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Background

Everolimus has been approved in China for adult patients with TSC-AML (tuberous sclerosis associated renal angiomyolipomas) not requiring immediate surgery and has been previously shown to be an effective treatment option for TSC-AML in the Chinese population



Methods

This is an open label, single arm, multi-center Phase IV post-approval commitment study to further assess the safety and efficacy of everolimus in patients with TSC-AML who do not require immediate surgical intervention. The primary outcome was to evaluate the safety of everolimus while the secondary outcome was to evaluate AML response.



Results

Treatment with everolimus was associated with a clinically meaningful best overall AML response rate of 70% (95% CI: 53.5, 83.4). Of the 38 evaluable patients, 37 (97%) patients experienced a reduction in the sum of volumes of target angiomyolipoma lesions relative to baseline. At Week 12 (n=38), the median percentage change in sum of target AML volume was −56.60%, which further changed by -59.96% at Week 24 (n=38), and by −64.41% at Week 48 (n=22). Throughout the study, renal function remained relatively stable. Patients with TSC associated lymphangiomyomatosis (LAM) (N=13) demonstrated a lower than expected rate of decline in pulmonary function tests (PFTs). Everolimus was generally well tolerated with no significant safety findings in Chinese patients. Most of the adverse events were of grade 1-2, and manageable with appropriate dose adjustments and supportive therapies. There were no treatment discontinuation due to AE and no treatment death was reported.



Conclusions

Based on the efficacy and safety data presented in this study, the overall clinical benefit/risk assessment further supports the use of everolimus as a viable treatment option for Chinese patients with TSC-AML.
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Background

Tuberous sclerosis complex (TSC) is a rare autosomal dominant genetic disorder caused by mutations in the TSC1 or TSC2 genes, which affect up to 1 million people worldwide, and is estimated to have an incidence of 1 in 6000 births (1). It is a debilitating disorder associated with the development of multiple benign tumors (hamartomas) which are highly vascularized, most commonly in the brain, kidney, lung and skin (2, 3). TSC most commonly present with neurological symptoms such as epilepsy, cognitive impairment, autism and other behavioral disorders. The most prevalent clinical manifestation of TSC is epilepsy which affects up to 90% of patients, followed by renal angiomyolipomas (AMLs) and pulmonary lymphangiomyomatosis (LAM) (1, 4). Interestingly, LAMs appear almost exclusively in females than males (5).

AMLs occur in up to 80% of patients with TSC, which is often detected in childhood and continues into adulthood (1, 4, 6). These slow-growing harmatomas composed of abnormal blood vessels, immature smooth muscle cells and fat cells and can lead to chronic kidney disease, renal failure or life-threatening hemorrhage as they enlarge (7, 8). Lesions which are more than 4cm have increased formation of aneurysms, and increased risk of spontaneous rupture (9). Due to encroachment of AML lesions on normal renal cells, approximately 1% of patients eventually progress to end stage renal failure and require dialysis (6).

The primary goal of managing TSC-AML is preservation of renal function and nephrectomy is generally avoided if possible due to high incidences of complications and increased risk of renal insufficiency, end stage renal failure and poor prognosis following chronic kidney disease. An mTOR inhibitor is currently recommended as the 1st line treatment for asymptomatic AMLs larger than 3cm in diameter (10). Selective embolization, kidney-sparing resections or ablative therapies are acceptable 2nd line treatment choice. In acute hemorrhage, embolization followed by corticosteroids is the current recommended therapy (10). It is important for closer collaboration between different stakeholders such as international and country-level TSC organizations, clinicians and researchers to ensure advances in TSC research to benefit patients with TSC globally (11).

Everolimus is a rapamycin derivative that inhibits the mTOR pathway by acting on the mechanistic target of rapamycin complex-1 (mTORC1). Mutations in the TSC1 and TSC2 gene result in the constitutive activation of mTOR which regulates cell grown, proliferation and angiogenesis (12). The EXIST-2 study showed that everolimus was safe and effective in the management of TSL-AML in Western patients who were not at risk of hemorrhage (13–15), while our previous study had also shown that everolimus is an effective treatment option for TSC-AML in the Chinese population (16). Everolimus has been approved in more than 90 countries for the treatment of TSC-AML. In 2016, everolimus was also approved in China for adult patients with TSC-AMLs not requiring immediate surgery.

