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Introduction: Intractable lymphatic anomalies (LAs) include cystic lymphatic malformation (LM; macrocystic, microcystic, or mixed), generalized lymphatic anomaly, and Gorham–Stout disease. LAs can present with severe symptoms and poor prognosis. Thus, prospective studies for treatments are warranted. We conducted a prospective clinical trial of sirolimus for intractable LAs.

Methods: This was an open-label, single-arm, multicenter, prospective trial involving five institutions in Japan. All patients with LAs received oral sirolimus once daily, and the dose was adjusted to ensure that the trough concentration remained within 5–15 ng/mL. We prospectively assessed the drug response (response rate for radiological volumetric change in target lesion), performance state, change in respiratory function, visceral impairment (pleural effusion, ascites, bleeding, pain), laboratory examination data, quality of life (QOL), and safety at 12, 24, and 52 weeks of administration.

Results: Eleven patients with LAs (9 generalized lymphatic anomaly, 1 cystic LM, 1 Gorham–Stout disease) were treated with sirolimus, of whom 6 (54.5%; 95% confidence interval: 23.4–83.3%) demonstrated a partial response on radiological examination at 52 weeks of administration. No patients achieved a complete response. At 12 and 24 weeks of administration, 8 patients (72.7%) already showed a partial response. However, patients with stable disease showed minor or no reduction after 12 weeks. Adverse events, such as stomatitis, acneiform dermatitis, diarrhea, and fever, were common with sirolimus. Sirolimus was safe and tolerable.

Conclusion: Sirolimus can reduce the lymphatic tissue volume in LAs and may lead to improvements in clinical symptoms and QOL.

Keywords
 lymphatic anomalies; lymphatic malformation; generalized lymphatic anomaly; Gorham–stout disease; mammalian target of rapamycin


1 Introduction

There are various types of lymphatic anomalies (LAs) that fall under the category of complex LAs (1). These include common lymphatic malformation (LM), generalized lymphatic anomaly (GLA), kaposiform lymphangiomatosis, Gorham–Stout disease (GSD), central conducting lymphatic anomaly, and others (2). These anomalies typically manifest during birth or early childhood, and rarely occur in adulthood. The clinical symptoms of LAs are influenced by factors such as their anatomical region, size, and degree of invasiveness. LAs can lead to severe conditions such as dyspnea, respiratory disorders, coagulation disorders, and bleeding. Challenging LA cases can be complicated to manage because of the location and high risk of recurrence. Conventional treatment options include surgical resection, sclerotherapy, and drainage; however, these methods have potential complications. Therefore, it is crucial to explore innovative pharmacological treatment strategies for effective management of these anomalies.

Recent genetic studies have revealed that LAs are caused by somatic activating mutations in genes such as PIK3CA, NRAS, CBL, KRAS, and ARAF (3). These disease-causing genes and their associated proteins are involved in signaling pathways, including the PI3K-AKT (protein kinase B) and RAS-mitogen-activated protein kinase (MAPK) pathways that have roles in lymphatic vessel development and growth in both normal tissue and LAs (3). Another study showed that rapamycin (sirolimus), a mammalian target of rapamycin (mTOR) inhibitor, can inhibit the excessive growth of lymphatic vessels in mouse models of LM driven by mutations of the PIK3CA gene (4). In clinical settings, sirolimus has emerged as a promising treatment for LAs and other vascular anomalies (5). Retrospective cohort studies demonstrated that 50–80% of LA patients treated with sirolimus experienced improvements in their clinical symptoms, such as pain, bleeding, and functional deficits, and a reduction in their lesion volume. However, it is important to note that most of these studies were retrospective (6).

We conducted a multicenter prospective study to investigate the impacts of sirolimus for intractable LAs. In this study, we measured the volume of LM lesions objectively and quantitatively using magnetic resonance imaging (MRI). Additionally, based on the natural history data and effectiveness data of sirolimus from clinical trials that used the same MRI assessment as ours, we statistically determined the sample size and prospectively evaluated the radiological effect of sirolimus. Herein, we report the results of this trial for sirolimus treatment of LAs.



