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ABSTRACT

Background. There are no clinical trials specifically addressing
chemotherapy for adults with Ewing sarcoma (ES). Five-year
event-free survival (EFS) of adults on pediatric studies of ES
(44%–47%) is worse than that of children treated with the
same therapy (69%). The object of this study was to review the
results of therapy with vincristine, ifosfamide, and doxorubicin
(VID) in the multidisciplinary treatment of adults with ES at our
institution.
Materials and Methods. Charts for adults treated for ES from
1995 to 2011 were retrospectively reviewed. Clinician-reported
radiographic tumor response, type of local therapy, pathologic
response, and survival data were collected.
Results. Seventy-one patients were identified who received VID
as initial therapy. The median age was 25 (range: 16–64). Forty-
two patients (59%) presented with a localized disease and 29

patients (41%) presented with a distant metastasis. Of all
patients treated with VID, 83.6% showed a radiological
response. Patients who presented with a localized disease had a
5-year overall survival (OS) of 68% (median not reached), com-
pared with 10.3% (median: 1.9 years) in those who presented
with distant metastases. Five-year EFS was 67%. The nine
patients with a pelvic primary tumor had inferior 5-year OS
(42%) to the 33 with primary tumors at other sites (75%). The 5-
year OS of those who had greater than or equal to 95% necrosis
after neoadjuvant VID (n 5 20; 5-year OS: 84%) was superior to
those who had less than 95% necrosis (n 5 13; 5-year OS: 53%).
Conclusion. In adults with primary ES, VID combined with an
adjuvant strategy based on post-treatment percent necrosis
has favorable outcomes compared with historical adult con-
trols.The Oncologist 2017;22:1271–1277

Implications for Practice: Ewing sarcoma (ES) is a rare tumor in adults, and there are no dedicated clinical trials in the adult
population. Most therapy is modeled after the published pediatric studies, although the small numbers of adult patients included on
those studies did significantly worse than the children. We modeled our treatment on other adult sarcomas and reviewed the charts
of 71 adult patients with ES treated with vincristine, ifosfamide, and doxorubicin (VID). In adults with primary ES, VID combined with
an adjuvant strategy based on post-treatment percent necrosis has favorable outcomes compared with historical adult controls.

INTRODUCTION

For nearly 20 years, vincristine (2 mg/m2 to a maximum
of 2 mg), doxorubicin (75 mg/m2), and cyclophosphamide
(1.2 g/m2) (VDC), alternating with ifosfamide (9 g/m2) and eto-
poside (500 mg/m2) (IE) for 14 cycles, has been the standard of
care for upfront therapy in pediatric patients with localized
Ewing sarcoma (ES) [1]. Patients older than 18 years old had
worse outcomes compared with children in the initial VDC-IE
studies, with 5-year event-free survival (EFS) of 44%–47%
compared with 69% in the younger population [2, 3]. Although
these studies were not powered to detect whether dose-dense
therapy every 2 weeks offers benefit to adult patients, adult

patients do not appear to have a survival benefit to the extent
that children do in response to dose-dense chemotherapy,
and the preferred treatment regimens for this age group
vary by institution. In the U.S., clinicians affiliated with
large cancer centers that have significant experience treating
ES patients frequently use current phase 3 Children’s
Oncology Group (COG) protocol, whereas our European coun-
terparts have traditionally favored vincristine (1.5 mg/m2),
ifosfamide (9 g/m2), doxorubicin (60 mg/m2), and etoposide
(150 mg/m2/day on days 1–3) (VIDE) per the EURO-Ewing99
protocol [4].
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Standard treatment in adults with ES at our institution since
1995 has been initial therapy with vincristine 2 mg on day one,
doxorubicin 25 mg/m2 continuous intravenous infusion for
three days, and ifosfamide 10 g/m2 divided into four to five
daily doses administered over 2–3 hours each day (VID) for six
cycles in the neoadjuvant setting rather than alternating cyclo-
phosphamide and ifosfamide. Similar to strategies employed in
the recent European studies (e.g., EURO-EWING99) [5], our
institution’s treatment approach has been customized to take
neoadjuvant drug response into account. For patients with
localized disease who undergo surgical resection, adjuvant ther-
apy is tailored based upon percent necrosis on pathology and
by provider preference, with most patients receiving adjuvant
high-dose ifosfamide and etoposide.

