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Abstract

Background.—Biliary rhabdomyosarcoma (RMS) is the most common biliary tumor in 

children. The biliary tract is classified as a favorable primary site. Therefore, patients with 

localized biliary RMS were included in two consecutive low-risk studies, D9602 and ARST0331, 

by the Children’s Oncology Group (COG). The outcome for these patients treated with low-risk 

therapy has not been reported.

Procedure.—Patients with biliary RMS enrolled on COG low-risk trials D9602 or ARST0331 

were analyzed. All patients received systemic chemotherapy and those with Group II (microscopic 

residual) or Group III (macroscopic residual) disease received 36–50.4 Gy adjuvant radiotherapy 

(RT). Delayed primary excision (DPE) was allowed on both studies.

Results.—Seventeen patients with biliary RMS were treated on D9602 (n = 7) or ARST0331 (n 

= 10). Median age was 3.5 years (range 1.7 to 10.3). Ten (59%) patients had tumors > 5 cm and 14 

(82%) had Group III disease. Fifteen (88%) patients received RT. The five-year event-free survival 
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(EFS) and overall survival (OS) were 70.6% [95% confidence interval (CI): 46.9%−94.3%] and 

76.5% (95% CI: 54.6%−98.4]), respectively. The majority of patients (80%) who received RT did 

not have disease recurrence while both patients who did not receive RT had local relapse. Five 

(36%) of 14 patients with Group III disease underwent DPE; two experienced a local relapse. In 

the nine patients without DPE, two developed local relapse.

Conclusions.—Patients with localized biliary RMS treated on low-risk studies had suboptimal 

outcomes. These patients may benefit from therapy on intermediate-risk studies.
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Introduction

RMS is the most common pediatric soft-tissue sarcoma with an incidence of 0.4 cases 

per 100,000 children per year in the United States [1]. First recognized in 1875, biliary 

RMS comprises approximately 1% of all RMS and is the most common biliary tumor in 

children [2, 3]. Biliary RMS occurs in young patients with a median age of 3.4 years, and 

90% of patients present before five years of age with jaundice accompanied by abdominal 

distention, choluria, acholic stools, nausea, vomiting, or fever that may be mistaken for 

a choledochal cyst or infectious hepatitis [4–7]. The majority of cases are of embryonal 

histology [4, 8]. Biliary RMS typically arises in the common bile duct but may originate 

anywhere along the biliary tree [5, 6, 9]. Regional and distant metastases have been reported 

in 30–40% of cases [5, 7].

Prior to 1965 and the use of multimodal therapies, outcomes were extremely poor with 

fatality in 83% of children with biliary RMS [7]. Intergroup Rhabdomyosarcoma Study 

(IRS) protocols I and II demonstrated that multimodal therapy with surgery, chemotherapy, 

and RT impacts survival [5]. Furthermore, reports in the late 1990s suggested that 

chemotherapy alone could lead to a complete pathological response [10, 11].

An analysis of 25 patients with biliary RMS treated per IRS I-IV from 1972 to 1998 

demonstrated that gross total resection was not possible in the majority of patients [4]. 

Thirteen (93%) of the 14 patients with Group III disease had no evidence of disease 

(NED) at follow-up, and postoperative complications were more common in patients who 

underwent upfront radical surgery. Furthermore, the majority of patients with Group III 

disease who underwent DPE for residual imaging abnormalities had no viable tumor 

removed on pathology. Based on these results, surgery was only recommended to establish 

a diagnosis and the extent of local-regional disease. Finally, the 5-year OS for patients 

with local-regional disease was 78% (95% CI: 58–97%); all of the disease-related deaths 

occurred in patients treated on IRS I. After IRS IV, these findings led to re-classification 

of the biliary tract as a favorable primary site in the IRS staging system. Patients with 

localized biliary RMS subsequently received treatment on low-risk studies [12–15]. Thus, 

utilizing a retrospective analysis of COG low-risk clinical trials D9602 and ARST0331, we 

sought to describe the outcomes of patients with localized biliary RMS treated with reduced 

chemotherapy and RT on these low-risk studies.
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Methods

Treatment of Patients on D9602 and ARST0331

From 1997 to 2004, patients with localized, embryonal biliary RMS were eligible for 

enrollment on D9602 [15]. Embryonal histology included botryoid and spindled variants. 

