribe to receive issue release ¢ 3{ltoggle_desktop layout cookie) Q

notifications and newsletters from
MDPI journals

Select options

Enter your email address...

[

[ Subscribe

4
© 1996-2026 MDPI (Basel, Switzerland) unless otherwise stated

Disclaimer Legal Notice (/about/legal-notice)

Terms and Conditions (/about/terms-and-conditions) Privacy Policy (/about/privacy)

Privacy Settings Accessibility (/accessibility)

https://www.mdpi.com/1718-7729/33/5

37/37


https://www.mdpi.com/about/legal-notice
https://www.mdpi.com/about/terms-and-conditions
https://www.mdpi.com/about/privacy
javascript:void(0);
https://www.mdpi.com/accessibility
https://www.mdpi.com/
https://www.mdpi.com/toggle_desktop_layout_cookie

CQ current Oncology

Article

Survival Outcomes and Prognostic Factors in Patients with
Meningioma: A Single-Center Study at the Indonesian National
Cancer Center Dharmais Hospital (2019-2025)

Rini Andriani '*(, Sylvanie Ratna Permatasari !, Ansi Rinjani !, Mohammad Firdaus !

, Arwinder Singh 1,

Oskar Ady Widarta !, Rosalina !, Achmad Fachri !, Farilaila Rayhani !, Nikrial Dewin ! and Aldithya Fakhri 2

W) Check for updates

Received: 7 March 2026

Revised: 17 April 2026

Accepted: 18 April 2026

Published: 22 April 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

Department of Neuro Science, National Cancer Center Dharmais Hospital, Jakarta 11420, Indonesia;
sylvanie@dharmais.co.id (S.R.P.); ansi.rinjani@dharmais.co.id (A.R.);
muhammad.firdaus_spbs@dharmais.co.id (M.E.); arwinder@dharmais.co.id (A.S.);
oskar@dharmais.co.id (O.A.W.); rosalina@dharmais.co.id (R.); achmadfachriradiologi@gmail.com (A.F.);
farilaila.mdpath@dharmais.co.id (ER.); nikrial.dewin@gmail.com (N.D.)

Faculty of Medicine, Universitas Indonesia, Jakarta 10430, Indonesia; aldithya95@gmail.com

*  Correspondence: rini.andriani@dharmais.co.id; Tel.: +62-815-9292-929

Simple Summary

Meningioma is the most common primary brain tumor in adults. While most cases are
slow-growing with favorable outcomes, some show more aggressive behavior and reduced
survival. Identifying prognostic factors is important to guide treatment and follow-up,
particularly in resource-variable settings such as Indonesia. In this study, we analyzed
survival outcomes of adult patients with meningioma treated at the Indonesian National
Cancer Center Dharmais Hospital between 2019 and 2025. Most patients had low-grade
tumors and favorable survival. However, higher tumor grade and incomplete resection
were associated with poorer outcomes. Differences in survival among patients receiving
radiotherapy likely reflect more advanced disease at presentation. These findings provide
important real-world evidence from Indonesia to support better risk stratification, treatment
planning, and follow-up strategies.

Abstract

Background: Meningioma is the most common primary intracranial tumor in adults,
and survival outcomes are influenced by histopathological grade, tumor characteristics,
and treatment strategies. This study aimed to evaluate overall survival (OS) and iden-
tify prognostic factors in patients with meningioma treated at a national referral cancer
center in Indonesia. Methods: A retrospective cohort study was conducted at Dharmais
National Cancer Center Hospital, including adult patients with histopathologically con-
firmed intracranial meningioma who underwent surgical resection between January 2019
and 17 August 2025. Overall survival was calculated from the date of histopathological
diagnosis to death or last follow-up and analyzed using Kaplan-Meier methods and Cox
proportional hazards regression. Results: A total of 114 patients were included (mean
age 48.1 £ 10.5 years; 86.8% female), with most tumors classified as WHO Grade I (64.0%)
and located at the skull base (57.0%). Subtotal resection was more common (67.5%), and
71.9% did not receive adjuvant radiotherapy. During follow-up, 14.0% of patients died,
with cumulative overall survival rates of 95.6% at 6 months and 86.0% at 96 months. On
multivariate analysis, only WHO tumor grade remained an independent prognostic factor
(HR 2.199; 95% CI11.161-4.167; p = 0.016), with higher grades associated with worse survival.
Extent of resection and adjuvant radiotherapy were not significantly associated with overall
survival after adjustment. Conclusions: In this Indonesian tertiary referral cohort, WHO
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tumor grade emerged as the only independent predictor of overall survival, underscoring
its important prognostic role in meningioma; however, these findings should be interpreted
with caution due to incomplete clinical data and relatively short follow-up duration. The
high proportion of complex cases, including skull base tumors, reflects referral patterns
and may also influence treatment outcomes.

