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Abstract
Background: Rhabdomyosarcomas are the most common soft tissue sarcoma in children, and pediatric alveolar rhabdo-
myosarcoma (ARMS) prognosis has improved based on cooperative studies. However, in adults, ARMS is significantly rarer, has
poorer outcomes, and currently lacks optimal treatment strategies.Objective:This study aimed to evaluate the clinical outcomeof
an adult ARMS population with different front-line systemic chemotherapies and determine if any chemotherapy regimen is
associated with improved survival. Materials and methods: This is a retrospective study of histologically confirmed fusion-
positive ARMS patients over 18 years of age, whowere treated atMDAndersonCancerCenter (MDACC) from 2004 to 2021 and
received systemic chemotherapy. Descriptive clinical statistics were performed, including staging, front-line chemotherapy,
multimodal therapy usage, response rates, and survival analyses. Results: 49 ARMS patients who received upfront chemotherapy
were identified. Locoregional treatments included radiotherapy (RT) alone (29%, n = 14), surgery alone (10%, n = 5), or both (45%,
n= 22).Median overall survival (OS) for the entire cohortwas 3.6 years, and the overall response rate to systemic therapywas 89%.
No chemotherapy regimen showed OS benefit, specifically analyzing the pediatric-based vincristine, actinomycin-D, cyclo-
phosphamide (VAC) or adult-based vincristine, doxorubicin, ifosfamide (VDI) regimens, evenwhen controlled for other clinical risk
factors. Conclusion: In this single-center contemporary series, adult ARMS patient outcomes remain poor. There was no
statistically significant OS difference in patients who did or did not receive adult or pediatric based ARMS regimens, although a high
overall response rate to chemotherapy was seen across the entire cohort. Based on these observations, further randomized
prospective studies are necessary to delineate which frontline chemotherapy regimen is most beneficial in this rare adult cancer.
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Introduction

Although rare, rhabdomyosarcoma (RMS) is one of the
most common soft-tissue sarcoma (STS) in children, rep-
resenting ∼50% of STS cases.1 However, not only are STS
proportionally less common in adults, RMS represents just
3% of new STS diagnoses.2

Multimodal therapy with surgery, chemotherapy, and
radiotherapy (RT) has become the standard of care for
pediatric rhabdomyosarcoma patients, providing cure rates
can exceed 70% for those presenting with localized
disease.3–5 Although several retrospective studies have
suggested a benefit using this multimodal approach in
adults, systematic trials and uniform multimodal treatment
still need to be fully developed, given its rarity in adults.6

Adult RMS patients consistently have worse outcomes than
children, with 5-year OS ranging from 21%–53%.2 Addi-
tionally, no specific trial has established a preferred front-
line regimen in adults. Older patients rarely participate in
pediatric RMS protocol trials. Yet, pediatric protocol-based
chemotherapy treatments are commonly extrapolated for
use in these patients, and retrospective analyses have
suggested their use may improve outcomes.7

The alveolar rhabdomyosarcoma (ARMS) subtype
represents roughly 22%–33% of RMS in adults,8,9 and most
of these patients will harbor PAX-FOXO1 fusion
translocations.1,10 As in pediatrics, adult ARMS patients
have a worse prognosis than embryonal rhabdomyosar-
coma, but have a similarly poor prognosis as pleomorphic
rhabdomyosarcoma, the most common subtype of rhab-
domyosarcoma in adults.7,11 From the IRSG and Children’s
Oncology Group trials in ARMS pediatric patients, the
standard first-line chemotherapy regimen remains vincris-
tine, actinomycin-D, and cyclophosphamide (VAC).3

However, it is unclear whether this is the most effective
regimen for ARMS in adults.

Prior studies have suggested that ifosfamide has higher
response rates than cyclophosphamide in STS.12 Still, there
have been no randomized controlled trials to establish the
superiority of one over another.13 In pediatric RMS, VAI
(vincristine, actinomycin D, ifosfamide) was not found to be
superior to VAC.3 Although the addition of doxorubicin to
actinomycin-D containing regimens has not shown sig-
nificant benefit in pediatric RMS,14 in adults, doxorubicin is
effective in many soft-tissue sarcomas15 and is often used in
adult rhabdomyosarcoma chemotherapy regimens.16,17

Given the different clinical outcomes in adult RMS com-
pared to pediatrics, possibly related to multiple factors
including differing tumor biology, associated differences in
risk factors, and chemotherapy tolerance, the optimal
treatment regimen in the adult population remains un-
known. Without specific treatment guidelines, best practice
and expert opinion guidelines have been used to treat these
patients. We therefore retrospectively analyzed adults

treated for ARMS in our institution to determine whether
different first-line chemotherapy regimens lead to improved
clinical outcomes.