2 Methods


2.1 Study objectives, design, and enrollment

We performed a clinical trial, designated Sirolimus for Intractable Lymphatic Anomalies (SILA), to assess the efficacy and safety of sirolimus in LAs. It was an open-label, single-arm, multicenter, prospective trial conducted at five institutions in Japan (Gifu University Hospital, Kyoto Prefectural University of Medicine, Kyushu University Hospital, National Center for Child Health and Development, and Keio University School of Medicine).

Patients who met the eligibility criteria and provided informed consent and assent were enrolled. Before enrollment, all patients were reviewed by a multi-institutional, multidisciplinary evaluation committee, which included individuals from pediatric surgery, pediatrics, and radiology departments. Clinical information, clinical photographs, and radiological findings were assessed. Although there are no globally established diagnostic criteria for cystic LM, GLA, or GSD, we used the diagnostic criteria used domestically in Japan for each disease (7, 8). The inclusion criteria were: >0.6 m2 of body surface area (BSA) and judged by the investigator to be able to take tablets; definite diagnosis of cystic LM, GLA, or GSD, and exclusion of other lymphatic diseases; presence of at least one target lesion (e.g., cystic LM, lymphedema) measurable on MRI; and presence of intractable and severe disorders and symptoms caused by the target disease (bleeding, chronic pain, recurrent cellulitis [>3 episodes/year], ulceration, visceral and/or bone involvement, potential effects on organ function including the eye, airway, and ear). The exclusion criteria were: Karnofsky performance status (PS) score ≤ 30 (≥10 years of age) or Lansky play-PS ≤30 (<10 years of age); dysfunction of the liver, renal, or cardiac systems; receipt of molecularly targeted drugs associated with the mTOR pathway, immunosuppressant drugs, or drugs that inhibit/induce CYP3A4 enzyme activity; active infections requiring systemic treatment; uncontrolled diabetes, hypertension, hyperlipidemia, chronic liver, kidney disease, or immunodeficiency conditions; and carrier status for hepatitis B and/or hepatitis C virus. Patients with contraindications to sirolimus and experience of therapies affecting assessment of the target lesions, including history of allergic reaction to sirolimus, receipt of surgery (resection, sclerotherapy, or endovascular treatment), or administration of therapeutic drugs (propranolol, Kampo medicines, interferon, octreotide, bisphosphonate, or denosumab), chemotherapy agents, or radiation therapy for the target lesion, were also excluded.



2.2 Treatment and assessments

Initially, sirolimus (Rapalimus Tablet; 1 mg; Nobelpharma Co., Ltd., Tokyo, Japan) at 2 mg (BSA ≥1.0 m2) or 1 mg (BSA <1.0 m2) was administered orally once daily after meals or on an empty stomach. The dose was then adjusted based on the trough concentration of sirolimus measured during week 2 to reach a target concentration within 5 to 15 ng/mL (max dose: 4 mg). The trough concentrations were measured at 1 and 2 weeks, and every 4 weeks thereafter. Supportive therapies (antibiotics, blood transfusion, antipyretics, analgesics) and therapies that would not affect assessment of the LA lesions were allowed, while additional drugs that may have adverse effects in combination with sirolimus, drugs that inhibit/induce CYP3A4 enzyme activity, and therapies (surgery, sclerotherapy, and drugs) that may affect assessment of the target lesions were not allowed.