Patients with Group I (completely resected) or Group II disease without nodal involvement 

were assigned to Subgroup A and received vincristine and dactinomycin (VA) for 45 weeks. 

Patients with Group II disease with nodal involvement or Group III disease were assigned 

to Subgroup B and received vincristine, dactinomycin, and cyclophosphamide (VAC) for 

45 weeks, with a total cumulative cyclophosphamide dose of 28.6 g/m2. Those with Group 

I disease did not receive RT while those with Group II disease received RT at week 3. 

Meanwhile, at week 12 those with Group III disease received either RT or DPE followed by 

RT. RT doses were given as follows: 36 Gy for Group II without nodal involvement, 41.4 Gy 

for Group II with nodal involvement, and 50.4 Gy for Group III. Patients with initial nodal 

involvement regardless of disease status after DPE received 41.4 Gy. Otherwise, those with 

negative margins or microscopic residual disease after DPE received 36 Gy, and those with 

gross residual disease after DPE received 50.4 Gy. Proton RT and intensity-modulated RT 

were allowed.

From 2004 to 2010, patients with localized, embryonal biliary RMS were eligible for 

enrollment on ARST0331 [16, 17]. Embryonal histology included botryoid and spindled 

variants. All patients enrolled on ARST0331 initially received four cycles of VAC, with a 

total cumulative cyclophosphamide dose of 4.8 g/m2. Patients with Group I or II biliary 

RMS then received four cycles of VA (Subset 1); meanwhile, patients with Group III disease 

received 12 cycles of VA (Subset 2). Patients with Group II disease received RT at Week 

13 and those with Group III disease received either RT or DPE followed by RT. RT dosing 

guidelines were the same as those on D9602.

Patients and Tumors

All patients with biliary RMS, defined as arising from the intrahepatic or extrahepatic biliary 

tree, gallbladder, cystic duct, or ampulla of Vater, treated on either D9602 or ARST0331 

were included for analysis. Clinical variables were analyzed including gender, age, stage, 

group, and whether patients received RT or DPE. Diagnoses were established by central 

pathologic review. All RT underwent centralized quality assurance review.

Statistical Analysis

Local failure was defined as progression or relapse at the primary site as a first event 

(with or without concurrent regional and/or distant failure). Regional failure was defined as 

recurrence in tissue adjacent to the primary site or regional lymph nodes, and distant failure 

was defined as the appearance of distant metastases. EFS was defined as the time from study 

enrollment to disease recurrence, second malignancy, or death, whichever occurred first. OS 

was defined as the time from enrollment to death from any cause. The Kaplan-Meier method 

was used to estimate survival distributions and the Peto-Peto method was used to estimate 

the standard error of the Kaplan-Meier estimate [18, 19]. Patient follow-up was current 

through December 31, 2018.
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Results

Clinical Characteristics

Clinical characteristics are listed in Table 1. Seventeen patients with biliary RMS were 

treated on D9602 (n = 7) or ARST0331 (n = 10). Nine (53%) patients were male. The 

median age at diagnosis was 3.5 years (range 1.7 to 10.3). Ten tumors (59%) were > 5 cm 

in size. Fourteen (82%) patients had Group III, two patients (12%) had Group IIA, and one 

(6%) patient had Group I disease. Four patients (24%) had regional nodal involvement by 

exam or imaging, two (12%) by pathologic evaluation. All tumors had embryonal histology 

including eight (47%) botryoid and one (6%) spindled variant.

RT

Fifteen (88%) patients received RT, seven with a boost. Of those, 11 (65%) received RT 

according to protocol guidelines based on central review. Two patients had minor RT 

deviations from protocol and two had insufficient RT data for central review. Two patients 

did not receive RT: one according to protocol guidelines for Group I disease and the other 

came off study at Week 12 after developing postoperative intestinal necrosis after a sub-total 

DPE. Both patients who were less than two years of age received RT according to protocol 

guidelines.

Surgery

Upfront complete resection was attempted in six patients and resulted in one patient with 

Group I disease; the type of surgery performed in this patient is unknown. Two patients 

underwent hepatic lobectomy and five patients underwent bile duct excision with Roux-en-y 

reconstruction. Two of these surgeries resulted in patients with Group II disease (one treated 

on D9602) and three resulted in patients with Group III disease (one treated on D9602). 