Our practice is to start treatment with VID with the goal of
inducing rapid tumor regression. This allows for a higher initial
exposure to doxorubicin and ifosfamide than would otherwise
have been provided when VDC and IE are alternated. Addition-
ally, this approach allows physicians to more accurately ascribe
treatment outcomes to specific chemotherapies so that when
patients respond or progress, we have a clearer understanding
of the drugs their tumor is sensitive or resistant to. The latest

COG protocols use seven (or more) drugs, significantly con-
founding decisions regarding which agents may still retain activ-
ity in patients with disease recurrence. We assessed VID as
initial therapy for adult ES patients—with tailored adjuvant
therapy based on response to VID for a goal of 14 total cycles
of chemotherapy—and present our initial findings of the long-
term clinical results.

METHODS

With an institutional review board-approved protocol, we
reviewed the charts of adult ES patients treated with VID as ini-
tial therapy at our institution between 1995 and 2011. Cases
were identified through our tumor registry and confirmed with
our sarcoma pathology database. Patients were excluded if
they received any other form of initial front-line therapy. Varia-
bles collected included patient demographics, site of primary
tumor, extent of disease at initial presentation, date of diagno-
sis, date of start of chemotherapy, date and type of local ther-
apy, percent necrosis at the time of surgery as assessed by a
sarcoma pathologist, date of relapse or progression, and vital
status. Descriptive statistics were obtained and analyzed with

Figure 1. Flow chart of patient treatment characteristics.
Abbreviations: ES, Ewing sarcoma; VID, vincristine, ifosfamide, and doxorubicin.
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SPSS (statistical software, IBM SPSS Statistics Version 22,
Armonk, NY, https://www.ibm.com/). Due to the retrospective
nature of this analysis, the lack of consistency with primary
imaging modality, and availability of primary images, the best
radiographic response was determined by clinician assessment
from the electronic medical record. When images were avail-
able, the assessment in the medical record was confirmed by
review of the images per Response Evaluation Criteria in Solid
Tumors (RECIST) 1.1 [6]. Survival was calculated using the
Kaplan-Meier method and statistical analysis used log rank
tests and Cox models. Overall survival (OS) was calculated from
the date of diagnosis until the date of the last assessment or
death. EFS was calculated from the date of diagnosis until the
date of event (e.g., progression, death, secondary malignancy).

RESULTS

Seventy-one patients treated with VID-based therapy were
identified from a total of 107 chemotherapy-naive patients
who presented to our institution during the study period (Fig.
1). The median age was 25 (range: 16–64). Nineteen (27%)
were female and 52 (73%) were male. Forty-eight (67%) had
skeletal primary disease and 23 (33%) had extra-skeletal pri-
mary disease. Forty-two (59%) presented with a localized dis-
ease and 29 (41%) presented with a distant metastasis. Nearly
half (47.6%) of the patients presenting a localized disease had
an extremity-based primary tumor, and 13.8% of the patients

presenting with a distant disease at the initial presentation had
an extremity-based primary tumor (Table 1).

Radiographic response was assessed as a physician-
reported outcome in the electronic medical record, which was
then confirmed if images were available in our system. Of all
patients with radiographic assessment (n 5 63), 83.6% had
either a partial or complete response to VID (Table 2).

Patients who presented with a local disease had a 5-year
OS of 68% (median OS not reached), compared with 10.3%
(median OS: 1.9 years) in those who presented with a distant
disease (Table 3; Fig. 2A; log rank p< .001). Two (4.7%) patients
presented with local disease-developed metastases while on
initial therapy, one of whom did not have local treatment. Fol-
lowing neoadjuvant VID chemotherapy, 29 (69%) underwent
surgery alone, 5 (12%) had radiation therapy (RT) alone, and 7
(17%) underwent both surgery and RT, with all but one receiv-
ing neoadjuvant radiation after VID and one receiving adjuvant
radiation. All patients with more than scattered viable tumor
cells on surgical pathology, defined as less than 95% necrosis
(Fig. 3A, 3B), underwent adjuvant chemotherapy, including

Table 1. Baseline patient characteristics

Characteristic Number (%)

Gender

Male 52 (73)

Female 19 (27)

Age

16–20 18 (25)

21–30 32 (45)

31–40 11 (15)

>40 10 (14)

Site of primary tumor

Osseous 48 (67)

Extraosseous 23 (33)

Extent of disease at presentation

Localized 42 (59)

Distant 29 (41)

Number with extremity primary

Localized 20 (47.6 of all patients
with a localized disease
and initial presentation)