Keywords: meningioma; overall survival; prognostic factors; extent of resection; adjuvant
radiotherapy; WHO grade; Indonesia

1. Introduction

Meningioma is the most common primary intracranial tumor in adults, accounting
for approximately 39.3% of all central nervous system tumors, with 55.4% classified as
benign [1]. These tumors arise from meningothelial (arachnoid cap) cells and are typi-
cally slow-growing, although a subset demonstrates more aggressive biological behavior
with significant impact on morbidity and survival [2]. Despite generally favorable out-
comes, survival varies widely depending on tumor grade, location, and treatment strategy,
highlighting the importance of identifying prognostic factors.

In Indonesia, a lower-middle-income country with a population exceeding 273 million,
CNS tumors represent a growing health burden. Primary brain and CNS tumors ranked
15th in incidence, with approximately 5964 new cases and 5298 deaths annually [3]. How-
ever, national-level epidemiological and survival data remain limited due to the absence
of a comprehensive brain tumor registry. Most available evidence is derived from single-
center studies. For example, a study at the National Brain Center Hospital in Jakarta
reported 325 meningioma cases between 2020 and 2022, demonstrating an increasing trend
in case detection [4].

However, the interpretation of these data must consider the structural limitations of
the Indonesian healthcare system. Neurosurgical and neuro-oncological services remain un-
evenly distributed, with only approximately 371 neurosurgeons nationwide (around 1 per
725,000 population), most of whom are concentrated in major urban centers, particularly on
Java [5]. Access to radiotherapy is similarly limited, with facilities available in only a por-
tion of provinces and often associated with long waiting times [6]. In addition, Indonesia’s
geographic characteristics as an archipelagic country pose significant barriers to healthcare
access, as referral centers are primarily located in large cities, making timely diagnosis
and treatment difficult for patients from remote areas. Socioeconomic factors, including
relatively low per capita income and disparities in health insurance coverage, may further
delay healthcare-seeking behavior and adherence to treatment. These limitations may lead
to delays in referral and treatment, particularly for patients from rural areas [7]. Therefore,
survival data from Dharmais National Cancer Center Hospital are particularly important,
as this national referral center receives complex cases referred from various centers across
Indonesia, providing an appropriate setting to evaluate their clinical characteristics.

According to the World Health Organization (WHO) classification, meningiomas
are divided into Grades I, II, and III [8]. Most tumors are Grade I (80.1%), while Grade
IT accounts for 18.3% and Grade III for 1.5%, with recurrence rates increasing markedly
from 7 to 23% in Grade I to 50-55% in Grade II and 72-78% in Grade III tumors [1,9].
Consequently, WHO grade remains the most important determinant of prognosis and
long-term survival [10,11]. However, additional prognostic factors such as a high Ki-67
index, subtotal resection, progesterone receptor negativity, larger tumor size (>3-5 cm), and
non-skull-base tumor location may further worsen outcomes [12-14]. Although molecular
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biomarkers and radiomic models are increasingly used, WHO grade, together with clinical
and radiological characteristics remains the cornerstone of prognostic factor analysis in
patients with meningioma [15-17]. Given the need to evaluate survival and prognostic
factors in complex cases, a retrospective cohort study at Dharmais National Cancer Center,
as a national referral institution, is warranted. By analyzing meningioma cases diagnosed
between 2019 and 2025, this study aims to identify prognostic factors associated with
survival outcomes, thereby supporting more precise risk stratification and evidence-based
therapeutic decision-making.

2. Materials and Methods
2.1. Study Design

This study employed a quantitative observational analytic design using a retrospective
cohort approach. Secondary data were obtained from electronic medical records at Dhar-
mais National Cancer Center. Collected variables included demographic characteristics,
baseline clinical features, histopathological and immunohistochemical findings, pre- and
postoperative magnetic resonance imaging (MRI) results, and treatment modalities. The
study was conducted at Dharmais National Cancer Center following approval from the
institutional ethics committee. Patient survival status (alive or deceased) was ascertained,
with follow-up extending until 17 August 2025. Eligible cases were identified from patients
treated between January 2019 and 17 August 2025.