The current multi-centric study is conducted to further assess the safety and efficacy of everolimus in adult Chinese patients with TSC-AMLs lesions based on Chinese current clinical practice as well as fulfilling a post approval commitment (PAC).



Methods


Study Design

This is an open label, single arm, multi-center Phase IV study for adult TSC-AML patients who are not requiring immediate surgical intervention. 40 patients were planned to receive everolimus for 48 weeks. Everolimus 10 mg per day was administered orally, with dose modifications allowed on the basis of safety findings. (Appendix 1).

The study protocol were reviewed and approved by the appropriate review board of each participating institution. The study was conducted in accordance with the International Council of Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH)-Good Clinical Practice (GCP) guidelines and the ethical principles that are outlined in the Declaration of Helsinki 2008. Written informed consent was obtained from each patient before any study-specific procedures was performed. This study is registered on Clinicaltrials.gov (NCT03525834).



Patients

The study population included Chinese male or female adult patients (≥18 years of age) who have been diagnosed with TSC-AML that do not require immediate surgical intervention. Key inclusion criteria included patients who are eligible for treatment with everolimus as per approved indication and presence of at least one AML ≥ 3 cm in its longest diameter using computed tomography (CT) or magnetic resonance imaging (MRI). The key exclusion criteria are listed below: 1) AML related bleeding or embolization during the 6 months prior to enrollment; 2) History of myocardial infarction, angina or stroke related to atherosclerosis; 3) Impaired lung function, defined as any of the following: For patients without LAM, known impaired lung function (e.g. FEV1 or DLCO ≤ 70% of predicted); For patients with LAM, DLCO ≤35%, or O2 saturations below 90% at rest, or O2 saturation ≤88% on 6 minute walking test with up to 6 L O2/minute nasal Oxygen; 4) Significant hematological or hepatic abnormality (e.g. hemoglobin ≤9g/dL, platelets < 100×10^9/L, or ANC < 1.5×10^9/L without supportive treatment of hematopoietic growth factor, transaminase levels > 2.5× the ULN, serum bilirubin > 2 × ULN); 5) Prior therapy with mTOR inhibitors (sirolimus, temsirolimus, everolimus); 6) Use of an investigational drug within the 30 days prior to enrollment.



Outcomes and Assessments

The primary objective of the study was to evaluate the safety of everolimus in Chinese adults with TSC-AML not requiring immediate surgery. Secondary objective was to evaluate efficacy of everolimus by measuring AML response. Other secondary endpoints included AML progression and renal function change from baseline.

CT or MRI was used to evaluate AML lesions. Imaging assessments for response evaluation were performed at 12, 24, and 48 weeks after start of treatment and at end of treatment. The radiological imaging scans performed for this trial was submitted by the sites to undergo central radiological review. All measurable AML with longest diameter ≥ 1.0 cm was identified from each kidney, and up to five of the largest measurable lesions on each kidney seen at screening were identified as target AML. AML volume was defined as the sum of the volumes of the individual target AML. The individual target AML volume was calculated according to the formula: V= 4/3×π×D1/2×D2/2×D3/2 (where D1 and D2 were long and short diameters of maximum cross section, D3 was maximum supero-inferior diameter). AML response was defined as a reduction in AML volume of at least 50% relative to screening. In addition, AML response required satisfying all of the following criteria: 1) No new AML ≥ 1.0 cm in longest diameter were identified; 2) Neither kidney had shown increase in volume by more than 20% from nadir (where nadir is the lowest kidney volume obtained for the patient, separately for each kidney, previously in the trial including screening); 3) The patient did not have any AML-related bleeding of grade ≥2 (as defined by NCI CTCAE, version 4.03). AML progression was defined as one or more of the following: 1) An increase from nadir of 25% or more in AML volume to a value greater than screening; 2) The appearance of a new AML ≥ 1.0 cm in longest diameter; 3) An increase from nadir of 20% or more in the volume of either kidney to a value greater than screening; 4) AML-related bleeding grade ≥2 as defined by NCI CTCAE, version 4.03.

Safety data were collected by monitoring and recording all adverse events (AEs), including serious adverse events (SAEs) and AEs of special interest (AESI), regular monitoring of vital signs and physical conditions, laboratory assessments including hematology, chemistry, coagulation, urine analysis and pregnancy. AEs were assessed and graded according to the CTCAE version 4.03 and Grade 1 to 5 were used to characterize the severity of the AE. Pulmonary function tests (PFTs) were performed on all patients with LAM at baseline, week 12, 24 and 48. Renal function was assessed using the CKD-EPI formula at baseline and at subsequent time points in assessment schedule.