Distant 4 (13.8 of all patients
with a distant disease
at initial presentation)

Number with pelvis or spine primary

Localized 10 (33 of all patients
with a localized disease
and initial presentation)

Distant 11 (39 of all patients
with a distant disease
at initial presentation)

Table 2. Radiographic clinician-assessed best response

Extent of the disease at presentation

Best
response

Local
(n 5 34)

Distant
(n 5 29)

Total
(n 5 63)

CR, n (%) 3 (8.8) 2 (6.9) 5 (8.2)

PR, n (%) 25 (73.5) 21 (72.4) 46 (75.4)

PD, n (%) 1 (2.9) 4 (13.8) 5 (8.2)

SD, n (%) 5 (14.7) 2 (6.9) 7 (11.5)

Abbreviations: CR, complete remission; PR, partial remission; PD, pro-
gressive disease; SD, stable disease.

Table 3. Overall survival by patient characteristics

Median
overall
survival
(in mo)

Log rank
test
p value HR (95% CI)

Extent of Disease
(n 5 71)

Localized (n 5 42) NR

Distant (n 5 29) 22.09 <.001 4.84 (2.46–9.52)

Localized (n 5 42)

Necrosis (n 5 33)

�95% (n 5 21) NR

<95% (n 5 13) NR .036 3.97 (0.99–15.91)

Site of primary
(n 5 42)

Other (n 5 33) NR

Pelvis (n 5 9) 53.23 .04 3.04 (0.99–9.35)

Extremity (n 5 42)

No (n 5 22) NR

Yes (n 5 20) NR .77 0.85 (0.28–2.53)

Bone (n 5 42)

Osseous (n 5 14) NR

Extraosseous
(n 5 28)

NR .45 0.61 (0.17–2.23)

Abbreviations: CI, confidence interval; NR, not reached.
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high-dose ifosfamide, IE, or irinotecan-temozolomide with or
without vincristine (Table 4). Six patients out of 21 with greater
than or equal to 95% necrosis (85% of all patients eligible for
adjuvant chemotherapy on this study) did not receive adjuvant
chemotherapy (Fig. 3C, 3D). None of the six relapsed; five of
the six patients were alive at the last follow-up; the sixth died
from a secondary leukemia. Five-year EFS in patients presenting
with local disease was 67%, with most (86%) events occurring
within the first year of treatment (Fig. 2B). When analyzed by
percent necrosis at the time of surgery, there was improvement
in 5-year OS in those who had greater than or equal to 95%
percent necrosis (n 5 21; 5-year OS: 90%) compared with those
who had less than 95% necrosis (n 5 13; 5-year OS 53%) (Fig. 2C;
log rank p 5 .036). The nine patients with a pelvic primary tumor
had inferior 5-year OS (42%) to the 33 with primary tumors at

other sites (75%) in keeping with prior observations and the find-
ing in Pretz et al. [7] (Fig. 2D; log rank p 5 .041). There was no dif-
ference in survival between patients below 30 years old versus
those 30 years or older (p 5 .85), or between patients with pri-
mary bone versus primary extraskeletal tumors (p 5.45) (supple-
mental online Fig. 1).

Additional subgroup analysis by adjuvant chemotherapy
regimen in patients who were eligible for adjuvant chemother-
apy demonstrated that no obvious differences were seen
between ifosfamide-based, antitopoisomerase1-based, other
adjuvant systemic therapy, or no adjuvant therapy in patients
with good histological response (supplemental online Fig. 2).
No statistics were performed on subgroup analysis by chemo-
therapy regimen due to the small numbers of patients in each
group. Similarly, there was no difference in disease-free survival

Figure 2. Cumulative survival. (A): Overall survival (OS) of Ewing sarcoma patients receiving vincristine, ifosfamide, and doxorubicin (VID)
for initial therapy stratified by the extent of disease (localized n 5 42 vs. metastatic n 5 29) at initial presentation. (B): Event-free survival
of patients presenting with a localized disease. (C): OS of patients presenting with localized disease stratified by percent necrosis after ini-
tial treatment with VID (�95% necrosis n 5 21 vs.<95% necrosis n 5 13). (D): OS of patients presenting with a localized disease stratified
by the site of primary (pelvic n 5 9 vs. other n 5 33).
Abbreviation: Cum, cumulative.
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between patients who received etoposide in the adjuvant set-

ting compared with those who did not (supplemental online

Fig. 3). Similarly, statistical analysis and definitive conclusions

regarding the potential beneficial role for etoposide are limited

by sample size in this study.