Methods

Patient selection

Institutional approval through the institutional review board
(IRB) was obtained before initiating the study. A retrospective
chart review of the University of TexasM.D. Anderson Cancer
Center (MDACC) patient registry was performed to identify
all patients ≥18 years of age diagnosed with ARMS (by IHC
markers and/or PAX-FOXO1 fusion testing confirmation) who
were in the clinical registry and seen by a medical oncology
provider from 2004 to 2021. Patients whose tumors were
confirmed to lack the PAX-FOXO1 fusion were excluded.
Patients must have received at least one line of chemotherapy
to be included. Patients did not have to have first-line treatment
atMDACC to be included;many patients referred to our center
had prior treatment(s). Patient demographic features, including
age and race were collected.

These patients’ clinical, pathological, staging and
follow-up data were collected. This included Children’s
Oncology Group (COG) risk group according to COG
guidelines, primary disease site location, length of follow-
up, types of front-line chemotherapy regimens used, number
of frontline cycles of chemotherapy administered, use of
radiation therapy or surgery, progression-free survival
(PFS), disease-free survival (DFS), and overall survival
(OS). OSwas calculated from the date of diagnosis, and PFS
was calculated from the time chemotherapy was initiated.
Treatment response was confirmed by review using RE-
CIST 1.1 criteria, and best response during first-line che-
motherapy was recorded. Since the primary imaging
methods were inconsistent and sometimes unavailable for
review, the best response was assessed by our clinicians.

Histologic review

Histologic confirmation of ARMS by sarcoma pathologists
at MDACC was required for all cases evaluated for this
retrospective study using standard WHO criteria. Molecular
diagnostics included fluorescence in-situ hybridization
(FISH), real-time polymerase chain reaction (RT-PCR),
and/or fusion analysis by next-generation sequencing
(NGS) panels. FISH for FOXO1 at 13q14 was the most
common method for diagnostic confirmation.

Statistics

The primary endpoints in this study were OS and DFS for
patients achieving remission after first-line therapy. Response
rates were determined based on RECIST 1.1. The Kaplan-
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Meier method was used to estimate survival outcomes, and
the log-rank test was used to test for the significance of
differences between curves. Multivariable analyses were
conducted using the Cox proportional hazards model. Ana-
lyses were generated with GraphPad Prism version 9, and
statistical significance was assessed with p-values <0.05. Chi-
square analysis was also performed with GraphPad Prism.

Results

Patient demographics

The registry query resulted in 53 ARMS patients meeting the
search criteria. However, four patients lacked appropriate his-
tologic confirmation. Of the 49 remaining patients with path-
ologically confirmed ARMS, 29 had PAX-FOXO1-based
fusions confirmed, while the other 20 patients were diagnosed
by typical morphologic assessment and immunohistochemistry.
The median follow-up time from initiation of first-line systemic
therapy for patients was 2.29 years (range 0.16–12.6 years).
Other demographic data are shown in Table 1. The median age
of patients was 32 years (range 18–67 years), with the sex
distribution not significantly different. The most common pri-
mary tumor site was the parameningeal space (59%; n = 29),
and patients were either classified as intermediate (67%) or high
COG clinical risk18,19 (33%). Stratified by Intergroup Rhab-
domyosarcoma Study Group (IRSG) clinical group,20 patients
were IIIa (39%), IIIb (20%), or IV (33%). At diagnosis,
20 patients (41%) had evidence of nodal involvement and
16 patients (33%) had distant metastatic disease.

Front-line systemic therapy characteristics

As part of the initial management, all patients in our cohort
received chemotherapy. A majority of patients received
multimodal therapy during their upfront treatment, with RT
alone (29%, n = 14), surgery alone (10%, n = 5), or both
(45%, n = 22). Of those patients who underwent upfront RT,
36% (13/36) received it in the neoadjuvant setting, 42% (15/
36) in the adjuvant setting, and 25% (8/36) palliatively for
metastatic disease. Patients who received RT as part of
initial management was associated with improved survival,
although this was confounded by a higher proportion of
these patients having localized disease (28/36 patients) than
those who did not receive radiation (5/8 patients) (p = .01)
(Supplemental Figure 1). The median dose of radiation to
the primary tumor for localized disease patients was 60 Gy,
and 50.4 Gy in the metastatic setting. Of the 22 patients who
underwent surgery as part of their frontline multimodal
treatment, 15 had localized disease at initial presentation,
and 11/15 (27%) of these patients underwent complete
resection with only 36% (4/11) achieving negative margins.

A total of 27 patients received first-line chemotherapy at
an outside facility, 19 at MDACC, and 3 at both. Of the

49 patients, 4 received chemotherapy in the adjuvant set-
ting, while the rest received chemotherapy in the neo-
adjuvant or unresectable/metastatic setting. The different
first-line chemotherapy regimens administered are shown in
Table 2 and consisted of several diverse regimens mostly
centered around vincristine, actinomycin-D and cyclo-
phosphamide (VAC) or vincristine, doxorubicin, and ifos-
famide (VDI) backbones. The median number of
chemotherapy cycles was 10 (range 1–20), and a majority
included initial administration of three drug regimens such
as VAC or VDI. Many patients also received secondary
chemotherapeutics in the first-line setting such as ifosfa-
mide, etoposide (IE) or vincristine, irinotecan, and temo-
zolomide (VIT). We were interested in patients who
received any VDI-containing regimen as part of initial

Table 1. Baseline clinical characteristics of adult ARMS patients.