Statistical Analysis

Descriptive statistics were used to summarize baseline data and safety or efficacy variables. Responses were summarized in terms of percentage rates with exact 95% confidence intervals. An exact binomial confidence interval (Clopper and Pearson 1934) (17) was used. No Kaplan-Meier curve is contained in the manuscript.




Results


Characteristics of the Patients

Between 9 November 2018 to 3 September 2019, 40 patients were enrolled from 5 centers to receive everolimus treatment. Their demographics and baseline characteristics are summarized in Table 1. The median age was 33.0 years (range: 18-60). Most of the patients, 37 (92.5%), presented with at least two major features of TSC. Thirty-four (85%) patients had >2 AML lesions at baseline. The major and minor diagnostic features are presented in Table 2 below. Overall, 10 (25%) out of the 40 patients received prior therapy to treat medical conditions, majorly epilepsy (7.5%) and hypertension (7.5%). Thirty-five (87.5%) patients received concomitant therapy during the study.


Table 1 | Demographics and baseline characteristics.




Table 2 | Patient and disease characteristics at baseline (N=40).



Majority of the patients (92.5%) had a range of 1-5 target AML lesions defined as being ≥1 cm in the longest diameter, with 16 patients (40%) having the largest AML lesion of between ≥4 cm and <8 cm. Nearly a third of patients (n=13, 32.5%) had AML lesions of ≥8cm (Table 3).


Table 3 | Kidney CT/MRI assessment at baseline (N=40).





Everolimus Exposure

The cutoff date of following up was September 25, 2020. The median duration of exposure to everolimus treatment was 48.21 weeks (range, 38.0-50.3). 32 (80.0%) patients were exposed at least 48 weeks. While only eight (20%) patients were exposed less than 48 weeks (range, 36-48). The majority of patients (67.5%, n=27) received the planned dose of 10mg everolimus per day. Thirteen (32.5%) patients had at least one dose reduction and 22 (55%) patients had at least one dose interruption with AEs being the main reason. One patient permanently discontinued everolimus due to progressive disease. The dose ajustments of the patients were shown in Appendix 2. The median Cumulative dose was 3257.5mg (range, 965-3520). The median dose intensity (Cumulative dose/Duration of exposure) was 9.74 mg/day (range, 2.9-10.0). The median relative dose intensity (Dose intensity/Planned dose intensity) was 97.45% (range, 28.7-100.0%). 67.5% patients received relative dose intensity of more than 90%.



Treatment Efficacy

As per central radiology review, the best overall AML response rate was 70% (95% CI: 53.5, 83.4). Majority of patients had a clinical response (70%, 28/40 patients), or had stable disease (22.5%, 9/40 patients). One patient had disease progression while AML response was not evaluable in two patients due to unreadable tumor measurement. 97% of patients experienced a reduction in the sum of volumes of target AML lesions relative to baseline, however 1 patient had an increase from the sum of volumes of target AML lesions (Figure 1). 11 of 14 male patients (78.6% [95% CI 49.2 – 95.3]) had a clinical response, while 17 of 26 female patients (65.4% [95% CI 44.3 – 82.8]) had a clinical response.




Figure 1 | Waterfall plot of best percentage change from baseline in the sum of volumes of target angiomyolipoma lesions as per central radiology review. Decrease in best percentage change from baseline: 97.37%. Increase/zero change in percentrage change from baseline: 2.63%. *% change in sum of volumes of target AML lesions contradicted by overall AML response = PD: 0%. Patients for whom the best % change in sum of voumes of target AML lesions was not available and patients with overall AML response = Not evaluable were excluded from the graph, percentages above use n as denominator.



The reduction from baseline in sum of volumes of target AML lesions at week 12 persisted over time. At week 12, the median percentage change in sum of target AML volume was -56.60% (range, -90.6 to 19.5) (n= 38), which changed further to -59.96% (range, -92.7 to 38.3) at week 24 (n= 38), and -64.41% (range, -83.7 to -3.7) at week 48 (n= 22) (Figure 2).




Figure 2 | Median change in sum of target AML volume (median with range).