The primary outcome was the objective radiographic response rate to sirolimus treatment, defined as the population of patients who achieved a complete response (CR) or partial response (PR) based on the volume of the target lesion assessed on MRI at 52 weeks. For definitive evaluation, two central radiologists who were independent from the other investigators performed the assessment. On MRI with T2 fat-saturated sequence images of the lymphatic lesions or cysts, the area dimensions of the lesions were measured using the region of interest (ROI) tool in a Digital Imaging and Communications in Medicine (DICOM) viewer (OsiriX© v.9.0; Pixmeo, Bernex, Switzerland). Other pathologic lesions, such as inflammation, bleeding, and hematoma, were removed. The volume of the target lesion was calculated by multiplying the ROI areas by the slice width. The non-lymphatic tissues (bleeding, inflammation, and hematoma) were not examined. We classified the evaluation criteria as follows: CR, disappearance of all target lesions; PR, ≥20% decrease in volume of the target lesion; progressive disease (PD), ≥20% increase in volume of the target lesion; and stable disease (SD), insufficient shrinkage to qualify for PR and insufficient growth to qualify for PD.

The secondary outcomes were the radiological, clinical, and biological assessments of the efficacy of sirolimus as well as the safety. The radiological response rate (at 12 and 24 weeks), PS, change in respiratory function, visceral impairment (pleural effusion, ascites, bleeding, pain), laboratory examination data (complete blood count, liver, lipid profile, and blood coagulation parameters), and quality of life (QOL) were evaluated at 12, 24, and 52 weeks. The changes in vital signs and pharmacokinetic data every 4 weeks and the safety (adverse events) were examined during sirolimus treatment. PS, bleeding, pain, QOL, and adverse events were measured using the Karnofsky PS (≥10 years of age) or Lansky play-PS (<10 years of age), World Health Organization (WHO)-Bleeding Scale (9), visual analog scale for pain (10), PedsQL™ 4.0 Generic Core Scales (<25 years of age) (11) or Functional Assessment of Cancer Therapy-General (FACT-G) (≥25 years of age) (12), and the Common Terminology Criteria for Adverse Events V4.0 (13), respectively.



2.3 Sample size and data analysis

There is little available data on the natural history of intractable LAs. Therefore, we examined retrospective data from a Japanese national survey on intractable LAs (6). In 59 patients with intractable LAs (19 cystic LM, 18 GLA, and 22 GSD), only one patient (1.7%) showed radiological improvement for at least 1 year. Thus, the threshold response rate was 5%. The expected response rate was determined as 50% because data from past clinical trials showed radiological response rates of 52 and 50% (5, 14). Therefore, the sample size was calculated based on the probability that the lower limit of the exact 95% confidence interval (CI) for the primary outcome would be greater than the threshold of 5%. To maintain a statistical power of at least 90%, nine patients were needed. In consideration of drop-out, the target sample size was set at 10.

For the primary outcome, we used the full analysis set consisting of all enrolled patients and measured the response rate (proportion of patients evaluated as CR or PR) at 52 weeks and its exact 95% CI. If the lower limit of the 95% CI was >5%, efficacy of sirolimus would be concluded. For the secondary outcomes, the response rate and CI were calculated for pre-treatment versus 12, 24, and 52 weeks of treatment and compared by the Wilcoxon signed rank test if appropriate.




3 Results

A total of 12 patients were enrolled in the study. Subsequently, 1 patient (case 9) was excluded because of an orthodontic appliance that may affect radiological assessment on MRI. Therefore, a total of 11 patients (9 GLA, 1 cystic LM, 1 GSD) were evaluated in the study. Of these, 2 patients did not complete the study because of discontinuation at the patient’s request and cessation of medication for >28 consecutive days during treatment, respectively (Figure 1).
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FIGURE 1
 Patient distribution and inclusion in the analysis.


