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The results of the phase III trial ARST1431 evaluating the 
efficacy and safety of adding temsirolimus, a mammalian 
target of rapamycin (mTOR) inhibitor, to the standard 
chemotherapy for pediatric-to-young adult patients with 
rhabdomyosarcoma were reported in 2024 by Gupta et al. (1). 
That trial evaluate the efficacy and safety of the addition of 
temsirolimus to multimodal therapy for intermediate-risk 
rhabdomyosarcoma patients. The multimodal therapy was 
comprised of alternating VAC/VI chemotherapy, i.e., VAC 
(vincristine, actinomycin-D, and cyclophosphamide) and VI 
(vincristine and irinotecan) plus definitive radiotherapy with 
or without sequential maintenance therapy by vinorelbine 
and oral cyclophosphamide. The trial’s primary endpoint, 
i.e., the 3-year event-free survival (EFS) rate, did not differ 
significantly between the patients treated with or without 
temsirolimus [66.8%, 95% confidence interval (CI): 57.5–
76.2% in the tensirolimus group and 64.8%, 95% CI: 55.5–
74.1% in the without-temsirolimus group; hazard ratio (HR) 
0.86, 95% CI: 0.58–1.26, log-rank P=0.44].

The investigational history of temsirolimus 
treatment for rhabdomyosarcoma

Temsirolimus, which was initially approved for the 
treatment of renal cell  carcinoma (RCC) in adult 
malignancies (2), is administered intravenously and is one of 

the molecular targeted drugs whose investigation in relation 
to pediatric malignancies (including rhabdomyosarcoma) 
has been ongoing for many years. A preclinical study 
revealed the inhibition of rhabdomyosarcoma xenograft cell 
growth by temsirolimus (3), and this result was the rationale 
for planning and performing rhabdomyosarcoma clinical 
trials. In a phase II trial of temsirolimus monotherapy, only 
one of the 16 enrolled patients with rhabdomyosarcoma 
achieved disease stabilization by week 12, and no objective 
response was observed (4). However, in the randomized 
phase II ARST0921 trial that evaluated the efficacy of 
temsirolimus or the anti-VEGF antibody bevacizumab in 
combination with cytotoxic chemotherapy (vinorelbine and 
cyclophosphamide) administered to patients with recurrent 
rhabdomyosarcoma, the temsirolimus combination cohort 
(n=38) showed a 65% 6-month EFS rate (95% CI: 44–79%) 
and a 47% objective response rate (95% CI: 31.5–63.2%), 
which was superior to the efficacy in the bevacizumab 
combination cohort (5). The phase III ARST1431 trial’s 
study design (1) was based on this result.

Due to the lack of information about the tolerability 
of temsirolimus combined with the standard induction 
chemotherapy regimen for rhabdomyosarcoma (i.e., 
alternating VAC/VI), the safety of this treatment was 
evaluated using the cases of the first 10 patients enrolled in 
the ARST1431 trial as the feasibility phase, and based on 
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the analysis results the temsirolimus combination with an 
alternating VAC/VI regimen was regarded as tolerable (6).  
As noted above, the result of the ARST1431 trial was 
negative, indicating that the strategy of adding temsirolimus 
to standard treatment does not provide a clinical benefit for 
intermediate-risk rhabdomyosarcoma patients.

Next step: How do we detect the appropriate 
targets for the appropriate patients?

In light of these investigational pathways and temsirolimus 
clinical trial results, what should we do in the future to 
develop molecularly targeted drugs for rhabdomyosarcoma? 
The ARST1431 tr ia l  appl ied  a  new s trategy for 
rhabdomyosarcoma investigations; FOXO1 fusion gene was 
used in the trial’s patient enrollment and risk stratification. 
Until recently, clinical trials for individuals with newly 
diagnosed rhabdomyosarcoma were designed for patients 
at their respective prognostic risk levels: in low-risk groups, 
minimizing invasiveness and late toxicity while preserving 
curative potential could be the treatment goal, and in 
intermediate/high risk groups, more intensive treatment or 
the incorporation of new drugs for improving the response 
and prognoses could be applied (7).

The past risk classifications were based on the primary 
site of disease, the patients’ age, cellular morphology, and/
or immunostaining results. More detailed pathological 
features have recently become available, making the risk 
and prognosis classifications more detailed, objective, and 
accurate (8). The application of the FOXO1 fusion gene 
as an assessment tool in the ARST1431 trial is part of this 
trend and is expected to improve the accuracy of identifying 
patients in need of novel therapies, i.e., those with poor 
prognoses.