Clinical parameters Total patients (n = 49) (%)

Age 32 (19-67)
Sex 26 M 23 F
Race
White 26 (53)
Asian 7 (14)
Hispanic 10 (20)
Black 6 (12)

Primary site
Paramengingeal 29 (59)
Head and neck 6 (12)
Genitourinary 4 (8)
Bladder/prostate 1 (2)
Extremities 5 (10)
Perirectal 3 (6)
Other 1 (2)

Clinical risk
Intermediate 33 (67)
High 16 (33)

Clinical group
I - II 3 (6)
IIIa 19 (39)
IIIb 10 (20)
IV 16 (33)
Unknown 1 (2)

Clinical stage
1 1 (2)
2 8 (16)
3 23 (47)
4 16 (33)
Unknown 1 (2)

Distant disease
No node/distant 13 (27)
Nodal only 20 (41)
Nodal + metastases 35 (71)
Distant metastases 16 (33)
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management, given its use in other adult rhabdomyosar-
coma subtypes.17 Only a minority of the study population
(18 patients) received VDI, and the non-VDI chemotherapy
regimens were heterogeneous (Table 2). Most non-VDI
patients received VAC or VAC containing regimens
(Table 2). There was no significant association between
clinical factors such as clinical group, stage, or risk between
VDI and non-VDI patients (Table 3).

Regarding response assessment, 28 (62%) of 45 patients
had evaluable disease (4 patients received adjuvant che-
motherapy), while 17 (35%) of 45 patients did not have
evaluable disease due to lack of access of baseline imaging
data. A total of 25 of the 28 evaluable disease patients
responded to first-line treatment (89%). In terms of the
maximal response noted to first-line chemotherapy, 12
(43%) patients’ tumors showed a complete remission (CR)
and 13 (46%) with a partial response (PR) to therapy by

RECIST criteria. Chemotherapy led to stable disease as the
best response in two patients, while treatment failure was
noted with only one patient who had progression on che-
motherapy. Of these 28 evaluable patients, 7 discontinued
first-line systemic treatment due to disease progression,
5 due to toxicity (Supplemental Table 1), 1 due to loss of
insurance coverage, and the remaining 15 due to completion
of intended treatment (Table 4).

Survival outcomes of different
chemotherapy regimens

The median overall survival for the entire patient cohort was
3.56 years (range 0.17–12.7 years), with a median follow-up
time of 2.27 years (Figure 1A). Patients with localized disease

Table 2. List of first-line chemotherapy regimens given to ARMS
patients.

VAC containing No. patients

VAC 6
VAC-I-IT 1
VAC-CI-IE-VEC 1
VAC-VIT 1
VDC containing
VDC-IE 4
VDC-VIT 1
VDC 1
VDC-other 3

VDI
VDI 9
VDI-IT 1
VDI-IE 1
VDI-IE-other 3
VDI-other 4

Protocol based
ARST0431 3
ARST0531 3
Other 3

Other
Lobaplatin + fluorouracil 1
Cisplatin + etoposide 1
VEC 1
MAID 1
ADI 1

VAC: vincristine, actinomycin-D, cyclophosphamide; VDC: vincristine,
doxorubicin, cyclophosphamide; VDI: vincristine, doxorubicin, ifosfamide;
VEC: vincristine, epirubicin, cyclophosphamide; MAID: mesna, doxorubi-
cin, ifosfamide, dacarbazine; ADI: bevacizumab, doxorubicin, ifosfamide; IE:
ifosfamide, etoposide; IT: irinotecan, temozolomide; VIT: vincristine, iri-
notecan, temozolomide; CI: carboplatin, irinotecan; VAC-I-IT: VAC –

ifosfamide with radiotherapy – IT; ARST0531: VAC or VAC + VI;
ARST0431: vincristine, irinotecan - VDC - IE - VAC.

Table 3. Clinical characteristics patients who received VDI or
non-VDI first-line chemotherapy regimen.

Clinical parameter VDI (n = 18) (%) Non-VDI (n = 31) (%)

Age (median) 35 34.8
Sex 6 male 12 female 20 male 11 female
Race
White 8 (44) 18 (58)
Asian 2 (11) 5 (16)
Hispanic 5 (28) 5 (16)
Black 3 (17) 3 (10)

Primary site
Parameningeal 13 (72) 16 (52)
Head and neck 2 (10) 4 (13)
Genitourinary 1 (6) 3 (10)
Bladder/prostate 1 (6) 0 (0)
Extremities 1 (6) 4 (13)
Perirectal 0 (0) 3 (10)
Other 0 (0) 1 (3)

Clinical risk
Intermediate 12 (67) 20 (65)
High 6 (33) 11 (35)

Clinical group
I - II 1 (6) 2 (7)
IIIa 8 (44) 11 (35)
IIIb 4 (22) 6 (20)
IV 5 (28) 11 (35)
Unknown 0 1 (3)

Clinical stage
1 0 (0) 1 (3)
2 3 (17) 5 (16)
3 10 (56) 13 (42)
4 5 (28) 11 (36)
Not evaluable 0 (0) 1 (3)