2.2. Study Population and Sampling

The target population comprised all adult patients diagnosed with intracranial menin-
gioma who received treatment and follow-up at Dharmais National Cancer Center during
the study period. Study samples included patients who met the inclusion criteria, were
not excluded based on predefined criteria, and had complete medical records. A purpo-
sive, institution-based sampling method was applied, and all eligible patients meeting the
criteria were included, resulting in total sampling. The inclusion criteria were: (1) adult
patients age >18 years; (2) availability of pre- and postoperative MRI; (3) histopathological
confirmation of meningioma with or without immunohistochemical examination, including
specimens obtained from external institutions that underwent histopathological review
(re-expertise) at Dharmais National Cancer Center; and (4) patients undergoing treatment
and follow-up at Dharmais National Cancer Center in 2019-2025. The exclusion criteria
were incomplete medical records or inability to contact the patient for survival verification.

2.3. Variables and Data Analysis

Primary variables included demographic factors (age, sex), clinical presentation (seizures,
headache, consciousness level, cranial nerve deficits, motor weakness, cognitive impairment),
tumor characteristics (WHO grade, Ki-67 index, lesion number, tumor location), treatment-
related factors (extent of resection, radiotherapy), and survival outcomes. Tumor grading
was performed according to the WHO Classification of Central Nervous System Tumors
(2016), which categorizes meningiomas into Grades I-1II based on histopathological features
associated with biological behavior and prognosis. In addition to grading, we also ana-
lyzed specific histopathological subtypes, including meningoepithelial, fibrous, transitional,
anaplastic variants, etc., to further characterize tumor heterogeneity [8].

Extent of resection was determined using postoperative MRI performed more than
two weeks after surgery and categorized as gross total resection or subtotal resection. Gross
total resection (GTR) in meningioma refers to complete tumor removal with no visible
residual disease, assessed by intraoperative evaluation and confirmed by postoperative
contrast-enhanced MRI as the gold standard. In contrast, subtotal resection (STR) indicates
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incomplete removal, with residual tumor identified intraoperatively or on postoperative
imaging [18]. All imaging findings were independently interpreted by several neuroradiol-
ogists as part of the standard diagnostic practice at our institution. However, in this study,
the application of Simpson grading was limited due to incomplete postoperative data in
many retrospective cases [19].

Adjuvant radiotherapy was categorized as absent (no radiotherapy received), incom-
plete (initiation without completion of the planned course), or complete (completion of the
prescribed regimen). Radiotherapy was delivered according to national guidelines and in-
dividualized based on tumor characteristics and clinical condition. The primary technique
used was three-dimensional conformal radiotherapy (3D-CRT). In general, treatment doses
ranged from 45 to 60 Gy for lower-grade tumors and up to approximately 59.4-60 Gy for
higher-grade tumors, delivered in standard fractionation [20].

Survival time was defined as the interval from the date of histopathological diagnosis
to death or end of follow-up, measured in months. Data were tabulated and analyzed using
SPSS (version 29.0), STATA (version 17), and EpiData (version 4.7) software. Descriptive
statistics were presented as frequencies, percentages, or summary measures as appropriate.
Survival outcomes were analyzed using survival analysis techniques, with multivariable
analysis performed using Cox proportional hazards regression.

Given the relatively small number of events, this study may be underpowered for
multivariable analysis, and the results should be interpreted with caution due to the
potential risk of overfitting. Missing data were handled using a complete-case approach,
with analyses restricted to patients with available data for each variable, and no imputation
was performed.

2.4. Ethical Considerations

This study was conducted after obtaining approval from the Ethics Committee of
Dharmais National Cancer Center. Patient confidentiality was strictly maintained, and all
data were anonymized prior to analysis. The datasets generated and/or analyzed during
the current study are available from the corresponding author upon reasonable request and
with appropriate institutional approval.

3. Results
3.1. Population Characteristics

A total of 114 patients were included, with a mean age of 48.11 £ 10.48 years; most
were female (86.8%) (Table 1). The majority were married (86.0%) and had completed
senior high school (54.8%), while 68.4% were unemployed. The most common clinical
manifestation was headache (62.3%), followed by cranial nerve palsy (35.1%), seizures
(28.1%), and motor dysfunction (25.4%); decreased consciousness was rare (1.8%). Most
tumors were WHO Grade I (64.0%), followed by Grade II (30.7%) and Grade III (5.3%).
Ki-67 was not examined in 80.9% of cases. The majority of patients had solitary lesions
(87.7%) and skull base location (57.0%). Subtotal resection was performed in 67.5% of cases,
and 71.9% did not receive adjuvant radiotherapy.
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Table 1. Population Characteristics (n = 114).

