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Langerhans cell histiocytosis (LCH) is a complex disorder characterized by the clonal proliferation of Langerhans cells, primarily affecting children and adolescents. This condition exhibits a wide spectrum of clinical presentations, necessitating a multidisciplinary approach for diagnosis, treatment, and follow-up. Cutaneous manifestations of LCH are significant, mimicking common dermatoses and posing diagnostic challenges. [18F]Fluorodeoxyglucose-Positron Emission Tomography (FDG-PET) has emerged as an important tool in the evaluation of pediatric LCH, offering insights into disease activity, extent, and therapeutic response. Moreover, FDG-PET provides a non-invasive means to distinguish between active LCH skin lesions and other dermatological conditions with similar clinical appearances, enhancing diagnostic accuracy and aiding in disease monitoring. This educational review summarizes the utility of nuclear imaging techniques, with a focus on PET scans, in the diagnosis and management of cutaneous pediatric LCH. A comprehensive literature search identified seven relevant articles, including retrospective studies and case reports. These studies highlight the efficacy of FDG-PET in localizing active LCH skin lesions, monitoring disease activity, and guiding treatment decisions. FDG-PET represents a valuable imaging modality for dermatologists, oncologists, and pediatricians managing pediatric LCH patients with cutaneous involvement. This non-invasive technique contributes to improved diagnostic accuracy and facilitates early intervention, ultimately enhancing patient care and outcomes.
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Introduction

Langerhans cell histiocytosis (LCH) is a rare and complex disorder characterized by the clonal proliferation of Langerhans cells, a type of dendritic cell, which normally plays a crucial role in the immune system (1–3). This condition primarily affects children and adolescents, although it can occur in adults as well (4–7). LCH is marked by the infiltration of Langerhans cells into various tissues and organs, leading to a wide spectrum of clinical presentations, ranging from isolated skin lesions to systemic involvement with potentially life-threatening consequences (8–10).

One of the hallmarks of LCH is its unpredictable clinical course, with some patients experiencing spontaneous resolution of lesions, while others endure a chronic and relapsing course that necessitates prolonged treatment and monitoring (11–13). Given its variable presentation and the potential for involvement of virtually any organ system, LCH requires a multidisciplinary approach to diagnosis, treatment, and follow-up (14–16). The disease’s diverse clinical manifestations often pose diagnostic challenges, and its rarity has contributed to limited awareness and research, making it essential to comprehensively understand LCH to improve patient outcomes (17–20).

While virtually any organ can be affected, skeletal involvement stands out as the most prevalent, affecting roughly 90% of pediatric LCH cases (20–23). Additionally, skin manifestations are observed in approximately one-third of patients (20). While its annual incidence is relatively low, approximately 4–4.5 cases per million, LCH’s dermatological presentations impact a significant proportion of patients, making it vital to explore this facet of the disease in detail (24–27). As such, cutaneous manifestations hold particular clinical significance. These skin lesions can take on various forms, including papules, nodules, ulcers, or even chronic eczematous eruptions, often leading to diagnostic challenges due to their resemblance to more common skin conditions (28–30). Given the diverse range of dermatological presentations and their potential for morbidity, understanding and accurately diagnosing skin-specific manifestations are of high importance (31–40). This review aims to summarize the utility of nuclear imaging techniques with emphasis on PET in the diagnosis and treatment of cutaneous pediatric LCH.



Methods

This educational review was conducted to summarize the utility of nuclear imaging techniques in the diagnosis, management, and follow-up of pediatric LCH. PubMed, Scopus, and ScienceDirect databases were searched for relevant articles discussing the utility of PET scans in pediatric LCH. The search strategy employed a combination of keywords, including “Langerhans cell histiocytosis,” “PET,” “nuclear imaging,” and “pediatric.” A total of 276 citations were identified in the initial search. Two independent reviewers assessed the titles and abstracts of these citations for relevance. Articles meeting the inclusion criteria were selected for full-text review. Studies included those that discussed the use of PET scans in managing pediatric LCH, were published in English language peer-reviewed journals, and were available from January 1985 to September 2023.



Results

Following the review of titles, abstracts, and duplicates, 225 articles were removed due to being out of scope. Upon further screening, another 22 articles were excluded due to not matching the scope of the study, 20 were excluded due to only including adult patients, one was excluded due to insufficient detail, and one more was excluded due to the full-text not being accessible in English. This left a total of seven articles for analysis (Table 1). Data retrieval encompassed the extraction of pertinent information from each scholarly article, which included key metrics such as patient cohort size, employed imaging modalities, and resultant findings. A systematic narrative synthesis was subsequently executed to encapsulate the efficacy of FDG-PET as a diagnostic and treatment monitoring tool for cutaneous lesions in pediatric LCH. No studies regarding other radiotracers in pediatric LCH were identified in the literature search.



