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Abstract

Purpose: The optimal management of CNS relapse of rhabdomyosarcoma is unclear. We 

examined diagnosis, management, and outcomes of rhabdomyosarcoma patients developing CNS 

relapse.

Methods: Records of 23 patients diagnosed with CNS relapse between 1999–2016 were 

reviewed. Median age at presentation of CNS relapse was 15 years (range, 1–34 years). High-risk 

features at initial presentation were as follows: 16 alveolar patients, 13 Stage IV, and 13 with 

primary tumor in parameningeal locations.

Results: CNS relapse occurred at a median 12 months (range, 1–23 months) from diagnosis and 

most common presenting symptoms were headache (n=9), nausea/vomiting (n=8), visual difficulty 

(n=5), and none (n=5). Leptomeningeal metastases were detected in 21 patients while only 2 

developed parenchymal metastases without leptomeningeal involvement. Fifteen patients received 

CNS-directed RT, including craniospinal irradiation to a median 36 Gy (range, 18–36 Gy) and/or 

whole brain radiotherapy to a median 30 Gy (range, 6–41.4 Gy). Three patients received 

concurrent chemotherapy. Follow-up MRI was conducted in 13 patients after RT initiation with 8 

demonstrating improvement, 2 with stable disease, and 3 with progression. Twelve patients were 

tested for reactivity to I-131-labeled monoclonal antibody 8H9, and three tested positive and 

received at least 1 intra-Ommaya dose; all three lived >12 months post-CNS relapse. Twenty-one 

patients died of CNS disease and two of metastatic disease at other sites. Median survival post-

CNS relapse was 5 months (range, 0.1–49 months).

Conclusions: The prognosis for rhabdomyosarcoma patients with CNS relapse remains poor. 

Treatment including CNS-directed RT should be considered and investigation into preventative 

therapies is warranted.
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Introduction

Rhabdomyosarcoma (RMS) is a malignant tumor arising from undifferentiated skeletal 

muscle cells and most often occurs in the head and neck, genitourinary system, and 

extremities. CNS relapse is a particular concern for RMS originating at parameningeal or 

paraspinal sites, given ease of access by direct extension. [1–4] However, CNS relapse has 

also been noted for RMS originating at sites outside of the head and neck, suggesting 

hematogenous spread. [5–7] While RMS commonly presents with metastases to the lungs, 

pleura, bones, and marrow, metastasis to the CNS at diagnosis is virtually unheard of. [7–10]

Even with treatment, patients with CNS relapse are unlikely to survive >10 weeks from 

diagnosis. [4] Optimal management of CNS relapse is difficult, but a multimodal approach 

using a combination of surgery, stereotactic radiosurgery (SRS), radiotherapy, or systemic or 

intrathecal chemotherapy is generally offered. [11,12] Radiation treatment may involve 

whole brain RT (WBRT) and/or craniospinal irradiation (CSI). Though studies from large 

cooperative groups have characterized the development of CNS relapse in RMS, little 

information is available on outcomes after treatment. We therefore report our institutional 

experience on the diagnosis, management, and outcomes of RMS patients developing CNS 

relapse.

Methods

Patient population

This is a single-institution cohort of RMS patients diagnosed with CNS relapse between 

1999 and 2016 after initial presentation without CNS involvement. Only patients with 

alveolar or embryonal histology were included. After approval by our Institutional Review 

Board, 23 patients were identified.

The basic characteristics of the 23 patients are shown in Table 1. On initial presentation, the 

median age was 14 years (range, 1–33 years) and 8 patients were ≥21 years of age. Twelve 

patients were male and eleven were female. Histology was alveolar in 16 patients and 

embryonal in 7 patients. Staging was performed using the Intergroup Rhabdomyosarcoma 

Study Group (IRSG) pretreatment clinical staging system; ten patients were Stage III and 

thirteen were Stage IV, none with CNS metastasis at diagnosis. Thirteen patients had 

parameningeal primaries, all with negative cytology on lumbar puncture (LP) at 

presentation; of these, twelve had intracranial extension and ten had ≥1 cranial neuropathies. 