Age, mean + SD

47.84 £ 10.12 years

Gender

Male 15 (13.2%), Female 99 (86.8%)

Marital status

Married 98 (86.0%), Unmarried 10 (8.8%), Divorced 2
(1.8%), Widowed 4 (3.5%)

No formal education 7 (6.1%), Elementary school 17
(14.8%), Junior high school 10 (9.6%), Senior high

Education school 63 (54.8%), Diploma 4 (3.5%), Bachelor’s
degree 11 (9.6%), Postgraduate (>51) 2 (1.7%)
Civil servant/Military/Police 5 (4.4%), Private

Occupation employee 26 (22.8%), Laborer 5 (4.4%),

Farmer/Entrepreneur 5 (4.4%), Unemployed 78
(68.4%)

Clinical manifestation

Headache 71 (62.3%)
Cranial nerve palsy 40 (35.1%)
Seizure 32 (28.1%)
Motor dysfunction 29 (25.4%)
Decreased consciousness 2 (1.8%)
WHO grading
Grade I 73 (64.0%)
Grade II 35 (30.7%)
Grade III 6 (5.3%)
Histology types

Meningothelial meningioma

55 (48.2%)

Atypical meningioma

30 (26.3%)

Transitional meningioma 10 (8.8%)
Anaplastic meningioma 6 (5.3%)
Fibrous meningioma 4 (3.5%)
Choroid meningioma 3 (2.6%)
Clear cell meningioma 2 (1.8%)
Angiomatous meningioma 2 (1.8%)
Psammmomatous meningioma 2 (1.8%)

Ki-67

Not examined

92 (80.7%),

<4%

7 (6.1%)

>4%

15 (13.2%)

Number of lesions

Multiple 14 (12.3%)

Solitary 100 (87.7%)
Lesion location

Non-skull base 44 (38.6%)

Skull base 65 (57.0%)

Mixed 5 (4.4%)
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Table 1. Cont.

Extent of Resection

Gross total resection 37 (32.5%)

Subtotal resection 77 (67.5%)
Adjuvant radiotherapy

Absent 82 (71.9%)

Incomplete 2 (1.8%)

Complete 30 (26.3%)

3.2. Overall Survival and Follow-Up

During a mean survival period of 106.65 £ 5.55 months, 16 of 114 patients (14.0%)
died. Overall survival was defined as the interval from histopathologically confirmed
diagnosis to death from any cause or last follow-up. The cumulative overall survival rates
were 95.6% at 6 months, 94.7% at 12 months, 93.9% at 24 months, 89.5% at 48 months, and
86.0% at 96 months. Because more than half of the cohort remained alive at the end of
follow-up, the median overall survival was not reached (Figure 1).

Overall Survival

1.00
!

Patients
0.50 0.75
| |

0.25
L

0.00
I

T T
0 50 100 150
Period in months

Figure 1. Kaplan-Meier overall survival curves for the entire cohort of meningioma patients. The
curves show the percentage alive versus time after diagnosis of tumors based on histopathology

in months.

3.3. Prognostic Factors Analysis

On univariate Cox proportional hazards analysis, age (HR = 0.961; 95% CI 0.927-0.995;
p = 0.026) and WHO grading (HR = 2.233; 95% CI 1.158-4.306; p = 0.016) were significantly
associated with overall survival. Adjuvant radiotherapy showed a trend toward signifi-
cance (HR =1.162; 95% CI 0.418-3.236; p = 0.083). Other variables, including gender, marital
status, education, occupation, seizure, headache, decreased consciousness, cranial nerve
palsy, motor dysfunction, histology type, Ki-67 index, number of lesions, lesion location,
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and extent of resection, were not significantly associated with survival. Variables with
p < 0.05 in univariate analysis and those considered clinically relevant were subsequently
included in the multivariate Cox proportional hazards model. In the multivariate analy-
sis, only WHO grading remained an independent prognostic factor (HR = 2.199; 95% CI
1.161-4.167; p = 0.016). Age (HR = 0.974; 95% CI 0.934-1.016; p = 0.227), extent of resection
(HR = 3.145; 95% CI 0.714-13.853; p = 0.791), and adjuvant radiotherapy (HR = 1.149;
95% CI 0.412-3.207; p = 0.130) were not independently associated with overall survival
after adjustment (Table 2).

Table 2. Hazard ratios for prognostic factors in survival.

