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Managing advanced basal cell carcinoma (BCC) in patients with Gorlin-Goltz syndrome presents unique clinical challenges due to the tumor’s aggressive nature and potential for widespread metastasis. This case study details a sequential treatment regimen for a 68-year-old female patient with an extensive, inoperable BCC. Employing a multimodal approach that integrates radiotherapy, the Hedgehog pathway inhibitor vismodegib, and High-Intensity Focused Ultrasound (HIFU), we demonstrate the potential for nearly complete remission in a patient with advanced BCC. Initial treatment with radiotherapy and vismodegib reduced tumor size significantly, but the largest mass displayed resistance over time, signifying the need for innovative therapies. Subsequent HIFU treatment targeted individual lesions, showcasing a non-invasive method that provided precise treatment while mitigating systemic side effects. The case emphasizes the necessity of continual adaptation in treatment plans to address the development of resistance and underscores the importance of incorporating new technologies and targeted therapies for complex BCC cases. The successful outcome of this integrated strategy suggests a promising direction for future research and highlights the importance of multidisciplinary approaches that tailor treatment to individual patient needs, tumor characteristics, and evolving therapeutic landscapes.
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1 Introduction

Basal cell carcinoma (BCC) represents the majority of nonmelanoma skin cancers, constituting about 80% of cases (1, 2). In individuals with Gorlin-Goltz syndrome aged above 20 years, the frequency of BCC is 51.4%, whereas it is 71.7% in patients aged above 40 years (3). Although BCCs are generally characterized by their limited metastatic propensity, they can exhibit local invasiveness and potential for dissemination to distant anatomical sites in the absence of timely and appropriate therapeutic intervention (4). The management of basal cell carcinoma (BCC), particularly in its advanced stages, has evolved significantly with the integration of various treatment modalities, including surgical techniques, radiation therapy, targeted molecular therapies, and immunotherapies (5–10). Surgical intervention remains the primary treatment modality, offering histologic confirmation of tumor clearance (11). Standard excision and Mohs micrographic surgery (MMS) are among the surgical techniques employed, with MMS providing an intraoperative complete margin assessment for certain BCC cases (12, 13).

For more challenging instances of BCC, particularly those that are inoperable or exhibit resistance to conventional treatments, the advent of molecular-targeted therapies has markedly improved prognosis (14). Among these, inhibitors of the Hedgehog signaling pathway, such as vismodegib and sonidegib, have emerged as pivotal in the management of advanced BCCs (15–17). These agents specifically target the aberrant activation of the Hedgehog pathway, a common molecular aberration in BCC, offering a therapeutic option for lesions that are not amenable to surgery or radiotherapy (18). Recent studies have shown that vismodegib has demonstrated efficacy and durability of response in treating advanced BCC, with long-term updates showing sustained effectiveness. Investigator-assessed objective response rates were 48.5% for metastatic BCC (mBCC) and 60.3% for locally advanced BCC (laBCC), with median durations of response being 14.8 months for mBCC and 26.2 months for laBCC (19). The durability of response and long-term safety reinforce vismodegib’s clinical utility in advanced BCC cases where treatment options are limited. However, one of the challenges in the long-term use of vismodegib is the development of resistance, either through acquired mutations in the Smoothened (SMO) gene or the selection of pre-existing SMO mutations within the tumor (20). Secondary resistance is estimated to occur in 15-35% of patients who receive vismodegib as a retreatment after initial discontinuation due to relapse. Some mutations, such as D473H, can confer resistance to both vismodegib and sonidegib.

In this context, we present a clinical case study of a patient with a giant BCC that was treated over more than two years. This case exemplifies how the integration of radiotherapy and Hedgehog pathway inhibitor treatment, followed by the innovative application of local High-Intensity Focused Ultrasound (HIFU) therapy, can lead to nearly complete recovery of the patient. It highlights the importance of a synergistic approach that combines different treatment techniques to achieve a favorable outcome.




