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/ABSTRACT

Background. This study aimed to review the activity of cyto-
toxic chemotherapy in patients with inflammatory myo-
fibroblastic tumors (IMTs) treated at nine European sarcoma
reference centers.

Materials and Methods. Patients of any age, with histologi-
cally proven IMT, treated with anthracycline-based methotrexate
plus/minus vinorelbine/vinblastine (MTX-V) or other chemother-
apeutic regimens between 1996 and 2018 were retrospectively
reviewed. Diagnosis was confirmed at the local level by an
expert pathologist. Response was retrospectively assessed by
local investigators by RECIST v1.1. Progression-free survival (PFS),
relapse-free survival (RFS), and overall survival (OS) were com-
puted by Kaplan-Meier method.

Results. Thirty-eight patients were included. Twenty-five
patients (8 localized, 17 advanced disease) received an
anthracycline-based regimen; 21 were evaluable for response.
Overall response rate (ORR) was 10/21 (47.6%). At a
70.8-month median follow-up (FU), median RFS and median

0OS were not reached (NR) in patients with localized disease;
median PFS and median OS were 6.3 (interquartile range
[IQR]: 1.9-13.4) and 21.2 (IQR: 7.7-40.7) months in patients
with advanced disease. Thirteen patients received MTX-V
(4 localized, 9 advanced disease), all evaluable for response.
ORR was 7/13 (53.8%). At a 56.6-month median FU, median
RFS and median OS were 42.5 (IQR: 12.9-61.2) months and
NR (no death events) in patients with localized disease, and
NR (IQR: 24.9 to NR) and 83.4 months (IQR: 83.4 to NR) in
patients with advanced disease. In the “other-regimens
group,” responses were seen in 3/4 patients treated with oral
cyclophosphamide and 1/2 with docetaxel/gemcitabine.
Conclusion. Anthracycline-based and MTX-V regimens are
very effective in IMT, with a similar ORR in both groups.
MTX-V achieved a prolonged disease control. Responses
were also seen with oral cyclophosphamide and docetaxel/
gemcitabine, but few patients were treated with these
schedules. The Oncologist 2020;25:€1777-e1784
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Chemotherapy in IMTs

Implications for Practice: Inflammatory myofibroblastic tumor (IMT) is an ultrarare sarcoma with known sensitivity to ana-
plastic lymphoma kinase (ALK) inhibitors in ALK-fused cases, although ALK inhibitors are not licensed in the disease. The cur-
rent knowledge on the activity of cytotoxic chemotherapy is limited. This multi-institutional retrospective study on pediatric
and adult patients with IMT shows that cytotoxic chemotherapy, and in particular anthracycline-based and methotrexate
plus/minus vinorelbine/vinblastine regimens, represents a treatment option and can be considered in IMT patients
irrespectively from ALK status. This study provides a benchmark for future studies on new medical therapies.

INTRODUCTION

Inflammatory myofibroblastic tumor (IMT) is an ultrarare
soft tissue neoplasm, mainly diagnosed in children and
young adults, with a slight female predominance, poten-
tially arising at any site of the body [1-8].

The 2013 World Health Organization (WHO) classifica-
tion of soft tissue and bone sarcomas [9] defined an IMT as
a neoplasm with intermediate malignant potential, rarely
metastasizing [2, 10, 11], composed by myofibroblastic and
fibroblastic spindle cells associated with an inflammatory
infiltrate. Moreoften IMT harbors a fusion involving the
anaplastic lymphoma kinase (ALK) gene, occurring in >50%
of cases [12-15]. ROS1, RET, and NTRK3 fusions have also
been reported [16-20].

The natural history of IMTs is characterized by an indolent
clinical behavior and a low tendency toward metastatic spread
(<5% of cases) [2, 9-11]. A higher rate of distant metastases
(about 5%—10%) has been reported for ALK-negative IMTs [13,
21-22]. Surgery is the standard of treatment for local disease,
with a high chance of cure in completely resected cases. For
patients with advanced disease, ALK inhibitors, such as
crizotinib, can be active [23, 24]. Currently there are limited
data regarding the role of conventional chemotherapy in this
disease, and they are limited to small retrospective experi-
ences, mainly focused on the pediatric population [25-29].

