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Adamantinomatous craniopharyngioma (ACP) presents a significant challenge to neurosurgeons despite its benign histology due to its aggressive behavior and unique growth patterns. This narrative review explores the evolving landscape of ACP treatments and their efficacy, highlighting the continuous development in therapeutic approaches in recent years. Traditionally, complete resection was the primary treatment for ACP, but surgical -related morbidity have led to a shift. The invasive nature of the finger-like protrusions in the histological structure results in a higher recurrence rate for ACP compared to papillary craniopharyngioma (PCP), even after complete macroscopic resection. Given this, combining subtotal resection with adjuvant radiotherapy has shown potential for achieving similar tumor control rates and potentially positive endocrine effects. Simultaneously, adjuvant treatments (such as radiotherapy, intracystic treatment, and catheter implantation) following limited surgery offer alternative approaches for sustained disease control while minimizing morbidity and alleviating clinical symptoms. Additionally, advances in understanding the molecular pathways of ACP have paved the way for targeted drugs, showing promise for therapy. There is a diversity of treatment models for ACP, and determining the optimal approach remains a subject of ongoing debate in the present context. In order to achieve a good-term quality of life (QOL), the main goal of the cyst disappearance or reduction of surgical treatment is still the main. Additionally, there should be a greater emphasis on personalized treatment at this particular stage and the consideration of ACP as a potentially chronic neurosurgical condition. This review navigates the evolving landscape of ACP therapies, fostering ongoing discussions in this complex field.




Keywords: Adamantinomatous craniopharyngioma (ACP), cystic craniopharyngioma, quality of life, cyst management, tumor control




1 Introduction

ACP, or adamantinomatous craniopharyngioma, is a benign tumor originating from residual epithelial cells of Rathke’s pouch or the craniopharyngeal duct during the embryonic period (1, 2). Approximately 90% of ACP cases manifest as a cystic component (3), with incidence peaks observed in children aged 5 to 15 years and adults aged 45 to 60 years (4, 5). ACP stands as the prevalent non-neuroepithelial intracranial tumor in children, constituting approximately 5–11% of intracranial tumors within the pediatric age cohort (5). Despite being classified as a WHO Grade I tumor, ACP poses a significant challenge in neurosurgical treatment. This complexity arises from its proximity to vital structures like the optic nerve, thalamus, pituitary gland, and the circle of Willis. Additionally, at a histological level, the presence of finger-like protrusions facilitates tumor infiltration and circumferential growth, leading to indistinct boundaries (5–9). This distinctive anatomical and histological context underscores the surgical difficulty posed by ACP. Consequently, these factors contribute to a notable recurrence rate of ACP, persisting even after macroscopic total resection. This recurrence highlights the challenge of achieving complete eradication of the tumor. Even more concerning are the enduring sequelae stemming from surgical resection, encompassing hypothalamic syndrome, severe obesity, diabetes insipidus, visual impairments, and neurocognitive dysfunction (5, 10, 11). These persistent effects lead to a sustained decline in the overall QoL for affected patients.

While the concept of craniopharyngioma (CP) was initially proposed by Cushing in 1929 (12), its precise origin continues to be a subject of debate. Recent studies indicate that β⁃catenin and tumor stem cell markers are predominantly located within the histological finger-like protrusions (FP) (13). This observation suggests a potential association between FP, the origin of ACP, and the invasion of the hypothalamic-pituitary axis by the tumor. Nevertheless, this hypothesis requires additional empirical validation. Consequently, a comprehensive comprehension of ACP’s biology and vigilant monitoring of the latest developments in treatment modalities hold paramount importance in enhancing the management of this highly complex tumor and ameliorating the quality of life for afflicted individuals.




2 Materials and methods

Studies included in this article were systematically searched in the PubMed and MEDLINE databases, with the last update conducted in November 2023. Keywords used in the search primarily consisted of “adamantinomatous craniopharyngioma,” “cystic craniopharyngioma,” “craniopharyngioma,” “pediatric” and “childhood-onset” The screening process involved evaluating titles and abstracts, with full texts downloaded for further review if deemed necessary. Additionally, reference lists from extracted studies were thoroughly reviewed. Selection criteria focused on literature concerning advancements in ACP treatment, pathophysiology, tumor control, and patient quality of life, particularly emphasizing recent research, innovative methodologies, and therapeutic strategies. The goal was to provide a comprehensive and contemporary insight into clinical practices by examining the latest developments in ACP treatment and identifying optimal strategies to balance tumor control with quality of life.




3 Pathophysiology



3.1 Genetics and inflammation in ACP

Molecular studies have demonstrated that CTNNB1 exon 3 mutations, which encode β⁃catenin, are present in 57%-96% of ACP patients (14, 15). Importantly, these mutations are not detected in the adult-onset papillary histological CP subtype (PCP), underscoring their specificity to ACP. This mutation represents the sole known recurrent genetic aberration observed in ACP to date (10). CTNNB1 mutations have the capacity to impede the phosphorylation and degradation of β⁃catenin, resulting in its accumulation within the nucleus. This event triggers the subsequent activation of the WNT/β⁃catenin signal transduction pathway, ultimately culminating in tumorigenesis (16, 17). Studies have demonstrated that CTNNB1 mutations serve as oncogenic drivers in mouse models. Specifically, the expression of a functionally equivalent form of mutant β⁃catenin, akin to that observed in human ACP, in murine SOX2+ embryonic progenitors or adult stem cells leads to the development of tumors (17, 18). Additionally, these mouse models have unveiled novel targets that hold potential therapeutic value in the treatment of ACP (19).

The cystic and solid components of ACP both exhibit a wide array of cytokines, chemokines, and inflammatory mediators. This suggests that they likely share similar molecular characteristics and undergo common molecular events in the course of tumor pathogenesis (20). Elevated levels of cytokines including IL-6, IL-8, CXCL1, and IL-10 have been documented in the cystic fluid of ACP (21). Notably, IL-6 appears to play a role in instigating an inflammatory response in adjacent non-tumor tissues (19, 22). Furthermore, the expression patterns of these cytokines align with the activation of the inflammasome. This response may be initiated by the presence of cholesterol crystals within ACP (5, 23). The notable abundance of α-defensins identified in the cystic fluid implies that inflammation plays a crucial role in prompting the secretion of cyst fluid by epithelial cells lining the cyst wall. Additionally, this finding negates the possibility that the formation of ACP cyst fluid arises from blood-brain barrier disruption. Instead, it suggests that the innate immune response may be implicated in the pathological process of ACP cyst formation (24). These observations provide additional affirmation of the pivotal role played by inflammation in the pathogenesis of ACP.




3.2 Morphological and histological features

ACP shares similarities with adamantinoma and post-keratinized odontogenic cysts, typically presenting as calcified, cystic, and lobulated formations (25). From a macroscopic perspective, ACP can manifest as either purely cystic or cystic-solid structures. The solid portions exhibit an amorphous quality, containing numerous micro-calcifications. The cystic fluids are primarily composed of cholesterol crystals and cell fragments, imparting a distinctive “machine oil” appearance (20). The outer layer of the cystic wall comprises fibrous tissue, rendering it resilient and often challenging to puncture. Meanwhile, the inner layer is characterized by an incomplete stratified squamous epithelium, featuring scattered tumor cells extending into the cavity (26).

Histologically, tumors are distinguished by the presence of a peripheral basal cell layer of palisading epithelium, along with the aggregation of loosely arranged stellate cells. The solid components of the tumor typically exhibit distinctive accumulation of “wet” keratin and calcium salts (9, 27). The solid tumors have the propensity to infiltrate surrounding neural tissue in a finger-like manner. Consequently, this aggressive growth pattern can result in severe endocrine and visual dysfunction, as well as substantial surgical morbidity and high recurrence rates, rendering treatment highly challenging (5–9).

Unlike the diverse anatomical classification methods applied to PCP, the cystic nature of ACP facilitates tumor growth in various locations, including the anterior and middle cranial fossae, interpeduncular cisterna, ramus, cerebellar pontine region, and there have even been partial reports of ectopic ACP cases (28–31). Currently, there exists no pertinent literature on the anatomical classification of ACP. To establish a more precise anatomical classification for ACP, it is imperative to accumulate a substantial volume of case data and establish multi-center international registries. These efforts are crucial in providing guidance for clinical imaging identification and treatment approaches.





4 Evolution of visual function and endocrine status

Visual impairment in cases of ACP primarily stems from compression of the optic nerve pathway (8, 32, 33). Preoperative assessments have shown that deficits in visual acuity and visual field may reach levels as high as 70-80% (8, 34). The extent of visual impairment is contingent on the lesion’s anatomical positioning in relation to the optic chiasma, with bitemporal hemianopia being a characteristic symptom. Recent studies have demonstrated that, even with straightforward cyst decompression, there can be a substantial improvement in visual function, with a response rate exceeding 75% (32, 35–37). This reaffirms that visual impairment predominantly arises from compression rather than direct tumor invasion. Nevertheless, following craniotomy, the occurrence of postoperative visual impairment may reach levels as high as 30% (38–40). This is primarily attributable to the tumor’s close adherence to surrounding structures and its size (41).

It is imperative to measure hormones perioperatively and during follow-up to mitigate endocrine disorders (42). Preoperatively, the most prevalent endocrine deficiencies encompass growth hormone and gonadotropin deficits. Postoperatively, the most typical endocrine disorders include diabetes insipidus, hypothyroidism, adrenocortical dysfunction, and sexual dysfunction (43–47). The risk of endocrine deterioration is intricately tied to the type of surgical procedure (48–51). Craniotomy poses a higher risk compared to transsphenoidal sinus surgery (52–54), while partial resection carries a lower risk than total or subtotal resection (54). Minimally invasive cyst drainage yields a more favorable endocrine effect compared to surgical resection (31, 35–37, 55). While hormone replacement therapy continues to be the principal approach for addressing endocrine disorders, its administration requires circumspection, and a tailored treatment regimen must be devised (42).