All of these patients later received RT. Five (36%) of the 14 patients with Group III disease 

underwent DPE. One patient had no tumor identified on exploration and no tissue was 

excised; RT data was not submitted for central review for this patient. One patient had tissue 

resected, but no disease was found on pathology. This patient received protocol-directed, 

reduced RT at 36 Gy. Two patients, one whose DPE was delayed until week 24 after RT to 

avoid a possible hepatic lobectomy, had tissue resected with pathology demonstrating viable 

tumor with extensive necrosis; however, both patients had gross residual disease left after 

DPE and received RT at 50.4 Gy. Finally, one patient had a partial resection with pathology 

showing predominantly viable disease and gross residual disease after DPE. This patient 

developed postoperative intestinal necrosis, came off study, and did not receive RT.

Outcomes

A summary of treatment and outcome for each patient is provided in Table 2. Of the 15 

patients who received RT, three died. One patient (Patient 3) with Group II disease died from 

severe sinusoidal obstruction syndrome (SOS) and sepsis that developed one week after 

beginning RT. The other two patients died of disease (DOD); one of whom had Group III 

disease after an attempt at upfront resection. Twelve of the 15 patients were alive, 11 with 

NED (one of whom was Patient 5 with Group III disease who developed moderate SOS after 
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receiving week 25 of therapy and came off study) and one was alive with disease (AWD). 

The two patients who did not receive RT relapsed: one DOD and the other had NED at last 

follow-up. Of the 14 patients with Group III disease, three DOD, and one was AWD. Of the 

five patients who underwent DPE, one patient (Patient 14) suffered post-operative intestinal 

necrosis and ultimately DOD; three had NED, and another was AWD at last follow-up. In 

the nine patients without DPE, two DOD. Seven patients were treated on D9602; one died 

within 6 months of starting treatment from severe SOS and sepsis that developed one week 

after RT, two DOD, and one was AWD. Ten patients were treated on ARST0331, and one 

DOD. For the entire cohort, the five-year EFS and OS were 70.6% (95% CI: 46.9–94.3%) 

and 76.5% (95% CI: 54.6–98.4%), respectively (Figs. 1A and 1B). There was a trend toward 

poorer EFS and OS for patients with tumors > 5 cm in size compared to patients with tumors 

≤ 5 cm in size (Figs. 2A and 2B).

Recurrences

Five patients experienced a recurrence. One patient with Group I disease had local 

recurrence but was salvaged with subsequent therapy. Four patients with Group III disease 

experienced relapse: two local-only relapses, one local + distant relapse, and one local 

+ regional + distant relapse. Three patients who received RT experienced an event: one 

local-only relapse, one local + distant relapse, and one local + regional + distant relapse. All 

three patients received photon RT without deviation from protocol; two received a RT boost. 

The two patients with minor RT deviations from protocol did not develop disease recurrence. 

Twelve of 15 patients who received RT did not have local recurrence (80% local control) 

while both patients who did not receive RT had a local recurrence (0% local control). Five 

(36%) of 14 patients with Group III disease underwent DPE; two (40%) experienced a local 

relapse. The patient who underwent a complete resection by DPE and subsequently received 

reduced RT did not experience a local relapse. In the nine patients without DPE, two (22%) 

developed local relapse.

Discussion

Consistent with prior studies, our analysis demonstrates patients with biliary RMS are 

typically less than 10 years of age with Group III, embryonal disease [4, 8, 20]. IRS IV 

was the first study to incorporate staging in addition to grouping as part of RMS risk 

stratification, and at the time, the biliary tract was considered an unfavorable site for staging 

[13, 21]. Outcomes from IRS I-IV for patients with biliary RMS demonstrated that only 

those treated on IRS I died of disease and that patient outcomes significantly improved with 

intensified chemotherapy, which led to a switch of the biliary tract to a favorable site [4, 

14–17]. Patients with localized, embryonal biliary RMS were then included in subsequent 

low-risk studies. D9602 and ARST0331 were non-inferiority, low-risk clinical trials with 

the aim of reducing therapy while maintaining failure-free survival (FFS) at approximately 

85% [15–17]. We demonstrated that the survival rate for patients with localized biliary RMS 

treated on D9602/ARST0331 was suboptimal.