TABLE 1 Demographics and outcomes of the studies included.
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In summary, three retrospective studies and four case reports discussed the utility of FDG-PET in pediatric LCH, specifically regarding cutaneous manifestations. The first retrospective study reviewed FDG-PET/CT scans in 33 pediatric patients with LCH, of which four had skin-unifocal disease (41). The second retrospective explored FDG-PET/CT in 22 Chinese pediatric LCH patients (42), while the third retrospective review investigated the use of FDG-PET/MR in 15 pediatric LCH patients (43). The studies highlighted the significant utility of FDG-PET/CT and FDG-PET/MR in managing cutaneous lesions of LCH, offering precise localization and differentiation of active LCH skin lesions from other dermatological conditions, such as benign skin rashes, eczema, and non-inflammatory skin lesions, which are non-FDG avid. The imaging technique plays a crucial role in overall disease evaluation, monitoring treatment response, and guiding therapeutic decisions, and proved to be a tool that dermatologists and oncologists would benefit from understanding in the multidisciplinary care of pediatric LCH patients. Four articles featured case reports on the use of FDG-PET scans in pediatric LCH (44–47), highlighting the use of FDG-PET to monitor disease activity over time and to precisely localize active lesions.



Discussion

In the realm of pediatric LCH, this compilation of case reports and reviews explores the central role of FDG-PET imaging in diagnosing and managing cutaneous manifestations. Through unique cases of pediatric patients, the multidimensional capabilities of FDG-PET/CT were evident in assessing both cutaneous and systemic aspects of LCH. Retrospective studies emphasize the sensitivity and specificity of FDG-PET, despite radiation exposure concerns, in detecting and monitoring cutaneous lesions. Pediatric dermatologists, as key members of the multidisciplinary team, play a pivotal role in utilizing FDG-PET to diagnose and monitor cutaneous LCH, contributing to tailored treatment plans that address both dermatological and systemic considerations. As we navigate the intricate interplay between cutaneous symptoms and FDG-PET imaging, it becomes clear that a nuanced understanding of this modality is essential for optimizing care and outcomes in pediatric LCH patients.


Case reports

In a case report of an 8-year-old girl with LCH of the occipital condyle (44), the patient initially presented with neck pain, and PET/CT imaging played a role in evaluating the metabolic activity of the lesion. Although the case report does not extensively detail the cutaneous symptoms, the patient initially presented with neck pain and torticollis. FDG-PET/CT imaging played a crucial role in evaluating the metabolic activity of the lesion, providing insights into the involvement of musculoskeletal and possibly adjacent soft tissue structures, which guided treatment planning and monitoring response to therapy. This multidimensional approach is critical in pediatric LCH cases, where the disease may manifest in various organs and tissues. A similar case report of another 8-year-old female patient highlights the importance of FDG-PET/CT imaging in the diagnosis and management of cutaneous manifestations of pediatric LCH, with a specific focus on vulvar lesions (45). The patient’s vulvar biopsy confirmed the diagnosis of LCH, and subsequent imaging studies, including FDG-PET/CT, revealed a left hip lesion consistent with LCH. This emphasizes the systemic nature of LCH and the need for a comprehensive evaluation to assess the involvement of multiple organ systems. In the context of cutaneous manifestations, PET/CT is particularly valuable for its ability to detect hypermetabolic activity associated with LCH lesions. The report describes a hypermetabolic osteolytic lesion in the left iliac wing, as revealed by FDG-PET/CT, which corresponded to the skeletal radiograph findings. This information is crucial not only for confirming the diagnosis but also for guiding treatment decisions. The systemic chemotherapy (vinblastine, prednisone, and methotrexate) administered to the patient was based on the extent of involvement revealed by imaging studies. Moreover, the case highlights the challenges in diagnosing LCH based solely on the presence of cutaneous lesions, as these may mimic other more common conditions. The report emphasizes the importance of a low threshold for performing biopsies of vulvar lesions, especially in children, to avoid misdiagnosing cutaneous manifestations of diseases that can have significant morbidity. However, less invasive methods such as swabs for HSV or identifying foreign bodies should be considered based on the lesion’s presentation.

In a unique case of congenital LCH, a neonate with extensive papular skin lesions underwent a comprehensive imaging workup, including contrast-enhanced CT and FDG-PET/CT (46). The initial findings revealed innumerable soft-tissue density nodules and hypermetabolic lymphadenopathy in various regions. The use of FDG-PET/CT provided valuable insights into the extent and metabolic activity of the lesions, aiding in both diagnosis and treatment planning. The subsequent follow-up FDG-PET/CT played a crucial role in assessing treatment response by monitoring changes in metabolic activity of the lesions. The follow-up imaging showed a significant reduction in FDG uptake, indicating remission of the disease following systemic chemotherapy. While FDG-PET/CT provided valuable insights into the extent and metabolic activity of the lesions, it is important to note the limitations and barriers associated with this imaging modality in infants. These include the need for sedation or general anesthesia to ensure the infant remains still during the scan, as well as the associated risks and logistical challenges. Additionally, a skeletal survey, which is less invasive and does not require sedation, may be a more appropriate initial imaging modality in some cases. The greatest role of FDG-PET lies in assessing multisystem involvement.

