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Introduction

Medulloblastoma is the most common malignant pediatric 
brain tumor, with approximately 1,800 new cases diagnosed 
in the United States every year (1). Traditionally, treatment 
of medulloblastoma consists of maximum safe surgical 
resection followed by craniospinal irradiation (CSI) and 
chemotherapy. Residual disease after surgery >1.5 cm2, 
anaplastic histology, metastatic disease or positive cytology, 
and MYC amplification define high-risk disease, which 

is treated with 36 Gy CSI + boosts to the posterior fossa 
and bulk disease. Overall, with adjuvant radiation and 
chemotherapy, patients have a 5-year overall survival (OS) 
of 60% to 85% (2), however, nearly all patients experience 
therapy-related toxicity. The St Jude medulloblastoma 
protocols prescribe 23.4 Gy CSI plus minimum 54 Gy 
posterior fossa boost for average risk patients, which is 
increased to 36Gy CSI for high risk disease. Adjuvant 
chemotherapy includes 12–16 g/m2 cyclophosphamide and 
300 mg/kg cisplatin over 4 cycles. Grade 3 or 4 ototoxicity 
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occurs in over 18% of patients (3), endocrinopathies in over 
50% of patients (4), and permanent cognitive decline in 
the majority of patients, particularly younger children (5).  
Moreover, up to 10% develop secondary malignancies 
as adults (6). Therefore, reducing the effects of toxic 
adjuvant therapies without negatively impacting efficacy is 
paramount.

Medulloblastoma is not a single entity, but rather is 
comprised of at least four molecular subgroups (7) and 
12 subtypes (8). These four molecular subgroups which 
include wingless (WNT), sonic hedgehog (SHH), Group 
3, and Group 4 and have distinct features including tumor 
drivers, prognosis, and patient demographics (7). Given these 
differences in subgroups and the high incidence of adjuvant 
therapy-related morbidity, there has recently been significant 
interest in tailoring adjuvant therapy with the goal of 
reducing toxic chemotherapy and radiation while optimizing 
patient outcomes. The purpose of this paper is to provide an 
update on current clinical medulloblastoma trials that stratify 
adjuvant treatment based upon molecular subgroup.

Methods

A search was conducted on ClinicalTrials.gov on 8/21/19 
using the following search terms: “medulloblastoma and 
subgroup”, “medulloblastoma and SHH”, “medulloblastoma 
and WNT”, and “medulloblastoma and Non-WNT/
Non-SHH”. These resulted in 13, 9, 5, and 2 clinical trials 
respectively with overlap amongst the results. Previously 
completed studies and studies not captured by the above 
search results were not included. 

Results

A brief summary of the results can be found in Table 1.

Trials for newly diagnosed medulloblastoma

Children with WNT medulloblastoma have by far 
the most favorable outcomes of all medulloblastoma  
subgroups (9). Subsequently, there is considerable interest in 
de-escalating treatment these patients receive in the adjuvant 
setting in order to reduce therapy-related morbidity. One 
of the largest studies currently open is, “A Clinical and 
Molecular Risk-Directed Therapy for Newly Diagnosed 
Medulloblastoma,” otherwise known as SJMB 12 (10). 
The study plans to enroll 625 participants based on their 
subgroup, WNT (Strata W), SHH (Strata S), and non-

WNT/non-SHH (Strata N). Stratum W1 (low risk) will 
undergo reduced CSI dose (15/51 Gy), Stratum W2 (atypical) 
will undergo standard CSI (23.4/54 Gy), and Stratum 
W3 (high risk) will undergo high CSI (36–39.6/54 Gy).  
Strata S1, N1, and N2 will receive 23.4/54 Gy while 
S2 and N3 will receive 36–39.6/54 Gy. In addition to 
cyclophosphamide, cisplatin, and vincristine, patients in 
SHH stratum with skeletal maturity receive the hedgehog 
pathway inhibitor, vismodegib, as this agent causes 
premature growth plate fusion in pre-pubertal children. 
High-risk patients in the non-WNT/non-SHH stratum 
receive the synthetic pyrimidine nucleoside prodrug, 
gemcitabine, and the folate antimetabolite, pemetrexed, 
but these are conventional chemotherapies without specific 
subgroup rationale. In addition to the typical outcome 
measures, patients will undergo a battery of cognitive and 
quality of life assessments.