The five-year EFS for patients with biliary RMS in the current analysis [70.6% (95% CI: 

46.9–94.3%)] is similar to the historical three-year FFS on IRS III-IV (77%) and lower than 
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the five-year FFS rates for both low-risk subgroups treated on D9602, 89% (95% CI: 84%

−92%) for Subgroup A and 85% (95% CI: 74%−91%) for Subgroup B, respectively [13, 

15]. Moreover, the five-year EFS is also lower compared to the three-year FFS for Subset 

1 patients [89% (95% CI: 85%−92%)] and comparable to the inferior three-year FFS for 

Subset 2 patients treated on ARST0331 [70% (95% CI: 57%−80%)]. Taken together, these 

findings suggest that the biliary tract should revert to an unfavorable site and support the 

current strategy of classifying patients with Group III biliary RMS as having intermediate-

risk disease, defined by a 3-year FFS rate of 55–76% [22].

The similar outcome to IRS IV in the current series was achieved with less therapy. The 

two patients in our series with Group II disease without regional lymph node involvement 

received less RT (36 Gy) compared to IRS IV (41.4 Gy) and the patient treated on 

D9602 did not receive cyclophosphamide whereas they would have received 26.4 g/m2 

on IRS IV [12, 13, 15–17, 21]. Neither of these patients experienced disease recurrence. 

Additionally, the 10 patients treated on ARST0331 received a much lower cumulative dose 

of cyclophosphamide compared to IRS IV (4.8 g/m2 vs. 26.4 g/m2), and only two patients, 

one of whom had Group III disease, experienced a recurrence [12, 13 16, 17]. Meanwhile, 

despite a higher dose of cyclophosphamide compared to IRS-IV (26.4 g/m2), outcomes for 

patients treated on D9602 (28.6 g/m2) were no better than outcomes for patients treated on 

ARST0331 (4.8 g/m2) as three of the six patients with Group III disease treated on D9602 

experienced disease recurrence. Given our small sample size and inter-trial differences, it 

is difficult to draw strong conclusions regarding the ideal chemotherapy dosing for patients 

with biliary RMS.

Patients with Group III biliary RMS are eligible for COG intermediate-risk study protocol 

ARST1431 [NCT02567435]. On ARST1431, patients with biliary RMS will receive VAC 

in addition to vincristine and irinotecan (VI), with or without temsirolimus, as well as six 

cycles of maintenance therapy with cyclophosphamide and vinorelbine. The total cumulative 

dose of cyclophosphamide therapy on ARST1431 (12.6 g/m2) will be greater than what they 

received on ARST0331 (4.8 g/m2) but less than on D9602 (28.6 g/m2) [NCT02567435, 15, 

17]. Six of 14 patients (43%) with biliary RMS treated on IRS III and IV had tumors greater 

than 5 cm; no patients relapsed [4]. In our current series, 59% of patients had tumors greater 

than 5 cm with a trend toward poorer outcomes. Larger tumor size may explain the worse 

outcomes in our series compared to prior cohorts. Patients with tumors > 5 cm will now 

receive RT to 59.4 Gy on ARST1431. It remains to be seen if the addition of VI with or 

without temsirolimus, maintenance therapy, and higher RT dosing will improve outcomes 

for these patients.

SOS is a potentially life-threatening condition characterized by painful hepatomegaly, 

jaundice, weight gain, and ascites [23]. VAC therapy has been associated with SOS, and 

an analysis of patients treated on IRS IV demonstrated a 1.2% incidence of SOS that was 

attributed to the dose-escalation of cyclophosphamide from prior IRS studies [24, 25]. COG 

intermediate-risk study, D9803, determined the greatest risk factor for development of SOS 

after VAC therapy was age with patients less than 36 months having the greatest risk [26]. 

In addition to VAC, patients with non-biliary RMS treated with VA with or without RT 

on D9602 also developed SOS [27]. RT itself is also a risk factor for the development of 
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SOS [28]. Both patients in our analysis who developed moderate to severe SOS had Group 

III disease and were less than 36 months of age. One was treated with VA and RT per 

protocol on D9602 and died early from SOS. The other was treated with VAC/VA with RT 

on ARST0331, recovered from SOS, and had NED at follow-up. Given that the majority of 

the patients in our analysis were less than 36 months of age (65%) and assigned to receive 

RT (94%), it is important to consider the potential risk for SOS in treating patients with 

biliary RMS. Newer RT techniques such as intensity modulated proton therapy may aid in 

reducing this risk [29].

