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Background. Relapsed Ewing’s sarcoma (RES) is an aggressive malignancy with poor survival. Although high-dose chemotherapy
(HDCT) with autologous stem cell transplantation (ASCT) given after conventional chemotherapy (CC) has shown survival
benefits, it is not generally used in the United States for RES. We performed a systemic review to evaluate the benefits of HDCTfor
RES. Methods. Literature search involved Medline, Embase, and Cochrane database. We included studies with RES patients
treated with HDCT/ASCT. Results. Twenty-four studies with total of 345 reported RES patients that got HDCTwere included in
final analysis. Seventeen studies had patients with multiple malignancies including RES, while seven had only RES patients. At 2
and 3–5 years, event-free survival (EFS) in studies with only RES patients ranged 42–47% and 20–61% and overall survival (OS)
ranged 50–66% and 33–77%, respectively. In studies with combined patients that reported outcomes of RES separately, the EFS at
1–3 and 4 years was 36–66% and 17–50%, respectively. .e OS at 1-2 and 3-4 years was 40–60% and 50–70%. Conclusions. Most
studies using HDCT/ASCTas consolidation regimen showed improved survival benefits compared to CC. Randomized controlled
studies are needed to determine true clinical benefits of HDCT followed by ASCT in patients with RES.

1. Introduction

Patients with localized primary Ewing’s sarcoma (ES) have
60–70% 5-year overall survival (OS) with multimodality
treatment [1]. In patients with primary metastatic Ewing’s
sarcoma, the OS rate is 20–40% with treatment [1]. Ap-
proximately 30–40% of patients with primary Ewing’s sar-
coma who initially achieved remission after front-line
treatment experience disease relapse, and the prognosis in
these patients was shown to be dismal [2]. .e poor
prognostic factors at relapse include relapse time less than 2
years from initial diagnosis, location of relapse at an
extrapulmonary site, combined local as well as systemic

relapse, and high lactate dehydrogenase (LDH) levels at
initial diagnosis [3–5]. No standardized treatment has been
approved for relapsed ES. Local therapy at the site of relapse
including radical surgery has shown to be beneficial [5].
Conventional salvage chemotherapy (CC) regimens given at
relapse have led to response rates up to 29–68.1% depending
on the type of regimen used and site of relapse [6–10]. .e
event-free survival (EFS) at 10.3 months–2 years is noted to
be 22.7–26% in the literature [8, 9]. OS rate at 1-2 years was
shown to be about 28–61% [7, 8]. .e five-year OS was
reported 20–24.5% in a retrospective study [11]. Despite its
reported survival benefit, high-dose chemotherapy (HDCT)
and autologous stem cell transplant (ASCT) is not routinely
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used in the United States for relapsed Ewing’s sarcoma. In
the last fifteen years, there have been two systematic reviews
that were performed to evaluate the benefit of HDCT in
Ewing’s sarcoma, but these studies mainly focused on locally
advanced and primary metastatic disease without major
focus on relapsed Ewing’s sarcoma [12, 13]. We performed
a comprehensive literature search and performed systematic
review to evaluate the role of HDCTalong with ASCTgiven
as an induction or consolidation regimen in patients with
relapsed Ewing’s sarcoma.

2. Materials and Methods

2.1. Source of Information and Search Strategy. Compre-
hensive literature search was conducted using Medline
(PubMed and Ovid SP), Embase, and Cochrane Database of
Systematic Review (CDSR) up to April 2017. .e search
strategies included various combinations of text words and
controlled vocabulary when available. We used the fol-
lowing keywords while building search; Ewing sarcoma,
relapsed/refractory, chemotherapy, high-dose chemother-
apy, transplant, tandem transplant, treatment. .ere was no
language or year limits placed on the search..ree reviewers
(Pavan Tenneti, Umar Zahid, and Ahmad Iftikhar) in-
dependently applied the inclusion and exclusion criteria to
the articles that were identified by the search strategy and
extracted data using the standardized data extraction form.
In addition, more articles were added from bibliographical
data of searched articles found through search engines. Full
articles of potentially useful articles were reviewed before
confirming the inclusion criteria.

2.2. InclusionandExclusionCriteria. We included all clinical
studies that had patients with relapsed Ewing’s sarcoma who
were treated with HDCT followed by ASCT using either
bone marrow or peripheral blood stem cell rescue regardless
of treatment settings. We excluded studies that had patients
with only primary local or metastatic Ewing’s sarcoma or
other soft tissue sarcomas and without relapsed disease. As
our article mainly aims to compare long-term outcomes of
patients that got HDCT to those that did not, we also ex-
cluded ten case reports and case series that did not mention
long-term outcomes of relapsed ES in their studies. Fol-
lowing data were extracted from the individual study: de-
mographics, pathology, disease stage, treatment, response,
and survival outcome data. When not explicitly stated,
outcomes were calculated based on the information included
within the published record. Outcome data were presented
as mean or median, and all values are expressed to 1 decimal
place unless the original article did not provide this degree of
accuracy..e exceptions are p values, which are expressed as
reported in published record.