The demographic characteristics of the patients treated with sirolimus (full analysis set) are shown in Table 1. All 11 patients had some complications (Table 1). The vital signs (blood pressure, heart rate, respiratory rate, body temperature, SpO2), electrocardiogram, and respiratory function tests of all patients before treatment were normal. Four patients (36.4%; cases 2, 3, 5, and 8) and 1 patient (9.1%; case 1) had pleural effusion and ascites. Cases 4 and 11 had lymphorrhea from the femoral skin. The target lesions for assessment comprised six subcutaneous lesions (cases 3, 6, 8, 10, 11, and 12), two retroperitoneal lesions (cases 1 and 4), two thoracic lesions (cases 2 and 5), and one cervical lesion (case 7). The mean drug-taking rate ± standard deviation was 97.3% ± 5.2%.



TABLE 1 Character of the patients treated with sirolimus (full analysis set).
[image: Table1]


3.1 Outcomes

The detailed results for the individual cases are summarized in the Supplementary material. The radiological response rate at 52 weeks of administration was 54.5% (6/11; 95% CI: 23.4–83.3%; excluding case 3 who obtained PR but discontinued at day 287; Table 2). No patients achieved CR or PD. At 12 weeks of administration, 72.7% (8/11) already showed a PR and the volume of their lesions was further reduced at 24 weeks. However, in 7 PR patients (Figure 2, solid lines), the volume showed almost no change from 24 weeks to 52 weeks. In contrast, the SD patients (Figure 2, dotted lines) showed minor or no reduction after 12 weeks of treatment.



TABLE 2 Efficiency of sirolimus treatment after 12, 24 and 52 weeks or withdrawal.
[image: Table2]
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FIGURE 2
 Changes in volume of the target lesions during sirolimus treatment. One patient (case 9) was excluded because of an orthodontic appliance that may affect radiological assessment on MRI. PR, partial response; SD, stable disease.


Before the start of sirolimus treatment, pleural effusion was identified in 36.4% of patients (4/11). This proportion declined to 18.2% (2/11) at 52 weeks of treatment or discontinuation. Bleeding in the skin, soft tissues, muscles, and bones was observed in 4 of 11 patients before the treatment (Grade 1 in 2 cases and Grade 2 in 2 cases according to the WHO-Bleeding Scale). This number decreased to just one case (Grade 2) at 52 weeks of treatment or discontinuation. There were no instances of bleeding in the oral and nasal cavities, gastrointestinal tract, body cavities, central nervous system, points of surgical invasion, or circulatory system. Regarding the pain scales, no significant differences were noted before and after treatment. For the QOL scores, no significant changes were seen in the overall scores of the PedsQL (5 patients aged <25 years) or FACT-G (2 patients aged ≥26 years) between the pre-treatment period and 52 weeks of treatment. Likewise, there were no significant changes for improvement in activities of daily living (ADL) based on the pre-treatment and post-treatment Karnofsky PS scores (8 cases) and Lansky play-PS scores (3 cases).

Among the subjects with abnormal blood coagulation parameters at baseline, the rates of normalization at 52 weeks of treatment or discontinuation were as follows: 0.0% (0/3) for platelet count, 57.1% (4/7) for fibrinogen, and 20.0% (2/10) for D-dimer. While not all parameters became normalized, certain improvements were noted. The mean fibrinogen level increased after treatment, exceeding the baseline value at all observation points. Conversely, the mean D-dimer level decreased below the baseline value at all observation points after treatment commencement. No significant differences were observed before and after treatment (Table 3).



TABLE 3 Changes of clinical symptoms, blood coagulation test and QOL during sirolimus treatment.
[image: Table3]

We observed improvement of symptoms in three cases (cases 5, 6, and 11) that were assessed as SD (Supplementary material). In case 5, the pleural effusion observed before the start of treatment had disappeared by week 52 of treatment. The patient’s pre-treatment VAS score of 64 had improved to 23 at 52 weeks. In case 6, improvements were noted in the blood coagulation parameters: fibrinogen (74 mg/dL pre-treatment to 137 mg/dL at 52 weeks) and D-dimer (101.1 μg/mL pre-treatment to 53.4 μg/mL at 52 weeks). Although the volume change rate of the target lesion fell between −17.1 and − 12.2%, and the therapeutic effect did not reach PR, a discernible reduction was evident. In case 11, the pre-treatment VAS score of 76 improved to 24 at 52 weeks. Pre-treatment Grade 2 bleeding (involving the skin, soft tissue, muscle, bone) had resolved at 52 weeks. Before treatment, the patient had lymphatic leakage of 1–2 L/day, which progressively decreased up to 24 weeks until there was no leakage and the skin condition became softer.