On this basis, the aim of this study was to retrospec-
tively investigate the activity of cytotoxic chemotherapy in
patients of any age with IMTs treated at nine European
sarcoma reference centers, between 1996 and 2018. We
focused on anthracycline-based regimens, the front-line
standard treatment in sarcomas, and methotrexate and/or
vinorelbine or vinblastine. Data available on other cytotoxic
regimens were also collected.

MATERIALS AND METHODS

We retrospectively collected data from all patients of any
age, with a histologically confirmed diagnosis of IMT, treated
with anthracycline-based regimens, MTX-V (e.g., cases
treated with methotrexate plus vinorelbine or vinblastine
and cases treated with vinca alkaloid alone), and other cyto-
toxic regimens between 1996 and 2018 at 9 European sar-
coma reference centers that searched in their databases
after an invitation was sent to 22. Data were extracted from
institutional clinical databases. Both patients with localized
disease treated with curative intent and those with advanced
disease (locally advanced not eligible for surgical resection or
definitive radiotherapy, or metastatic) were included. Two
patients included in this case series had also been included
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in a retrospective study recently published by the European
pediatric Soft Tissue Sarcoma Study Group (EpSSG) [29].

A written informed consent to treatment was obtained.
Approval of the retrospective study by the institutional
review board of each participating institution was obtained.

Diagnosis was reviewed and confirmed by a local expert
sarcoma pathologist, according to WHO classification, 4th
edition [10]. ALK status was assessed by immunohistochemis-
try and/or fluorescence in situ hybridization (FISH) in all
cases.

Response was assessed by the local radiologist by
reviewing retrospectively radiologic scans according to REC-
IST v1.1 [30].

In the anthracycline-based regimens group, chemother-
apy was administered every 3 weeks, corresponding to one
cycle. In the MTX-V group, chemotherapy with methotrexate
and/or vinorelbine or vinblastine was administered weekly,
and one cycle was defined as 4 weeks.

Statistical Analysis
Descriptive statistics and frequency tabulation were used to
summarize patient and tumor characteristics.

The association between outcome and ALK status (posi-
tive vs. negative) was evaluated.

The primary endpoint of this study was the overall
response rate (ORR) by RECIST v1.1; secondary endpoints
were relapse-free survival (RFS), for the patients treated for
localized disease with curative intent, progression-free sur-
vival (PFS), for the patients with advanced disease, and over-
all survival (OS). ORR was defined as the proportion of
patients who achieved a complete response (CR) or a partial
response (PR) according to RECIST v1.1 [30]. The correspon-
ding 95% confidence intervals (Cls) were calculated based
on the binomial distribution.

RFS, PFS, and OS were estimated using the Kaplan-
Meier method. Survival curves according to ALK status were
compared using the log-rank test.

For patients who were treated for localized disease with
curative intent, RFS was calculated as the interval from day
1, cycle 1 of each treatment line to the date of the first evi-
dence of recurrence, death, or the last follow-up; for patients
with advanced disease, PFS was calculated as the interval
from the day 1, cycle 1 of each treatment line to the date of
progressive disease (PD), death, or the last follow-up; OS was
calculated as the interval from day 1, cycle 1 of each treat-
ment line to the time of death or the last follow-up.