5 Surgical strategy

Currently, surgery remains the foremost effective approach for treating ACP. The paramount objective of surgical intervention is to optimize resection safety while preventing irreversible harm to the hypothalamus. Nevertheless, surgical resection of ACP presents two significant challenges. Initially, while complete tumor resection may offer a potential cure for ACP, the recurrence rate remains elevated even after achieving full macroscopic removal. This is primarily due to the tissue structure of the finger-like projections, which can infiltrate and extend into critical neighboring structures like the hypothalamus and pituitary gland. Consequently, this often results in an indistinct demarcation between the tumor and healthy tissue. Attempting a broader resection can frequently lead to severe morbidity (5–9). Secondly, ACP can attain significant size, and not infrequently, its cyst wall becomes intimately attached to vital adjacent structures. Maintaining contact with the exceedingly thin cyst wall during surgery can be challenging, potentially leading to inadvertent detachment. Additionally, the cystic wall may have an ambiguous boundary with the arachnoid interface, further complicating complete resection (56–60). This challenge is particularly pronounced in cases where tumors reach a substantial size, possibly extending into the posterior cranial fossa and other regions. In such instances, employing a combination of approaches may be imperative to achieve complete cyst wall resection. However, this can potentially result in heightened surgical morbidity (61–65). A recent systematic review encompassing 17 studies on adult craniopharyngiomas was conducted (66). It involved 748 patients in the Gross Total Resection (GTR) cohort and 559 patients in the Subtotal Resection (STR) cohort. The findings indicated that GTR significantly reduced the likelihood of recurrence (OR, 0.106; 95% CI, 0.067-0.168; P < 0.001), albeit at the expense of an increased occurrence of postoperative panhypopituitarism (OR, 2.063; P = 0.034) and permanent diabetes insipidus (OR, 2.776; P = 0.007).




6 Endonasal endoscopic surgery

Over the last two decades, Endonasal Endoscopic Surgery (EES) has seen a growing utilization in the treatment of ACP, owing to its benefits of microinvasion and enhanced visualization (67–69). The 2020 EANS consensus statement on adult CP treatment advises utilizing the endonasal approach for midline CP, whereas transcranial approaches are suggested for lateral extension or purely intraventricular growth tumors (70). A recent systematic review comparing transcranial endoscopic and transcranial approaches to craniopharyngioma excision demonstrated that EES excision yielded a higher total excision rate and a greater likelihood of vision improvement (61.3% vs. 50.5%) in eight studies encompassing 376 patients. In cases where both approaches achieve complete tumor removal, EES exhibits superiority over TCA regarding GTR rate and visual outcomes. Additionally, it demonstrates positive effects on complications aside from cerebrospinal fluid (CSF) leakage, including hypopituitarism and diabetes insipidus (71). CSF leakage is a relatively prevalent complication following EES. However, this incidence is on a decreasing trend with the maturation of surgical proficiency and advancements in skull base repair techniques (71). In 2023, Qiao et al. conducted a comprehensive analysis of 364 craniopharyngioma patients who underwent EES over a span of ten years (72), representing the largest series to date. The study identified a larger dural defect size (OR 8.545, 95% CI 3.684-19.821, p < 0.001) and lower preoperative serum albumin levels (OR 0.787, 95% CI 0.673 to 0.919, p = 0.002) as independent risk factors for postoperative CSF leakage. Interestingly, CSF leakage was not associated with the opening of the third ventricle floor.

While Endonasal Endoscopic Surgery (EES) provides excellent visual field exposure to the subchiasmatic, postchiasmatic, and pituitary stalk-infundibular axes, its effectiveness is limited in cases of third ventricle ACP, particularly when the tumor extends bilaterally into the thalamus, leading to significant vaso-neurostructural lesions in its vicinity (73–75). Cavallo et al. (73) reported on a cohort of 103 patients with Craniopharyngioma, achieving a GTR rate of 68.9%. However, this rate decreased to 30% when the lesions extended bilaterally into the thalamus. In their another study (76), EES was employed to treat 13 patients primarily presenting with third ventricle ACP. Among them, GTR was achieved in 8 patients (66.7%). However, two patients experienced subdural hematomas, and one patient tragically succumbed to brain stem hemorrhage. Zhou et al. reported the utilization of EES in treating 14 patients with intrinsic third ventricle craniopharyngioma using the Suprachiasmatic Endplate (STLT) approach, 13 (92.8%) attained GTR, while the remaining patient achieved near-total resection (90%). Additionally, 3 patients necessitated hormone replacement therapy, and 1 patient experienced a decline in vision. The average follow-up period was 26.2 months, during which no instances of tumor recurrence were noted (74). While long-term follow-up data is lacking, their experience indicates that accessing the endplate offers superior exposure to the third ventricle environment and reduced surgery-related injury. This may present a novel neuroendoscopic option for treating third ventricle ACP (Figure 1, Figure 2).




Figure 1 | Preoperative and postoperative imaging of an intrinsic third ventricle craniopharyngioma with an intact mammillary body was documented ([aken reference from Zhou et al. (74)]. In images (A, B), a cystic and solid lesion was observed in the suprasellar region, while postoperative MR images (C, D) displayed the intactness of the optic tract, third ventricle floor, and mammillary bodies.






Figure 2 | Endoscopic endonasal surgery (EES) was performed to remove the third ventricle Craniopharyngioma by STLT approach. [taken reference from Zhou et al. (74)]. (A) The optic chiasm exposure after the dura mater opening. (B) Lamina terminalis exposure after anterior longitudinal division and anterior circulation artery arachnoid membrane dissection. (C) Pulling the optic chiasm downward and the anterior circulation artery system upward to fully exposed the lamina terminalis and the surgical approach, and no tumor was found in the narrow infrachiasmatic space. (D, E) The anterior part of the third ventricle tumor was exposed after lamina terminalis incision, and the tumor was debulked and removed using suction tube and grasping forcep piece by piece; (F) Complete removal the third ventricle tumor without surgical-related injury. OC, optic chiasm; A1, A1 segment of anterior cerebral artery; LT, lamina terminalis; TV, third ventricle; C, craniopharyngioma.






7 Management of cyst (as a chronic neurosurgical disease)



7.1 Neuroendoscopic fenestration

Due to the benefits of endoscopic visualization, some earlier studies reported the safety and feasibility of employing endoscopic transventricular treatment for ACP. Over the past five years, a number of relatively small-scale series have serendipitously discovered that endoscopic fenestration for ACP has led to low surgical morbidity and a relatively extended period of disease control. Lauretti et al. reported that they achieved enduring tumor control by utilizing endoscopy to create a large opening in the upper section of the cyst and they attributed this mainly to the establishment of a permanent connection between the cyst cavity and the CSF space. Among the eight patients, there was a recurrence rate of 20% and a median progression-free survival (PFS) of 57 months. The authors identified endoscopy as an independent predictor of reduced cyst recurrence (37). Hollon et al. employed the “through-and-through” technique, conducting wide cyst fenestration at the top and bottom of the cyst for cystic retrochiasmatic craniopharyngiomas. Some patients received postoperative radiotherapy. The study had a mean follow-up of 2.5 ± 1.6 years, and a noteworthy decrease in postoperative cyst volume was noted. The patients experienced substantial enhancement in their quality of life, and there were no surgical complications (35). In a similar vein, Takano et al. accomplished long-term tumor control in 8 out of 9 patients (88.9%) over a mean follow-up of 72.9 months. This was achieved through fenestration and irrigation solely at the upper portion of the cyst, followed by segmental stereotactic radiotherapy. This led to significant alleviation of symptoms like cranial hypertension and visual impairment. No surgical complications arose (36).




7.2 Stereotactic cyst drainage

Steiert et al. conducted stereotactic-guided catheter implantation in 12 cases of cystic craniopharyngioma. Over an average follow-up period of 41 months, the cyst volume reduced by 64.2%. Additionally, post-radiotherapy, there was an average reduction of cyst volume by 92.0%. They also believe that establishing connection between the cyst cavity and the CSF space is an important factor in preventing the cyst reaccumulate. Furthermore, the patients experienced a significant improvement in visual function without incurring any new complications (77). Rachinger et al. conducted microsurgery and implemented stereotaxic “bidirectional drainage” in 79 cases of craniopharyngiomas. The median follow-up duration was 51 months (range: 14-188 months). The findings revealed that while the PFS for cystic tumors was relatively brief (5-year PFS: 53.6% vs 66.8%, p = 0.10), bidirectional drainage yielded significantly improved endocrine outcomes. The authors suggested that a majority of patients with cystic craniopharyngioma might not necessitate early radiotherapy post-drainage (32).