The Children’s Oncology Group (COG) trial, “A 
Phase 2 Study of Reduced Therapy for Newly Diagnosed 
Average-Risk WNT-Driven Medulloblastoma Patients,” 
enrolls only WNT medulloblastoma patients and prescribes 
18 Gy CSI and a smaller tumor bed irradiation of 36 Gy 
in lieu of a boost to the entire posterior fossa, as well as 
reduced cisplatin, vincristine, and lomustine doses (11). A 
study coordinated by the Sidney Kimmel Comprehensive 
Cancer Center at Johns Hopkins, “Pilot Study Assessing 
the Feasibility of a Surgery and Chemotherapy-Only 
Approach in the Upfront Therapy of Children With Wnt 
Positive Standard Risk Medulloblastoma,” enrolled only 
low risk WNT patients with <1.5 cm2 residual disease and 
no metastases (12). Patient received no CSI and received 
a modest chemotherapy regimen including lomustine, 
vincristine, and cisplatin followed by cyclophosphamide, 
vincristine, and mesna, a bladder protective agent. 
Unfortunately, enrollment is currently suspended due to 
two patients experiencing both local and disseminated 
recurrence at 3 and 6 months (13). Preliminarily, it appears 
that modest-dose chemotherapy without radiation is 
inadequate to treat average risk WNT medulloblastoma. 

The International Society of Paediatric Oncology 
(SIOP)’s study, “An International Prospective Study on 
Clinically Standard-risk Medulloblastoma in Children 
Older Than 3 to 5 Years With Low-risk Biological Profile 
(PNET 5 MB-LR) or Average-risk Biological Profile 
(PNET 5 MB-SR),” stratifies patients into low risk and 
standard risk arms (14). The low risk stratum is comprised 
of WNT patients that receive 18 Gy of CSI and reduced 
doses of cisplatin, lomustine, and vincristine followed by 
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Table 1 Clinical trial summary

Trial
ClinicalTrials.gov 

Number
Target 

enrollment
Key features Available results

Newly diagnosed  

A Clinical and Molecular Risk-Directed Therapy for 
Newly Diagnosed Medulloblastoma (SJMB 12)

NCT01878617 625 CSI reduction for low risk WNT  

Vismodegib for SHH patients

Pemetrexed and Gemcitabine for 
non-WNT/non-SHH patients

A Phase 2 Study of Reduced Therapy for Newly  
Diagnosed Average-Risk WNT-Driven  
Medulloblastoma Patients (COG ACNS1422) 

NCT02724579 45 Only open to WNT patients  

Reduced CSI

Limited targeted radiation boost to 
the tumor bed

Reduced cisplatin, vincristine, and 
lomustine

Pilot Study Assessing the Feasibility of a Surgery and 
Chemotherapy-Only Approach in the Upfront Therapy 
of Children With Wnt Positive Standard Risk  
Medulloblastoma

NCT02212574 13 Only open to WNT patients Suspended due 
to several early 
failures 

Patients received no radiation

An International Prospective Study on Clinically  
Standard-risk Medulloblastoma in Children Older Than 
3 to 5 Years With Low-risk Biological Profile (PNET 5 
MB-LR) or Average-risk Biological Profile (PNET 5  
MB-SR)

NCT02066220 360 Reduced CSI and reduced  
cisplatin, vincristine, lomustine 
followed by cyclophosphamide and 
vincristine for WNT patients

 

HeadStart4: Newly Diagnosed Children (<10 y/o) With 
Medulloblastoma and Other CNS Embryonal Tumors 
Clinical and Molecular Risk-Tailored Intensive and 
Compressed Induction Chemotherapy Followed by 
Consolidation With Randomization to Either Single 
Cycle or to Three Tandem Cycles of Marrow-Ablative 
Chemotherapy With Autologous Hematopoietic  
Progenitor Cell Rescue