Distant disease
No nodal/distant 4 (22) 9 (29)
Nodal only 9 (50) 11 (35)
Distant metastasis 5 (28) 11 (35)
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at diagnosis lived longer than those with metastatic disease;
median OS of 4.05 years (range 0.4–12.7 years) versus
1.73 years (range 0.16–7.7 years) respectively (Figure 1B)
(p = .0035). Expectedly, survival was worse in the higher
clinical stage groups, with the median OS of groups 1-2,
group 3, and group 4 of 4.8 years, 3.7 years, and 2.2 years,
respectively (Supplemental Figure 2). Comparing all patients
who received doxorubicin-based regimens versus non-
doxorubicin, there was no statistically significant difference
in overall survival of 2.3 years versus 4.0 years respectively
(p = .36, HR 1.48, 95% CI 0.68–3.19) (Figure 2).

More specifically, we assessed whether patients re-
ceiving VDI had different overall survival than non-VDI
regimens. There was no significant improvement with VDI
compared to non-VDI treatment, with a median OS of
1.8 years versus 3.9 years (p = .28, HR 1.56, 95% CI 0.67–
3.6) (Figure 3A). Additionally, we examined whether VDI
improved overall survival in patients with localized disease.
We found no significant difference in VDI or non-VDI
regimens in localized ARMS (2.3 vs 4.8 years, HR 1.8, 95%
CI 0.58–5.9) or metastatic ARMS (1.7 vs 2.2 years, HR 1.7,
95% CI 0.45–6.5) (Supplemental Figure 3). In terms of best
response rates in VDI versus non-VDI patients, there was no

significant difference in the CR and PR rate of maximal
response either (p = .14). Regarding the use of VAC-based
regimens, median OS was also not significantly different
between patients who received VAC (3.6 years) and

Table 4. Response rates of patients for different first-line chemotherapy regimens.

Chemotherapy regimen No. patients No. evaluable patients NA PD SD PR CR

VAC-based regimen 15 5 8 1 (20%) 4 (80%)
VDI-based regimen 18 13 5 1 (8%) 2 (15.4%) 7 (54%) 3 (23%)
VDC-based regimen 8 6 2 2 (33%) 4 (67%)
VDC + VAC based regimen 3 2 1 2 (100%)
Other regimen 5 2 3 1 (50%) 1 (50%)

NA: not analyzable; PD: progressive disease; SD: stable disease; PR: partial response; CR: complete response; VAC: vincristine, actinomycin-D, cy-
clophosphamide; VDI: vincristine, doxorubicin, ifosfamide; VDC: vincristine, doxorubicin, cyclophosphamide.

Figure 1. Overall survival of the adult ARMS patient cohort (A) Overall survival of all 49 adult ARMS patients, with median survival of
3.56 years. (B) Overall survival of patients with (n = 16) or without (n = 33) metastatic disease at presentation.

Figure 2. Overall survival of adult ARMS patients based on
doxorubicin containing chemotherapy regimens Overall
survival of patients who received doxorubicin (n = 32) or no
doxorubicin (n = 17) within their upfront chemotherapy regimen.
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non-VAC (3.1 years) (p = .95, HR 1.03, 95% CI 0.47–2.23)
(Supplemental Figure 4A). Similar to our VDI analyses, we
also did not see a significant difference in survival in pa-
tients with localized disease receiving VAC (4.0 years)
compared to non-VAC (3.1 years) (p = .61, HR 1.29, 95%
CI 0.46 – 3.63) (Supplemental Figure 4B).

Durability of response in VDI and non-VDI upfront
regimens

We next compared whether specific regimens led to more
prolonged response durability in patients who achieved a
complete response after upfront therapy. In patients receiving
VDI versus non-VDI who achieved a CR during upfront
therapy, the median DFS was 11 months (n = 7) versus
53 months (n = 13) (p = .09) (Figure 3B). As the non-VDI
chemotherapy regimens were heterogeneous, we next com-
pared doxorubicin versus non-doxorubicin-containing regi-
mens against VDI. Again, there were no significant differences
in overall survival between the 3 groups (Supplemental
Figure 5). As pediatric ARMS is treated with prolonged
chemotherapy (up to 14 cycles),4 we hypothesized that the
number of upfront chemotherapy cycles might impact out-
comes. However, there was no significant difference between
the number of frontline cycles completed between VDI and
non-VDI regimens either (8.52 vs 9.48 cycles, p = .49).

Discussion

Alveolar rhabdomyosarcoma is an extremely rare cancer in
adults, with unfortunately poor outcomes and no stan-
dardized treatment regimens developed for these patients.
Although great strides have been made in treating

rhabdomyosarcoma in children from the Intergroup
Rhabdomyosarcoma Studies,3 the alveolar subtype, par-
ticularly the 80% that contain PAX-FOXO1 fusions, re-
mains a poor prognostic factor.21,22 5-year OS from the time
of diagnosis ranges from 64%–87% in localized pediatric
ARMS cases. But after relapse, the 5-year survival from the
time of recurrence is only 5%.23 After metastatic disease,
FOXO1 fusion status has been shown to be the most im-
portant prognostic factor in pediatric RMS.