A two-sided p < .05 was considered statistically signifi-
cant. Statistical analyses were carried out with SAS (version
9.4; SAS Institute, Cary, NC) and R software (version 3.6.1).
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Table 1. Main patient and disease characteristics
Anthracycline-based MTX + VNR/VNB Other regimens
Characteristics n % n % n %
Total 25 13 10
Age, median (IQR), years 31 (22-46) 16 (12-31) 38 (30-61)
Gender
Male 15 60.0 5 385 6 60.0
Female 10 40.0 61.5 4 40.0
Primary site
Abdomen 10 40.0 23.1 4 40.0
Lung/thoracic wall 8 32.0 23.1 3 30.0
Other 7 28.0 7 53.8 3 30.0
ALK status
Positive 18 72.0 6 46.2 7 70.0
IHC 2 11.1 3 50.0 2 28.6
FISH 7 38.9 3 50.0 1 14.3
Both 9 50.0 0 - 4 57.1
Negative 7 28.0 7 53.8 3 30.0
IHC 5 71.4 4 57.1 1 33.3
FISH = = = = = =
Both 2 28.6 3 42.9 2 66.7
Stage at treatment start
Local 8 320 4 30.8 — —
Locally advanced 3 12.0 38.5 6 60.0
Metastatic 14 56.0 4 30.8 4 40.0
Chemotherapy regimen
A 8 32.0
Al 14 56.0
A + other 3 12.0
MTX + VNB 69.2
MTX + VNR 23.1
VNR/VNB 7.7
CTX 4 40.0
T 2 20.0
GD 2 20.0
CBDCA + TXL 1 10.0
VP-16 1 10.0
Number of prior lines, median (range) 0 (0-3) 0 (0-2) 1(0-3)
Treatment line
First line 21 84.0 10 76.9 3 30.0
Second line 2 8.0 2 15.4 4 40.0
Further line 2 8.0 1 7.7 3 30.0

Abbreviations: A, adriamycin; Al, adriamycin and ifosfamide; ALK, anaplastic lymphoma kinase; CBDCA + TXL, carboplatin and paclitaxel; CTX, oral
cyclophosphamide; FISH, fluorescence in situ hybridization; GD, gemcitabine and docetaxel; IHC, immunohistochemistry; IQR, interquartile
range; MTX, methotrexate; T, trabectedin; VNB, vinblastine; VNR, vinorelbine; VNR/VNB, vinorelbine or vinblastine alone; VP-16, oral etoposide.

RESULTS

Thirty-eight patients were retrospectively identified; 34 were
evaluable for response, whereas 4 patients were treated in
an adjuvant setting and were not assessable for response. All
38 patients were included in the survival analysis.
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Table 1 summarizes population characteristics.

Of 38 patients, 24 (63.2%) had ALK-positive and 14
(36.8%) had ALK-negative disease (Table 1). Twenty-five of 38
(65.8%) patients were treated with anthracycline-based che-
motherapy, 13/38 (34.2%) with MTX-V chemotherapy, and
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Figure 1. Overall survival curves of inflammatory myofibroblastic tumor patients treated with anthracycline-based chemotherapy.
(A) Kaplan-Meier curve of progression free survival and (B) of overall survival.

Figure 2. Response according to RECIST to methotrexate plus vinorelbine in a patient with a metastatic para-mediastinal inflamma-
tory myofibroblastic tumor (IMT). (A): Contrast-enhanced computed tomography scan image on an axial plane shows a right para-
mediastinal IMT involving hilum at baseline. (B): After 10 cycles of treatment with MTX-V, there was evidence of a 37% decrease in

tumor size, corresponding to a partial response by RECIST.

10/38 (26.3%) with other regimens (in detail: 1 carboplatin
plus paclitaxel, 1 oral etoposide, 2 docetaxel plus gemcitabine,
2 trabectedin, 4 oral cyclophosphamide).

Overall, the median number of received treatment lines
was 2 (range 1-8). Six out of 25 (24.0%) patients in the
anthracycline-based group and 2/13 (15.4%) patients in the
MTX-V group received an ALK inhibitor after chemotherapy.
The median follow-up time for the entire series was
69 months (interquartile range [IQR]: 39.3—139.5).

In the anthracycline-based group, 8/25 (32.0%) patients
were treated for localized disease with curative intent
and 17/25 (68.0%) for advanced disease. Eighteen out of 25
(72.0%) patients had ALK-positive and 7/25 (28.0%) patients
had ALK-negative disease. Twenty-one out of 25 (84.0%)
patients were evaluable for response, whereas 4/25 (16.0%)
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were nonevaluable for response because they were treated
in an adjuvant setting. The median number of cycles was 6
(range 1-6). Twenty-one out of 25 (84.0%) patients received
anthracyclines as first-line treatment, 2/25 (8.0%) as second-
line treatment, and 2/25 (8.0%) in further line. Eight out of
25 (32.0%) patients received an anthracycline as single agent,
14/25 (56.0%) in combination with ifosfamide, and 3/25
(12.0%) in combination with other drugs (e.g., cisplatin,
dacarbazine, vincristine, or etoposide). All patients in this
group had completed anthracycline-based treatment at the
time of this analysis: 13/25 (52.0%) for having received the
maximum cumulative dose of anthracycline, 7/25 (28.0%) for
PD, 2/25 (8.0%) for grade 3 hematological toxicity, and 3/25
(12.0%) for surgery after two, three, and four cycles of chemo-
therapy, respectively.