2 Case description

A 68-year-old female patient of Caucasian ethnicity presented with advanced, multifocal cutaneous lesions encompassing the entire body, including facial involvement (Figures 1A, B). The primary lesions were initially located in the abdominal area, face, neck and back. A biopsy of the mass was performed on 16 January 2022, and histopathological examination revealed an infiltrative basal cell carcinoma. The computed tomography performed on 6 April 2022 revealed an infiltrative mass within the intra-abdominal and pelvic regions, measuring 11.4 x 3.1 x 12 cm, which infiltrates the skin and muscle layers (Figures 1C–E).This patient was deemed inoperable due to the extensive nature of the disease. Additionally, the patient was diagnosed with Gorlin-Goltz syndrome, a rare genetic disorder characterized by a predisposition to multiple neoplastic and non-neoplastic tumors, further complicating her clinical presentation due to the disease’s multifocality and the presence of a large, partially necrotic tumor exuding a malodorous discharge.




Figure 1 | Overview of a patient with giant BCC before treatment. (A) An 68-year-old woman presented with an enormous, fetid, abdominal wall mass. (B) Lesions of BCC on the face and neck. (C) Axial CT of the tumor, (D) Coronal CT of the tumor, (E) Sagittal CT of the tumor.



In response to the advanced stage of the tumor and its symptomatic impact, the patient underwent conformal radiotherapy employing 6MeV photons, targeting the neoplastic infiltration of the lower abdominal skin with a calculated total dose of 20 Gy delivered in 5 fractions from March 28 to April 1, 2022. Following radiotherapy on April 19, 2022, treatment with vismodegib, a Hedgehog pathway inhibitor approved for inoperable metastatic basal cell carcinoma, was initiated at a dose of 150 mg per day. The treatment was well-tolerated, apart from intermittent episodes of nausea. Simultaneously, the patient underwent treatment for iron deficiency anemia by orally administering a liquid formulation containing 40mg of iron protein succinate per 15ml, aiming to enhance overall health and facilitate recovery throughout cancer therapy.

The treatment with vismodegib was extended until December 2023, yielding a partial regression of the tumor burden. However, as no further improvement was observed, the therapy was discontinued in December 7th. Remarkably, certain flat lesions underwent near-complete resolution (Figure 2B). A subsequent computed tomography scan (December 19, 2023) revealed the presence of an infiltrative mass measuring 10.8x2.2x11 cm within the abdomen and pelvis (Figure 2C).




Figure 2 | Giant BCC during treatment. (A) Abdominal wall mass. (B) Regressive lesions on the face and neck. (C) Axial CT scan of the abdominal mass.



However, the largest tumor, after initially responding with a reduction in size demonstrated progressive growth from July 11, 2023. Given the documented transient efficacy of vismodegib, typically lasting less than 12 months, and considering the patient’s prolonged treatment duration exceeding one year, a multidisciplinary consultation was convened to evaluate surgical excision of the largest tumor as a potential therapeutic strategy (Figure 2A). The aim was to facilitate subsequent management of residual lesions through adjuvant modalities such as photodynamic therapy, high-frequency ultrasound, or topical fluorouracil (Efudix).

Subsequent to consultations across multiple specialized centers, a decision for surgical intervention was made by a facility proficient in plastic surgery located in Trzebnica. The surgery was performed on December 27. The procedure involved excising a segment of the tumor-invaded bone, abdominal wall, musculature, omentum, and regional lymph nodes. The surgical outcome was classified as an R0 resection, indicating the removal of the tumor with clear margins within healthy tissue boundaries. Post-operative recovery was challenged by significant tissue tension and delayed wound healing, necessitating reoperation and vacuum-assisted closure therapy, which subsequently led to a transient decline in the patient’s clinical status. Nevertheless, comprehensive rehabilitation efforts facilitated a gradual return to baseline function.

Skin reconstruction at the site of the largest tumor was performed using split-thickness skin grafts on February 2 and February 26, 2024 (Figure 3A).




Figure 3 | BCC during treatment (March 2024). (A) Lesion on the abdomen after skin grafting. (B) The skin of the face and neck with significant regression of most lesions.