Given the surgical resection’s associated morbidity and the high recurrence rate of ACP post-operation, the amassed clinical data are progressively highlighting the constraints of traditional surgical approaches. Lately, there has been a growing interest in the management of cysts via tumor-focused methods (Table 1). This is primarily due to the potentially lower incidence rate compared to alternative surgical procedures, allowing patients to attain a satisfactory quality of life, particularly those with hydrocephalus (35–37, 75, 77). This staged treatment approach may be more strongly recommended. While the present treatment of ACP through cyst drainage, either independently or in conjunction with other modalities, recently observed clinical outcomes seems to have brought about notable improvements, especially in the patients’ quality of life, but there are still some problems several problems. Firstly, the enduring effects on ACP may still be constrained, whether achieved through endoscopic cyst fenestration or basic drainage. The aftermath of these procedures is that cysts are prone to reaccumulate, solid tumors grow, and more importantly, recurrent tumors may complicate the initial treatment. Secondly, in theory, establishing a connection between the cyst cavity and the CSF space to use the CSF flow to reduce cyst reaccumulate may be an ideal way, but no studies have confirmed the exact effectiveness of this approach and it is uncertain whether the enlarged cyst opening will close. Thirdly, given the visual benefits of endoscopy, cysts can potentially be treated more comprehensively under direct visualization (Figure 3). Nevertheless, the extent to which endoscopy can conclusively be identified as a potential factor in reducing the recurrence rate of ACP remains uncertain, and there is still a lack of standardized guidelines for endoscopic therapy techniques. Additionally, there exists a diversity in the techniques for cyst drainage. The likelihood of cyst reformation and the safety of the procedure have not been thoroughly compared across different surgical approaches.


Table 1 | Summary of Cyst Drainage for Cystic Craniopharyngiomas.






Figure 3 | Neuroendoscopic treatment of giant cystic craniopharyngioma in a 15-year-old boy. MRI (A–C) showing a giant cystic lesion on the front middle, and posterior fossa. White arrow shows small cystic tumor of the third ventricle. Postoperative MRI reveals no obvious cystic tumor after neuroendoscopic surgery (D–F). Five years later, the MRI reveals the previous tumor had disappeared, with a solid lesion on the suprasellar region (G) and a cystic lesion compressing the mid brain aqueduct (H), which caused hydrocephalus. The patient received a ventriculoperitoneal shunt, and his condition improved. One year later, MRI reveals (I, J) that the tumor had become larger than before. Postoperative MRI reveals that (K, L) the cystic lesion disappeared and the midbrain aqueduct opened up after the neuroendoscopic surgery. As of 2 years into follow-up, the size of the remaining tumor had not changed, and the patient had continued to live a normal life.



The limitations of the present literature on cyst management of ACP predominantly arise from the varying definitions of cystic recurrence in existing studies, making comparisons between different research endeavors challenging. Additionally, these clinical data primarily originate from patients treated in varying selective settings, often lacking extensive long-term follow-up (22), but these clinical experiences may open up a new potential avenue for the treatment of ACP.




7.3 Intracystic catheter and reservoir system

Given the potential reaggregation of cysts and the emergence of new clinical symptoms due to cystic occupation, an intracystic catheter and reservoir (such as a Rickham or Ommaya reservoir) are considered for implantation. In the majority of cases, it is feasible to establish a sustainable decompression regimen to address cyst progression (22, 82). Mouss et al. documented 52 patients with cystic craniopharyngioma, and with a minimum follow-up of 7 years, they were astounded to discover that 38 patients (73%) experienced no recurrence of cysts and necessitated no further treatment (81). Various methods for catheter implantation in the capsular cavity exist, encompassing neuroendoscopy, stereotactic techniques, neuronavigation, freehand placement, and intraoperative MRI, among others (81–85). The prevailing trend in development is the emphasis on precision and visualization in catheter placement. Nevertheless, catheter placement may give rise to infrequent complications like infection, bleeding, CSF leakage, catheter obstruction and displacement (32, 81, 82, 86–88). Lau et al. (87) undertook a systematic review of 43 studies and determined that the use of image guidance during implantation resulted in fewer complications compared to procedures without it. In our experience, it is challenging to completely aspirate the cyst contents during the initial surgery and accurately gauge the extent of cyst component removal in the absence of a clear visual field. It is important to note that the high viscosity of the “oil-like” cystic fluid, along with substantial calcification, can hinder later aspiration efforts, potentially necessitating catheter replacement after obstruction. Furthermore, even with precise preoperative positioning, certain rigid or elastic cyst walls may diminish the puncture fault tolerance rate (89), and forceful puncture may result in cystic bleeding (32, 48). However, visualization techniques like endoscopy can mitigate these issues, particularly in the case of polycystic or large craniopharyngiomas that extend into the posterior fossa. Employing a reservoir establishes a secure conduit for intracapsular irradiation and heightens sensitivity to subsequent radiation therapy by facilitating the removal of more fluid.





8 Radiotherapy

Radiotherapy serves as a crucial adjuvant therapy for ACP. Extensive clinical data and meta-analyses indicate that subtotal resection with radiotherapy (STR+RT) may yield tumor control rates similar to, or even superior to, those achieved by GTR, particularly in terms of endocrine outcomes (90–92). The 5-year PFS rates were 67-77% for GTR and 69-73% for STR in combination with radiotherapy (93, 94). Importantly, STR+RT did not elevate the risk of long-term onset or central diabetes insipidus. Notably, there is no substantial disparity in PFS across various radiological techniques (22). Proton therapy offers benefits over photon irradiation by minimizing the dosage received by closely situated critical structures, potentially ameliorating both acute and long-term toxic effects of radiation therapy. Findings from a recent single-arm Phase II clinical trial (NCT01419067) evaluating proton therapy in conjunction with limited surgery for craniopharyngioma (RT2CR) in children and adolescents demonstrated that proton therapy led to superior cognitive outcomes compared to photon therapy (95). However, no significant differences were observed in other aspects. However, there are several concerns associated with radiotherapy for ACP: (1) The ideal timing for radiotherapy remains uncertain—whether as an early adjuvant measure or as a salvage intervention. Limited-quality clinical evidence indicates that salvage radiotherapy may elevate the risk of visual and endocrine complications, although it does not confer a survival advantage. (2) Cyst growth is frequently an unpredictable phenomenon (61, 96, 97). Cysts can exhibit either rapid or gradual expansion at any given time, introducing instability in the potential coverage of the target region. Hence, periodic imaging throughout radiotherapy may be imperative to ascertain precise coverage. (3) Given the relative resistance of cysts to radiotherapy, surgical intervention or cyst drainage is often required in most cases to diminish the overall cyst volume, thereby enhancing the efficacy of radiotherapy (36, 48, 86). (4) In cases of mixed cystic and solid tumors, it is possible that solid and cystic components exhibit distinct responses to radiotherapy (98–100). Given the potential autonomy of these components, some studies have explored the combination of stereotactic radiotherapy (SRS) and endovascular radiotherapy as a therapeutic strategy for mixed ACP (101).




9 Intracavitary treatment



9.1 Intracavitary brachytherapy

Intracavitary Brachytherapy (IBT) has demonstrated effectiveness in ACP treatment while minimizing radiation exposure to adjacent normal tissue structures. A recent review (102) illustrated the favorable impact of IBT on cystic craniopharyngiomas. Among 228 patients with purely cystic lesions, 89% exhibited either complete or partial responses. This intervention led to visual and endocrine enhancements of 64% and 20%, respectively. In contrast, mixed cystic tumors showed less favorable outcomes. However, in the most extensive cohort (90 patients) with the lengthiest follow-up period (mean 121 months, ranging from 60 to 192 months), individual ACP patients treated with P32 brachyluminal irradiation exhibited significant results. Specifically, 56 cysts (43.4%) experienced complete regression or remained recurrence-free, while 47 cysts (36.4%) demonstrated a partial response. Five cysts (3.9%) remained stable. Additionally, complications arose in 7 patients (7.8%) (103). In two other extensive series (104, 105) encompassing 53 and 49 patients respectively, 5-year tumor control rates were 86% and 76%. Complications were observed in 5.9% and 6.1% of cases. The aforementioned comprehensive series of studies have demonstrated that IBT stands as a dependable method for treating ACP in the short to medium-term follow-up (Table 2). However, complications occur primarily stemming from radiation-induced damage due to nuclide leakage. Another constraint lies in IBT’s reduced efficacy against the solid component of mixed tumors. This elucidates why IBT proves more efficacious in managing purely cystic tumors as opposed to mixed ones.


Table 2 | Review of the literature on Phosphorus-32 use in the treatment of cystic craniopharyngiomas.






9.2 Intracavitary chemotherapeutic treatment

An alternative approach to enhance tumor control while minimizing radiation exposure involves exploring alternative intracapsular injection substances, including bleomycin and interferon. In several extensive retrospective studies employing bleomycin (112–114), Follow-up times ranged from 2 to 10 years. patients exhibited complete cyst disappearance rates ranging from 29% to 67%. Most cysts experienced varying degrees of reduction. Nonetheless, patients often experience complications such as headaches, nausea, and vomiting following administration. Simultaneously, nuclide leakage can potentially inflict damage on the hypothalamus and optic nerve, and in severe cases, lead to fatality (115–117). The clinical evidence from three consecutive reviews (118–120) does not favor the utilization of bleomycin in ACP, given the trade-off between benefits and complications. It is recommended that randomized controlled trials employing standardized dosing regimens be conducted to ascertain the safety and efficacy of bleomycin in tumor treatment. In contrast to bleomycin, which is linked to more prevalent adverse reactions in ACP treatment, a recent systematic review of intracapsular drugs for ACP indicated that intratumoral interferon alpha appeared to yield the most favorable response with minimal side effects in ACP treatment when compared to other drugs (121). Cavalheiro et al. conducted a prospective multi-center analysis involving 60 cases of ACP. Clinical and radiological improvements were observed in 76% of cases, with a small subset of patients experiencing minor side effects like mild headaches and eyelid edema (122). Kilday (123) et al. conducted a clinical trial involving 56 children from 21 international centers. Among them, 43 (77%) patients had received other treatments prior to interferon. Intracapsular interferon was found to impede further tumor progression compared to previous treatments. Following interferon therapy, 42 patients experienced progression (median time of 14 months; range of 0-8 years). The estimated median time to reach the final treatment after interferon therapy was 5.8 years (ranging from 1.8 to 9.7 years), and significant side effects were infrequent. However, the recently published National UK guidelines for the management of pediatric craniopharyngioma do not provide adequate evidence to endorse IFNα as the preferred first-line treatment option. Additionally, intracystic bleomycin and radioisotopes lack robust support as the primary strategies for ACP treatment (124).