Oncologist
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Figure 3. Overall survival curves of inflammatory myofibroblastic tumor patients treated with methotrexate and vinorelbine/
vinblastine chemotherapy. (A) Kaplan-Meier curve of progression free survival and (B) of overall survival.

Grade (G) 3 or G4 adverse events were observed in
7/25 (28%) patients of this group: G4 febrile neutropenia in
2 patients, G3 neutropenia in 5, G3 anemia in 2, and G4
thrombocytopenia in 2.

Best RECIST response was 10/21 PR (47.6%), 6/21 stable
disease (SD) (28.6%), and 5/21 PD (23.8%), for an ORR of
47.6% (95% Cl: 25.7%—-70.2%). Responses were observed
both in ALK-positive (8/16 evaluable patients, 50.0%) and in
ALK-negative (2/5 evaluable patients, 40.0%) cases.

For patients with localized disease (8 cases, 4 not eva-
luable since treated in adjuvant setting), best RECIST
response was 2/4 PR (50.0%) and 2/4 SD (50.0%), for an
ORR of 50.0% (95% Cl: 6.8%—93.2%), At a median follow-up
of 70.8 months (IQR: 39.3-89.3), median RFS and median
0OS were not reached; 5-year RFS and 5-year OS rates were
50.0% (95% Cl: 25.0%—-100.0%) and 75.0% (95% Cl: 50.3%—
100.0%), respectively.

For patients with advanced disease (17 cases), best REC-
IST response was 8/17 PR (47.1%), 4/17 SD (23.5%), and
5 PD (29.4%), for an ORR of 47.1% (95% Cl: 23.0%—72.2%).
Median PFS and OS were 6.3 (IQR: 1.9-13.4) and 21.2 (IQR:
7.7-40.7) months, respectively; the 1-year PFS rate was
29.4% (95% Cl: 14.1%-61.4%), whereas the 2-year OS rate
was 41.2% (95% Cl: 23.3%—72.7%; Fig. 1). Median OS was
22.4 months (IQR: 3.2-40.7) in ALK-positive and 17.3 months
(IQR: 10.5-25.7) in ALK-negative advanced cases (p = .351).
Median PFS was 4.7 months (IQR: 1.3-17.0) in ALK-positive
and 8.5 months (IQR: 5.4-12.1) in ALK-negative advanced
cases (p =.875). No association was found between RFS,
PFS, OS, and ALK status in this treatment group.

In the MTX-V group, 4/13 patients (30.8%) were treated
for local disease and 9/13 patients (69.2%) for advanced
disease. Six out of 13 (46.2%) patients had ALK-positive and
7/13 (53.8%) ALK-negative disease. All patients in this group
were evaluable for response. The median number of cycles
was 38 (range 2-50). Ten out of 13 (76.9%) patients
received MTX-V as first-line treatment, 2/13 (15.4%) as
second-line treatment, and 1/13 as further line (7.7%). Nine
out of 13 (69.2%) patients received methotrexate in
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combination with vinblastine, 3/13 (23.1%) in combination
with vinorelbine, and 1/13 (7.7%) received vinorelbine as
monotherapy. All patients of this group had completed their
treatment at the time of this analysis: 6/13 (46.2%) for clini-
cal decision after prolonged disease control (1 patient after
6 months, 3 patients after 10 months, and 2 patients after
1 year from treatment start), 4/13 (30.8%) for PD, and 3/13
(23.1%) to undergo surgery.

G3 or G4 toxicity events occurred in 2 (15%) of
13 patients in this group: G3 hypertransaminasemia in
1 patient and G3 mucositis in 1 case. Two patients achieved
a CR and were still disease free at the time of the analysis,
after 25 and 60 months from treatment start. Best RECIST
response was 2/13 CR (15.4%), 5/13 PR (38.5%), 3/13 SD
(23.1%), and 3/13 PD (23.1%), for an ORR of 53.8% (95% Cl:
25.1%-80.8%; Fig. 2).