DISCUSSION

Adults with ES do not do as well as children treated with the
same regimen. We hypothesized that upfront dosing of VID
would increase radiographic and pathological response rates
compared with alternating therapy by maximizing upfront

Figure 3. Examples of Ewing sarcoma (ES) histological responses. (A): Low power shows tumor has viable areas (darker blue) as well as
areas of necrosis and hyalinization. The treatment effect was estimated to be 75% (H&E, 10x). (B): Poor responder at high power reveals
viable ES (small round blue tumor). (C): Hypocellular hyalinized tissue with thin-walled vessels, hemosiderin and scattered histiocytes. No
residual tumor cells seen (H&E, 100x). (D): Extensive necrosis. No viable tumor cells seen (H&E, 100x).

Table 4. Adjuvant treatments in patients with localized disease

Number of patientsa

Regimen �95% <95% No surgery Total (%)

IE 2 8 2 12 (30)

High dose ifosfamide 6 1 0 7 (17.5)

No adjuvant chemotherapy 6 0 0 6 (15)

VID 3 0 1 4 (10)

Irinotecan/temozolomide 0 1 1 2 (5)

Vincristine/irinotecan/temozolomide 1 1 0 2 (5)

Etoposide 0 0 1 1 (2.5)

VID, then IE, then cyclophosphamide/topotecanb 1 0 0 1 (2.5)

Gemcitabine/docetaxel 0 1 0 1 (2.5)

Vincristine/doxorubicin/cyclophosphamide 1 0 0 1 (2.5)

Cyclophosphamide/etoposide 1 0 0 1 (2.5)

Unknown (LTFU) 0 1 0 1 (2.5)

Total 21 13 5 39
aOne patient who progressed with distant metastasis before proceeding to surgery was not eligible for adjuvant chemotherapy.
bOne patient with good response had 1–2 cycles each of multiple adjuvant regimens due to toxicity.
Abbreviations: IE, ifosfamide and etoposide; LTFU, lost to follow-up; VID, vincristine, ifosfamide, and doxorubicin.
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anthracycline and ifosfamide exposure while permitting later
addition of dose-intensified ifosfamide, usually together with
etoposide, for poor responders. In the neoadjuvant setting,
alternating dose-dense cycles of VDC and IE as used in Womer
et al. [2] results in cumulative doses of vincristine (6 mg/m2 to
a maximum of 6 mg), doxorubicin (225 mg/m2), cyclophospha-
mide (3.6 mg/m2), ifosfamide (27 g/m2), and etoposide
(1500 mg/m2). In contrast, six cycles of neoadjuvant VID deliver
vincristine (12 mg), doxorubicin (450 mg/m2) and ifosfamide
(60 g/m2). By accelerating the dose of VID in upfront treatment
and adding intensified ifosfamide later, we attempted to
improve the responses compared with alternating therapy.
Although not formally assessed in this retrospective review, VID
in our experience is tolerated with approximately the same
profile as standard doxorubicin and ifosfamide for soft tissue
sarcoma [8].

Our outcome with VID when combined with an adjuvant
strategy based on post-treatment percent necrosis compares
favorably with that of historical adult controls treated with
VDC-IE in large trials (5-year EFS 67% compared with 44%–
47%) and in a similar retrospective cohort [9]. Though never
shown to improve survival, minimizing the number of agents a
patient is exposed to prior to surgery allows for tailoring subse-
quent regimens based on response to the initial therapy.
Acknowledging that this is a single-institution, retrospective
study and the associated limitation of including only patients
able to come to our institution, we believe that the results pre-
sented here validate the approach that we have used.

It could be argued that the omission of etoposide, a known
effective drug, from our regimen, might lead to an inferior
result. Our data, however, do not support such an argument.
Our rate of good response compares favorably with that seen
with etoposide-containing regimens. Etoposide could not have
helped the survival of our good responders. The fact that none
of the six patients with greater than or equal to 95% necrosis
who did not receive additional chemotherapy relapsed throws
into question the practice of prolonged postoperative adjuvant
chemotherapy with any agent(s) for patients with good
response to preoperative chemotherapy. This question might
be addressed in a subsequent randomized study. Most of the
patients with a poor response did receive etoposide and
derived marginal benefit (supplemental online Fig. 3).