10 Target therapies

As our understanding of ACP’s pathogenesis advances, there is a growing optimism regarding the clinical application of targeted drugs aimed at the growth and molecular pathways associated with ACP. MEK inhibitors have demonstrated the ability to decrease tumor cell count, inhibit cell proliferation, and induce apoptosis by impeding the MAPK/ERK signal transduction pathways Park (125). In a compassionate treatment approach, a 26-year-old woman, previously subjected to multiple surgeries, received binimetinib for 8 months, resulting in a reduction in tumor volume. Although the reduction was not notably substantial, this case presents additional avenues for MEK as a potential target in ACP treatment (126). Simultaneously, drugs targeting IL-6 appear to elicit a more substantial reduction in volume during ACP treatment (127). Two patients with recurrent ACP experienced noteworthy reductions in tumor volume after receiving either tocilizumab or a combination of tocilizumab and bevacizumab. At present, the targeted therapy for the above targets has shown an optimistic attitude in the treatment of ACP for the time being, but further clinical and basic research is still needed to determine their specific efficacy in the treatment of ACP.




11 Childhood-onset craniopharyngioma

Childhood-onset craniopharyngioma predominantly manifests as Adamantinomatous Craniopharyngioma (ACP), showing a combination of cystic, solid, and calcified components (128). In contrast to the adult CP, its diagnosis often occurs late, featuring clinical indications like increased intracranial pressure, alongside endocrine deficits and visual impairment (5). Therapeutic strategies for childhood-onset CP encompass surgical resection, radiotherapy, cyst aspiration, and intracavitary chemotherapy. However, recent guidelines lack a clearly defined optimal treatment plan (124). Surgical outcome is often associated with a high recurrence rate. A comprehensive review (93) involving 109 studies and 532 cases of childhood-onset CP undergoing surgical resection revealed recurrences in 377 cases. The 5-year progression-free survival for GTR, STR+XRT, and STR alone stood at 77%, 73%, and 43%, respectively. GTR and STR+XRT exhibit similar tumor control rates, with GTR demonstrating relatively superior tumor control effects compared to STR alone. However, adjuvant radiotherapy is often employed as a salvage measure.

In the past, the use of the Endoscopic Endonasal Approach (EEA) in pediatric Craniopharyngioma (CP) appeared controversial due to unique considerations in children’s nasal anatomy and the risk of CSF leakage. However, a recent systematic review of pediatric CP seems to challenge this perception (129). This review encompassed 835 patients underwent TCA (18 articles) and 403 patients underwent EEA (19 articles), indicating a rising preference for EEA in pediatric CP, showing favorable outcomes. Analysis from the study showed EEA as the preferred approach (p = 0.006, PI = 26.8-70.8, I2 = 40%) for sellar-suprasellar CPs, while TCA was favored for purely suprasellar CPs (p = 0.007, PI = 13.5-81.1, I2 = 61%). However, no significant difference was observed between the approaches for purely intrasellar lesions (p = 0.94, PI = 0-62.7, I2 = 26%).

Recent two single-center retrospective studies further highlighted the feasibility and safety of EEA in treating pediatric midline CP (130, 131). In a cohort of 25 patients, a GTR reached 92%, with a tumor recurrence rate of 19% over a mean follow-up of 72 ± 67 months, and panhypopituitarism was the most common complication (92%) (130). Another study comparing EEA (35 patients) and TCA (16 patients) in pediatric midline CP found comparable tumor control and surgical complication rates between the approaches (131). Additionally, EEA may be associated with better visual and endocrine outcomes. This shifting preference underscores the increasing role and acceptance of EEA in managing pediatric CP.

While intracavitary chemotherapy or cyst aspiration generally show greater efficacy than conservative approaches, their PFS have not been well described compared to surgical resection in existing literature. In cases of childhood-onset CP accompanied by hydrocephalus, a staged approach involving minimally invasive cyst decompression followed by cyst aspiration or tumor resection is recommended to mitigate clinical risks and achieve effective tumor control (124).

CP invasion into the hypothalamus or surgical injury often leads to the development of hypothalamic syndrome, encompassing hypothalamic obesity and neuropsychological deficits (132). For patients with definite hypothalamic involvement, STR combined with postoperative radiotherapy is recommended to reduce the incidence of long-term obesity without increasing the recurrence rate (133). Accurate preoperative grading of hypothalamic involvement stands pivotal in shaping surgical strategies and preventing hypothalamic injury. Several different hypothalamic grading systems have been developed in the past (19), including recent applications of machine learning in predicting ACP invasiveness through radiomic methodologies (134). Advancements in imaging modalities, such as 7-T MRI or fMRI, significantly enhance hypothalamic structure visualization, aiding neurosurgeons in precise surgical resection. Despite recent enhancements in understanding hypothalamic syndrome, effective pharmaceutical interventions for hypothalamic obesity remain elusive, and data on treating neurocognitive deficits in childhood-onset CP are insufficient (5). Consequently, an effective remedy for hypothalamic syndrome, posing a significant challenge in childhood-onset CP treatment, remains absent. Future research should prioritize exploring the molecular mechanisms underlying CP invasion of the hypothalamus to develop strategies for preventing and treating hypothalamic syndrome.




12 Conclusion

Adamantomatous craniopharyngioma (ACP) represents a complex intracranial tumor. Despite significant strides in ACP research and treatment over the past three decades, achieving full control of this often-termed “most challenging brain tumor” remains elusive. Recent clinical perspectives have shifted towards managing cysts and treating ACP as a chronic neurosurgical condition, emphasizing the importance of achieving a high-quality, long-term life for patients. This may open up a new potential avenue for ACP treatment. However, the long-term risks of cyst reaggregation and tumor recurrence still need to be fully evaluated. The primary objective in ACP treatment remains the amalgamation of maximal safe resection with radiation therapy, ongoing cyst decompression, and pharmacotherapy to balance long-term tumor control and quality of life. Simultaneously, owing to ACP’s relative rarity and the tumor’s heterogeneity, conducting clinical and foundational trials to bolster international collaboration across diverse nations will significantly enhance our comprehensive comprehension of this condition.
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Adamantinomatous craniopharyngioma (ACP) presents a significant
challenge to neurosurgeons despite its benign histology due to its
aggressive behavior and unique growth patterns. This narrative review
explores the evolving landscape of ACP treatments and their efficacy,
highlighting the continuous development in therapeutic approaches in
recent years. Traditionally, complete resection was the primary treatment
for ACP, but surgical -related morbidity have led to a shift. The invasive nature
of the finger-like protrusions in the histological structure results in a higher
recurrence rate for ACP compared to papillary craniopharyngioma (PCP),
even after complete macroscopic resection. Given this, combining subtotal
resection with adjuvant radiotherapy has shown potential for achieving
similar tumor control rates and potentially positive endocrine effects.
Simultaneously, adjuvant treatments (such as radiotherapy, intracystic
treatment, and catheter implantation) following limited surgery offer
alternative approaches for sustained disease control while minimizing
morbidity and alleviating clinical symptoms. Additionally, advances in
understanding the molecular pathways of ACP have paved the way for
targeted drugs, showing promise for therapy. There is a diversity of
treatment models for ACP, and determining the optimal approach remains
a subject of ongoing debate in the present context. In order to achieve a
good-term quality of life (QOL), the main goal of the cyst disappearance or
reduction of surgical treatment is still the main. Additionally, there should be a
greater emphasis on personalized treatment at this particular stage and the
consideration of ACP as a potentially chronic neurosurgical condition. This
review navigates the evolving landscape of ACP therapies, fostering ongoing
discussions in this complex field.
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1 Introduction

ACP, or adamantinomatous craniopharyngioma, is a benign
tumor originating from residual epithelial cells of Rathke’s pouch or
the craniopharyngeal duct during the embryonic period (1, 2).
Approximately 90% of ACP cases manifest as a cystic component
(3), with incidence peaks observed in children aged 5 to 15 years
and adults aged 45 to 60 years (4, 5). ACP stands as the prevalent
non-neuroepithelial intracranial tumor in children, constituting
approximately 5-11% of intracranial tumors within the pediatric
age cohort (5). Despite being classified as a WHO Grade I tumor,
ACP poses a significant challenge in neurosurgical treatment. This
complexity arises from its proximity to vital structures like the optic
nerve, thalamus, pituitary gland, and the circle of Willis.
Additionally, at a histological level, the presence of finger-like
protrusions facilitates tumor infiltration and circumferential
growth, leading to indistinct boundaries (5-9). This distinctive
anatomical and histological context underscores the surgical
difficulty posed by ACP. Consequently, these factors contribute to
a notable recurrence rate of ACP, persisting even after macroscopic
total resection. This recurrence highlights the challenge of achieving
complete eradication of the tumor. Even more concerning are the
enduring sequelae stemming from surgical resection, encompassing
hypothalamic syndrome, severe obesity, diabetes insipidus, visual
impairments, and neurocognitive dysfunction (5, 10, 11). These
persistent effects lead to a sustained decline in the overall QoL for
affected patients.