Dermatoscopic evaluation post-treatment revealed that lesions previously identified as basal cell carcinoma, exhibiting characteristic dermatoscopic features, had achieved complete remission and were fully cicatrized (Figure 3B). Conversely, lesions persisting with dermatoscopic indications of active neoplastic infiltration underwent ultrasound assessment using the Dermascan®C system (Cortex Technology ApS, Aalborg, Denmark) revealing infiltrative depths ranging from 0.4 mm to 0.8 mm, thereby classifying these as superficial basal cell carcinoma.

The patient was subsequently enrolled in a clinical trial (NCT05698706) aimed at addressing individual basal cell carcinoma (BCC) lesions located on the lower and upper back which had not regressed after prior therapy with vismodegib(Figures 4, 5). The ONE-M system (TOOsonix A/S, Hoersholm, Denmark), operating at a frequency of 20 MHz, was utilized for High-Intensity Focused Ultrasound (HIFU) therapy. Treatment parameters for HIFU were individually tailored to the specific characteristics of each cutaneous lesion. The energy delivered by HIFU ranged from 0.7 to 1.3 J per exposure, with a duration of 150 ms for each dose. Treatments were carried out in a contiguous fashion, ensuring a 1 to 2 mm separation between doses for comprehensive lesion coverage, while maintaining a minimal circumferential margin of approximately 1 mm. The interval between subsequent exposures was maintained at around 1-2 seconds.




Figure 4 | BCC on the back treated with High-Intensity Focused Ultrasound (HIFU). (A) Macroscopic view before HIFU treatment.; (B) Dermoscopic view before HIFU treatment.; (C) Macroscopic view immediately after HIFU treatment.; (D) Dermoscopic view immediately after HIFU treatment.






Figure 5 | BCC on the back treated with High-Intensity Focused Ultrasound (HIFU). (A) Macroscopic view before HIFU treatment.; (B) Dermoscopic view of the back before HIFU treatment.; (C) Macroscopic view immediately after HIFU treatment.; (D) Dermoscopic view of the back immediately after HIFU treatment.



The management of giant basal cell carcinoma (BCC) poses significant challenges due to the tumor’s extensive size, potential for local invasion, and the risk of metastasis (21, 22). In the case presented, a multimodal treatment approach integrating radiotherapy, Vismodegib, and High-Intensity Focused Ultrasound (HIFU) was employed, reflecting a tailored strategy aimed at addressing the complexities associated with advanced BCC. This approach is supported by the examination of various case reports highlighting the necessity for innovative and individualized treatment modalities in managing giant BCC (23–27).

Vismodegib has shown significant efficacy in treating locally advanced BCC that is not amenable to surgery or radiation, as well as in cases of metastatic BCC [25], [28]. It has been proven to reduce tumor size and inhibit further tumor growth. The use of vismodegib as a neoadjuvant treatment can decrease the size of the tumor, potentially allowing for less extensive surgery and better cosmetic outcomes (26).

However, the journey with vismodegib is not devoid of obstacles. Among the challenges are adverse effects such as muscle spasms, hair loss, changes in taste, weight loss, and fatigue, which can significantly detract from a patient’s quality of life and sometimes necessitate the discontinuation of treatment (28). Resistance to vismodegib can also develop over time, complicating treatment efficacy and highlighting the necessity for continuous research to understand and counteract these resistance mechanisms (29). Additionally, the cost and availability of vismodegib pose considerable barriers, especially in areas with limited healthcare resources or where the drug has not been approved, making accessibility a significant concern (30). Thus, the incorporation of adjunctive therapies, including radiotherapy and molecular-targeted agents, plays a critical role in enhancing treatment outcomes and minimizing the likelihood of recurrence (31).