While aggressive surgery and liver transplantation have been used to achieve local control 

in biliary RMS [6, 9, 30–35], our data support the use of chemotherapy and RT without 

aggressive upfront or delayed surgery for patients with Group III disease. Our findings are 

supported by a report on 10 patients with biliary RMS from three consecutive Italian studies 

[20]. Two patients in these studies who received a liver transplant died; one died from 

progressive disease and the other from liver transplant complications. Meanwhile, in the five 

patients who were alive with a complete response at the end of therapy, surgery was not 

radical and was preceded or followed by chemotherapy and RT with no serious sequelae. 

Additionally, a German cooperative group report on 12 patients with localized, biliary RMS 

recommended DPE alone for patients with resectable Group III embryonal disease and DPE 

followed by RT for patients with Group III alveolar disease or incompletely resectable 

Group III embryonal disease [8]. Their report demonstrated a five-year EFS of 37% (95% 

CI: 17–57%); however, direct comparison to our series is difficult as their study included 

alveolar histology. Given the high rate of local control seen in patients who received RT in 

our study, we recommend RT for all patients with Group III disease. Additionally, our data 

and a series from IRS I-IV recommend against the use of DPE since there is no apparent 

benefit to local control, only one patient received reduced RT as a result of their DPE, and 

DPE led to severe surgical complications in one patient [4].

In conclusion, our study demonstrated that low-risk therapy resulted in suboptimal 

outcomes, as defined for low-risk patients, for patients with localized biliary RMS. 

Additionally, aggressive upfront surgery and DPE do not appear beneficial, and RT cannot 

be safely eliminated for patients with Group III biliary RMS. Overall, these patients may 

benefit from therapy on intermediate-risk trials.
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COG Children’s Oncology Group

DOD Died of disease

DPE Delayed primary excision

EFS Event-free survival

FFS Failure-free survival

IRS Intergroup Rhabdomyosarcoma Study

NED No evidence of disease

OS Overall survival

RMS Rhabdomyosarcoma

RT Radiotherapy

SOS Sinusoidal obstruction syndrome

VA Vincristine and dactinomycin

VAC Vincristine, dactinomycin, and cyclophosphamide

VI Vincristine, irinotecan
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FIGURE 1. 
Event-free and overall survival.
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FIGURE 2. 
Event-free and overall survival based on tumor size.

Aye et al. Page 12

Pediatr Blood Cancer. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Aye et al. Page 13

TABLE 1

Clinical Characteristics

Characteristic N (%)

Gender

 Male 9 (52.9%)

 Female 8 (47.1%)

Race

 Caucasian 12 (70.6%)

 African American 2 (11.8%)

 Asian 1 (5.8%)

 Unknown 2 (11.8%)

Ethnicity

 Hispanic or Latino 4 (23.5%)

 Not Hispanic or Latino 13 (76.5%)

Age, Years

 ≤ 2 3 (17.7%)

 2–10 13 (76.5%)

 > 10 1 (5.8%)

Study

 D9602 7 (41.2%)

 ARST0331 10 (58.8%)

Histology

 Embryonal 8 (47.1%)

  Botryoid 8 (47.1%)

  Spindled 1 (5.8%)

Tumor Size

 ≤ 5 cm 6 (35.3%)

 > 5 cm 10 (58.8%)

 Unknown 1 (5.9%)

Regional Nodal Involvement

 Clinical or Imaging Evidence

  N0 (No nodal involvement) 12 (70.6%)

  N1 (Nodal involvement) 4 (23.5%)

  Not Evaluated/Unknown 1 (5.9%)

 Pathological Involvement

  No 4 (23.5%)

  Yes 2 (11.8%)

  Not Evaluated/Unknown 11 (64.7%)
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Characteristic N (%)

Group

 I (Localized, completely resected) 1 (5.9%)

 II A (Grossly resected, microscopic residual) 2 (11.8%)

 III (Incompletely resected, gross residual) 14 (82.3%)

Radiotherapy

 Yes 15 (88.2%)

 No 2 (11.8%)

Delayed primary resection

 Yes 6 (42.9%)

 No 8 (57.1%)
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