Here we report the outcomes of a large cohort of 49 adult
ARMS patients from a single institution. The overall sur-
vival of this cohort is similar to past adult ARMS
studies,7,9,24 with a median overall OS of 3.56 years and an
average age at diagnosis of 34.6 years old. Most patients had
primary disease originating in the parameningeal space, and
about a third had metastatic disease at presentation.
Therefore, it is expected that only a minority of patients
received multimodal therapy with chemotherapy, RT, and
surgery in their upfront treatment. Overall response rates
with chemotherapy in our cohort were high at 89%, with
43% of these patients achieving a complete response with
therapy, which is consistent with prior data. Expectedly,
patients with worse clinical stage and metastases at pre-
sentation had worse survival.

In our institution, doxorubicin-based combinations have
been favored for adult sarcoma patients. In particular, our
institution has often used VDI as our induction chemo-
therapy regimen for ARMS patients, as it has been thought
that doxorubicin and ifosfamide are two of the most active
agents in adults, which may improve the odds of successful
subsequent local therapy (either RT or surgery).17,25,26 For
instance, in Ewing sarcoma, adults have worse outcomes
than children using pediatric regimens, and VDI has been
shown to have equivalent outcomes to historic adult

Figure 3. VDI vs non-VDI regimens and overall survival of ARMS patients (A) Overall survival of patients who received upfront VDI (n =
18) or non-VDI (n = 31) chemotherapy upfront. (B) Duration of response in patients who achieved a CR with VDI chemotherapy (n =
6) or non-VDI chemotherapy (n = 14).
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controls treated with the 5-drug pediatric regimen.27 Adult
patients with perceived chronic kidney disease or older age
received a modified version of our induction therapy with
vincristine, doxorubicin, and cyclophosphamide (VDC).

Interestingly, our results did not show an improved OS
with doxorubicin-containing regimens, nor VDI in adult
ARMS patients. The role of doxorubicin therapy remains
controversial in pediatric rhabdomyosarcoma, with prior
trials not demonstrating superiority of doxorubicin over
actinomycin-D in multi-agent regimens.28,29 Also, the ad-
dition of doxorubicin to actinomycin-D regimens in lo-
calized ARMS patients has not been shown to improve
clinical outcomes.14 Given the evolving definitions of risk
groups and complexities of the chemotherapy regimens
compared in these previous trials, it makes it difficult to
ascertain directly the impact of doxorubicin in the ARMS
population without a prospective trial directly comparing it
to another chemotherapeutic agent.30 We speculate that the
highly chemo-sensitive nature of ARMS limits our ability to
detect a regimen-specific difference in first-line overall
response rates and survival. Prior studies of rhabdomyo-
sarcoma have reported a positive impact of pediatric-based
protocols in adult ARMS.11 As pediatric ARMS regimens
are up to 14 cycles of treatment, the chemotherapy regimen
best tolerated in adults is preferable in this specific sarcoma
subtype, although this remains to be determined
prospectively.

The main limitations of this study include the retro-
spective design and heterogeneity in treatment approaches
to adult ARMS patients in the frontline setting. Chemo-
therapy regimens included VAC-based protocols as well as
VDI, and when subdivided by regimen, there were limited
numbers of patients for each analyses making it challenging
to detect benefit of one chemotherapy drug compared to
another. Additionally, during upfront therapy, various
secondary chemotherapies were given either due to toxic-
ities encountered from initial chemotherapeutics or per
protocol design, as well as the different number of che-
motherapy cycles administered from each regimen. There
were also differing number of cycles of secondary che-
motherapeutics given in the front-line. This heterogeneity,
in addition to the small sample size for each regimen, makes
it challenging to correlate our observed outcomes with a
specific chemotherapy regimen, let alone individual che-
motherapies within a regimen, in addition to the retro-
spective nature of this analysis and the inherit biases and
limitations with this type of study such as patient selection.

Given the assortment of treatment modifications noted in
this study, the lack of a cohesive treatment approach for
adult patients with alveolar rhabdomyosarcoma, and the
rarity of this disease, it is imperative for adult sarcoma
medical oncologists to develop a more unified approach to
treatment similar to our pediatric oncology colleagues.
Through existing cooperative groups such as the National

Comprehensive Cancer Network (NCCN) or NCI Experi-
mental Therapeutics Clinical Trials Network (ETCTN),
there is an urgent need to form consensus recommendations
for adult rhabdomyosarcoma, including ARMS, based on
best available data to develop prospective studies. These
measures should take into account factors such as clinical
characteristics (i.e. age, performance status, organ function)
that are specific to adults, molecular factors (i.e., fusion
status), and application of new and emerging technologies
(i.e., such as the use of circulating tumor DNA). Collec-
tively, these efforts could provide a more uniform approach
to the treatment of adult rhabdomyosarcoma with the goal of
improving outcomes and ensuring safety for these patients.