While the concept of craniopharyngioma (CP) was initially
proposed by Cushing in 1929 (12), its precise origin continues to be
a subject of debate. Recent studies indicate that B-catenin and tumor
stem cell markers are predominantly located within the histological
finger-like protrusions (FP) (13). This observation suggests a
potential association between FP, the origin of ACP, and the
invasion of the hypothalamic-pituitary axis by the tumor.
Nevertheless, this hypothesis requires additional empirical
validation. Consequently, a comprehensive comprehension of
ACP’s biology and vigilant monitoring of the latest developments
in treatment modalities hold paramount importance in enhancing
the management of this highly complex tumor and ameliorating the
quality of life for afflicted individuals.

2 Materials and methods

Studies included in this article were systematically searched in the
PubMed and MEDLINE databases, with the last update conducted
in November 2023. Keywords used in the search primarily
consisted of “adamantinomatous craniopharyngioma,” “cystic

» o« » o«

craniopharyngioma,” “craniopharyngioma,” “pediatric” and

Abbreviations: MRI, magnetic resonance imaging; ACP, Adamantinomatous
craniopharyngioma; PCP, Papillary craniopharyngioma; CP, craniopharyngioma;
GTR, Gross total resection; STR, Subtotal resection; EES, Endonasal endoscopic
surgery; QoL, Quality of life; CSF, Cerebrospinal fluid; TCA, Transcranial approach;
STLT, Suprachiasmatic endplate; PFS, progression-free survival.
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“childhood-onset” The screening process involved evaluating titles
and abstracts, with full texts downloaded for further review if deemed
necessary. Additionally, reference lists from extracted studies were
thoroughly reviewed. Selection criteria focused on literature
concerning advancements in ACP treatment, pathophysiology,
tumor control, and patient quality of life, particularly emphasizing
recent research, innovative methodologies, and therapeutic strategies.
The goal was to provide a comprehensive and contemporary insight
into clinical practices by examining the latest developments in ACP
treatment and identifying optimal strategies to balance tumor control
with quality of life.

3 Pathophysiology
3.1 Genetics and inflammation in ACP

Molecular studies have demonstrated that CTNNBI1 exon 3
mutations, which encode B-catenin, are present in 57%-96% of
ACP patients (14, 15). Importantly, these mutations are not
detected in the adult-onset papillary histological CP subtype (PCP),
underscoring their specificity to ACP. This mutation represents the
sole known recurrent genetic aberration observed in ACP to date
(10). CTNNB1 mutations have the capacity to impede the
phosphorylation and degradation of B-catenin, resulting in its
accumulation within the nucleus. This event triggers the
subsequent activation of the WNT/B-catenin signal transduction
pathway, ultimately culminating in tumorigenesis (16, 17). Studies
have demonstrated that CTNNB1 mutations serve as oncogenic
drivers in mouse models. Specifically, the expression of a
functionally equivalent form of mutant B-catenin, akin to that
observed in human ACP, in murine SOX2+ embryonic progenitors
or adult stem cells leads to the development of tumors (17, 18).
Additionally, these mouse models have unveiled novel targets that
hold potential therapeutic value in the treatment of ACP (19).

The cystic and solid components of ACP both exhibit a wide
array of cytokines, chemokines, and inflammatory mediators. This
suggests that they likely share similar molecular characteristics and
undergo common molecular events in the course of tumor
pathogenesis (20). Elevated levels of cytokines including IL-6, IL-8,
CXCL1, and IL-10 have been documented in the cystic fluid of ACP
(21). Notably, IL-6 appears to play a role in instigating an
inflammatory response in adjacent non-tumor tissues (19, 22).
Furthermore, the expression patterns of these cytokines align with
the activation of the inflammasome. This response may be initiated
by the presence of cholesterol crystals within ACP (5, 23). The
notable abundance of o-defensins identified in the cystic fluid
implies that inflammation plays a crucial role in prompting the
secretion of cyst fluid by epithelial cells lining the cyst wall.
Additionally, this finding negates the possibility that the formation
of ACP cyst fluid arises from blood-brain barrier disruption. Instead,
it suggests that the innate immune response may be implicated in the
pathological process of ACP cyst formation (24). These observations
provide additional affirmation of the pivotal role played by
inflammation in the pathogenesis of ACP.
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3.2 Morphological and histological features

ACP shares similarities with adamantinoma and post-
keratinized odontogenic cysts, typically presenting as calcified,
cystic, and lobulated formations (25). From a macroscopic
perspective, ACP can manifest as either purely cystic or cystic-
solid structures. The solid portions exhibit an amorphous quality,
containing numerous micro-calcifications. The cystic fluids are
primarily composed of cholesterol crystals and cell fragments,
imparting a distinctive “machine oil” appearance (20). The outer
layer of the cystic wall comprises fibrous tissue, rendering it resilient
and often challenging to puncture. Meanwhile, the inner layer is
characterized by an incomplete stratified squamous epithelium,
featuring scattered tumor cells extending into the cavity (26).

Histologically, tumors are distinguished by the presence of a
peripheral basal cell layer of palisading epithelium, along with the
aggregation of loosely arranged stellate cells. The solid components
of the tumor typically exhibit distinctive accumulation of “wet”
keratin and calcium salts (9, 27). The solid tumors have the
propensity to infiltrate surrounding neural tissue in a finger-like
manner. Consequently, this aggressive growth pattern can result in
severe endocrine and visual dysfunction, as well as substantial
surgical morbidity and high recurrence rates, rendering treatment
highly challenging (5-9).

Unlike the diverse anatomical classification methods applied to
PCP, the cystic nature of ACP facilitates tumor growth in various
locations, including the anterior and middle cranial fossae,
interpeduncular cisterna, ramus, cerebellar pontine region, and
there have even been partial reports of ectopic ACP cases (28—
31). Currently, there exists no pertinent literature on the anatomical
classification of ACP. To establish a more precise anatomical
classification for ACP, it is imperative to accumulate a substantial
volume of case data and establish multi-center international
registries. These efforts are crucial in providing guidance for
clinical imaging identification and treatment approaches.

4 Evolution of visual function and
endocrine status

Visual impairment in cases of ACP primarily stems from
compression of the optic nerve pathway (8, 32, 33). Preoperative
assessments have shown that deficits in visual acuity and visual field
may reach levels as high as 70-80% (8, 34). The extent of visual
impairment is contingent on the lesion’s anatomical positioning in
relation to the optic chiasma, with bitemporal hemianopia being a
characteristic symptom. Recent studies have demonstrated that,
even with straightforward cyst decompression, there can be a
substantial improvement in visual function, with a response rate
exceeding 75% (32, 35-37). This reaffirms that visual impairment
predominantly arises from compression rather than direct tumor
invasion. Nevertheless, following craniotomy, the occurrence of
postoperative visual impairment may reach levels as high as 30%
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(38-40). This is primarily attributable to the tumor’s close
adherence to surrounding structures and its size (41).

It is imperative to measure hormones perioperatively and during
follow-up to mitigate endocrine disorders (42). Preoperatively, the
most prevalent endocrine deficiencies encompass growth hormone
and gonadotropin deficits. Postoperatively, the most typical endocrine
disorders include diabetes insipidus, hypothyroidism, adrenocortical
dysfunction, and sexual dysfunction (43-47). The risk of endocrine
deterioration is intricately tied to the type of surgical procedure (48-
51). Craniotomy poses a higher risk compared to transsphenoidal
sinus surgery (52-54), while partial resection carries a lower risk than
total or subtotal resection (54). Minimally invasive cyst drainage yields
a more favorable endocrine effect compared to surgical resection (31,
35-37, 55). While hormone replacement therapy continues to be the
principal approach for addressing endocrine disorders, its
administration requires circumspection, and a tailored treatment
regimen must be devised (42).

5 Surgical strategy

Currently, surgery remains the foremost effective approach for
treating ACP. The paramount objective of surgical intervention is to
optimize resection safety while preventing irreversible harm to the
hypothalamus. Nevertheless, surgical resection of ACP presents two
significant challenges. Initially, while complete tumor resection may
offer a potential cure for ACP, the recurrence rate remains elevated
even after achieving full macroscopic removal. This is primarily due
to the tissue structure of the finger-like projections, which can
infiltrate and extend into critical neighboring structures like the
hypothalamus and pituitary gland. Consequently, this often results
in an indistinct demarcation between the tumor and healthy tissue.
Attempting a broader resection can frequently lead to severe
morbidity (5-9). Secondly, ACP can attain significant size, and not
infrequently, its cyst wall becomes intimately attached to vital
adjacent structures. Maintaining contact with the exceedingly thin
cyst wall during surgery can be challenging, potentially leading to
inadvertent detachment. Additionally, the cystic wall may have an
ambiguous boundary with the arachnoid interface, further
complicating complete resection (56-60). This challenge is
particularly pronounced in cases where tumors reach a substantial
size, possibly extending into the posterior cranial fossa and other
regions. In such instances, employing a combination of approaches
may be imperative to achieve complete cyst wall resection. However,
this can potentially result in heightened surgical morbidity (61-65). A
recent systematic review encompassing 17 studies on adult
craniopharyngiomas was conducted (66). It involved 748 patients
in the Gross Total Resection (GTR) cohort and 559 patients in the
Subtotal Resection (STR) cohort. The findings indicated that GTR
significantly reduced the likelihood of recurrence (OR, 0.106; 95% CI,
0.067-0.168; P < 0.001), albeit at the expense of an increased
occurrence of postoperative panhypopituitarism (OR, 2.063; P =
0.034) and permanent diabetes insipidus (OR, 2.776; P = 0.007).
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6 Endonasal endoscopic surgery