One patient presented with an intradural extramedullary embryonal tumor in the spinal canal 

below the spinal cord. The remaining patients had alveolar tumors: 6 extremity, 1 paraspinal, 

1 upper abdominal wall, and 1 with unknown primary location. All patients with 

parameningeal, spinal canal, and paraspinal primary tumors had negative MRI brain ± spine 

and CSF cytology at diagnosis. Patients with tumors at other primary sites did not routinely 

receive MRI brain/spine or CSF cytology but had complete staging with CT chest/abdomen/

pelvis and whole body PET/CT.
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Management of primary disease

Of the 23 patients, 4 received upfront subtotal or total resection of primary tumor. All 23 

patients received multi-agent chemotherapy and 22 were treated on or as per institutional or 

Children’s Oncology Group (COG) intermediate- and high-risk protocols, which featured 

more aggressive modifications to the VAC (vincristine, dactinomycin, and 

cyclophosphamide) backbone conventionally used in RMS treatment. [13–16] One patient 

was treated with 3 cycles of ifosfamide/doxorubicin before presenting to our institution and 

receiving a revised pathologic diagnosis of RMS. Fourteen patients had completed all cycles 

of initial treatment with chemotherapy prior to CNS relapse while nine patients relapsed 

before completion. Due to toxicity, 11 patients experienced chemotherapy delays of >1 week 

and 19 patients required at least 1 chemotherapy dose reduction.

Twenty patients received RT for their primary tumor to a median 50.4 Gy (range, 36–50.4 

Gy). Nineteen patients were able to receive the full prescribed RT dose and one patient had 

transportation difficulties and received hypofractionated RT to a dose of 47.5 Gy in lieu of 

50.4 Gy. In 2 parameningeal patients who had achieved a complete response to initial cycles 

of chemotherapy, reduced doses of 36 and 45 Gy were used. The median duration between 

starting chemotherapy and radiotherapy was 15 weeks (range, 2–22 weeks; Table 2) for all 

patients and 14 weeks (range, 2–22 weeks) for parameningeal RMS patients. Eighteen 

patients completed RT without interruptions while two patients required treatment breaks (2 

and 5 days) for chemotherapy-related infection. Of the 3 patients not receiving RT as part of 

upfront therapy for primary tumor, 1 had diffuse metastases on initial presentation with 

unclear primary tumor site, 1 relapsed in the CNS upon presentation to our institution and 

had not yet received definitive RT, and 1 declined RT.

Diagnosis of CNS relapse

Work-up for patients suspected of having CNS relapse consisted of MRI of the brain and/or 

spine, which was performed in all but 2 patients: 1 presented with hemorrhagic parenchymal 

lesions on non-contrast head CT and 1 could not be scanned due to prohibitive anxiety and 

died shortly after clinical diagnosis. Confirmatory pathology by CSF cytology and/or brain 

biopsy was performed in 16 patients.

Statistical analysis

Statistical analysis was performed with Stata Version 13.0 (StataCorp, College Station, TX, 

USA). Survival post-CNS relapse was calculated from the time of diagnosis of CNS relapse 

to death of any cause. The Kaplan-Meier method was used to assess survival post-CNS 

relapse. Survival curves among different patient subgroups (age<10 vs. ≥ 10 years, 

histology, use of CNS-directed RT, use of radioimmunotherapy) were compared with the 

log-rank test. A p-value of ≤0.05 was used to determine statistical significance for all 

comparisons.
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Results

Development of CNS relapse

Patient-level details regarding CNS relapse are shown in Table 2. CNS relapse first occurred 

at a median 12 months (range, 1–23 months) after initial diagnosis. Time to CNS relapse 

was not significantly different between parameningeal and non-parameningeal patients.

The most common presenting symptoms were headache (n=9), nausea/vomiting (n=8), 

visual difficulties (n=5), speech difficulty (n=3), pain (n=3), seizures (n=3), and weakness 

(n=3). Five patients had no symptoms and were diagnosed after routine MRI. Twenty-one 

patients developed leptomeningeal relapse, of which seven also developed parenchymal 

relapse. Two patients developed parenchymal relapse only. CSF cytology was analyzed for 

14 patients with 7 testing positive. Brain biopsy was positive in all 5 patients for whom it 

was performed.