2.3. Outcome Measures. .e primary outcome measures
included complete remission (CR), partial remission (PR),
progressive disease (PD), stable disease (SD), no response
(NR), overall survival (OS), and event-free survival (EFS).

3. Results

3.1. SearchResults. .e systematic search identified a total of
1005 records. .ese records were screened for relevance
based on their titles and abstracts. Of these studies, 64 were
deemed potentially eligible and retrieved for full text review.
After detailed review, a total of 43 studies were further
excluded for the following reasons: duplicate study data, not
focused on relapsed sarcoma, or not receiving ASCT. A total
of 21 articles met our inclusion criteria. In addition, 3
published abstracts were also included (Figure 1).

3.2. Study Population. All studies included older children
and younger adults with pathologically proven relapsed
Ewing’s sarcoma. Seven retrospective studies had patients
with only relapsed Ewing’s sarcoma that received HDCT
(n � 205) (Table 1). Fourteen studies had a mixed relapsed
Ewing’s sarcoma, primary metastatic disease, and other soft
tissue sarcomas. In these studies, a total of at least 140
patients with relapsed ES received HDCT/ASCT. Ten of
these studies reported outcomes of patients with relapsed ES
separately (Table 2). Four studies reported only cumulative
outcome of all patients included (Table 3). In addition, three
retrospective study abstracts consisting of patients with
relapsed Ewing’s sarcoma and primary metastatic disease
were included (Table 4).

3.3. Retrospective Studies Containing Only Relapsed Pa-
tient Data. We identified a total of seven retrospective
studies that had only relapsed ES patients who received
HDCT/ASCT (n � 205). McTiernan et al. [15] studied 33
relapsed patients with local and metastatic disease (Table 1).
All patients received CC (showed CR/PR/SD/minor re-
sponse after CC) followed by HDCT/ASCT. .e two- and
five-year EFS rates were 43% and 39%, respectively. .e OS
rates were 51% and 43% at two and five years, respectively. In
a study performed by Ferrari et al. [17], 20 patients that
showed a disease response with CC (CR/PR) were given
HDCT/ASCT, and the five-year OS rate was 50% (Table 1).
Similar superior results of HDCT/ASCT (given if there was
disease response with CC) following CC (n � 24) in com-
parison to just CC (n � 31) was noted by Palmerini et al.
[18]..eOS at 3 years was 33% in the former group and 22%
in the later group (Table 1)..emedian overall survival of 49
months and median relapse-free survival of 16 months was
noted in another study by Shankar et al. [19] for some
patients (n � 7) with relapsed ES that showed response
(CR/PR) with CC and subsequently received HDCT/ASCT
(Table 1). Bacci et al. [3] studied 195 patients with relapsed
ES, of which 35 patients received HDCT..e outcomes were
reported for 33 patients in this study. .e EFS at 5 years was
21.2%. Among these 33 patients, thirteen of eighteen patients
who had surgery/radiation prior to HDCT showed response
(CR/PR) before receiving HDCT. In comparison, none of
the other 15 relapsed ES patients who did not receive any
prior therapy (surgery/radiation/salvage chemotherapy)
showed response even after getting HDCT/ASCT. .is is
suggestive that HDCTmight not be very effective in disease
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that is not responsive to first-line salvage treatment at relapse
(Table 1).

Barker et al. [16] studied 55 patients with local and
metastatic relapse (Table 1). All patients were treated with
CC, and 27 of them showed chemosensitivity (either
PR/CR). .irteen of these twenty-seven patients sub-
sequently went on to receive HDCT followed by ASCT. .e
five-year EFS and OS rates for this group was 61% and 77%,
respectively, whereas it was 21% and 22% for patients
(n � 14) that showed response to CC but did not receive
HDCT (p � 0.018 for both EFS and OS). Rasper et al. [14]
studied 239 patients from CESS registry (cooperative
Ewing’s sarcoma study group) with local and metastatic
relapse (Table 1). All patients received CC. In addition, 73
patients received HDCT/ASCTafter CC..e outcomes were
reported for 53 patients that were treated with either
busulfan/melphalan or treosulfan/melphalan regimen. .e
outcomes were not reported for patients that were treated
with consortium of other regimens (n � 20). .e two- and
five-year EFS for patients who were treated with HDCTwere
44–47% and 20–24%, respectively, depending on the regi-
men of HDCT that was used. .e corresponding EFS at 2
and 5 years for patients that got only CC was 10% and 6%
(p � 0.01). .e two- and five-year OS rates for patients who
got HDCT were 53–66% and 40–42%, respectively, com-
pared to 22% and 10% in patients with only CC (p � 0.01).