Over the last two decades, Endonasal Endoscopic Surgery (EES)
has seen a growing utilization in the treatment of ACP, owing to its
benefits of microinvasion and enhanced visualization (67-69). The
2020 EANS consensus statement on adult CP treatment advises
utilizing the endonasal approach for midline CP, whereas
transcranial approaches are suggested for lateral extension or
purely intraventricular growth tumors (70). A recent systematic
review comparing transcranial endoscopic and transcranial
approaches to craniopharyngioma excision demonstrated that EES
excision yielded a higher total excision rate and a greater likelihood of
vision improvement (61.3% vs. 50.5%) in eight studies encompassing
376 patients. In cases where both approaches achieve complete tumor
removal, EES exhibits superiority over TCA regarding GTR rate and
visual outcomes. Additionally, it demonstrates positive effects on
complications aside from cerebrospinal fluid (CSF) leakage, including
hypopituitarism and diabetes insipidus (71). CSF leakage is a
relatively prevalent complication following EES. However, this
incidence is on a decreasing trend with the maturation of surgical
proficiency and advancements in skull base repair techniques (71). In
2023, Qiao et al. conducted a comprehensive analysis of 364
cranjopharyngioma patients who underwent EES over a span of
ten years (72), representing the largest series to date. The study
identified a larger dural defect size (OR 8.545, 95% CI 3.684-19.821, p
< 0.001) and lower preoperative serum albumin levels (OR 0.787,
95% CI 0.673 to 0.919, p = 0.002) as independent risk factors for
postoperative CSF leakage. Interestingly, CSF leakage was not
associated with the opening of the third ventricle floor.

While Endonasal Endoscopic Surgery (EES) provides excellent
visual field exposure to the subchiasmatic, postchiasmatic, and
pituitary stalk-infundibular axes, its effectiveness is limited in
cases of third ventricle ACP, particularly when the tumor extends
bilaterally into the thalamus, leading to significant vaso-
neurostructural lesions in its vicinity (73-75). Cavallo et al. (73)
reported on a cohort of 103 patients with Craniopharyngioma,
achieving a GTR rate of 68.9%. However, this rate decreased to 30%
when the lesions extended bilaterally into the thalamus. In their
another study (76), EES was employed to treat 13 patients primarily
presenting with third ventricle ACP. Among them, GTR was
achieved in 8 patients (66.7%). However, two patients
experienced subdural hematomas, and one patient tragically
succumbed to brain stem hemorrhage. Zhou et al. reported the
utilization of EES in treating 14 patients with intrinsic third
ventricle craniopharyngioma using the Suprachiasmatic Endplate
(STLT) approach, 13 (92.8%) attained GTR, while the remaining
patient achieved near-total resection (90%). Additionally, 3 patients
necessitated hormone replacement therapy, and 1 patient
experienced a decline in vision. The average follow-up period was
26.2 months, during which no instances of tumor recurrence were
noted (74). While long-term follow-up data is lacking, their
experience indicates that accessing the endplate offers superior
exposure to the third ventricle environment and reduced surgery-
related injury. This may present a novel neuroendoscopic option for
treating third ventricle ACP (Figure 1, Figure 2).
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7 Management of cyst (as a chronic
neurosurgical disease)

7.1 Neuroendoscopic fenestration

Due to the benefits of endoscopic visualization, some earlier
studies reported the safety and feasibility of employing endoscopic
transventricular treatment for ACP. Over the past five years, a
number of relatively small-scale series have serendipitously
discovered that endoscopic fenestration for ACP has led to low
surgical morbidity and a relatively extended period of disease
control. Lauretti et al. reported that they achieved enduring
tumor control by utilizing endoscopy to create a large opening in
the upper section of the cyst and they attributed this mainly to the
establishment of a permanent connection between the cyst cavity
and the CSF space. Among the eight patients, there was a recurrence
rate of 20% and a median progression-free survival (PFS) of 57
months. The authors identified endoscopy as an independent
predictor of reduced cyst recurrence (37). Hollon et al. employed
the “through-and-through” technique, conducting wide cyst
fenestration at the top and bottom of the cyst for cystic
retrochiasmatic craniopharyngiomas. Some patients received
postoperative radiotherapy. The study had a mean follow-up of
2.5 + 1.6 years, and a noteworthy decrease in postoperative cyst
volume was noted. The patients experienced substantial
enhancement in their quality of life, and there were no surgical
complications (35). In a similar vein, Takano et al. accomplished
long-term tumor control in 8 out of 9 patients (88.9%) over a mean
follow-up of 72.9 months. This was achieved through fenestration
and irrigation solely at the upper portion of the cyst, followed by
segmental stereotactic radiotherapy. This led to significant
alleviation of symptoms like cranial hypertension and visual
impairment. No surgical complications arose (36).

7.2 Stereotactic cyst drainage

Steiert et al. conducted stereotactic-guided catheter
implantation in 12 cases of cystic craniopharyngioma. Over an
average follow-up period of 41 months, the cyst volume reduced
by 64.2%. Additionally, post-radiotherapy, there was an
average reduction of cyst volume by 92.0%. They also believe
that establishing connection between the cyst cavity and the
CSF space is an important factor in preventing the cyst
reaccumulate. Furthermore, the patients experienced a significant
improvement in visual function without incurring any new
complications (77). Rachinger et al. conducted microsurgery and
implemented stereotaxic “bidirectional drainage” in 79 cases of
craniopharyngiomas. The median follow-up duration was 51
months (range: 14-188 months). The findings revealed that while
the PFS for cystic tumors was relatively brief (5-year PFS: 53.6% vs
66.8%, p = 0.10), bidirectional drainage yielded significantly
improved endocrine outcomes. The authors suggested that a
majority of patients with cystic craniopharyngioma might not
necessitate early radiotherapy post-drainage (32).
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Preoperative and postoperative imaging of an intrinsic third ventricle craniopharyngioma with an intact mammillary body was documented ([aken
reference from Zhou et al. (74)]. In images (A, B), a cystic and solid lesion was observed in the suprasellar region, while postoperative MR images
(C, D) displayed the intactness of the optic tract, third ventricle floor, and mammillary bodies

Given the surgical resection’s associated morbidity and the
high recurrence rate of ACP post-operation, the amassed clinical
data are progressively highlighting the constraints of traditional
surgical approaches. Lately, there has been a growing interest in
the management of cysts via tumor-focused methods (Table 1).
This is primarily due to the potentially lower incidence rate
compared to alternative surgical procedures, allowing patients to
attain a satisfactory quality of life, particularly those with
hydrocephalus (35-37, 75, 77). This staged treatment approach
may be more strongly recommended. While the present treatment
of ACP through cyst drainage, either independently or in
conjunction with other modalities, recently observed clinical
outcomes seems to have brought about notable improvements,
especially in the patients’ quality of life, but there are still some
problems several problems. Firstly, the enduring effects on ACP
may still be constrained, whether achieved through endoscopic
cyst fenestration or basic drainage. The aftermath of these
procedures is that cysts are prone to reaccumulate, solid tumors
grow, and more importantly, recurrent tumors may complicate
the initial treatment. Secondly, in theory, establishing a
connection between the cyst cavity and the CSF space to use the
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CSF flow to reduce cyst reaccumulate may be an ideal way, but no
studies have confirmed the exact effectiveness of this approach and
it is uncertain whether the enlarged cyst opening will close.
Thirdly, given the visual benefits of endoscopy, cysts can
potentially be treated more comprehensively under direct
visualization (Figure 3). Nevertheless, the extent to which
endoscopy can conclusively be identified as a potential factor in
reducing the recurrence rate of ACP remains uncertain, and there
is still a lack of standardized guidelines for endoscopic therapy
techniques. Additionally, there exists a diversity in the techniques
for cyst drainage. The likelihood of cyst reformation and the safety
of the procedure have not been thoroughly compared across
different surgical approaches.

The limitations of the present literature on cyst management of
ACP predominantly arise from the varying definitions of cystic
recurrence in existing studies, making comparisons between
different research endeavors challenging. Additionally, these
clinical data primarily originate from patients treated in varying
selective settings, often lacking extensive long-term follow-up (22),
but these clinical experiences may open up a new potential avenue
for the treatment of ACP.
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FIGURE 2

Endoscopic endonasal surgery (EES) was performed to remove the third ventricle Craniopharyngioma by STLT approach. [taken reference from Zhou
et al. (74)]. (A) The optic chiasm exposure after the dura mater opening. (B) Lamina terminalis exposure after anterior longitudinal division and
anterior circulation artery arachnoid membrane dissection. (C) Pulling the optic chiasm downward and the anterior circulation artery system upward
to fully exposed the lamina terminalis and the surgical approach, and no tumor was found in the narrow infrachiasmatic space. (D, E) The anterior
part of the third ventricle tumor was exposed after lamina terminalis incision, and the tumor was debulked and removed using suction tube and
grasping forcep piece by piece; (F) Complete removal the third ventricle tumor without surgical-related injury. OC, optic chiasm; Al, Al segment of
anterior cerebral artery; LT, lamina terminalis; TV, third ventricle; C, craniopharyngioma.