In a case of a 6-year-old boy with LCH, the patient initially presented with generalized erythematous skin rashes (47). In the realm of cutaneous manifestations, FDG-PET/CT provided crucial information about the metabolic activity of lesions, guiding clinicians in assessing disease activity and response to treatment. The case highlights the potential of FDG-PET/CT in offering a holistic evaluation of LCH, including its cutaneous component. This approach not only facilitates early and accurate staging but also contributes to a more nuanced management strategy tailored to the specific manifestations of LCH, both cutaneous and systemic. The findings from this case suggest that FDG-PET/CT can serve as a tool in the multidisciplinary approach to LCH, particularly when cutaneous symptoms are a significant aspect of the clinical presentation.

All case reports presented highlight the crucial role of FDG-PET in diagnosing and managing cutaneous manifestations of pediatric LCH. The cases highlight the systemic nature of LCH, emphasizing the need for a holistic evaluation to assess the involvement of multiple organ systems. FDG-PET/CT imaging were found to be a valuable tool in evaluating the metabolic activity of lesions, aiding in both diagnosis and treatment planning. FDG-PET/CT proved essential in cases where cutaneous symptoms were significant, offering insights into the distribution and severity of cutaneous involvement.



Comprehensive reviews

One retrospective study investigated 109 FDG-PET/CT scans in 33 pediatric patients, offering valuable insights into the use of this imaging modality for cutaneous symptoms (41). FDG-PET/CT proves highly sensitive, allowing for comprehensive staging and effective follow-up during treatment. The study demonstrated that FDG-PET/CT was adept at detecting all types of LCH lesions, including cutaneous lesion, and assessing the extent of disease involvement. Particularly in the context of LCH, where skin involvement is observed in approximately 33% of cases, the sensitivity of FDG-PET/CT becomes important. The ability to identify metabolic activity in the skin lesions facilitates accurate staging and monitoring of treatment response. Moreover, the low per-patient false-positive rate of 4% found at staging indicated the reliability of FDG-PET/CT in minimizing unnecessary interventions. The study’s emphasis on the specificity and sensitivity of FDG-PET/CT during follow-up, with a per-scan false-positive rate of 2%, highlighted its efficacy in tracking disease recurrence and progression specifically in cutaneous LCH. While acknowledging the inevitable increase in radiation exposure associated with FDG-PET/CT, the study contended that the benefits of accurate staging, monitoring, and detection of cutaneous lesions outweigh the potential risks. This is particularly relevant in cases where conventional imaging modalities may fall short in providing a comprehensive assessment of cutaneous symptoms. However, with the whole body PET systems and PET/MRI, the radiation exposure is significantly reduced. The final conclusions of the study do not make a recommendation as to the utility of FDG-PET/CT as a valuable tool in solely the cutaneous management of pediatric LCH, but encourage the use of this imaging modality in the comprehensive assessment of pediatric LCH.

Another retrospective study analyzed FDG-PET/CT images from 22 patients, of which 14 were pediatric, diagnosed with LCH, and revealed that FDG-PET/CT was a valuable tool for diagnosing and evaluating treatment progress in LCH, extending its significance beyond conventional imaging methods (42). Skin and soft tissue involvement accounted for 22.7% of cases. FDG-PET/CT, as a whole-body imaging technique, offered a comprehensive view of systemic LCH involvement, including cutaneous lesions. This is crucial in the context of LCH, where lesions can affect multiple sites and may not always be apparent through conventional imaging alone. Moreover, the study noted that FDG-PET/CT provides both anatomical details and metabolic information about lesions. In the context of cutaneous symptoms, this dual capability is particularly relevant. While conventional imaging methods like X-ray, CT, and MRI play key roles in diagnosing and evaluating the extent of LCH, FDG-PET/CT adds a metabolic dimension. This is essential for assessing the activity of lesions, including those in the skin, and can contribute to a more comprehensive understanding of disease status. While the study touched on skin involvement in pediatric LCH, it did not provide an in-depth analysis of cutaneous manifestations. However, it highlighted the significance of FDG-PET/CT in the overall management of LCH, emphasizing its potential in evaluating cutaneous symptoms along with other organ involvement.

A final retrospective analysis studied 15 children with LCH. However, regarding the cutaneous aspect, the study mentions only two cases with skin manifestations (43). Despite the limited mention, it is crucial to discuss the implications of PET/MR and PET/CT in assessing cutaneous symptoms. PET/CT, with its sensitivity to skeletal staging and ability to identify lesions smaller than 10 mm, has been established as a significant tool in the diagnosis and evaluation of pediatric LCH. While FDG-PET/MR is highlighted for its reduced radiation exposure, FDG-PET/CT remains a valuable tool with high sensitivity for skeletal and soft tissue lesions, making it a potential complementary approach in the comprehensive evaluation of cutaneous symptoms in pediatric LCH.

The retrospective studies provided valuable insights into the use of FDG-PET/CT in managing cutaneous lesions of LCH. FDG-PET/CT’s high sensitivity is emphasized, allowing for comprehensive staging and effective follow-up during treatment. The specificity and sensitivity of FDG-PET/CT during follow-up highlight its efficacy in tracking disease recurrence and progression, which can also be clinically correlated in cutaneous LCH. The articles do not explicitly recommend FDG-PET/CT as a sole tool for cutaneous management but encourage its use in the comprehensive assessment of pediatric LCH, considering its high sensitivity, specificity, and ability to offer a whole-body perspective.