To summarize, for most studies consisting of only re-
lapsed patients that received HDCT/ASCT after CC, EFS
rates at two- and five-year ranged 42–47% and 20–61%,

respectively. .e OS rates at two years and at three to five
years ranged 50–66% and 33–77%, respectively, depending
on the study. Patients in Bacci et al. [3] that did not receive
salvage therapy prior to HDCT did not show any clinical
response (CR/PR).

3.4. Studies Containing Mixture of Relapsed and Pri-
mary Metastatic Ewing’s Sarcoma Patients’ Data (Results
for Relapsed ES Reported Separately). .ere were 9 studies
(8 retrospective and 1 prospective), in which 105 relapsed ES
patients received HDCT/ASCT after CC. In most studies,
only patients that showed response (CR/PR) to CC pro-
ceeded to get HDCT. .e response status after CC was not
clearly outlined in 2 studies [27, 28]. Frohlich et al. [27]
studied 131 patients who were included in a registry that had
52 patients with relapsed disease. All patients received CC
followed by additional HDCT/ASCT. For ES patients that
relapsed within 2 years of initial disease presentation, the
EFS at four years for patients that got HDCT was 17%. .e
study compared outcomes to historical control patients
where EFS at four years was 2% with only CC (p � 0.0001)
(Table 2). Burdach et al. [22] studied 17 patients, of which 10
had relapsed ES. All patients received CC followed by
HDCT/ASCT. .e EFS and OS for relapsed patients at
4 years were 50% each (Table 2). Seo et al. [25] conducted
a similar study on 9 patients, 5 of which had relapsed disease.
At two years, EFS for relapsed patients was 40%. .e OS at
1 and 2 years was 60% and 40%, respectively, for relapsed
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patients (Table 2)..eOS was 70% reported at three years by
Juergens et al. [28] in their study of 11 relapsed patients
(Table 2). Similarly, Rosenthal et al. [26] studied 20 patients,
14 of whom had relapsed disease. All relapsed patients re-
ceived HDCT after CC and showed EFS/OS at 1 year to be
36%/50%.

Ekert et al. [20] and Parentesis et al. [23] reported results
on smaller group of relapsed patients. .e OS at 2 years for
the 2 relapsed patients in the former study was 50% (CC
followed by HDCT), and it was 66% at three years for 3
relapsed patients who were in CR (after receiving CC) prior
to HDCT/ASCT in the later study. Jahnukainen et al. [24]
noted that the only relapsed ES patient in their study who
received thiotepa-based HDCT following CC survived for
8.5 years. In the same study, the cumulative OS for 3 patients
with relapsed Ewing’s family of tumors (primitive neuro-
ectodermal tumors and Ewing’s sarcoma) at 2 years was
100% (Table 2). Graham-Pole et al. [21] studied 8 patients, 6
of which had relapsed disease. In this study, HDCT was
given as induction regimen. None of the relapsed ES patients
survived beyond 3 months. .is study was performed in
1984 when transplant-related mortality was high, and pa-
tients received HDCTas an induction regimen without prior
CC; these factors would have contributed to poor outcomes
(Table 2).

3.5. Studies Containing Mixture of Relapsed and Primary
Metastatic Ewing’s Sarcoma Patients’ Data (Results for Re-
lapsed ES Not Reported Separately). Five studies (2 pro-
spective and 3 retrospective) reported combined outcomes
of all patients in their study. At least 35 relapsed ES patients
received HDCT. In most studies, patients who proceeded to
get HDCT/ASCTshowed initial response (CR/PR) with CC.
.e response status of patients was not clearly outlined in
one study [31]. Al-Faris et al. [29] studied 45 patients, out of
which 19 had relapsed disease. All patients received CC.
Twenty patients received additional HDCT/ASCT (this
included 6 patients with relapsed ES)..e one-and-half-year
EFS and three-year EFS for patients who received HDCT
were 60 and 39%, respectively, whereas for patients who got
only CC, EFS was 36 and 32% (p � 0.08), respectively. .e
one and half and three-year OS for patients who received
HDCT was 70% and 59%, respectively, whereas it was 44
and 34% for patients who got only CC (p � 0.06) (Table 3).
Pape et al. [31] presented results of 39 patients that were mix
of primary metastatic and relapsed ES. All patients received
CC followed by HDCT/ASCT. OS at three and half years was
31 percent for the whole group (Table 3). In another study by
Fraser et al. [30] that consisted of sixteen patients, six had
relapsed disease. Patients got CC followed by HDCT and
ASCT. For patients with ESW (ES and desmoplastic small
round cell tumors) at one and three years, OS was 69 and
54 percent, respectively (Table 3). Ladenstein et al. [33]
performed a registry study consisting of 31 patients with
relapsed EFT (Ewing sarcoma family of tumors) consisting
of patients with Ewing’s sarcoma and primitive neuro-
ectodermal tumors. Twenty-four of these had relapsed ES.
All patients received CC followed by HDCT and ASCT.