7.3 Intracystic catheter and
reservoir system

Given the potential reaggregation of cysts and the emergence of
new clinical symptoms due to cystic occupation, an intracystic
catheter and reservoir (such as a Rickham or Ommaya reservoir)
are considered for implantation. In the majority of cases, it is
feasible to establish a sustainable decompression regimen to address
cyst progression (22, 82). Mouss et al. documented 52 patients with
cystic craniopharyngioma, and with a minimum follow-up of 7
years, they were astounded to discover that 38 patients (73%)
experienced no recurrence of cysts and necessitated no further
treatment (81). Various methods for catheter implantation in the
capsular cavity exist, encompassing neuroendoscopy, stereotactic
techniques, neuronavigation, freehand placement, and
intraoperative MRI, among others (81-85). The prevailing trend
in development is the emphasis on precision and visualization in
catheter placement. Nevertheless, catheter placement may give rise
to infrequent complications like infection, bleeding, CSF leakage,
catheter obstruction and displacement (32, 81, 82, 86-88). Lau et al.
(87) undertook a systematic review of 43 studies and determined
that the use of image guidance during implantation resulted in
fewer complications compared to procedures without it. In our
experience, it is challenging to completely aspirate the cyst contents
during the initial surgery and accurately gauge the extent of cyst
component removal in the absence of a clear visual field. It is
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important to note that the high viscosity of the “oil-like” cystic fluid,
along with substantial calcification, can hinder later aspiration
efforts, potentially necessitating catheter replacement after
obstruction. Furthermore, even with precise preoperative
positioning, certain rigid or elastic cyst walls may diminish the
puncture fault tolerance rate (89), and forceful puncture may result
in cystic bleeding (32, 48). However, visualization techniques like
endoscopy can mitigate these issues, particularly in the case of
polycystic or large craniopharyngiomas that extend into the
posterior fossa. Employing a reservoir establishes a secure conduit
for intracapsular irradiation and heightens sensitivity to subsequent
radiation therapy by facilitating the removal of more fluid.

8 Radiotherapy

Radiotherapy serves as a crucial adjuvant therapy for ACP.
Extensive clinical data and meta-analyses indicate that subtotal
resection with radiotherapy (STR+RT) may yield tumor control
rates similar to, or even superior to, those achieved by GTR,
particularly in terms of endocrine outcomes (90-92). The 5-year
PFS rates were 67-77% for GTR and 69-73% for STR in
combination with radiotherapy (93, 94). Importantly, STR+RT
did not elevate the risk of long-term onset or central diabetes
insipidus. Notably, there is no substantial disparity in PFS across
various radiological techniques (22). Proton therapy offers benefits
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TABLE 1 Summary of Cyst Drainage for Cystic Craniopharyngiomas.

10.3389/fonc.2023.1326595

Aumber Morpholo Drainage Radiotherap Follows REcurrence Complications
of cases 9y method Y Up (months) Rate
Delitala et al.,
eitaa et @ 7 Cystic Endoscopy No 38 28% No
2004 (78)
Tirakotai et al, 10 Mixed Endoscopy No NA 20% (solid) No
2004 (79)
hubert et al.,
5 21(1)2? (860) 7 Cystic Stereotaxy Yes 118 29% No
Park et al.,
2?;1 16(41) 13 Cystic Endoscopy Yes 32 54% No
Moussa et al.,
2 i 4 279% N
2012 (81) 5 Cystic Stereotaxy No 5 7% o
Takano et al,,
i E Y 7 119 N
2015 (36) 9 Cystic ndoscopy es 3 % o
Rachinger et al, 31 Cysti Stereot: N 51 . Intratumo al
stic ereotaxy o
2016 (32) ¥ ° bleeding (1)
Lauretti et al, 8 Cystic Endosco No 56 12.5% CSF leak
2017 (37) ysti ndoscopy 5% akage
Frio et al. 2019 End:
roetd 11 Cystic ncoscopy No 41.4 27.3% CSF leakage
(82) + Stereotaxy
H20(11107n (Zt;l' 10 Cystic Endoscopy Yes 30 10% (solid) No
Steiert et al. Dislocation of
12 Cysti Stereotaxy Y 41 0
2021 (77) ystie ereo e the catheter
Chen et al.
ene 15 Cystic Endoscopy No 67 33% No
2022 (55)

CSF, cerebrospinal fluid.

over photon irradiation by minimizing the dosage received by
closely situated critical structures, potentially ameliorating both
acute and long-term toxic effects of radiation therapy. Findings
from a recent single-arm Phase II clinical trial (NCT01419067)
evaluating proton therapy in conjunction with limited surgery for
craniopharyngioma (RT2CR) in children and adolescents
demonstrated that proton therapy led to superior cognitive
outcomes compared to photon therapy (95). However, no
significant differences were observed in other aspects. However,
there are several concerns associated with radiotherapy for ACP: (1)
The ideal timing for radiotherapy remains uncertain—whether as
an early adjuvant measure or as a salvage intervention. Limited-
quality clinical evidence indicates that salvage radiotherapy may
elevate the risk of visual and endocrine complications, although it
does not confer a survival advantage. (2) Cyst growth is frequently
an unpredictable phenomenon (61, 96, 97). Cysts can exhibit either
rapid or gradual expansion at any given time, introducing instability
in the potential coverage of the target region. Hence, periodic
imaging throughout radiotherapy may be imperative to ascertain
precise coverage. (3) Given the relative resistance of cysts to
radiotherapy, surgical intervention or cyst drainage is often
required in most cases to diminish the overall cyst volume,
thereby enhancing the efficacy of radiotherapy (36, 48, 86). (4)
In cases of mixed cystic and solid tumors, it is possible that solid
and cystic components exhibit distinct responses to radiotherapy
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(98-100). Given the potential autonomy of these components, some
studies have explored the combination of stereotactic radiotherapy
(SRS) and endovascular radiotherapy as a therapeutic strategy for
mixed ACP (101).

9 Intracavitary treatment
9.1 Intracavitary brachytherapy

Intracavitary Brachytherapy (IBT) has demonstrated
effectiveness in ACP treatment while minimizing radiation
exposure to adjacent normal tissue structures. A recent review
(102) illustrated the favorable impact of IBT on cystic
craniopharyngiomas. Among 228 patients with purely cystic
lesions, 89% exhibited either complete or partial responses. This
intervention led to visual and endocrine enhancements of 64% and
20%, respectively. In contrast, mixed cystic tumors showed less
favorable outcomes. However, in the most extensive cohort (90
patients) with the lengthiest follow-up period (mean 121 months,
ranging from 60 to 192 months), individual ACP patients treated
with P32 brachyluminal irradiation exhibited significant results.
Specifically, 56 cysts (43.4%) experienced complete regression or
remained recurrence-free, while 47 cysts (36.4%) demonstrated a
partial response. Five cysts (3.9%) remained stable. Additionally,
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FIGURE 3

Neuroendoscopic treatment of giant cystic craniopharyngioma in a 15-year-old boy. MRI (A—C) showing a giant cystic lesion on the front middle,
and posterior fossa. White arrow shows small cystic tumor of the third ventricle. Postoperative MRI reveals no obvious cystic tumor after
neuroendoscopic surgery (D—F). Five years later, the MRI reveals the previous tumor had disappeared, with a solid lesion on the suprasellar region
(G) and a cystic lesion compressing the mid brain aqueduct (H), which caused hydrocephalus. The patient received a ventriculoperitoneal shunt, and
his condition improved. One year later, MRI reveals (I, J) that the tumor had become larger than before. Postoperative MRI reveals that (K, L) the
cystic lesion disappeared and the midbrain aqueduct opened up after the neuroendoscopic surgery. As of 2 years into follow-up, the size of the
remaining tumor had not changed, and the patient had continued to live a normal life.

complications arose in 7 patients (7.8%) (103). In two other
extensive series (104, 105) encompassing 53 and 49 patients
respectively, 5-year tumor control rates were 86% and 76%.
Complications were observed in 5.9% and 6.1% of cases. The
aforementioned comprehensive series of studies have
demonstrated that IBT stands as a dependable method for
treating ACP in the short to medium-term follow-up (Table 2).
However, complications occur primarily stemming from radiation-
induced damage due to nuclide leakage. Another constraint lies in
IBT’s reduced efficacy against the solid component of mixed
tumors. This elucidates why IBT proves more efficacious in
managing purely cystic tumors as opposed to mixed ones.

9.2 Intracavitary
chemotherapeutic treatment

An alternative approach to enhance tumor control while
minimizing radiation exposure involves exploring alternative
intracapsular injection substances, including bleomycin and
interferon. In several extensive retrospective studies employing
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bleomycin (112-114), Follow-up times ranged from 2 to 10 years.
patients exhibited complete cyst disappearance rates ranging from
29% to 67%. Most cysts experienced varying degrees of reduction.
Nonetheless, patients often experience complications such as
headaches, nausea, and vomiting following administration.
Simultaneously, nuclide leakage can potentially inflict damage
on the hypothalamus and optic nerve, and in severe cases, lead to
fatality (115-117). The clinical evidence from three consecutive
reviews (118-120) does not favor the utilization of bleomycin in
ACP, given the trade-off between benefits and complications. It is
recommended that randomized controlled trials employing
standardized dosing regimens be conducted to ascertain the
safety and efficacy of bleomycin in tumor treatment. In contrast
to bleomycin, which is linked to more prevalent adverse reactions
in ACP treatment, a recent systematic review of intracapsular
drugs for ACP indicated that intratumoral interferon alpha
appeared to yield the most favorable response with minimal side
effects in ACP treatment when compared to other drugs (121).
Cavalheiro et al. conducted a prospective multi-center analysis
involving 60 cases of ACP. Clinical and radiological
improvements were observed in 76% of cases, with a small
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TABLE 2 Review of the literature on Phosphorus-32 use in the treatment of cystic craniopharyngiomas.