Univariate Analysis Multivariate Analysis

Variables HR (95% CI) p-Value * HR (95% CI) p-Value **
Age 0.961 (0.927-0.995) 0.026 0.974 (0.934-1.016) 0.227
Gender 2.231 (0.294-16.913) 0.437

Marital status 0.481 (0.091-2.548) 0.390

Education 0.962 (0.671-1.381) 0.835

Occupation 0.894 (0.568-1.727) 0.656

Seizure 1.514 (0.546-1.464) 0.432

Headache 0.816 (0.292-2.276) 0.697

Decreased consciousness 2.311 (0.296-18.017) 0.424

Cranial nerve palsy 1.432 (0.503-4.074) 0.501

Motor dysfunction 1.758 (0.624-4.949) 0.286

WHO grading 2.233 (1.158-4.306) 0.016 2.199 (1.161-4.167) 0.016
Histology types 0.853 (0.697-1.293) 0.853

Ki-67 1.105 (0.569-2.145) 0.768

Number of lesions 1.988 (0.261-5.147) 0.326

Lesion location 0.883 (0.348-2.243) 0.794

Extent of resection 3.050 (0.692-13.440) 0.141

Adjuvant radiotherapy 1.162 (0.418-3.236) 0.083 1.149 (0.412-3.207) 0.130

HR hazard ratio, CI confidence interval, * analysis using univariate Cox regression, ** analysis using multivariate
Cox regression.

Overall survival differed significantly across WHO tumor grades (log-rank x? = 6.368,
df = 2, p = 0.041) (Figure 2). Patients with WHO grade I tumors demonstrated the most
favorable outcomes, with a mean overall survival of 112.39 4 7.19 months. In contrast,
patients with WHO grade II and grade III tumors had progressively worse survival, with
mean overall survival of 52.61 &+ 4.50 months and 40.83 =+ 10.78 months, respectively. These
findings indicate a clear stepwise decline in survival with increasing WHO tumor grade,
supporting its role as a significant prognostic factor.

When patients were stratified according to adjuvant radiotherapy status, no significant
difference in overall survival was observed between the groups (log-rank x? = 0.153, df = 1,
p = 0.696) (Figure 3). Two patients who did not complete adjuvant radiotherapy were ex-
cluded from the analysis due to potential confounding effects. Patients who did not receive
adjuvant radiotherapy demonstrated a longer mean overall survival (108.28 4= 6.23 months)
compared to those who completed radiotherapy (54.20 & 5.13 months); however, this dif-
ference was not statistically significant.
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Figure 2. Kaplan—-Meier survival curves for WHO grading of tumor.
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Figure 3. Kaplan—-Meier survival curves for adjuvant radiotherapy (ART).

Similarly, overall survival did not differ significantly according to the extent of tu-
mor resection (log-rank x> =2433,df =1, p = 0.119) (Figure 4). Patients who under-
went gross total resection (GTR) had a mean overall survival of 106.94 £ 4.16 months,
whereas those who underwent subtotal resection (STR) had a mean overall survival of
100.75 & 7.06 months. Although survival appeared longer in the GTR group, the difference
did not reach statistical significance.
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Figure 4. Kaplan—-Meier survival curves for extent of resection. GTR: gross total resection, STR:

subtotal resection.

3.4. Subgroup Analysis According to WHO Grading

Subgroup analyses were exploratory in nature and should be interpreted as hypothesis-
generating rather than confirmatory. Subgroup analysis according to WHO tumor grading
demonstrated variable effects of adjuvant radiotherapy on overall survival. In patients
with WHO grade I tumors, those who did not receive adjuvant radiotherapy had sig-
nificantly longer mean overall survival compared to those who completed radiotherapy
(114.19 £ 7.90 vs. 39.92 £ 2.73 months; p = 0.049). A similar pattern was observed in
WHO grade II tumors, where patients without radiotherapy exhibited better survival
than those receiving radiotherapy (52.30 £ 5.42 vs. 37.97 &+ 6.32 months; p = 0.005). In
contrast, no significant difference was observed in WHO grade III tumors (41.00 £ 12.67
vs. 39.50 & 19.44 months; p = 0.377). In the overall cohort, patients who did not receive
adjuvant radiotherapy had significantly longer mean survival compared to those who
completed radiotherapy (109.28 £ 6.23 vs. 54.20 & 5.13 months; p < 0.001) (Table 3).

Subgroup analysis based on the extent of tumor resection across WHO grades did
not demonstrate statistically significant differences in overall survival. In WHO grade I
tumors, patients who underwent subtotal resection (STR) showed a longer mean overall
survival compared to those who underwent gross total resection (GTR) (106.76 £ 8.76 vs.
73.15 £ 34.83 months; p = 0.391), although this difference was not statistically significant.
Similarly, in WHO grade II tumors, mean survival was comparable between the GTR and
STR groups (18.75 £ 11.65 vs. 20.00 = 18.33 months; p = 0.106). In WHO grade III tumors,
analysis was limited due to the small sample size, and no meaningful comparison could be
performed. In the overall cohort, there was no significant difference in survival between
patients undergoing GTR and STR (92.73 4 11.18 vs. 101.63 &+ 7.09 months; p = 0.372)
(Table 4).
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Table 3. Subgroup analysis of adjuvant radiotherapy according to WHO grading.