NCT02875314 250 Only open to patient ≤10 years old  

After induction chemotherapy,  
non-WNT/non-SHH randomized to 
possible receive increased  
chemotherapy compared to WNT/
SHH patients

Recurrent/relapsed  

Molecularly-Driven Doublet Therapy for All Children 
With Refractory or Recurrent CNS Malignant  
Neoplasms and Young Adults With Refractory or  
Recurrent SHH Medulloblastoma

NCT03434262 108 Three different treatment groups: 
Group 3/4 (ribociclib and  
gemcitabine), SHH/WNT  
(ribociclib and trametinib), and 
SHH of smoothened inhibitor with 
9q loss or PTCH1 mutant (ribociclib 
and sonidegib)

 

St. Jude ELIOT: Phase 1 Evaluation of LY2606368, 
a Molecularly-Targeted CHK1/2 Inhibitor Therapy, in 
Combination With Cyclophosphamide or  
Gemcitabine for Children and Adolescents With  
Refractory or Recurrent Group 3/Group 4 or SHH  
Medulloblastoma Brain Tumors

NCT04023669 100 Not open to patients with recurrent 
WNT medulloblastoma

 

Two treatment groups: Group3/4/
SHH (prexasertib and  
cyclophosphamide) and Group 3/4 
(prexasertib and gemcitabine)

PBTC-053: A Pediatric Brain Tumor Consortium  
Phase I/II and Surgical Study of CX-4945 in Patients 
With Recurrent SHH Medulloblastoma

NCT03904862 60 Only open to patients with SHH 
medulloblastoma

 

An International, Randomized, Open-label Phase I/II 
Study of Vismodegib in Combination With  
Temozolomide Versus Temozolomide Alone in Adult 
Patients With Recurrent or Refractory  
Medulloblastomas Presenting an Activation of the 
Sonic Hedgehog (SHH) Pathway (MEVITEM)

NCT01601184 24 Open to SHH adult patients only Terminated due 
to lack of success 
at first stage of 
Phase II

Not currently enrolling patients
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cyclophosphamide and vincristine whereas standard risk 
patients receive 23.4 Gy CSI.

Nationwide Children’s Hospital is sponsoring Headstart 
IV: “HeadStart4: Newly Diagnosed Children (<10 y/o)  
With Medulloblastoma and Other CNS Embryonal 
Tumors Clinical and Molecular Risk-Tailored Intensive 
and Compressed Induction Chemotherapy Followed 
by Consolidation With Randomization to Either Single 
Cycle or to Three Tandem Cycles of Marrow-Ablative 
Chemotherapy With Autologous Hematopoietic Progenitor 
Cell Rescue (15).” Patients with non-WNT/non-SHH 
medulloblastoma receive three (if remission is achieved) 
to five cycles of vincristine, cisplatin, cyclophosphamide, 
etoposide, high-dose methotrexate, then are randomized 
into either a single cycle of carboplatin, thiotepa, and 
etoposide or tandem three cycles of carboplatin and 
thiotepa. Patients with WNT or SHH medulloblastoma 
receive the same three to five cycles induction chemotherapy 
as  the non-WNT/non-SHH but  do not  undergo 
randomization and receive a single consolidation cycle of 
carboplatin, thiotepa, and etoposide with autologous stem 
cell infusion.

Trials for recurrent medulloblastoma

St. Jude Children’s Research Hospital is conducting a 
clinical trial for patients with recurrent medulloblastoma, 
“Molecularly-Driven Doublet Therapy for All Children 
Wi th  Re f rac tory  o r  Recur ren t  CNS Mal ignant 
Neoplasms and Young Adults With Refractory or 
Recurrent SHH Medulloblastoma.” Stratum A includes 
patients with recurrent/refractory Group 3 and Group 4  
medulloblastoma (16). These patients are treated with 
ribociclib, a cyclin D1/CDK4/6 inhibitor, and gemcitabine. 
Stratum B includes patients with recurrent/refractory 
SHH or WNT medulloblastoma; these patients receive 
ribociclib and the MEK1/2 inhibitor, trametinib. Stratum 
C includes patients with recurrent/refractory SHH 
medulloblastoma. In contrast to Stratum B, Stratum C 
patients must be off any smoothened inhibitor for more 
than 6 months, must have tumor with 9q loss or PTCH 
mutation, and be skeletally mature. These patients receive 
ribociclib and, the smoothened antagonist, sonidegib. 
Notably, Stratum A will also enroll patients with recurrent 
ependymoma while Stratum B will also enroll patients 
with recurrent malignant glioma. In addition to the 
aforementioned study, St. Jude is also conducting another 
trial for recurrent medulloblastoma, “St. Jude ELIOT: 