Among the 28 patients with response, the median time to AML response was 2.8 months (95% CI: 2.8, 3.0). The estimated event free probability rates were 67.9%, 92.9% and 96.4% at Months 3, 6 and 12 respectively.



Safety

All 40 patients in the study had at least one AE, of which 39 (97.5%) patients had treatment-related AEs. Fourteen (35%) patients had AEs of Grade ≥ 3 severity. Twenty (50%) patients had AEs that led to dose adjustment/interruption (All grade, 50%; Grade ≥ 3, 15%) and 38 (95%) patients experienced AEs which required additional therapy to resolve. The most frequent AEs that led to dose adjustment and/or interruption were stomatitis (8 patients, 20%) and mouth ulceration (4 patients; 10%). No deaths were reported in the study. The AEs and treatment related AEs which incidence greater than 10% are listed in Tables 4, 5.


Table 4 | Most frequent adverse events (incidences > 10%) by preferred term.




Table 5 | Adverse events with suspected study drug relationship (incidence > 10%) by preferred term.



Overall, six (15%) patients had at least one SAE, namely gastroenteritis, hemorrhoids, pneumonia, stomatitis, transient psychosis and uterine leiomyoma in one (2.5%) patient each. Three patients (7.5%) had SAEs of grade 3 severity. No Grade 4 and Grade 5 SAEs were reported in the study. Among SAEs, pneumonia (2.5%) and stomatitis (2.5%) were suspected to be related to everolimus, which were subsequently resolved with dose interruption of everolimus and related treatment of the specific AE.

AESIs are group of events for which there is specific clinical interest as a result of signals observed during the conduct of clinical studies. Overall, 39 (80%) patients had at least one of AESIs in this study. The AESIs of grade ≥3 severity were increased creatinine/proteinuria/renal failure (5 patients; 12.5%), stomatitis (3 patients; 7.5%), dyslipidemia (3 patients; 7.5%), cytopenia (1 patient; 2.5%), and hypersensitivity (1 patient; 2.5%). The incidence of AESI is presented in Table 6.


Table 6 | Adverse events of special interest in this study by grouping.



The incidences of mouth ulceration, hypercholesterolaemia and hypertriglyceridaemia were 50%, 30.8% and 30.8% in female patients, while all were 14.3% in male patients. The rates of stomatitis, increased ALT, increased blood cholesterol and dermatitis acneiform were 57.1%, 42.9%, 35.7% and 28.6% in male patients, and 38.5%, 3.8%, 19.2% and 3.8% in female patients respectively.



Change in Renal Function

All of patients had eGFR ≥ 30mL/(min×1.73m2), and the majority of patietns had normal serum creatinine values (24 patients; 60.0%) at baseline. Throughout the study, median eGFR remained relatively stable (Figure 3).




Figure 3 | Median eGFR at each visit time point (median with range).



Over the course of the study, although eGFR did not have obvious change, urine protein fluctuated and there was a noteworthy shift to a worse value: 23 (57.5%) patients had a negative urinalysis of urine protein at baseline, and only 3 (7.5%) patients remained negative during treatment. Four (10%) patients developed 3+ levels of protein in the urine at some point in the study.



Change in Pulmonary Function

Among thirteen patients with LAM who were treated with everolimus, the changes from baseline in pulmonary function tests were assessed over the study. There were no significant deterioration in the pulmonary function throughout the study. The change from baseline over time were provided in Table 7.


Table 7 | Change from baseline in pulmonary function tests by time point.






Discussion

This was an open label, single arm, multi-center Phase IV study to assess the safety and efficacy of everolimus in the treatment of Chinese adults with TSC-AML not requiring immediate surgical intervention.

Everolimus was generally well tolerated with no significant safety findings in Chinese patients. Most of the AEs were of grade 1-2, and manageable with appropriate dose adjustments and supportive therapies. No new safety signals were reported in this study, and there were no treatment discontinuations due to AEs. It is important to note that pneumonia and stomatitis are known class effects of mTOR inhibitors. Good oral care and suitable oral care products should be recommended to these patients (19). Prophylactic steroid mouthwash has also been shown to reduce the incidences of everolimus-induced stomatitis (20) and could be considered for these patients, while patient education should be conducted on prevention and identification of infections. In addition to steroid mouthwash, other types of mouthwashes coupled with good oral hygiene have also been shown to be effective in controlling everolimus-induced stomatitis (21)

In the TOSCA study, AMLs were found to be significantly more prevalent in female patients, with higher numbers of AML lesions > 3cm, growing lesions as well as interventions for AMLs compared to the male population (22). However, the differences of treatment efficacy and AEs between gender were not reported previously. In our study, the response rate and the incidence of AEs seemed to be not the same by gender. However, due to the rather small numbers of patients in each gender group, the results should be interpreted with caution. More studies with larger number of patients should be conducted for more confirmatory evidence, which may help prevent AEs or better inform choice of treatment in regards to gender.