Pediatric dermatologists play a pivotal role in the multidisciplinary care of pediatric Langerhans cell histiocytosis patients. Given the complex and variable nature of LCH, including its cutaneous manifestations, pediatric dermatologists should become familiar with the use and interpretation of FDG-PET scans to enhance their ability to contribute effectively to the multidisciplinary team. Pediatric dermatologists are often the first point of contact for patients presenting initially with cutaneous symptoms (48). FDG-PET provides a means to distinguish between active LCH skin lesions and other dermatological conditions with similar clinical appearances. By capturing increased glucose metabolism, FDG-PET enables precise localization and differentiation of LCH skin lesions. This capability is crucial for accurate diagnosis, especially when cutaneous manifestations mimic common skin conditions, allowing pediatric dermatologists to initiate appropriate and timely interventions (Figure 1).

[image: Figure 1]

FIGURE 1
 Utility and applications of FDG-PET in the distinction and detection of LCH lesions. The two PET scans in the top half of the figure and the PET scans in the bottom half of the figure: Adapted with permission from Luo et al. (46), licensed under CC BY-NC-ND 4.0, https://doi.org/10.21037/qims-21-823.


Understanding the systemic nature of LCH is essential for effective management. Pediatric dermatologists, in collaboration with other specialists, can utilize FDG-PET to assess the extent of disease involvement beyond the skin. This comprehensive, whole-body assessment aids in the identification of both common and rare sites of involvement (49).

In the multidisciplinary care of pediatric LCH patients, treatment decisions are often guided by the extent of disease involvement. The ability of FDG-PET to monitor treatment response over time allows pediatric oncologists and other specialists to actively participate in adjusting therapeutic strategies. This real-time feedback enhances the collaborative efforts of the multidisciplinary team, ensuring that interventions are tailored to the evolving needs of the patient. Effective management of LCH requires close collaboration among pediatric oncologists, dermatologists, radiologists, and nuclear medicine physicians. Understanding and interpreting FDG-PET scans enable effective communication within the multidisciplinary team, fostering a collaborative approach to diagnosis, treatment, and follow-up. By actively participating in discussions related to PET findings, each specialist contributes unique insights into different aspects of the disease, enriching the overall understanding of the patient’s condition (50, 51).

However, one significant limitation of FDG-PET imaging is the potential for false-positive and false-negative results (51). False-positive results can occur due to the non-specific nature of FDG uptake, which can be seen in various inflammatory and infectious conditions that mimic LCH. On the other hand, false-negative results might occur in lesions with low metabolic activity or in small lesions below the resolution threshold of the PET scanner. These inaccuracies can hinder the effective diagnosis and monitoring of LCH, potentially delaying appropriate treatment interventions (51).

Radiation exposure is also a critical concern, especially in pediatric patients. Children are more sensitive to radiation, and the cumulative exposure from multiple imaging studies can increase the risk of radiation-induced malignancies later in life. Advances in imaging technology, such as FDG-PET/MRI, offer reduced radiation exposure but are not yet universally available or standardized in clinical practice (48, 49).

[18F]Fluorodeoxyglucose-Positron Emission Tomography imaging also has technical limitations that can impact its effectiveness. Spatial resolution, although improving, can still be insufficient for detecting very small lesions, which is particularly relevant in cutaneous LCH where lesions can be small and widespread. Additionally, the interpretation of FDG-PET images requires significant expertise to diagnose LCH.

One significant limitation of FDG-PET imaging is the requirement for general anesthesia or sedation in pediatric patients to ensure they remain still during the scan. This carries associated risks, such as potential complications from anesthesia and the need for specialized medical personnel and facilities, which may not always be available. Additionally, the availability of FDG-PET/CT is limited in some settings, particularly in low-and middle-income countries, due to high costs, the need for advanced technology, and the infrastructure required to maintain and operate the equipment (52).




Conclusion

Our review supports FDG-PET as an important diagnostic and monitoring tool for cutaneous lesions in pediatric LCH. It is particularly valuable in cases with significant cutaneous involvement, offering precise localization, differentiation of active LCH skin lesions from other dermatological conditions, and monitoring metabolic changes over time. A multidisciplinary approach, involving dermatologists, oncologists, and pediatricians, is crucial in the comprehensive management of pediatric LCH, with FDG-PET playing a significant role in guiding therapeutic decisions and improving patient care and outcomes.