3.2 Sirolimus treatment and drug concentrations

The sirolimus trough levels were measured at 1 and 2 weeks, and then every 4 weeks thereafter. The target trough level was set between 5 to 15 ng/mL, and the dosage of sirolimus was adjusted accordingly. The sirolimus concentration at nearly all measurement points was within the target range (Figure 3). There were no notable differences in sirolimus concentrations between patients with PR and patients with SD. The sirolimus concentrations in all SD patients (cases 5, 6, 10, and 11) at 1 week and two SD patients (cases 6 and 11) at 2, 4, and 8 weeks were below the 5 ng/mL threshold. However, these low concentrations were not correlated with the effectiveness of sirolimus, and the concentrations in these patients varied throughout the rest of the treatment period.

[image: Figure 3]

FIGURE 3
 Changes in sirolimus concentrations during treatment. The gray band indicates the target trough sirolimus concentration range (5–15 ng/mL). One patient (case 9) was excluded because of an orthodontic appliance that may affect radiological assessment on MRI. PR, partial response; SD, stable disease.




3.3 Safety

Adverse events were observed in all 11 subjects, but none exceeded Grade 3 in severity. The Grade 3 adverse events were observed in 7 subjects (63.6%). There were no instances of fatal adverse events. Stomatitis was the most common adverse event, occurring in 9 patients (81.8%), followed by acneiform dermatitis in 8 (72.7%) and then diarrhea and fever in 6 subjects each (54.5%). Other observed events included upper respiratory infection in 4 patients (36.4%), and abdominal pain, pharyngitis, skin infection, and pain in 3 subjects each (27.3%). Eczema, bronchitis, pneumonia, influenza-like symptoms, dehydration, cough, arthropod bite, skin abrasion, muscle pain, headache, and heavy menstrual bleeding were observed in 2 subjects each (18.2%). All other adverse events were singular occurrences.




4 Discussion

Intractable LAs are extremely rare and have limited experience details and treatment options, making these diseases exceptionally difficult to manage. Historically, treatment strategies have primarily consisted of surgical intervention, sclerotherapy, and symptomatic care. However, there is an urgent need for novel treatments to address the significant challenge of managing these diseases. The present study is the first multicenter clinical trial in Japan designed to prospectively investigate the therapeutic efficacy and safety of oral sirolimus for intractable LAs. Sirolimus was administered for a 1-year period, with blood level monitoring after each administration to maintain a therapeutic concentration between 5 and 15 ng/mL. MRI was employed to assess the target lesions, with evaluations for reduction in lesion size, clinical symptoms, bleeding, blood coagulation test data, QOL, ADL, and any adverse events. The findings demonstrated that sirolimus can significantly reduce the lesion size and may lead to improvements in symptoms associated with LAs.

Sirolimus is postulated to exert its therapeutic effects through the inhibition of mTOR-related proteins, resulting in suppression of both angiogenesis and lymphangiogenesis (4). Recent advances in genetic analyses have uncovered somatic mosaic mutations of the PIK3CA gene within the tissues of LA lesion sites, casting a spotlight on the correlations between these mutations and the pathogenesis of LAs (2). Current understanding posits that mouse models with PIK3CA gene mutations within lymphatic endothelial cells are prone to the development of purulent lesions (3). It is further hypothesized that the presence of PIK3CA gene mutations in LAs could result in a reduction in lesion size, coupled with a potential decrease in lymph leakage from the lesions, after sirolimus treatment. Although the anatomical location of lymphatic malformations is important when making treatment choices, in this study we included cases that presented with severe symptoms, regardless of being in anatomically risky locations, because sirolimus has the potential these symptoms as well.