Responses were observed both in ALK-positive (4/6,
66.7%) and in ALK-negative (3/7, 42.9%) disease.

For patients with localized disease (4 cases), best
RECIST response was 2/4 PR (50.0%), 1/4 SD (25.0%),
and 1 PD (25.0%), for an ORR of 50.0% (95% Cl: 6.8%—
93.2%). At a median follow-up time of 56.6 months (IQR:
27.8-129.9), median RFS was 42.5 (IQR: 12.9-61.2)
months, whereas median OS was not estimated as there
were no death events in this subgroup.

For patients with advanced disease (9 cases) best RECIST
response was 2/9 CR (22.2%), 3/9 PR (33.3%), 2/9 SD
(22.2%), and 2/9 PD (22.2%), for an ORR of 55.6% (95% Cl:
21.2%—-86.3%). Median PFS was not reached (IQR: 24.9 to
NR); 1-/2-year and 5-year PFS rates were 77.8% (95% Cl:
54.9%-100.0%) and 62.2% (95% Cl: 35.5%-100.0%), respec-
tively; median OS was 83.4 months (IQR: 83.4 to NR; Fig. 3).
Median PFS was not reached in ALK-positive and ALK-
negative advanced cases. No association was found between
RFS, PFS, OS, and ALK status in this treatment group.

In the other-regimens group, all patients were treated for
advanced disease. Seven out of 10 (70%) patients had ALK-
positive and 3/10 (30%) ALK-negative disease. All patients
were evaluable for response. Three out of 10 patients

© AlphaMed Press 2020
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Figure 4. Swimmer-plot showing the progression-free survival by RECIST in each treatment group.
Abbreviations: A, anthracycline-based chemotherapy group (coarse-hatched bar pattern); M, MTX-V group (single, oblique-hatched
bar pattern); O, other chemotherapeutic regimens group (solid bar pattern).

received chemotherapy as first-line treatment, 4/10 as
second-line treatment, and 3/10 as further line. Four out of
10 patients received oral cyclophosphamide, 2/10 docetaxel
plus gemcitabine, 2/10 trabectedin, 1/10 carboplatin plus
paclitaxel, and 1/10 oral etoposide.

Responses were seen with oral cyclophosphamide (one
CR and two PR out of four patients) and docetaxel plus
gemcitabine (one PR out of two patients). Responses to
both regimens were observed in ALK-positive cases. No
association was found between RFS, PFS, OS, and ALK status
in this treatment group.

Figure 4 shows the progression-free survival by RECIST
in each treatment group.

DiscussioN
This academic, multi-institutional, European retrospective
study collected the largest series currently available of patients
affected by IMTs treated with cytotoxic chemotherapy, con-
firming that cytotoxic agents have a high degree of activity in
the disease, superior to what is expected in adults with soft
tissue sarcoma treated with the same agents. In particular,
anthracycline-based regimens were associated with an ORR of
48%, and a median PFS of 6.3 months in patients with
advanced disease. The ORR with MTX-V was 54%, with a pro-
longed control of disease (median PFS not reached at a
median follow-up of 57 months). Responses were observed
with oral cyclophosphamide and gemcitabine plus docetaxel,
although few patients were treated with these regimens.

IMT is an ultrarare sarcoma, mostly diagnosed in young
patients and often arising from critical anatomic sites, such
as the pulmonary hilum. Although most IMTs at diagnosis
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are localized and can be cured with surgery, systemic thera-
pies still play a crucial role for patients with locally
advanced disease (particularly in challenging primary sites)
and in those developing metastatic lesions. Because of the
extreme rarity of IMTs, data on chemotherapy in this sar-
coma subtype are limited, retrospective, and mostly
focused on childhood [25-29].