Author contributions

ST: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. ET: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. RS: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. NT: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – review & editing. SM: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – review & editing. TW: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – review & editing. AA: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – review & editing. M-ER: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Aoyama, S, Fukuoka, K, Kubota, H, Narita, K, Kudo, K, Mitani, Y , et al. Early chemotherapeutic intervention to avoid thyroidectomy in pediatric Langerhans cell histiocytosis with thyroid involvement accompanying tracheal stenosis: a report of two cases [published online ahead of print, 2023 Sep 23]. Int J Hematol. (2023) 119:99–103. doi: 10.1007/s12185-023-03662-3 

 2. Rodriguez-Galindo, C, and Allen, CE. Langerhans cell histiocytosis. Blood. (2020) 135:1319–31. doi: 10.1182/blood.2019000934


 3. Morimoto, A, Shioda, Y, Imamura, T, Kudo, K, Kawaguchi, H, Sakashita, K , et al. Intensified and prolonged therapy comprising cytarabine, vincristine and prednisolone improves outcome in patients with multisystem Langerhans cell histiocytosis: results of the Japan Langerhans cell histiocytosis study group-02 protocol study. Int J Hematol. (2016) 104:99–109. doi: 10.1007/s12185-016-1993-3 

 4. Chakraborty, R, Burke, TM, Hampton, OA, Zinn, DJ, Lim, KP, Abhyankar, H , et al. Alternative genetic mechanisms of BRAF activation in Langerhans cell histiocytosis. Blood. (2016) 128:2533–7. doi: 10.1182/blood-2016-08-733790 

 5. Wang, W, Ge, J, Ma, H, Lian, H, Cui, L, Zhao, Y , et al. Cladribine and cytarabine in children refractory high risk multisystem Langerhans cell histiocytosis. Heliyon. (2023) 9:e19277. doi: 10.1016/j.heliyon.2023.e19277 

 6. Haupt, R, Minkov, M, Astigarraga, I, Schäfer, E, Nanduri, V, Jubran, R , et al. Langerhans cell histiocytosis (LCH): guidelines for diagnosis, clinical work-up, and treatment for patients till the age of 18 years. Pediatr Blood Cancer. (2013) 60:175–84. doi: 10.1002/pbc.24367 

 7. Leung, A, Lam, JM, and Leong, KF. Childhood Langerhans cell histiocytosis: a disease with many faces. World J Pediatr. (2019) 15:536–45. doi: 10.1007/s12519-019-00304-9 

 8. Monsereenusorn, C, and Rodriguez-Galindo, C. Clinical characteristics and treatment of Langerhans cell histiocytosis. Hematol Oncol Clin North Am. (2015) 29:853–73. doi: 10.1016/j.hoc.2015.06.005


 9. Egeler, RM, de Kraker, J, and Voute, PA. Cytosine-arabinoside, vincristine, and prednisolone in the treatment of children with disseminated Langerhans cell histiocytosis with organ dysfunction: experience at a single institution. Med Pediatr Oncol. (1993) 21:265–70. doi: 10.1002/mpo.2950210406 

 10. Donadieu, J, Bernard, F, van Noesel, M, Barkaoui, M, Bardet, O, Mura, R , et al. Cladribine and cytarabine in refractory multisystem Langerhans cell histiocytosis: results of an international phase 2 study. Blood. (2015) 126:1415–23. doi: 10.1182/blood-2015-03-635151 

 11. Heritier, S, Emile, JF, Barkaoui, MA, Thomas, C, Fraitag, S, Boudjemma, S , et al. BRAF mutation correlates with high-risk Langerhans cell histiocytosis and increased resistance to first-line therapy. J Clin Oncol. (2016) 34:3023–30. doi: 10.1200/JCO.2015.65.9508 

 12. Donadieu, J, Larabi, IA, Tardieu, M, Visser, J, Hutter, C, Sieni, E , et al. Vemurafenib for refractory multisystem Langerhans cell histiocytosis in children: an international observational study. J Clin Oncol. (2019) 37:2857–65. doi: 10.1200/JCO.19.00456 

 13. Eder, SK, Schwentner, R, Ben, SP, Abagnale, G, Attarbaschi, A, Minkov, M , et al. Vemurafenib acts as a molecular on-off switch governing systemic inflammation in Langerhans cell histiocytosis. Blood Adv. (2022) 6:970–5. doi: 10.1182/bloodadvances.2021005442 

 14. Wang, D, Chen, XH, Wei, A, Zhou, CJ, Zhang, X, Ma, HH , et al. Clinical features and treatment outcomes of pediatric Langerhans cell histiocytosis with macrophage activation syndrome-hemophagocytic lymphohistiocytosis. Orphanet J Rare Dis. (2022) 17:151. doi: 10.1186/s13023-022-02276-y 

 15. Lee, LH, Krupski, C, Clark, J, Wunderlich, M, Lorsbach, RB, Grimley, MS , et al. High-risk LCH in infants is serially transplantable in a xenograft model but responds durably to targeted therapy. Blood Adv. (2020) 4:717–27. doi: 10.1182/bloodadvances.2019032367 

 16. Acosta-Medina, AA, Kemps, PG, Zondag, TC, Abeykoon, JP, Forma-Borst, J, Steenwijk, EC , et al. BRAF V600E is associated with higher incidence of second cancers in adults with Langerhans cell histiocytosis. Blood. (2023) 142:1570–5. doi: 10.1182/blood.2023021212 

 17. Li, MWT, Poon, SWY, Cheung, C, Wong, CKC, Shing, MMK, Chow, TTW , et al. Incidence and predictors for oncologic etiologies in Chinese children with pituitary stalk thickening. Cancers (Basel). (2023) 15:3935. doi: 10.3390/cancers15153935 

 18. Redhu, R, Nadkarni, T, and Mahesh, R. Diabetes insipidus associated with a thickened pituitary stalk in a case of Langerhans cell Histiocytosis. J Pediatr Neurosci. (2011) 6:62–4. doi: 10.4103/1817-1745.84412 