Conclusion

In this study, there was a non-statistically significant trend
towards improved OS for ARMS patients treated with non-
doxorubicin or non-VDI regimens, but there was no dif-
ference in DFS in those patients who achieved CR. How-
ever, given the abovementioned heterogeneity, this study
was not sufficiently powered to detect whether one che-
motherapy regimen was inferior to another. A prospective
trial specifically enrolling an adult ARMS population
comparing specific doxorubicin/VDI-based and current
pediatric VAC based regimens would be needed to answer
this question, with this and other retrospective studies
serving as benchmarks for clinical outcomes. Given the
rarity of this disease in adults, a multi-institute or multi-
national cooperative study is likely necessary to directly
address this question.

Acknowledgements

We would also like to thank the patients and families for their
philanthropic support, which allows us to conduct clinical
research.

Author contributions

Conception and design: MSN., APC.; collection and/or assembly
of data: MSN, JAL, MAZ, RR, JAL, DMA, NS, VR, AJL, RSB,
SRP, APC Data analysis and interpretation: MSN, EFN, APC,
Manuscript first draft writing: MSN, JAL, AJB, JAL, DMA, NS,
EFN, CLR, AJL, BAG, DJH, APC; Final approval of manuscript:
all authors.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with re-
spect to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: MSN

Nakazawa et al. 7



has received grant support from NIH T32 CA00966. EFN has
received grant support from Fondation Nuovo Soldati, Fondation
pour le Recherche Médicale, Leiomyosarcoma SPORE Career
Enhancement Program.

Ethical statement

Ethical approval

(Include full name of committee approving the research and if
available mention reference number of that approval): MD An-
derson Cancer Center does not require ethical approval for re-
porting individual cases or case series.

Informed consent

Written informed consent was obtained from patients for their
anonymised information to be published (DR09-025).

ORCID iD

Michael S Nakazawa  https://orcid.org/0000-0002-6272-5467

Data availability statement

The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to the
use of patient clinical data.

Supplemental Material

Supplemental material for this article is available online.

References

1. Skapek SX, Ferrari A, Gupta AA, et al. Rhabdomyosarcoma.
Nat Rev Dis Primers 2019; 5: 1. DOI: 10.1038/s41572-018-
0051-2.

2. Burningham Z, Hashibe M, Spector L, et al. The epidemi-
ology of sarcoma. Clin Sarcoma Res 2012; 2: 14. DOI: 10.
1186/2045-3329-2-14.

3. Crist WM, Anderson JR, Meza JL, et al. Intergroup rhab-
domyosarcoma study-IV: results for patients with non-
metastatic disease. J Clin Oncol 2001; 19: 3091–3102. DOI:
10.1200/JCO.2001.19.12.3091.

4. Hawkins DS, Chi YY, Anderson JR, et al. Addition of vin-
cristine and irinotecan to vincristine, dactinomycin, and cy-
clophosphamide does not improve outcome for intermediate-
risk rhabdomyosarcoma: a report from the children’s on-
cology group. J Clin Oncol 2018; 36: 2770–2777. DOI: 10.
1200/JCO.2018.77.9694.

5. Arndt CA, Stoner JA, Hawkins DS, et al. Vincristine, acti-
nomycin, and cyclophosphamide compared with vincristine,
actinomycin, and cyclophosphamide alternating with vin-
cristine, topotecan, and cyclophosphamide for intermediate-
risk rhabdomyosarcoma: children’s oncology group study
D9803. J Clin Oncol 2009; 27: 5182–5188. DOI: 10.1200/
JCO.2009.22.3768.

6. Fischer TD, Gaitonde SG, Bandera BC, et al. Pediatric-
protocol of multimodal therapy is associated with im-
proved survival in AYAs and adults with rhabdomyosarcoma.
Surgery 2018; 163: 324–329. DOI: 10.1016/j.surg.2017.10.
027.

7. Ferrari A, Dileo P, Casanova M, et al. Rhabdomyosarcoma in
adults. A retrospective analysis of 171 patients treated at a
single institution. Cancer 2003; 98: 571–580. DOI: 10.1002/
cncr.11550.

8. Makinen VN, Safwat A and Aggerholm-Pedersen N.
Rhabdomyosarcoma in adults: a retrospective analysis of case
records diagnosed between 1979 and 2018 in western Den-
mark. Sarcoma 2021; 2021: 9948885. DOI: 10.1155/2021/
9948885.

9. Gerber NK, Wexler LH, Singer S, et al. Adult rhabdomyo-
sarcoma survival improved with treatment on multimodality
protocols. Int J Radiat Oncol Biol Phys 2013; 86: 58–63.
DOI: 10.1016/j.ijrobp.2012.12.016.

10. Sorensen PH, Lynch JC, Qualman SJ, et al. PAX3-FKHR and
PAX7-FKHR gene fusions are prognostic indicators in al-
veolar rhabdomyosarcoma: a report from the children’s on-
cology group. J Clin Oncol 2002; 20: 2672–2679. DOI: 10.
1200/JCO.2002.03.137.

11. Bompas E, Campion L, Italiano A, et al. Outcome of 449 adult
patients with rhabdomyosarcoma: an observational ambis-
pective nationwide study. Cancer Med 2018; 7: 4023–4035.
DOI: 10.1002/cam4.1374.