p-Value for Adjuvant

Adj 1'1vant Total Subject Mean Survival (Months) Radiotherapy Impact
Radiotherapy
(Log-Rank)
Absent 55 114.19 £7.90 0.049
WHO grade I Complete 17 39.92 £2.73
Overall 72 112.34 £7.19
Absent 22 52.30 &+ 5.42
WHO grade II Complete 11 37.97 + 6.32 0.005
Overall 34 52.51 +4.52 '
Absent 4 41.00 £ 12.67
WHO grade III Complete 2 39.50 + 19.44 0.377
Overall 6 40.83 +10.78
The entire cohort  Absent 82 109.28 £+ 6.23
Complete 30 54.20 +£5.13 <0.001
Overall 112 106.56 £ 5.56

Table 4. Subgroup analysis of the extent of resection according to WHO grading.

p-Value for Adjuvant

Extent of Resection  Total Subject Mean Survival (Months) Radiotherapy Impact

(Log-Rank)
GTR 22 73.15 £ 34.83 0.391
WHO grade I STR 50 106.76 £+ 8.76
Overall 73 102.11 £ 8.48
GTR 13 18.75 £ 11.65 0.106
WHO grade I STR 22 20.00 4 18.33
Overall 35 19.56 + 16.21
GTR 1 N/A
WHO grade III STR 5 35.4 + 28.6 N/A
Overall 6 35.4 + 28.6
The entire cohort  Absent 37 92.73 +11.18
Complete 77 101.63 £7.09 0.372
Overall 114 103.46 £ 6.13

N/ A not applicable; GTR gross total resection; STR subtotal resection.

4. Discussion

In this study, the overall survival (OS) of meningioma patients treated at the Indonesian
National Cancer Center Dharmais Hospital demonstrated generally favorable outcomes.
The median OS was not reached, reflecting that the majority of patients remained alive
throughout the follow-up period. The relatively high survival rates observed in this cohort
may be explained by the predominance of low-grade tumors and the relatively young
mean age of patients, although long-term outcomes may differ due to variations in access
to adjuvant therapy and follow-up systems. Early mortality was low, and survival declined
progressively over time, particularly among higher-grade tumors. The proportion of skull
base meningiomas in our cohort appears higher than commonly reported, where convexity
locations are typically more frequent [21]. This likely reflects referral bias, as our institution
is a national cancer referral center that receives a higher proportion of complex cases,
including skull base tumors, from secondary and regional hospitals. Minor revisions in
the reported percentages following methodological adjustments did not alter the overall
interpretation of these findings.

These findings are different from other relevant data in Indonesia. In Makassar,
South Sulawesi, a study involving 65 patients over six years found a predominance of
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older (>47.5 years) female patients (78.5%), with the temporal region as the most common
tumor location (30.8%) and headache as the leading symptom (31.1%). Notably, atypical
meningioma was the most frequent subtype (29.2%), a higher proportion than typically
reported [22]. In Bandung, West Java, 277 cases were reported between 2010 and 2013
(~69 cases/year), with a subsequent 10-year study identifying 936 patients, reflecting a
substantial and increasing burden. Most patients were female (88.0%) with a mean age of
44.16 £ 9.29 years, commonly presenting with visual disturbance (26.9%), headache (24.0%),
and proptosis (23.5%). Sphenoorbital (23%) and convexity (21.7%) were the most frequent
tumor locations [23]. In Jakarta, a study at the National Brain Center Hospital analyzing
325 patients (2020-2022) demonstrated a rising incidence trend, with a strong female
predominance (4:1). Most tumors were WHO grade I, while higher-grade tumors occurred
in slightly older patients. The most common locations were convexity (26.8%), falx (34%),
and parasellar region (11.7%). Despite these inconsistencies, survival-specific data from
Indonesian studies remain limited. The lack of comprehensive survival data, variability in
histopathological reporting, and differences in treatment accessibility highlight important
gaps in the current literature [4].

This study identified WHO tumor grading as the only independent prognostic fac-
tor for overall survival in multivariate analysis (HR 2.199; p = 0.016). A clear stepwise
decline in survival was observed with increasing tumor grade, with mean OS decreasing
from 112.39 months in grade I tumors to 40.83 months in grade III tumors. This finding
is consistent with the current understanding that histopathological grade reflects tumor
aggressiveness, proliferative activity, and recurrence potential. Durand et al. (2009) demon-
strated that 5- and 10-year overall survival rates were 78.4% and 53.3% for Grade II tumors,
compared with only 44.0% and 14.2% for Grade III tumors [24]. Progression-free survival
was even more strikingly reduced in Grade III disease, with a 5-year PFS of 8.4% and no
patients progression-free at 10 years. Multivariate analysis confirmed histological grade as
one of the independent predictors of survival. Higher-grade meningiomas are character-
ized by increased mitotic activity, brain invasion, necrosis, and chromosomal instability,
reflecting a more aggressive biological phenotype. In the updated WHO 2021 classifica-
tion, additional molecular alterations such as TERT promoter mutations and CDKN2A /B
homozygous deletions further define tumors with high-risk behavior and poor prognosis.
These adverse histopathologic and molecular features likely underlie the markedly worse
survival and steep early mortality observed in our WHO Grade II and especially Grade 111
subgroups [25].