In 5 patients, CNS relapse occurred at the same time as or shortly after relapse at another 

site, suggestive of active systemic disease: 1 at the primary site (infratemporal fossa), 1 at 

distant nodes, 1 at osseous sites, 1 at bilateral breasts, and 1 at multiple osseous, pulmonary, 

and nodal sites. For the remaining 18 patients who presented without evidence of systemic 

disease, 9 had not yet completed all planned cycles of chemotherapy as part of definitive 

management at the time of CNS relapse while 9 patients had completed definitive treatment.

At our institution, the incidences of CNS relapse for parameningeal and extremity RMS 

patients from 1999–2016 were 18% and 13%, respectively. Two patients with spinal canal 

and paraspinal region primary sites presented to our institution after CNS relapse.

Management of CNS relapse

An overview of patient-level management is displayed in Table 2. Of the 15 patients who 

presented with leptomeningeal disease without parenchymal involvement at the time of first 

CNS relapse, 4 received CSI, 1 received CSI + parietal lobe boost, 2 received CSI + 

concurrent chemotherapy, 1 received WBRT, 1 received intrathecal etoposide but expired 1 

week after starting treatment, 1 received a 5-day course of systemic cyclophosphamide and 

etoposide and expired 3 weeks after completing treatment, and 5 expired before any CNS-

directed therapy. Of the 3 patients who presented with parenchymal disease without 

leptomeningeal involvement at the time of first CNS relapse, 1 received parenchymal 

surgical excision + CSI + posterior fossa boost, 1 received parenchymal surgical excision + 

WBRT + concurrent chemotherapy + 1 dose of 131I-8H9, and 1 received WBRT. Of the 5 

patients who presented with combined leptomeningeal and parenchymal disease, 1 received 

parenchymal surgical excision + CSI + SRS + 2 doses of 131I-8H9, 1 received parenchymal 

surgical excision + CSI + frontal lobe boost + 2 doses of 131I-8H9, 1 received WBRT + 

temporal lobe boost, 1 received a partial WBRT course, and 1 expired before any CNS-

directed therapy.

Median doses for craniospinal RT, WBRT, and RT boost were 36 Gy (range, 18–36 Gy), 30 

Gy (range, 6–41.4 Gy), and 48.6 Gy (range, 36–50.4 Gy). Agents used for concurrent 

chemotherapy are as follows: 1 patient received oral etoposide, 1 received 
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cyclophosphamide, vinorelbine, and temsirolimus, and 1 received irinotecan and 

temozolomide. Among 15 total patients receiving CNS-directed RT, follow-up MRI was 

conducted in 13 patients. The median duration to follow-up MRI was 8 weeks (range, 1–15 

weeks) after RT initiation. Eight patients demonstrated radiographic improvement, 2 had 

stable disease, and 3 had continued progression. B7-H3 expression was tested for using 

direct tissue sampling from parenchymal biopsy in 5 patients and using CSF sampling in all 

7 patients with positive cytology. Of these, 3 (60%) tested positive on parenchymal biopsy 

and 0 tested positive on CSF sampling. Patients testing positive received intra-Ommaya 

monoclonal antibody 131I-8H9; of these, 2 received the complete course of 2 doses and 1 

patient received 1 dose due to persistent thrombocytopenia. These patients received 131I-8H9 

at 11, 19, and 20 months after completion of upfront RT and 1.6, 1.1, and 2.4 months after 

completion of CNS-directed RT.

Clinical outcomes

Twenty-one patients expired due to CNS metastatic disease. Median survival post-CNS 

relapse was 5 months (range, 0.1–49 months; Figure 1). Survival post-CNS relapse at 12 

months was 13% (n=3); two patients experienced combined leptomeningeal and 

parenchymal relapse, and one experienced parenchymal relapse only. All 3 had surgical 

resection of parenchymal lesions, CNS-directed RT, and at least 1 dose of intra-Ommaya 
131I-8H9.