12. Bramwell VH, Mouridsen HT, Santoro A, et al. Cyclo-
phosphamide versus ifosfamide: final report of a randomized
phase II trial in adult soft tissue sarcomas. Eur J Cancer Clin
Oncol 1987; 23: 311–321. DOI: 10.1016/0277-5379(87)
90075-7.

13. Mulder RL, Paulides M, Langer T, et al. Cyclophosphamide
versus ifosfamide for paediatric and young adult bone and soft
tissue sarcoma patients. Cochrane Database Syst Rev 2015;
2015: CD006300. DOI: 10.1002/14651858.CD006300.pub4.

14. Bisogno G, Jenney M, Bergeron C, European paediatric Soft
tissue sarcoma Study Group, et al.. Addition of dose-
intensified doxorubicin to standard chemotherapy for rhab-
domyosarcoma (EpSSG RMS 2005): a multicentre, open-
label, randomised controlled, phase 3 trial. Lancet Oncol
2018; 19: 1061–1071. DOI: 10.1016/S1470-2045(18)30337-
1.

15. Patel SR, Vadhan-Raj S, Burgess MA, et al. Results of two
consecutive trials of dose-intensive chemotherapy with
doxorubicin and ifosfamide in patients with sarcomas. Am J
Clin Oncol 1998; 21: 317–321. DOI: 10.1097/00000421-
199806000-00025.

16. Little DJ, Ballo MT, Zagars GK, et al. Adult rhabdomyo-
sarcoma: outcome following multimodality treatment. Can-
cer 2002; 95: 377–388. DOI: 10.1002/cncr.10669.

17. Ogilvie CM, Crawford EA, Slotcavage RL, et al. Treatment of
adult rhabdomyosarcoma. Am J Clin Oncol 2010; 33:
128–131. DOI: 10.1097/COC.0b013e3181979222.

8 Rare Tumors

https://orcid.org/0000-0002-6272-5467
https://orcid.org/0000-0002-6272-5467
https://doi.org/10.1038/s41572-018-0051-2
https://doi.org/10.1038/s41572-018-0051-2
https://doi.org/10.1186/2045-3329-2-14
https://doi.org/10.1186/2045-3329-2-14
https://doi.org/10.1200/JCO.2001.19.12.3091
https://doi.org/10.1200/JCO.2018.77.9694
https://doi.org/10.1200/JCO.2018.77.9694
https://doi.org/10.1200/JCO.2009.22.3768
https://doi.org/10.1200/JCO.2009.22.3768
https://doi.org/10.1016/j.surg.2017.10.027
https://doi.org/10.1016/j.surg.2017.10.027
https://doi.org/10.1002/cncr.11550
https://doi.org/10.1002/cncr.11550
https://doi.org/10.1155/2021/9948885
https://doi.org/10.1155/2021/9948885
https://doi.org/10.1016/j.ijrobp.2012.12.016
https://doi.org/10.1200/JCO.2002.03.137
https://doi.org/10.1200/JCO.2002.03.137
https://doi.org/10.1002/cam4.1374
https://doi.org/10.1016/0277-5379(87)90075-7
https://doi.org/10.1016/0277-5379(87)90075-7
https://doi.org/10.1002/14651858.CD006300.pub4
https://doi.org/10.1016/S1470-2045(18)30337-1
https://doi.org/10.1016/S1470-2045(18)30337-1
https://doi.org/10.1097/00000421-199806000-00025
https://doi.org/10.1097/00000421-199806000-00025
https://doi.org/10.1002/cncr.10669
https://doi.org/10.1097/COC.0b013e3181979222


18. Meza JL, Anderson J, Pappo AS, Children’s Oncology
Group, et al.. Analysis of prognostic factors in patients with
nonmetastatic rhabdomyosarcoma treated on intergroup
rhabdomyosarcoma studies III and IV: the Children’s On-
cology Group. J Clin Oncol 2006; 24: 3844–3851. DOI: 10.
1200/JCO.2005.05.3801.

19. Breneman JC, Lyden E, Pappo AS, et al. Prognostic factors
and clinical outcomes in children and adolescents with
metastatic rhabdomyosarcoma--a report from the Intergroup
Rhabdomyosarcoma Study IV. J Clin Oncol 2003; 21: 78–84.
DOI: 10.1200/JCO.2003.06.129.

20. Maurer HM, Beltangady M, Gehan EA, et al. The intergroup
rhabdomyosarcoma study-I. A final report. Cancer 1988; 61:
209–220. DOI: 10.1002/1097-0142(19880115)61:2<209::
aid-cncr2820610202>3.0.co;2-l.

21. Skapek SX, Anderson J, Barr FG, et al. PAX-FOXO1 fusion
status drives unfavorable outcome for children with rhabdo-
myosarcoma: a children’s oncology group report. Pediatr
Blood Cancer 2013; 60: 1411–1417. DOI: 10.1002/pbc.24532.