Interestingly, extent of resection and adjuvant radiotherapy were not significantly
associated with survival. Although gross total resection (GTR) is traditionally considered
a key prognostic factor, the lack of significance in this study may be explained by several
factors, including the predominance of skull base tumors (57%), which are technically
challenging and often limit complete resection. The absence of a survival benefit from
adjuvant radiotherapy is also notable. Patients who received radiotherapy tended to
have worse survival, although this was not statistically significant. This likely reflects
selection bias, where patients with more aggressive or higher-grade tumors were more
likely to receive radiotherapy. Subgroup analysis further supports this interpretation, as
radiotherapy appeared associated with poorer survival in grade I and II tumors, which
contradicts biological plausibility and suggests confounding by indication [26].

According to the Indonesian National Guideline for Brain Tumors, maximal safe
surgical resection remains the mainstay of treatment for meningioma, with the primary
goal of achieving gross total resection (GTR) without compromising neurological function
(Level I, Recommendation B). When complete resection is not feasible, a strategy combining
subtotal resection (STR) with adjuvant therapy is recommended to optimize progression-
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free survival while minimizing postoperative morbidity. Preoperative embolization may
be considered in selected cases to reduce tumor vascularity, induce tumor necrosis, and
facilitate safer resection (Level II, Recommendation B), although its use depends on institu-
tional capability. Furthermore, for skull base meningiomas (such as sphenoorbital lesions),
the guideline recommends bone reconstruction to prevent temporal muscle atrophy and
poor cosmetic outcomes (Level III, Recommendation C), highlighting the importance of
multidisciplinary surgical planning. In the present study, STR was more frequently per-
formed (67.5%), likely due to the high proportion of skull base tumors (57%), which are
often associated with complex anatomy and limited surgical accessibility [20]. The survival
benefit of gross total resection (GTR) is biologically plausible, as complete cytoreduction
reduces tumor burden, eliminates proliferative clones, and delays recurrence. In contrast,
subtotal resection (STR) leaves residual disease that may progress more rapidly, particularly
in higher-grade or biologically aggressive tumors. Similarly, Przybylowski et al. (2022)
showed that residual tumor volume is an independent predictor of progression, with
volumes >3 cm? significantly associated with poorer progression-free survival, even in
WHO grade I skull base meningiomas [27].

Adjuvant radiotherapy constitutes an important component of meningioma manage-
ment in the guideline, particularly for residual, recurrent, or high-grade tumors. According
to the Indonesian National Guideline for Brain Tumors, WHO grade I-II meningiomas
may be treated with conformal fractionated radiotherapy, stereotactic radiotherapy (SRT),
or stereotactic radiosurgery (SRS), either directed at residual gross tumor or the tumor
bed with a margin of 1-2 cm. In contrast, WHO grade IIIl meningiomas are treated more
aggressively, similar to malignant tumors, with radiation targeting the tumor bed and
surrounding tissue using wider margins of 2-3 cm (Level I, Recommendation A). Radio-
therapy may also be indicated in inoperable cases or as adjuvant therapy following surgery
to reduce recurrence risk. However, in this cohort, the majority of patients did not receive
adjuvant radiotherapy (71.9%), and no significant survival benefit was observed [20]. Re-
garding radiotherapy, management in Indonesia generally follows national guidelines,
with dosing and fractionation adjusted based on tumor grade and patient condition. For
lower-grade tumors, radiotherapy is typically delivered at 45-60 Gy in standard fractions,
while higher-grade tumors receive approximately 59.4-60 Gy, with modifications for large
tumor volume or clinical status. Hypofractionated regimens may be considered in el-
derly patients or those with poor performance status (Level IB, Recommendation A) [20].
Fischer et al. (2022) reported that adjuvant radiotherapy is consistently recommended
for WHO Grade III and incompletely resected Grade II meningiomas, while its use in
Grade I and selected Grade II cases remains variable and institution-dependent, reflecting
ongoing uncertainty in standardizing its indications [28]. Such discrepancies likely reflect
resource limitations, case complexity, and healthcare accessibility challenges in Indone-
sia. Importantly, the present study demonstrates that WHO tumor grading remains the
most significant prognostic factor for survival, reinforcing the guideline’s emphasis on
histopathological classification while highlighting the need for improved implementation
of multidisciplinary, guideline-based care [4].