Two patients with extremity primaries died after widespread systemic recurrence with 

apparently controlled CNS disease; one patient who received intra-Ommaya 131I-8H9 

developed widespread recurrence after leptomeningeal metastasis but did not demonstrate 

CNS disease on post-mortem analysis and the other patient expired 18 months after CNS 

relapse due to septic shock following bone marrow transplant for relapsed treatment-

associated acute myelogenous leukemia (t-AML).

On log-rank analysis, superior survival was noted for patients receiving intra-Ommaya 

monoclonal antibody 131I-8H9 (p=0.003) and CNS-directed RT (p=0.00004) (Figure 2). 

Differences in survival post-CNS relapse across age, stage, histology, and primary location 

were not significant. Patients with parameningeal primary tumors were re-treated to a 

median maximal cumulative brain dose of 81 Gy (range, 56.4–86.4 Gy); no short-term 

complications of RT were noted.

Discussion

Parameningeal and extremity locations are considered unfavorable primary sites for RMS. 

The Intergroup Rhabdomyosarcoma Study Group reports that <7% of localized 

parameningeal RMS patients develop CNS relapse, usually in the setting of initial high risk 

features of intracranial extension and cranial nerve palsy. [4] In our sample, most patients 

with parameningeal primaries initially presented with intracranial extension (92%) and 

cranial nerve palsies (77%), reinforcing the prognostic importance of these attributes. We 

report incidences of CNS relapse for parameningeal and extremity RMS of 18% and 13%, 

respectively, concordant with previous reports from our institution. [3,17] Several factors 

may explain a high rate of CNS relapse of RMS at our institution as compared to published 
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results from IRS II-IV protocols [4], such as inclusion of patients with Stage IV/Group 4 

disease in our analysis, higher risk patients (e.g. greater proportion of parameningeal 

patients with intracranial extension and/or cranial neuropathies, outside referrals with 

suboptimal RMS management based on an incorrect diagnosis, etc.), and inclusion of adults. 

For RMS, adults are known to have a consistently worse prognosis than children. Potential 

reasons for a high rate of CNS relapse in adults include more frequent tumor location at an 

unfavorable site, lower tolerance to intensive treatment, and more pronounced expression of 

multidrug-resistance proteins, which may undermine the efficacy of chemotherapy. [18,19]

While chemotherapy interruptions and dose reductions were common in the current study, 

few patients receiving RT for primary disease required breaks or dose reduction, suggesting 

that inadequate primary tumor treatment did not contribute significantly to CNS relapse. For 

parameningeal patients, the recommended timing for RT varies according to clinical 

protocols and continues to be studied in ongoing cooperative group trials. [11,20–22] 

Despite the presence of high-risk features, including intracranial extension, parameningeal 

patients in the current study started RT at a median 14 weeks after starting chemotherapy; it 

is unclear how this contributed to CNS relapse. Further data from ongoing protocols are 

needed to clarify the impact of delaying RT on CNS relapse.

Our results illustrate varied presentation of CNS relapse of RMS. While 18 patients (78%) 

presented with symptoms, many of these were non-specific, including headache, nausea/

vomiting, and pain. More specific neurologic signs such as new-onset cranial nerve palsies, 

seizures, and weakness were seen in a minority of patients. Furthermore, 5 patients in our 

sample (22%) were asymptomatic and found to have CNS metastases on routine MRI. Given 

that many cases present without characteristic neurologic findings, a high index of suspicion 

may be needed to make a prompt diagnosis of CNS relapse.

Definitive diagnosis of CNS relapse can be challenging given that some patients experience 

particularly rapid decline; 7 of the 23 patients in our sample expired within 1 month of CNS 

relapse. The majority of diagnoses were made on MRI of the brain and/or spine but 

diagnosis was made clinically in 1 emergent case and on the basis of hemorrhagic lesions 

seen on non-contrast CT in another. Neurosurgical biopsy was positive in all 5 cases in 

which it was performed, but CSF cytology was positive in only 7 of the 14 patients who 

received LP. This suggests that LP may be poorly sensitive for diagnosis of leptomeningeal 

disease, and that clinical and MRI findings should still be considered in the absence of 

positive cytology.