Phase 1 Evaluation of LY2606368, a Molecularly-
Targeted CHK1/2 Inhibitor Therapy, in Combination 
With Cyclophosphamide or Gemcitabine for Children 
and Adolescents With Refractory or Recurrent Group 3/
Group 4 or SHH Medulloblastoma Brain Tumors (17).”  
This study includes two strata. Stratum A includes patients 
with recurrent/refractory Group 3, Group 4, SHH, and 
indeterminate subgroup medulloblastoma. These patients 
receive the cell cycle checkpoint kinase 1/2 inhibitor, 
prexasertib, and cyclophosphamide. Stratum B will include 
patients with recurrent/refractory Group 3 and Group 4 
medulloblastoma. These patients receive prexasertib and 
gemcitabine. Notably, this trial is not open to patients with 
recurrent WNT medulloblastoma.

Two clinical trials specifically target recurrent SHH 
medulloblastoma. The Pediatric Brain Tumor Consortium’s 
trial, “PBTC-053: A Pediatric Brain Tumor Consortium 
Phase I/ II and Surgical Study of CX-4945 in Patients With 
Recurrent SHH Medulloblastoma (18),” enrolls patients 
with recurrent SHH into one of three arms. All patients 
receive oral silmitasertib sodium, a casein kinase (CK) 2 
inhibitor. Phase I enrolls skeletally immature patients (age 
3 and above), Phase II enrolls skeletally mature patients, 
and the surgical arm enrolls patients from Phase I or II 
who are candidates for surgery. Another study for patients 
with recurrent SHH medulloblastoma is titled, “An 
International, Randomized, Open-label Phase I/II Study of 
Vismodegib in Combination With Temozolomide Versus 
Temozolomide Alone in Adult Patients With Recurrent or 
Refractory Medulloblastomas Presenting an Activation of 
the Sonic Hedgehog (SHH) Pathway (19,20).” This now-
terminated study treated patients with vismodegib plus 
temozolomide versus temozolomide alone. The final results 
of this trial have not been published. However, the authors 
had stated that it “would be uninteresting if 6-month non-
progression rate ≤30% and promising if ≥55% and using 
Simon’s optimal two-stage design (type I error rate: 5%, 
power: 80%) (20).” The trial was terminated because, “The 
number of successes is not reached at the end of first stage of 
the phase II (19)”. 

Discussion

In this review, we have highlighted nine clinical trials 
which use medulloblastoma molecular subgrouping to 
tailor adjuvant therapies. It should be noted that this is 
not intended to be a comprehensive list of all such trials, 
just those currently open and captured by the search terms 
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noted in Methods. For an excellent review of the scientific 
rationale behind targeted therapies, please refer to Liu  
et al. (21). Further, Keiran published an excellent review of 
studies specifically targeting the SHH pathway (22). 

Future studies will undoubtedly offer more targeted 
therapies as preclinic work continues to drive the field 
forward. Recent insights into the clinical importance of 
surgical tumor extent of resection (9,23) have the potential 
to alter what is considered high-risk disease, thereby further 
reducing the amount of CSI and adjuvant chemotherapy in 
patients with minimal residual disease. As the pathogenesis 
and tumor-drivers of Group 3 and Group 4 continue to be 
better defined (21,24-26), future trials of targeted agents 
may contribute to improved survival and quality of life. 
As the aforementioned trials mature, these results may 
impact and inform future iterations of moleculary stratified 
trials, hopefully including less toxic, targeted therapies for 
medulloblastoma. 
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