However, the detection of a poor-prognosis patient 
population does not necessarily mean that molecularly 
targeted therapies, including mTOR inhibitors, are 
effective therapeutic targets. For adult malignancies, many 
molecular targeted drugs targeting the PI3K/mTOR/Akt 
signaling pathway have been investigated and approved, 
including temsirolimus treatment for RCC as noted 
above. Before the early 2010’s, the clinical trials of these 
targeted drugs included patients with specific tumor origins 
regardless of the molecular profile, e.g., everolimus for 
RCC (9), hormone receptor-positive breast cancer (10), and 
neuroendocrine tumors (11), but specific mutations such as 
the PI3K inhibitor alpelisib were later detected and then 
required for clinical trial enrollment (12).

Concerning adult soft tissue sarcomas, the mTOR 
inhibitor nab-sirolimus was approved for perivascular 
epithelioid cell tumor (PEComa) by the U.S. Food and 
Drug Administration based on the results of a phase II trial 
(AMPECT) in which the overall response rate was 38.7%, 
the median progression-free survival was 10.6 months, 
and the median overall survival was 53.1 months (13,14). 
PEComas are known to be related to the genetic alterations 
of the tuberous sclerosis complex (TSC), which is an 
autosomal dominant genetic disease due to losses of TSC1 
(9q34) or TSC2 (16p13.3) genes which seem to have a role 
in the regulation of the PI3K/mTOR/Akt pathway, which 
could be an appropriate target for mTOR inhibitors (15).

Another challenge is that the current identification of 
such mutations is not yet sufficient to predict the efficacy of 
molecularly targeted therapies. Regarding mTOR inhibitors, 
a histology-agnostic clinical trial of everolimus that enrolled 
patients with any type of solid tumor with TSC1/TSC2 or 
mTOR mutations did not show clinical benefits (16). Aside 
from mTOR inhibitors, there have been rhabdomyosarcoma 
clinical trials of molecular targeted drugs that explored 
biomarkers of target mutations such as an insulin-like growth 
factor-1 receptor (IGF-1R) inhibitor (biomarker: IGF-1R 
expression by immunohistochemistry) (17) and an anaplastic 
lymphoma kinase (ALK) inhibitor to ALK and/or MET 
alteration (18), but these trials did not obtain evidence of 
clinical benefits.

With the recent proliferation of whole gene panel 
testing, more knowledge has been attained regarding 
genetic mutations in rhabdomyosarcoma than ever before. 
Many potential new prognostic factors and therapeutic 
targets are observed in rhabdomyosarcoma, e.g., TP53, 
a well-known tumor suppressor gene that is mutated in 
many solid tumors, and the fusion gene MYOD1-LR122R, 
which has shown potential as a new poor prognostic 
factor in addition to FOXO1 (19,20). There are also some 
known targetable mutations such as BRAF and fibroblast 
growth factor receptor (FGFR) have been observed in 
rhabdomyosarcoma patients even though extremely low 
rates (19,20); for these mutations, tumor agnostic targeting 
treatments have been investigated and/or approved to 
adult malignancies (21,22), so rhabdomyosarcoma patients 
with BRAF/FGFR mutations might benefit from receiving 
targeted therapies. The FOXO1 fusion gene, introduced as 
a new prognostic factor as mentioned above, is not merely 
a prognostic factor. The details of the cell proliferation 
signaling pathway involving this fusion gene are becoming 
clear, and proteins that can be targeted in the pathway 
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and drugs that are candidates for targeted therapy are also 
emerging (20).

T h e  f u t u r e  d e v e l o p m e n t  o f  t h e r a p e u t i c s  f o r 
rhabdomyosarcoma is likely to focus more closely on the 
relationship between patients’ genetic abnormalities and the 
therapeutic targets for those abnormalities. In these cases, 
the design of clinical trials that focus on individual cases (e.g., 
small number single-arm and/or n-of-1 trials rather than 
large randomized controlled trials such as the ARST1431) 
should be considered as precision medicine due to (I) the 
rarity of rhabdomyosarcoma, (II) the difficulty in collecting 
a large number of cases with each genetic mutation, and 
(III) the ethical difficulties involved in setting up a control 
arm (especially a placebo group) due to the large proportion 
of children with this cancer (23). Furthermore, in seeking 
regulatory approval, it is necessary to establish a causal 
relationship of a candidate target gene mutation to the 
development and progression of rhabdomyosarcoma by 
preclinical studies and consider how to ensure the cost 
of developing, supplying, operating, and maintaining a 
therapeutic agent.
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