In this cohort, treatment of parenchymal brain metastasis generally consisted of surgical 

resection, SRS, WBRT, and/or CSI for patients with coexisting leptomeningeal disease. 

Treatment of leptomeningeal disease generally consisted of CSI and/or systemic or 

intrathecal chemotherapy. Patients showed favorable response to both modalities of CNS-

directed RT as evidenced by follow-up MRI. Patients who received CNS-directed RT did 

significantly better than those who did not (Figure 2), though patients not receiving RT may 

have been selected against due to rapidly declining medical conditions and demise before 

planned therapeutic intervention. However, these findings taken together in the context of 

lack of sequelae and significant experience from other institutions [12] support the use of 
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CNS-directed RT in a timely manner when possible, with the caveat that no treatment, 

including CNS-directed RT, was associated with an increased chance of cure.

Choice of RT dose and field at CNS relapse can be challenging, particularly for patients who 

have already received RT to a parameningeal site. In our cohort, patients with diffuse 

leptomeningeal metastases ± parenchymal metastases were generally treated with CSI to 36 

Gy. Patients with diffuse parenchymal metastases were offered WBRT to 30–36 Gy. Areas 

of gross parenchymal disease were boosted with an additional 14–20 Gy. In addition to CSI, 

one patient with discrete, unresectable parenchymal metastases received SRS to 18 Gy, an 

approach that has shown promise in oligometastatic sarcomatous CNS disease. [23] Use of 

radioimmunotherapy did not influence RT dose or field, and no RT-related complications 

were noted in patients who received both treatments. RT fields at relapse were chosen to 

minimize overlap with previous fields, particularly in the brainstem. However, given the 

poor prognosis and often emergent condition of these patients, greater consideration was 

given to palliation of symptoms than to potential long-term complications. While no serious 

acute complications related to brain RT were identified after cumulative doses up to 86.4 Gy, 

the majority of patients (8/13) survived less than 3 months, thus making it impossible to 

evaluate the longer-term effects of such high doses. As improved treatments enable longer-

term survival, further investigation will be needed to determine safe dose thresholds to avoid 

serious complications of RT such as myelitis and necrosis. Conformal RT techniques, such 

as proton CSI, may help limit overlap and reduce toxicities; their use warrants consideration 

in these patients. [24,25]

For patients testing positive for B7-H3 expression, a surface immunomodulatory 

glycoprotein preferentially expressed on some solid tumors, intra-Ommaya monoclonal 

antibody 131I-8H9 has been proposed as a potentially effective therapy and a Phase I trial 

examining its use in CNS/leptomeningeal neoplasms is underway (NCT00089245). [26] 

Several studies have examined rates of B7-H3 expression on primary tumor tissue samples 

of RMS; one reported that 67% (6/9) expression and another study from our institution 

reported 97% (28/29) expression. [27,28] The proportion of patients in our study who tested 

positive for B7-H3 expression was 60% (3/5) on parenchymal biopsy and 0% (0/7) on CSF 

sampling, for a combined rate of 25% (3/12) -- considerably lower than historical controls. 

One explanation for the observed discrepancy is that LP was used to assess for antibody 

reactivity in the majority of patients in our study. This technique may have inadequately 

sampled cells, resulting in a poorly sensitive assay which did not yield any positive results. 

Conversely, a greater proportion of patients receiving direct tissue sampling via parenchymal 

biopsy tested positive. While studies have shown high expression of B7-H3 on primary 

RMS, it remains unclear whether B7-H3 expression is conserved for metastatic RMS; 

reduced expression on metastatic RMS would potentially limit the applicability of 131I-8H9 

for RMS patients with CNS relapse. Future protocols may benefit from direct tumor 

sampling at the time of CNS relapse or from refinement of the assay to permit studying 

paraffin embedded tumor samples rather than requiring fresh tissue. In addition, the role of 

B7-H3 testing at the time of initial diagnosis and the conservation of its expression at relapse 

also needs further investigation.
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The 3 patients who received at least one dose of intra-Ommaya monoclonal antibody 
131I-8H9 lived longer than those who did not, with all surviving >1 year after CNS relapse. 