 19. Reyes, MRT, Javaroni, JB, Nogueira, GM, Zelaya, FJMC, de León, ASA, Silveira, HA , et al. Resolution of blood eosinophilia and limited mouth opening after short-term follow-up in a pediatric langerhans cell histiocytosis case. Indian J Otolaryngol Head Neck Surg. (2023) 75:2568–71. doi: 10.1007/s12070-023-03741-1 

 20. Paredes, SEY, Almeida, LY, Trevisan, GL, Polanco, XBJ, Silveira, HA, Vilela Silva, E , et al. Immunohistochemical characterization of immune cell infiltration in paediatric and adult Langerhans cell histiocytosis. Scand J Immunol. (2020) 92:e12950. doi: 10.1111/sji.12950 

 21. Kim, JE, Yi, WJ, Heo, MS, Lee, SS, Choi, SC, and Huh, KH. Langerhans cell histiocytosis of the jaw, a mimicker of osteomyelitis on CT and MR images: a retrospective analysis. Medicine (Baltimore). (2019) 98:e16331. doi: 10.1097/MD.0000000000016331 

 22. May, DA, Kaushik, S, and Frable, WJ. MR imaging of infiltrative muscle involvement with Langerhans cell histiocytosis. Clin Imaging. (2004) 28:301–4. doi: 10.1016/S0899-7071(03)00194-3 

 23. Park, JW, and Chung, JW. Long-term treatment of Langerhans cell histiocytosis of the mandibular condyle with indomethacin. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. (2010) 109:e13–21. doi: 10.1016/j.tripleo.2009.12.013 

 24. Cho, YA, Yoon, HJ, Hong, SD, Lee, JI, and Hong, SP. Hypothetical pathogenesis of eosinophilic infiltration in Langerhans cell histiocytosis of the jaw. Oral Surg Oral Med Oral Pathol Oral Radiol. (2013) 116:734–42. doi: 10.1016/j.oooo.2013.04.012 

 25. Rastogi, N, and Yadav, SP. Langerhans cell histiocytosis masquerading as hypereosinophilia in a child. J Pediatr Hematol Oncol. (2019) 41:335–6. doi: 10.1097/MPH.0000000000001445


 26. Augusto-Neto, RT, Marinheiro, BH, Silveira, HA, Polanco, XBJ, León, JE, Trivellato, AE , et al. Complex odontoma restricting mouth opening: an unusual clinical presentation and surgical management. Int J Health Sci. (2021) 15:60–3.

 27. Prussin, C, and Metcalfe, DD. 4. IgE, mast cells, basophils, and eosinophils. J Allergy Clin Immunol. (2003) 111:S486–94. doi: 10.1067/mai.2003.120


 28. Liu, R, Guo, Y, Han, L, Feng, S, Cao, J, Sun, Y , et al. Somatic ARAF mutations in pediatric Langerhans cell histiocytosis: clinicopathologic, genetic and functional profiling. Clin Exp Med. (2023) 23:5269–79. doi: 10.1007/s10238-023-01134-w 

 29. Allen, CE, Merad, M, and McClain, KL. Langerhans-cell Histiocytosis. N Engl J Med. (2018) 379:856–68. doi: 10.1056/NEJMra1607548 

 30. Pollard, KS, Hubisz, MJ, Rosenbloom, KR, and Siepel, A. Detection of nonneutral substitution rates on mammalian phylogenies. Genome Res. (2010) 20:110–21. doi: 10.1101/gr.097857.109 

 31. Siepel, A, Bejerano, G, Pedersen, JS, Hinrichs, AS, Hou, M, Rosenbloom, K , et al. Evolutionarily conserved elements in vertebrate, insect, worm, and yeast genomes. Genome Res. (2005) 15:1034–50. doi: 10.1101/gr.3715005 

 32. Berres, ML, Lim, KP, Peters, T, Price, J, Takizawa, H, Salmon, H , et al. BRAF-V600E expression in precursor versus differentiated dendritic cells defines clinically distinct LCH risk groups. J Exp Med. (2014) 211:669–83. doi: 10.1084/jem.20130977 

 33. Gan, X, Wang, J, Wang, C, Sommer, E, Kozasa, T, Srinivasula, S , et al. PRR5L degradation promotes mTORC2-mediated PKC-delta phosphorylation and cell migration downstream of Galpha 12. Nat Cell Biol. (2012) 14:686–96. doi: 10.1038/ncb2507 

 34. Diamond, EL, Durham, BH, Haroche, J, Yao, Z, Ma, J, Parikh, SA , et al. Diverse and targetable kinase alterations drive histiocytic neoplasms. Cancer Discov. (2016) 6:154–65. doi: 10.1158/2159-8290.CD-15-0913 

 35. Phillips, M, Allen, C, Gerson, P, and McClain, K. Comparison of FDG-PET scans to conventional radiography and bone scans in management of Langerhans cell histiocytosis. Pediatr Blood Cancer. (2009) 52:97–101. doi: 10.1002/pbc.21782 

 36. Grois, N, Pötschger, U, Prosch, H, Minkov, M, Arico, M, Braier, J , et al. Risk factors for diabetes insipidus in langerhans cell histiocytosis. Pediatr Blood Cancer. (2006) 46:228–33. doi: 10.1002/pbc.20425 

 37. Kobayashi, M, Tojo, A, Kimura, F , et al. FDG-PET in Langerhans cell histiocytosis: a case report and review of the literature. Ann Hematol. (2003) 82:310–3.