In the present study, we refrained from conducting genetic analyses on the lesion sites, and thus no cases were officially confirmed to have PIK3CA gene mutations. Nevertheless, the notable reductions in lesion size and the resulting clinical improvements observed across a wide range of cases suggest a strong correlation between LAs and PIK3CA gene mutations. Alternatively, even in the absence of PIK3CA gene mutations, the suppressive effects on angiogenesis and lymphangiogenesis could be key mechanisms driving the observed clinical improvements. Biopsy or removal of the lesion site carries risks of severe bleeding, infection, and postoperative lymph leakage. In clinical practice, it is not easy to perform genetic analysis before administering sirolimus treatment. Additionally, the detection sensitivity for genetic mutations in lesions is not currently high, and the process is time-consuming and costly. To date and at the time of the study’s planning, there is no established evidence linking genetic mutations to the effectiveness of sirolimus treatment. These insights challenge the conventional belief on the necessity to confirm the presence or absence of genetic mutations prior to commencement of treatment. Further research is needed to understand the relationship between the genetic background of the patient and the treatment efficacy of sirolimus.

We have conducted a prospective study that assessed not only the reduction rate of the target lesions, but also the clinical symptoms, pleural effusion, ascites, blood and coagulation test data, pain scales, QOL, ADL, and drug kinetics during treatment. These consecutive and comprehensive data were valuable, and we confirmed the efficacy of sirolimus in reducing the size of LA lesions. We analyzed the MRI images of the lesion sites in all cases using a volumetric approach. Through application of the image analysis software OsiriX, we precisely detected and measured high-signal lymphatic cysts and edema that were visible on fat-suppressed T2-weighted images. Because lymphatic disease lesions have complex shapes, their measurement presents considerable challenges. However, OsiriX allowed us to establish ROIs based on MRI signal intensity variations, thereby facilitating area measurement. This makes OsiriX a valuable tool for evaluation of lymphatic diseases. In addition, we evaluated a variety of parameters during treatment. A global project that involves numerous doctors and patients, known as Outcome Measures for Vascular Malformations (OVAMA) (15), also promotes and is developing the use of various parameters such as symptoms, QOL, and patient satisfaction for treatment evaluation. Our trial, which was initiated before the OVAMA project, implemented similar evaluations as part of a prospective study. Even in cases where the lesion size was not reduced, we often observed improvements in other clinical symptoms. Consequently, it is vital that relevant judgments are based on an all-encompassing view, employing a variety of evaluation criteria and not solely relying on MRI images.

The optimal concentration and duration of sirolimus for vascular anomalies remain unknown. In our study, we adjusted the dosage to yield a target trough concentration of 5–15 ng/mL. Throughout the treatment, the fluctuations of sirolimus concentrations were largely confined within our target trough concentration range. However, the concentration levels in all SD patients (cases 5, 6, 10, and 11) were < 5 ng/mL after 1 week, and for two of these patients (cases 6 and 11), the levels remained below 5 ng/mL at 2, 4, and 8 weeks and the drug dosage was increased. Harbers et al. (16) pointed out the effectiveness of low target sirolimus levels (4–10 ng/mL) in 79.1% of patients with vascular anomalies. Despite these findings, low concentrations are not universally optimal for all cases. Karastaneva et al. (17) reported that the most remarkable volume reductions were detected within the first 4–6 months of therapy. In all of our PR patients, the tumors had already reduced by >20% at 12 weeks, and a similar trend persisted at 24 and 52 weeks. It is important to mention that the link between treatment responsiveness and blood concentration remains elusive. Nevertheless, it is plausible that an initially low blood concentration may lead to subpar treatment outcomes. High blood levels of sirolimus (>10 ng/mL) can lead to severe adverse events (18, 19), suggesting that if effective outcomes can be achieved at lower concentrations, there is no justification for enforcing higher levels. In our view, if the efficacy is not immediately apparent after treatment initiation, it is advisable to adjust the dosage to reach the range of 5–15 ng/mL and persist with the treatment for at least 6 months.