Meningioma management in Indonesia faces several important limitations, as reflected
in this study. The high rate of subtotal resection highlights challenges in achieving opti-
mal surgical outcomes, particularly for skull base tumors, likely due to limited access to
advanced neurosurgical techniques, intraoperative navigation, and neurophysiological
monitoring. The low utilization of adjuvant radiotherapy (26.3%) further suggests barriers
such as limited facility availability, long waiting times, financial constraints, and issues with
patient adherence, all of which may affect treatment continuity. In addition, the absence
of Ki-67 data in most cases (80.7%) indicates gaps in pathological assessment, potentially
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limiting prognostic stratification [29]. As a single-center retrospective study, these find-
ings may not fully represent national conditions, given regional disparities in healthcare
access. To address these challenges, priorities should include establishing a multicenter
national registry, improving access to advanced surgical and radiotherapy services, and
strengthening referral systems to ensure timely and guideline-based care.

Several limitations of this study should be acknowledged. The mean follow-up
duration was relatively short for a typically slow-growing tumor such as meningioma,
potentially underestimating long-term mortality and recurrence patterns. Progression-
or recurrence-free survival data could not be reliably assessed due to limited long-term
follow-up at our center. Many patients, particularly those referred from outside Java, face
geographic and logistical barriers to continued follow-up at our tertiary hospital. Addi-
tionally, within the Indonesian national referral system, patients are often referred back to
secondary or regional hospitals after completing treatment, resulting in incomplete longi-
tudinal data on disease progression or recurrence in our records [30]. Sociodemographic
factors may also contribute to this limitation, as a substantial proportion of patients were
unemployed (68.4%) and had lower educational attainment (Diploma 3.5%, Bachelor’s
degree 9.6%, postgraduate 1.7%), which may affect adherence to long-term follow-up.

The incompleteness of certain data, including Simpson resection grade, is largely
attributable to the transition toward electronic medical records (EMR) in our center and
many hospitals in Indonesia. Comprehensive electronic medical records were only reliably
implemented at our center around 2018-2019, resulting in incomplete data for earlier peri-
ods; therefore, the study period was limited to 2019-2025. Consequently, some historical
clinical and surgical details were not consistently documented. In addition, the classifica-
tion of subtotal resection encompasses a wide spectrum (1-99%), potentially introducing
heterogeneity in outcome interpretation; however, further stratification was not feasible
due to limited operative detail in some cases.

The retrospective single-center design introduces inherent risks of selection bias and
limits generalizability to broader populations. The relatively small number of death events
(n = 16) may reduce the statistical power of multivariate analysis and contribute to wide
confidence intervals. Potential treatment-selection bias may have influenced the observed
association between adjuvant radiotherapy and survival, as patients receiving radiotherapy
likely represented higher-risk disease at baseline. Future long-term, multicenter studies
incorporating molecular profiling are warranted to validate and expand these findings,
particularly within Indonesian or Southeast Asian populations. This study reflects a real-
world, single-center Indonesian cohort and may not fully represent the national population;
multicenter studies are needed for broader validation.

5. Conclusions

In conclusion, this study demonstrates that WHO tumor grade is the only indepen-
dent prognostic factor for overall survival in meningioma patients treated at our tertiary
referral center. The predominance of complex cases, particularly skull base tumors, reflects
referral patterns within the Indonesian healthcare system and may influence treatment
strategies and outcomes. Although extent of resection and adjuvant radiotherapy were
not independently associated with survival, their roles should be interpreted within the
context of case complexity and clinical selection. Although gross total resection (GTR)
is a known prognostic factor, its lack of significance in this study may reflect the high
proportion of technically challenging skull base tumors. Similarly, the absence of a survival
benefit from adjuvant radiotherapy likely reflects selection bias, as it was more often given
to patients with more aggressive disease. Subgroup findings further suggest confounding
by indication. According to the Indonesian National Guideline, maximal safe resection

https:/ /doi.org/10.3390/ curroncol33050237


https://doi.org/10.3390/curroncol33050237

Curr. Oncol. 2026, 33,237

14 of 16

References

remains the mainstay of treatment, with adjuvant radiotherapy recommended for residual,
recurrent, or high-grade tumors. Future studies with larger, multicenter cohorts, longer
follow-up duration, and prospective design are needed to better evaluate long-term out-
comes and minimize bias, as well as to support the development of more standardized
national treatment and follow-up protocols.
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