 38. Lin, SC, Lee, WI, Jaing, TH, Yang, CP, Hung, IJ, Chang, TY , et al. The influence of clinical features mimicking primary immunodeficiency diseases (mPID) on children with Langerhans cell histiocytosis (LCH)—four with mPID among 39 LCH children from one referral center during 18-year period. Immunobiology. (2020) 225:151877. doi: 10.1016/j.imbio.2019.11.012


 39. Aricò, M, Girschikofsky, M, Généreau, T, Klersy, C, McClain, K, Grois, N , et al. Langerhans cell histiocytosis in adults. Report from the international registry of the Histiocyte society. Eur J Cancer. (2003) 39:2341–8. doi: 10.1016/S0959-8049(03)00672-5 

 40. Teixeira, R, Ferreira, A, Torres, I, and Lima, J. F-18 FDG PET/CT in patients with Langerhans cell histiocytosis. Clin Nucl Med. (2009) 34:209–13.


 41. Teranishi, Y, Shin, M, Yoshino, M, and Saito, N. Solitary Langerhans cell histiocytosis of the occipital condyle: a case report and review of the literature. Childs Nerv Syst. (2016) 32:399–404. doi: 10.1007/s00381-015-2850-z 

 42. Jorgensen, EM, Chen, PP, Rutter, S, and Cron, JA. Vulvar lesions in an 8-year-old girl: cutaneous manifestations of multisystem langerhans cell histiocytosis. J Pediatr Adolesc Gynecol. (2018) 31:153–5. doi: 10.1016/j.jpag.2017.09.010 

 43. Udayasankar, UK, Alazraki, AL, and Simoneaux, SF. Role of PET/CT in congenital histiocytosis. Pediatr Radiol. (2010) 40:S57–61. doi: 10.1007/s00247-010-1765-9 

 44. Shamim, SA, Tripathy, S, Mukherjee, A, Bal, C, and Tripathi, M. 18-F-FDG PET/CT in localizing additional CNS lesion in a case of langerhans cell histiocytosis: determining accurate extent of the disease. Indian J Nucl Med. (2017) 32:162–3. doi: 10.4103/0972-3919.202253 

 45. Jessop, S, Crudgington, D, London, K, Kellie, S, and Howman-Giles, R. FDG PET-CT in pediatric Langerhans cell histiocytosis. Pediatr Blood Cancer. (2020) 67:e28034. doi: 10.1002/pbc.28034 

 46. Luo, ZH, Lu, PX, Qi, WL, Liao, FX, Jin, AF, and Zen, QY. Role of 18F-FDG PET/CT in the diagnosis and management of patients with Langerhans cell histiocytosis. Quant Imag Med Surg. (2022) 12:3351–63. doi: 10.21037/qims-21-823 

 47. Niu, J, Liang, J, Feng, Q, Wang, M, Wang, L, Ge, X , et al. 18F-FDG PET/MR assessment of pediatric langerhans cell histiocytosis. Int J Gen Med. (2021) 14:6251–9. doi: 10.2147/IJGM.S327134 

 48. Hélias-Rodzewicz, Z, Donadieu, J, Terrones, N, Barkaoui, MA, Lambilliotte, A, Moshous, D , et al. Molecular and clinicopathologic characterization of pediatric histiocytoses. Am J Hematol. (2023) 98:1058–69. doi: 10.1002/ajh.26938 

 49. Fayiga, FF, Reyes-Hadsall, SC, Moreno, BA, Oh, KS, Brathwaite, C, and Duarte, AM. Novel ANKRD26 and PDGFRB gene mutations in pediatric case of non-Langerhans cell histiocytosis: case report and literature review. J Cutan Pathol. (2023) 50:425–9. doi: 10.1111/cup.14404 

 50. Thalji, M, Yagmour, A, Alameh, D, Shatrit, H, Inerat, M, Bannoura, SI , et al. Case report: "congenital cutaneous langerhans cell histiocytosis presenting with blueberry muffin rash". Front Pediatr. (2022) 10:1073624. doi: 10.3389/fped.2022.1073624 

 51. Moscona-Nissan, A, Maldonado-Colin, G, Romo-López, A, and Ventura-Zarate, A. Langerhans cell histiocytosis presented as persistent diaper dermatitis: a case report. Cureus. (2022) 14:e26606. doi: 10.7759/cureus.26606 

 52. McCarville, MB
. PET-CT imaging in pediatric oncology. Cancer Imaging. (2009) 9:35–43. doi: 10.1102/1470-7330.2009.0008 


Copyright
 © 2024 Talasila, Teichner, Subtirelu, Talasila, Mannam, Werner, Alavi and Revheim. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Comprehensive considerations for dermatologists: the application of FDG-PET in evaluating cutaneous lesions in pediatric Langerhans cell histiocytosis



		Introduction



		Methods



		Results



		Discussion



		Case reports



		Comprehensive reviews









		Conclusion



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fmed-11-1378638-g001.jpg
FDG-PET distinguishes active LCH lesions.

from other dermatological conditions with

similar clinical prosentations FDGPET can pinpoint active:
LCH skin lesions

vs

FOGPET

\
\.jo (
— \

active LCH lesions.