Positive efficacy results were comparable to those reported in previous studies with everolimus in TSC-AML (13–15). Best overall AML response rate by IRC was 70% (95% CI: 53.5, 83.4) which was further supported by magnitude and durability of the everolimus treatment effect in which a significant proportion of patients had evidence of sustained reduction in tumor volume at Week 48. This is similar to the result of our previous study in Chinese patients where the best overall AML response was 66.67% at 12 months of everolimus treatment (16). Almost all patients (97%) experienced a reduction in the sum of volumes of target AML lesions relative to baseline indicating a clinical benefit of everolimus for the treatment of patients with AML, where maximal benefit can be seen as soon as in 12 weeks. In our study, patients with LAM responded positively to everolimus, with less deterioration of lung function which was also shown in the EXIST-2 study (15, 23).

The clinical benefit of everolimus can be assessed not only by reducing tumor volumes, but also by a direct clinical benefit with regard to preservation of renal function. TSC patients usually have worse kidney function than the general population (24), however the deterioration in kidney function is not well understood. Patients with TSC on long-term everolimus have been shown to have stable renal function which concurred with our results here. The mechanism of everolimus inhibiting deterioration of renal function is not well known but it is hypothesized that mTOR activation may be the reason for decline of renal function in TSC patients, therefore early intervention with mTOR inhibitors may be beneficial in preserving renal function (25). Progression to stage 4 chronic kidney disease occurred only in patients who had compromised renal function at baseline (22) therefore close monitoring is recommended. Proteinuria is a known AE of mTOR inhibitor, and the majority of cases may be mild, transient or variable in patients with everolimus. Proteinuria > 1g/24h should be taken seriously and the dose of everolimus should be adjusted (25).

In this study, we have only followed patients on up to a year of everolimus treatment. Ideally, everolimus should be taken long term to maintain reduction in AML lesions. In the extension phase of EXIST-2, continued reduction in AML size was observed over a median of 28.9 months (14). However, there is a higher incidence of adverse events in Chinese patients on the standard recommended dosage of 10mg daily (16) which is also seen in our study. Long term use of everolimus is also associated with a higher risk of gonadal dysfunction and interstitial lung disease (26, 27). Several different method of everolimus administration have been studied which have reported similar magnitude of efficacy but with lower incidences of adverse events: intermittent administration, sequential administration and continuous low-dose administration (28–30). Additionally, clinicians may opt for surgical intervention or embolization to remove larger lesions which may lead to an early termination of everolimus treatment. More studies would be required to understand the optimal treatment of these patients to prevent disease rebound.

No patients were excluded from the analysis sets due to COVID-19 protocol deviation. The changes related to collection of safety assessments due to COVID-19 did not impact the data and safety analyses. However, 12 patients (30.0%) changed an assessment and 11 patients (27.5%) missed a visit due to COVID-19 pandemic. There were no major COVID-19 related protocol deviations reported resulting in any patient excluded from the analysis sets. As the impact was minimal, a sensitivity analysis was not performed.

In general, there are several limitations in our study. First, due to the small numbers of samples in our study, the results (especially those between genders) should be interpreted with caution. Our conclusions should be further verified in studies with larger sample size in the future. Second, the therapeutic and follow-up time in our study is just 1 year. The long-term results of Chinise patietns just as those in EXIST-2 are lack. The cohort studies with much longer research duration are needed in the future.



Conclusions

Based on the efficacy and safety data presented in this study, everolimus has been shown to have a good clinical benefit/risk profile in patients with TSC-AML. Treatment with everolimus is associated with early and durable responses, whilst decreasing tumor burden. Known side effects of everolimus are mild and manageable. No new safety signals arose from this study. Therefore, everolimus is a viable treatment option for Chinese patients with TSC-AML who do not require immediate surgical intervention.
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