A large prospective randomized trial would be needed to
confirm or refute the benefits of our approach over the con-
ventional VDC-IE regimen; however, that comparison is neither
cost-effective nor feasible because the current chemotherapy
backbone recommended by COG to treat patients with local-
ized ES has integrated additional chemotherapies (e.g., topote-
can). The protocols used for those presenting with metastatic
disease have also evolved and now include biologically targeted
therapies aimed at the insulin-like growth factor receptor 1 or
downstream signaling proteins. Given these practicalities, a
sensible approach would compare our treatment outcomes to
those obtained by other major cancer centers that treated a
similar adult cohort of ES patients with VDC-IE, such as the
cohort described in Pretz et al. [7]. The favorable results in that
report suggest that neither chemotherapy regimen is clearly
superior and that the favorable results may be influenced, at
least partially, by treatment by medical oncologists at centers
with sarcoma expertise.

In our cohort, as in others, patients with metastatic disease
do poorly universally, as do almost half of the patients with sub-
par neoadjuvant responses. Patients with pelvic primary tumors
also did poorly. Alternative treatment strategies are urgently
needed for these patient populations. Insulin-like growth
factor-targeted drugs had promising initial results in ES models
[10, 11]. Unfortunately, only a small percentage of patients
seemed to derive benefit from these agents, with response
rates ranging from 3%–16% [12–17]. The addition of inhibitors
of the mamallian target of rapamycin yielded a clinical benefit
rate of 29%, with a median duration of benefit for more than a
year [18, 19]. In spite of these results, to date none of these
agents have achieved approval for use in ES. Transcription
factor-targeting drugs such as trabectedin or lurbinectedin [20,
21] and YK-4-279 [22] have also demonstrated promising pre-
clinical activity, and clinical trials have just recently been initi-
ated to assess their antineoplastic activity in ES patients. Some
of the drugs in development have been shown to synergize
with vinca-alkaloids [23], and the addition of new drugs may
further abrogate the number of cytotoxics needed.

The strategy of combining six or more cytotoxic chemo-
therapies together is unlikely to further elevate the 5-year sur-
vival rate of ES patients. As additional agents are entering the
clinical arena, prospectively one may consider the addition of
biologically targeted therapies to a VID-based backbone while
removing other less effective chemotherapies such as cyclo-
phosphamide. Topoisomerase II inhibition is still provided by
maximizing upfront exposure to doxorubicin when giving VID
and can be continued with the later addition of etoposide in
the treatment course in the adjuvant setting, or it can be added
for poor responders as a regimen similar to VIDE as given in
other studies [5]. Though impractical in patients for reasons
outlined above, one approach to determine the best modern-
day chemotherapy regimen would be to model polyagent
chemotherapy using human patient-derived tumor explants,
which presently maintain the highest correlation of drug
response to their human tumor counterparts. Ideally, as novel
drug candidates are considered for incorporation into the mul-
tidrug ES regimen, one could rapidly elucidate if synergy exists
when combined with a prescribed chemotherapy standard.

A complementary research approach could employ an
emerging body “-omic” data coming from a longitudinal study
of patients’ tumors, pre- and post-chemotherapy treatment, to
determine how each patient’s tumor responded at the
genomic, proteomic, or epigenetic level to neoadjuvant chemo-
therapy. This information would, at its core, prove insightful
by directly validating whether our current polyagent chemo-
therapy approach—whether this is VID or VDC-IE—achieves
its intended purpose, which is to eradicate tumor cells that
would have otherwise survived individual therapies. Toward
that end, while our study determined that poor tumor necro-
sis is linked to poor survival, an important question yet to be
answered is how to use cutting-edge technologies in the
clinic to realize the expected clinical potential of precision-
based medicine.

CONCLUSION
AVID-based chemotherapy backbone has been our institution’s
preferred method for neoadjuvant treatment of adults that
present with primary ES. When combined with tailored
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adjuvant therapy based upon post-treatment pathologic
response, this approach yields favorable outcomes as com-
pared with historical controls of adults treated with VDC-IE.
Further research would be required to determine if the
improved survival observed in our study can be attributed to
higher dosages of upfront doxorubicin and ifosfamide, or,
instead, to extrinsic factors inherent in our clinical practice car-
ing for ES patients. Given the intractable poor survival rate of
those who present with metastatic disease at diagnosis, major
clinical advances will hinge upon our ability to safely integrate
drugs with novel mechanisms of action into a VID-based chem-
otherapy backbone.
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