22. Hibbitts E, Chi YY, Hawkins DS, et al. Refinement of risk
stratification for childhood rhabdomyosarcoma using
FOXO1 fusion status in addition to established clinical
outcome predictors: a report from the Children’s Oncology
Group. Cancer Med 2019; 8: 6437–6448. DOI: 10.1002/
cam4.2504.

23. Pappo AS, Anderson JR, Crist WM, et al. Survival after
relapse in children and adolescents with rhabdomyosarcoma:
a report from the intergroup rhabdomyosarcoma study group.
J Clin Oncol 1999; 17: 3487–3493. DOI: 10.1200/Jco.1999.
17.11.3487.

24. Sultan I, Rodriguez-Galindo C, Saab R, et al. Comparing
children and adults with synovial sarcoma in the Surveillance,
Epidemiology, and End Results program, 1983 to 2005: an

analysis of 1268 patients. Cancer 2009; 115: 3537–3547.
DOI: 10.1002/cncr.24424.

25. Santoro A, Tursz T, Mouridsen H, et al. Doxorubicin versus
CYVADIC versus doxorubicin plus ifosfamide in first-line
treatment of advanced soft tissue sarcomas: a randomized
study of the European Organization for Research and
Treatment of Cancer Soft Tissue and Bone Sarcoma Group.
J Clin Oncol 1995; 13: 1537–1545. DOI: 10.1200/JCO.1995.
13.7.1537.

26. Judson I, Verweij J, Gelderblom H, European Organisation
and Treatment of Cancer Soft Tissue and Bone Sarcoma
Group, et al.. Doxorubicin alone versus intensified doxoru-
bicin plus ifosfamide for first-line treatment of advanced or
metastatic soft-tissue sarcoma: a randomised controlled phase
3 trial. Lancet Oncol 2014; 15: 415–423. DOI: 10.1016/
S1470-2045(14)70063-4.

27. Wagner MJ, Gopalakrishnan V, Ravi V, et al. Vincristine,
ifosfamide, and doxorubicin for initial treatment of ewing
sarcoma in adults. Oncol 2017; 22: 1271–1277. DOI: 10.
1634/theoncologist.2016-0464.

28. Maurer HM, Gehan EA, Beltangady M, et al. The intergroup
rhabdomyosarcoma study-II. Cancer 1993; 71: 1904–1922.
DOI: 10.1002/1097-0142(19930301)71:5<1904::aid-
cncr2820710530>3.0.co;2-x.

29. Arndt CA, Hawkins DS, Meyer WH, et al. Comparison of
results of a pilot study of alternating vincristine/doxorubicin/
cyclophosphamide and etoposide/ifosfamide with IRS-IV in
intermediate risk rhabdomyosarcoma: a report from the
Children’s Oncology Group. Pediatr Blood Cancer 2008; 50:
33–36. DOI: 10.1002/pbc.21093.

30. Arndt CA. Role of Doxorubicin in rhabdomyosarcoma: is the
answer knowable? Am Soc Clin Oncol Educ Book. 2012;
32(1): 621–623. doi:10.14694/EdBook_AM.2012.32.137

Nakazawa et al. 9

https://doi.org/10.1200/JCO.2005.05.3801
https://doi.org/10.1200/JCO.2005.05.3801
https://doi.org/10.1200/JCO.2003.06.129
https://doi.org/10.1002/1097-0142(19880115)61:2<209::aid-cncr2820610202>3.0.co;2-l
https://doi.org/10.1002/1097-0142(19880115)61:2<209::aid-cncr2820610202>3.0.co;2-l
https://doi.org/10.1002/pbc.24532
https://doi.org/10.1002/cam4.2504
https://doi.org/10.1002/cam4.2504
https://doi.org/10.1200/Jco.1999.17.11.3487
https://doi.org/10.1200/Jco.1999.17.11.3487
https://doi.org/10.1002/cncr.24424
https://doi.org/10.1200/JCO.1995.13.7.1537
https://doi.org/10.1200/JCO.1995.13.7.1537
https://doi.org/10.1016/S1470-2045(14)70063-4
https://doi.org/10.1016/S1470-2045(14)70063-4
https://doi.org/10.1634/theoncologist.2016-0464
https://doi.org/10.1634/theoncologist.2016-0464
https://doi.org/10.1002/1097-0142(19930301)71:5<1904::aid-cncr2820710530>3.0.co;2-x
https://doi.org/10.1002/1097-0142(19930301)71:5<1904::aid-cncr2820710530>3.0.co;2-x
https://doi.org/10.1002/pbc.21093
https://doi.org/10.14694/EdBook_AM.2012.32.137

	Clinical characteristics and outcomes of adult alveolar rhabdomyosarcoma patients on first ...
	Introduction
	Methods
	Patient selection
	Histologic review
	Statistics

	Results
	Patient demographics
	Front
	Survival outcomes of different chemotherapy regimens
	Durability of response in VDI and non

	Discussion
	Conclusion
	Acknowledgements
	Author contributions
	Declaration of conflicting interests
	Funding
	Ethical statement
	Ethical approval
	Informed consent

	ORCID iD
	Data availability statement
	Supplemental Material
	References