High-Intensity Focused Ultrasound (HIFU), as applied in our case, represents an innovative approach to the local management of BCC lesions, offering a non-invasive option for tumors that are challenging to treat surgically (32). High-Intensity Focused Ultrasound (HIFU) employs focused ultrasound waves generated by a transducer to precisely target a specific focal point within the tissue (33–35). This concentrated energy induces two principal effects: thermal and mechanical. The thermal effect is characterized by a rapid increase in temperature at the focal point, resulting in coagulative necrosis and irreversible cellular destruction. The mechanical effect involves cavitation, wherein the formation of microbubbles within the tissue leads to cellular disruption. The HIFU system functions by converging ultrasound waves to create a high-intensity focal zone. At the focal point, the energy density is significantly amplified, causing localized heating and mechanical stress that culminates in tissue ablation. This process is analogous to focusing light through a magnifying glass, but instead of light, it utilizes ultrasound waves. HIFU systems can be calibrated to elicit varying degrees of thermal and mechanical effects by adjusting the power and pulse duration settings. This capability allows for a spectrum of responses, ranging from mild localized heating to comprehensive tissue ablation. Furthermore, the non-invasive nature of HIFU offers a substantial advantage in treating various conditions without necessitating surgical intervention, thereby reducing potential side effects and complications commonly associated with invasive procedures (34, 36).

This method allows for the precise treatment of individual lesions that were not previously cured by vismodegib, while simultaneously sparing the patient from the systemic effects of the drug and avoiding numerous adverse side effects.

This method allows for precise treatment of individual lesions that were not previously cured by vismodegib, while simultaneously sparing the patient from the systemic effects of the medication and avoiding numerous side effects.

Importantly, this aligns with emerging evidence suggesting the benefit of incorporating advanced technologies and targeted therapies in the treatment of complex BCC cases (32). Our previous experience has demonstrated that HIFU exhibits a high success rate in completely ablating BCC lesions, with no recurrences observed during the six-month follow-up period (37). HIFU treatment is associated with minimal adverse events and superior cosmetic outcomes, significantly enhancing patient satisfaction compared to conventional treatments. Therefore, our results suggest that integrating HIFU into the therapeutic arsenal against BCC offers a non-invasive, patient-preferred treatment modality that provides a promising balance between clinical efficacy, safety, and aesthetic preservation. Recent studies have indicated that HIFU possesses immunomodulatory capabilities, although this aspect is currently undergoing in-depth investigation (38).

The discussion of these cases within the scientific community serves not only to share insights into the management of giant BCC but also to stimulate further research into optimal treatment combinations and strategies. Future studies should aim to refine these approaches, exploring the potential for integrating new molecular-targeted therapies, enhancing surgical techniques, and evaluating the long-term outcomes of non-invasive treatments like HIFU. Additionally, the development of multidisciplinary treatment protocols that consider the tumor’s characteristics, patient preferences, and potential impact on quality of life will be crucial in advancing the care of individuals with giant BCC. In conclusion, the management of giant basal cell carcinoma requires a comprehensive, tailored approach that leverages the strengths of surgical intervention, targeted molecular therapies, and innovative technologies like HIFU. At the time of qualification for treatment, only one line of treatment with Vismodegib was available in Poland, sonidegib was not yet available in Poland, precluding its use in this case. The second line of treatment with cemiplimab or pembrolizumab was not initiated because the tumor mass reduction enabled local treatment, which is the treatment of choice, provided it aims for radical treatment. The inclusion of HIFU provided a significant benefit by avoiding the systemic effects associated with immunotherapy. This approach allowed for the precise, localized treatment of lesions, effectively curing them without exposing the patient to the potential adverse systemic effects commonly seen with immunotherapy. This ensured both efficacy and minimized the overall burden on the patient, demonstrating the potential of HIFU as a valuable tool in the management of BCC. By adapting treatment strategies to the complexities of each case and remaining vigilant for the emergence of resistance or metastasis, it is possible to achieve favorable outcomes for patients facing this challenging condition.




3 Conclusions

The comprehensive management of giant basal cell carcinoma (BCC) necessitates a multimodal treatment approach that effectively leverages the synergistic potentials of radiotherapy, targeted molecular therapies such as Vismodegib, and innovative non-invasive treatments like High-Intensity Focused Ultrasound (HIFU). This case study illustrates a successful application of such an integrated treatment strategy, emphasizing the importance of addressing the complexities associated with advanced BCC to achieve favorable outcomes.
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