However, these patients may have been selected for based on favorable response to RT, 

surgically amenable disease, and less aggressive disease course, enabling survival long 

enough to be receive additional treatment. All 3 patients received surgical resection of well-

demarcated parenchymal metastases as well as CNS-directed RT, and showed favorable 

response on MRI. Nonetheless, continued investigation into the efficacy and safety of intra-

Ommaya monoclonal antibody 131I-8H9 is needed to further characterize its benefit to RMS 

patients with CNS relapse.

Previously, WBRT and/or high-dose intrathecal chemotherapy were used upfront to prevent 

CNS relapse in patients presenting with parameningeal RMS with high-risk features. [8] 

However, data showing treatment-related toxicities in patients receiving intrathecal 

chemotherapy and unclear benefit of whole brain RT led to discontinuation of CNS-directed 

prophylaxis. [29,30] In the context of the high fatality of CNS relapse in RMS patients, we 

encourage continued investigation into novel CNS-directed therapies for high-risk patients.

While aggressive treatment may be appropriate for some patients, palliative care is important 

for all patients with CNS relapse of RMS. Studies examining end-of-life care in pediatric 

CNS malignancies highlight the impact of debilitating symptoms including drowsiness, loss 

of consciousness, poor communication, focal neurologic deficits, seizures, dysphagia, and 

headaches. Potential interventions include steroids, anti-epileptic drugs, analgesics, 

hydration, anti-emetics, urinary catheterization, CSF diversion, and palliative sedation. 

[31,32] Palliation of symptoms with chemotherapy and/or RT may be considered for 

pulmonary metastases and RT may be considered in cases of cord compression or bony 

metastases. [33,34] Treating clinicians need to delicately discuss symptoms and potential 

treatments to inform goals of care discussions. Multidisciplinary care involving palliative 

medicine physicians, nurses, pain specialists, and therapists may help to support the 

physical, emotional, social, and spiritual needs of patients and their families. [35]

Limitations of our study include the small sample size, retrospective design, heterogeneous 

patient population and management, selection bias, and probable confounders. The true 

clinical impact of CNS-directed RT and intra-Ommaya 131I-8H9 is difficult to assess 

through this retrospective analysis. However, the data presented raise interest for future 

investigation via a prospective study and may guide clinicians seeking to discuss treatment 

options with patients and their families. Treatment including CNS-directed RT should be 

considered in RMS patients demonstrating CNS relapse and further investigation into 

preventative therapies is warranted.
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Abbreviations used:

CNS Central nervous system

CSF Cerebrospinal fluid

CSI Craniospinal irradiation

LP Lumbar puncture

MRI Magnetic resonance imaging

RMS Rhabdomyosarcoma

RT Radiation therapy

SRS Sterotactic radiosurgery

WBRT Whole brain radiotherapy
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Figure 1: 
Kaplan-Meier curves for all patients included in study. Median survival post-CNS relapse 

was 5 months (range, 0.1–49 months).
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Figure 2: 
Survival post-CNS relapse in patients receiving CNS-directed RT versus those not receiving 

CNS-directed RT.
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Table 1:

Patient population characteristics

Characteristuc n (%)

Total patients 23

Age at CNS relapse diagnosis (y)

 Median (range) 15 (1–34)

Sex

 Female 11 (46%)

Histology

 Alveolar 16 (70%)

 Embryonal 7 (30%)

Primary site

 Parameningeal 13 (57%)

 Intracranial extension* 12 (92%)

 Cranial neuropathy* 10 (77%)

 Extremity 6 (26%)

 Spinal/paraspinal 2 (9%)

 Abdominal wall 1 (4%)

 Unknown 1 (4%)

Stage*

 III 10 (43%)

 IV 13 (57%)

Clinical group*

 3 10 (42%)

 4 13 (57%)

*
on initial presentation
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