‘which can help

senofesion

o ,
N VA + Fod
- e
sy e
o T

es Source: Luo ZH, Lu PX, Qi WL, Liao X, Jin AF, Zen QY. Role of 18F-FDG PET/CT inthe diagnosis and management of patients with Langerbans cel histocytosis. Quant Imaging Med Surg
- iyt ke k)





OPS/images/fmed-11-1378638-t001.jpg
Article  Demographics/  Modality  Summary points Recommendation

Subject on utility (Yes or
information No)

Teranishiet  8-year-old girl with FDG-PET/CT | Ina case report of an 8-year-old girl with Langerhans cell histiocytosis ~ Yes

al. (41) solitary LCH involving (LCH) involving the occipital condyle, PET/CT imaging played a crucial
the occipital condyle role in evaluating metabolic activity, revealing neck pain and torticollis as

initial symptoms and highlighting the significance of this imaging
technique in assessing the extent of disease involvement, particularly in
skin lesions, to guide treatment planning and monitor therapeutic
response in pediatric LCH cases with diverse organ and tissue

‘manifestations.

Jorgensenet  8-year-old girl presenting | FDG-PET/CT  Ina case report of an 8-year-old girl with Langerhans cell histiocytosis ~ Yes
al. (42) with vulvar lesions, found (LCH) featuring vulvar lesions, PET/CT imaging played a crucial role in
to have multisystem LCH confirming the diagnosis, assessing the systemic nature of the disease by

revealing a concurrent hip lesion, and guiding treatment decisions based
on the extent of involvement, underscoring the importance of a
comprehensive evaluation and the challenges in diagnosing LCH solely

based on cutaneous manifestations.

Udayasankar A full-term neonatal boy  FDG-PET/CT | Ina distinctive case of congenital Langerhans cell histiocytosis (LCH),a  Yes
etal.(13) with congenital neonate with extensive papular skin lesions underwent a comprehensive
multisystem LCH imaging workup, including contrast-enhanced CT and PET/CT with F-18

EDG, revealing innumerable soft-tissue density nodules and
hypermetabolic lymphadenopathy, showcasing the invaluable role of

PET/CT in diagnosing, planning treatment, assessing response, and

overcoming limitations of conventional imaging in the context of LCH's

heterogeneous clinical presentation.

Shamimetal. |~ AG-yearoldwith LCH ~ FDG-PET/CT  Inacase involving a 6-year-old boy with Langerhans cell histiocytosis Yes
@) with CNS involvement (LCH) presenting initially with generalized erythematous skin rashes,

PET/CT proved instrumental in assessing metabolic activity, aiding in

disease activity evaluation and treatment response, highlighting the

potential of PET/CT for comprehensive evaluation, early staging, and

‘nuanced management tailored to both cutaneous and systemic

‘manifestations in the multidisciplinary approach to LCH.
Jessopetal. 33 patients (age 7weeks  FDG-PET/CT A retrospective study analyzing 109 FDG PET-CT scans in 33 pediatric | Yes

(43) to 18years), of which four
had s

Langerhans cell histiocytosis demonstrates the high

unifocal disease

ty and specificity of FDG PET-CT in detecting cutaneous lesions,
providing valuable insights into its efficacy for comprehensive staging,

accurate monitoring of treatment response, and minimizing unnecessary

interventions, highlighting its significance in the multidimensional
assessment of pediatric LCH beyond cutancous management.

Luoetal. (46) 22 patients (age 1-66), of | FDG-PET/CT | Aretrospes

e study examining PET/CT images from 22 Langerhans cell | Yes
which 14 were pediatric histiocytosis (LCH) pa

s, including 14 pediatric cases, highlights

patients 18E-FDG PET/CT as a valuable tool for diagnosing and evaluating
treatment efficacy in LCH, emphasizing its comprehensive view of
systemic involvement, including skin lesions, and it ability to provide
both anatomical and metabolic information, contributing to a more

thorough understanding of disease status beyond conventional imaging

methods.
Nigetel. (47). 15 patisnis (sge FDG-PET/CT  Ina retrospective analysis of 15 children with Langerhans cell Yes
15months to 9years) histiocytosis (LCH), the study, although mentioning only two cases with

skin manifestations, underscores the potential significance of PET/CT in
assessing cutaneous symptoms, emphasizing its established role in skeletal
staging, lesion identification, and high sensitivity for detecting metabolic
activity, suggesting it as a valuable complementary approach alongside

PET/MR, especially in cases with cutancous involvement,





OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Comprehensive considerations
for dermatologists: the
application of FDG-PET in
evaluating cutaneous lesions in
pediatric Langerhans cell
histiocytosis












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