Mean o . L
NO. Radiation Previous Response Follow- Complications
of patients (years) dose (mean) treatments P Up (months) (N)
1
POLLACK, et al. Surgery Complete
9 - 200-300Gy (22.2%) 27 None
1988 (106) (22.2%) X
Partial (77.8%)
Complete
1 0,
(10%) VA @),
POLLOCK, et al., Surgery (50%) Partial (83.3%)
30 26 253Gy 37 DI (2),
1995 (107) RT (33.3%) Stable (3%) AB (3)
Progression
(20%)
Surgery Complete
hahzadi 1. 27.2%
Shahzadi et a 2 14 250Gy (95.4%) (27.2%) 105 None
2008 (108) RT (45.5%) Partial (45.5%)
~n Stable (18.2%)
Surge Complete
Zhao et al., 2009 (60) 20 62 400-500Gy sery (30%) 477 None
(58.8%) ’
Partial (70%)
Complete (5%)
X Surgery Partial (26.3%)
B t al.,
arriger et @ 19 20 290.5Gy (63.2%) Stable (10.5%) 62 None
2011 (109) .
RT (5%) Progression
(57.9%)
Complete
(17%)
Surgery Partial (58.5
Hazs;zcl;jvg Oe;)al., 41 29 224Gy (52.8%) %) 60 \l,)? ((33))
RT (24%) Stable (12.2 %)
Progression
(12.2%)
Complete
Yu et al., 2014 S 159
ue ( 1a10) 20 67 150Gy “rlf;r’('s(o " %) (60%) 486 None
’ Partial (40%)
Complete (5%)
S Partial (29.4%
Maarouf, et al, urgery artial ( %)
2015 (111) 17 154 200Gy (58.8%) Stable (17.6%) 61.9 None
RT (17.6%) Progression
(17.6%)
Complete
(29.4 %)
Partial (52.
Chmmed s e ey TR wp e
o Stable (5.9 %)
Progression
(11.8 %)
Complete
Surgery (61%) (43.4%) VA (4), TNP (2),
Y 1., 2021 (103 0 X 2! 121
ueta (103) o 366 S0Gy RT (156%)  Partial (36.4%) CAO (1)
Stable (3.9%)

VA, Visual abnormalities; TNP, Third nerve palsy; CAO, Carotid artery occlusion; DI, Diabetes insipidus; AB, Abnormal behaviour.

subset of patients experiencing minor side effects like mild
headaches and eyelid edema (122). Kilday (123) et al. conducted
a clinical trial involving 56 children from 21 international centers.
Among them, 43 (77%) patients had received other treatments
prior to interferon. Intracapsular interferon was found to impede
further tumor progression compared to previous treatments.
Following interferon therapy, 42 patients experienced
progression (median time of 14 months; range of 0-8 years).
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The estimated median time to reach the final treatment after
interferon therapy was 5.8 years (ranging from 1.8 to 9.7 years),
and significant side effects were infrequent. However, the recently
published National UK guidelines for the management of
pediatric craniopharyngioma do not provide adequate evidence
to endorse IFNo as the preferred first-line treatment option.
Additionally, intracystic bleomycin and radioisotopes lack
robust support as the primary strategies for ACP treatment (124).
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10 Target therapies

As our understanding of ACP’s pathogenesis advances, there is
a growing optimism regarding the clinical application of targeted
drugs aimed at the growth and molecular pathways associated with
ACP. MEK inhibitors have demonstrated the ability to decrease
tumor cell count, inhibit cell proliferation, and induce apoptosis by
impeding the MAPK/ERK signal transduction pathways Park (125).
In a compassionate treatment approach, a 26-year-old woman,
previously subjected to multiple surgeries, received binimetinib
for 8 months, resulting in a reduction in tumor volume. Although
the reduction was not notably substantial, this case presents
additional avenues for MEK as a potential target in ACP
treatment (126). Simultaneously, drugs targeting IL-6 appear to
elicit a more substantial reduction in volume during ACP treatment
(127). Two patients with recurrent ACP experienced noteworthy
reductions in tumor volume after receiving either tocilizumab or a
combination of tocilizumab and bevacizumab. At present, the
targeted therapy for the above targets has shown an optimistic
attitude in the treatment of ACP for the time being, but further
clinical and basic research is still needed to determine their specific
efficacy in the treatment of ACP.

11 Childhood-
onset craniopharyngioma

Childhood-onset craniopharyngioma predominantly manifests
as Adamantinomatous Craniopharyngioma (ACP), showing a
combination of cystic, solid, and calcified components (128). In
contrast to the adult CP, its diagnosis often occurs late, featuring
clinical indications like increased intracranial pressure, alongside
endocrine deficits and visual impairment (5). Therapeutic strategies
for childhood-onset CP encompass surgical resection, radiotherapy,
cyst aspiration, and intracavitary chemotherapy. However, recent
guidelines lack a clearly defined optimal treatment plan (124).
Surgical outcome is often associated with a high recurrence rate.
A comprehensive review (93) involving 109 studies and 532 cases of
childhood-onset CP undergoing surgical resection revealed
recurrences in 377 cases. The 5-year progression-free survival for
GTR, STR+XRT, and STR alone stood at 77%, 73%, and 43%,
respectively. GTR and STR+XRT exhibit similar tumor control
rates, with GTR demonstrating relatively superior tumor control
effects compared to STR alone. However, adjuvant radiotherapy is
often employed as a salvage measure.

In the past, the use of the Endoscopic Endonasal Approach
(EEA) in pediatric Craniopharyngioma (CP) appeared
controversial due to unique considerations in children’s nasal
anatomy and the risk of CSF leakage. However, a recent
systematic review of pediatric CP seems to challenge this
perception (129). This review encompassed 835 patients
underwent TCA (18 articles) and 403 patients underwent EEA
(19 articles), indicating a rising preference for EEA in pediatric CP,
showing favorable outcomes. Analysis from the study showed EEA
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as the preferred approach (p = 0.006, PI = 26.8-70.8, 12 = 40%) for
sellar-suprasellar CPs, while TCA was favored for purely suprasellar
CPs (p = 0.007, PI = 13.5-81.1, 12 = 61%). However, no significant
difference was observed between the approaches for purely
intrasellar lesions (p = 0.94, PI = 0-62.7, 12 = 26%).

Recent two single-center retrospective studies further
highlighted the feasibility and safety of EEA in treating pediatric
midline CP (130, 131). In a cohort of 25 patients, a GTR reached
92%, with a tumor recurrence rate of 19% over a mean follow-up of
72 + 67 months, and panhypopituitarism was the most common
complication (92%) (130). Another study comparing EEA (35
patients) and TCA (16 patients) in pediatric midline CP found
comparable tumor control and surgical complication rates between
the approaches (131). Additionally, EEA may be associated with
better visual and endocrine outcomes. This shifting preference
underscores the increasing role and acceptance of EEA in
managing pediatric CP.

While intracavitary chemotherapy or cyst aspiration generally
show greater efficacy than conservative approaches, their PFS have
not been well described compared to surgical resection in existing
literature. In cases of childhood-onset CP accompanied by
hydrocephalus, a staged approach involving minimally invasive
cyst decompression followed by cyst aspiration or tumor resection
is recommended to mitigate clinical risks and achieve effective
tumor control (124).

CP invasion into the hypothalamus or surgical injury often
leads to the development of hypothalamic syndrome, encompassing
hypothalamic obesity and neuropsychological deficits (132). For
patients with definite hypothalamic involvement, STR combined
with postoperative radiotherapy is recommended to reduce the
incidence of long-term obesity without increasing the recurrence
rate (133). Accurate preoperative grading of hypothalamic
involvement stands pivotal in shaping surgical strategies
and preventing hypothalamic injury. Several different
hypothalamic grading systems have been developed in the past
(19), including recent applications of machine learning in
predicting ACP invasiveness through radiomic methodologies
(134). Advancements in imaging modalities, such as 7-T MRI or
fMRI, significantly enhance hypothalamic structure visualization,
aiding neurosurgeons in precise surgical resection. Despite recent
enhancements in understanding hypothalamic syndrome, effective
pharmaceutical interventions for hypothalamic obesity remain
elusive, and data on treating neurocognitive deficits in childhood-
onset CP are insufficient (5). Consequently, an effective remedy for
hypothalamic syndrome, posing a significant challenge in
childhood-onset CP treatment, remains absent. Future research
should prioritize exploring the molecular mechanisms underlying
CP invasion of the hypothalamus to develop strategies for
preventing and treating hypothalamic syndrome.

12 Conclusion

Adamantomatous craniopharyngioma (ACP) represents a
complex intracranial tumor. Despite significant strides in ACP

frontiersin.org



https://doi.org/10.3389/fonc.2023.1326595

https://www.frontiersin.org/journals/oncology

https://www.frontiersin.org



Chen et al.

research and treatment over the past three decades, achieving full
control of this often-termed “most challenging brain tumor”
remains elusive. Recent clinical perspectives have shifted
towards managing cysts and treating ACP as a chronic
neurosurgical condition, emphasizing the importance of
achieving a high-quality, long-term life for patients. This may
open up a new potential avenue for ACP treatment. However, the
long-term risks of cyst reaggregation and tumor recurrence still
need to be fully evaluated. The primary objective in ACP
treatment remains the amalgamation of maximal safe resection
with radiation therapy, ongoing cyst decompression, and
pharmacotherapy to balance long-term tumor control and
quality of life. Simultaneously, owing to ACP’s relative rarity
and the tumor’s heterogeneity, conducting clinical and
foundational trials to bolster international collaboration across
diverse nations will significantly enhance our comprehensive
comprehension of this condition.
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