The adverse events observed were considered to be of a similar type and frequency to those reported in previous studies (5, 14, 16, 17, 19). Regarding our female patients, we found that 3 of 7 (42.9%) experienced menstrual disorders (1 irregular menstruation, 2 hypermenorrhea). These patients maintained regular menstrual cycles before administration of sirolimus, and their symptoms proved to be mild and reversible. Similarly, Triana et al. (20) reported that 7 of 74 women (9.4%) experienced menstrual alterations attributed to sirolimus treatment. All of these patients also maintained regular menstrual cycles before the treatment. One patient experienced a 4-month amenorrhea period after treatment initiation, which later resolved spontaneously, and the other six patients encountered hypermenorrhea. While most patients experienced mild menstrual alterations that did not necessitate dose reduction or withdrawal, one patient had to discontinue sirolimus due to hypermenorrhea, metrorrhagia, and hematuria. Following sirolimus withdrawal, five patients saw their regular menstrual cycles return. Using a rat model, Braun et al. (21) investigated the underlying mechanisms for sirolimus-associated ovarian toxicity. They discovered that sirolimus amplified signaling in rat ovarian follicles via the pro-proliferative PI3K pathway. We should take care for these potential adverse events.

Our study had some limitations. First, the open-label, single-arm design may have introduced bias in some outcome measures. Ideally, a randomized, placebo-controlled, double-blind clinical trial design should be used. However, these diseases are extremely rare and heterogeneous, and thus the trials are challenging. A nationwide survey by Japanese rare disease researchers in the 2010s showed that intractable cases in Japan included about 600 with a cystic lymphatic malformation and 100 with GLA/GSD (7, 8). These numbers highlight the limited number of potential participants in Japan. Enrolling suitable cases within the trial period was challenging given few patients could reach the trial sites and meet the inclusion criteria. Therefore, conducting a high evidence level trial for such rare diseases is difficult. Furthermore, evaluation methods for vascular anomalies have not been established, and it is difficult to assess the efficacy of sirolimus treatment.

Second, the number of participants was small. We designed the sample size to allow assessment of the radiological response rate as the primary outcome. There has been no previous clinical trial of sirolimus with a sample size determined statistically. However, the sample size was not necessarily appropriate for the secondary outcomes. Despite improvements in clinical symptoms, it is possible that there were no significant changes in almost all secondary outcomes such as QOL. Furthermore, the age group was limited to those who could take sirolimus tablets orally, so infants were not included. Separate trials may be necessary for infants.

Third, severity and radiological evaluation are not always correlated. Therefore, the reduction of lesions observed in our clinical trial does not necessarily indicate an improvement in clinical symptoms. However, it is evident that sirolimus significantly reduced the lesions compared with their natural history. Previous studies reported that the reduction of LM was associated with improvements in clinical symptoms and QOL (14). We evaluated secondary outcomes, such as other symptoms and QOL measures. Unfortunately, the number of cases was too small for a conclusive assessment of each item. Regardless, increasing the number of cases would enhance the probability of the data; thus, further investigation of higher numbers of cases is necessary in the future.

In Japan, sirolimus has been designated as an orphan drug. The results of this study have led to its regulatory approval in Japan. We reported the outcomes of the clinical trial based on the maximum information available and the scientific perspective at the time of planning the study.

In conclusion, our results show that sirolimus appears to be effective for decreasing the lesion size in intractable LAs. Adverse events of sirolimus were common, but were mostly mild and tolerable if monitored carefully. Further clinical trials are warranted to investigate the optimal concentration and duration of sirolimus treatment.
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