The results of this study are limited by its small sample
size and its retrospective nature, which implies a possible
degree of variability in patients’ follow-up and imaging
assessment, and does not allow to perform additional sub-
group analyses to investigate the differential activity of the
investigate regimens in different patient populations. How-
ever, dedicated prospective studies on conventional chemo-
therapy are unlikely to happen in this histology. Indeed, this
is the largest retrospective series available. We have
included not only children but patients of any age. In this
study, pathologic diagnosis was confirmed in all cases by an
expert sarcoma pathologist and ALK was systematically
assessed by immunohistochemistry and/or FISH. ALK-
positive cases were 63%, in line with what is reported in
the literature, even though we could not sequence ALK-
negative cases to definitively rule out the presence of an
ALK fusion with uncommon breakpoints or other transloca-
tion involving ROS, RET, or NTRK in these cases. This could
have had underestimated the proportion of ALK-positive
patients in the series [17-20].

This study confirms the activity of anthracycline-based
regimens, which remains the front-line standard treatment
in sarcomas including advanced IMTs, and of MTX-V in a
high proportion of patients (ORR: 48% and 54%, respec-
tively). Responses were observed irrespectively to ALK

Oncologist
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status. Our results are consistent with what has previously
been reported [25-29].

Kube et al. described the outcome of 11 patients
<21 years of age with IMTs treated with regimens usually
administered in children with rhabdomyosarcoma, includ-
ing dactinomycin, ifosfamide (or cyclophosphamide), and
vincristine, with or without doxorubicin [28], with 3
responses. Kube also reported two additional cases treated
with methotrexate plus vinorelbine, dexamethasone, and
ibuprofen with one response. Recently, Casanova et al.
reported on the retrospective experience of the EpSSG.
Two cases in this series were also included in our study. A
total of 8 objective responses were seen in 10 patients
aged 0-24 years with IMTs treated with vinblastine and
methotrexate, whereas no responses were identified in
3 patients treated with ifosfamide-based chemotherapy
[29]. Interestingly, our series, which confirmed the impres-
sive activity of the MTX-V regimen on a similar number of
patients, also indicates prolonged disease control with this
schedule, in excess of 2 years, similarly to that observed in
another mesenchymal tumor, desmoid fibromatosis [31].

Finally, we report the first response of about 6 months
to gemcitabine and docetaxel in an ALK-positive advanced
IMT refractory to anthracycline-based chemotherapy.

To note, anecdotal reports of response to nonsteroidal anti-
inflammatory drugs and steroids are also available in IMT
[32-35], but we did not collect data on those approaches in this
disease.

Prospective data available in the literature on systemic
treatment of IMTs come from the European Organization for
Research and Treatment of Cancer 90101-CREATE phase Il
study, which investigated the activity of the ALK inhibitor
crizotinib in 19 patients with advanced IMT, observing 6 REC-
IST responses of 12 ALK-positive and 1 of 7 ALK-negative
patients. Median duration of response was 9.0 months in
ALK-positive and 7.6 months in ALK-negative disease, with a
12-month PFS rate of 67% [36]. Similar results were observed
in a phase Il study on pediatric patients with ALK-positive
advanced IMT, which detected 12 RECIST responses out of
14 patients [37]. Both studies also showed that crizotinib
was very well tolerated, thus supporting the use of ALK inhib-
itors in patients with ALK-positive IMTs. Unfortunately, nei-
ther crizotinib nor other ALK inhibitors are formally approved
to treat this tumor, and in addition, their activity is limited in
ALK-negative patients. It is imperative that this class of
agent is approved for IMT; however, cytotoxic chemotherapy
represents an alternative treatment option and can also be
considered in patients with IMTs not harboring an ALK trans-
location. Our study does not allow any comparison between
the activity and toxicity profile of cytotoxic chemotherapy to
ALK inhibitors, although the 1-year PFS rate with MTX-V com-
pares well with that observed with targeted agents. This
should be confirmed in a comparative prospective fashion,
which is difficult to foresee considering the rarity of the dis-
ease. Our data show that both classes of agents may be used
in a sequential approach in advanced disease requiring sys-
temic therapy.
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CoNcLusION

This retrospective analysis shows that international cooper-
ative efforts involving both pediatric and adult oncologists
are feasible in ultrarare sarcomas. This effort proves that
anthracycline-based and MTX-V regimens have a high
degree of activity in IMT, with a similar ORR in both groups
and prolonged disease control observed with MTX-V. Anec-
dotal responses were seen with oral cyclophosphamide and
docetaxel plus gemcitabine.
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