EFS for all relapsed patients at five years was 32%. In
addition, the cumulative outcome for all patients (n � 63)
included in the study (primary metastatic EFT and re-
lapsed EFT) at 5 years was 27% (Table 3). Kavan et al. [32]
reported one and half year OS to be 58% for the 31 patients
(mix of advanced primary ES/relapsed ES) studied who
received CC followed by HDCT and ASCT (Table 3).

To summarize, for most studies that only reported
combined outcomes for patients with relapsed/primary
metastatic ES along with other malignancies (that got
HDCT/ASCT following CC), EFS at 1.5–3 and 5 years was
39–60% and 27%, respectively. OS at 1–1.5 and 3–3.5 years
was 58–70% and 31–59%, respectively. In studies that re-
ported outcomes for relapsed ES patients separately (that
received HDCT/ASCT after CC), EFS at 1–3 and 4 years
was 36–66% and 17–50%, respectively. .e OS at 1–2 and
3–4 years was 40–60% and 50–70%, respectively, depending
on the study. Patients in Graham-Pole et al. [21] did ex-
ceptionally poor possibly because of lack of usage of CC
prior to HDCT. .e three patients with relapsed EFT
(including one patient with relapsed ES) along with pa-
tients with advanced primary ES in Jahnukainen et al. [24]
did exceptionally well on thiotepa HDCT regimen, the
reasons not being very clear.

3.6. Retrospective Studies (Abstracts) Containing Mixture of
Relapsed and Primary Metastatic Ewing’s Sarcoma Patients’
Data. We also found three abstracts (n � 42) that were
published by .iel et al. [36], Cristofani et al. [35], and
Elhasid et al. [34]. All studies had a mixed group of patients
consisting relapsed and primary metastatic disease. .e
results were also reported for combined group and not
separately for relapsed patients. To summarize, the OS at
three to six years ranged from 33–62% (Table 4).

3.7. Comparative Studies of Relapsed Ewing’s Sarcoma.
Five studies compared results of relapsed patients who re-
ceived HDCT along with ASCT after CC to those who re-
ceived only CC [3, 14, 16–18].e EFS at 2 and 5 years for
patients that got HDCT/ASCT after CC was 44–47% and
20–61%, whereas it was 10% and 0–7%, respectively, for
patients who got only CC. .e OS at 2–5 years was 33–77%
for HDCT/ASCT (after CC), whereas it was 5–22% for only
CC. In addition, Bacci et al. [3] reported mOS with
HDCT/ASCT (after surgery/radiation) to be 23 months
compared to 11.1 months with only CC. Two studies
demonstrated superior results of HDCT/ASCT in chemo-
sensitive relapsed ES (after CC) through direct comparison
of survival outcomes of patients that got HDCT (after CC) to
those that did not receive it [14, 16]. .ey reported EFS and
OS after HDCTat 2–5 years to be 22–61% and 41–77%. .e
EFS and OS with just CC (without additional HDCT) at 2–5
years were 18–31% and 22–45%, respectively [14, 16]. .ese
comparative studies clearly show that HDCT/ASCTgiven as
consolidative measure after initial salvage regimen clearly
has a survival benefit (Table 5).
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4. Discussion

In patients with relapsed Ewing’s sarcoma, there is not one
established regimen as the standard of care. Regarding
conventional therapy salvage options, many regimens have
been tried with variable results. A phase II study with
ifosfamide with mesna along with etoposide showed that
sixteen of seventeen patients with relapsed Ewing’s sarcoma
showed responses (either CR/PR). .e patients in this study
were only followed for 10 weeks; hence, long-term survival is
not known [37]. Another phase II study using ICE regimen
(ifosfamide, carboplatin, and etoposide) showed response
rate of 51% and 1 -year and 2 -year OS rates of 49% and 28%,
respectively [7]. Among nonifosfamide regimens, docetaxel
along with gemcitabine showed overall response rate (ORR)
of 29% and median duration of response of 4.8 months [6].
Cyclophosphamide and topotecan showed response rate of
44% and 2 -year EFS rate of 26% in study with 54 relapsed
Ewing’s sarcoma patients [8]. Irinotecan and temozolomide
resulted in response rate of 63% and time to progression of
eight months [10]. A study with patients receiving VIT
regimen (vincristine, irinotecan, and temozolomide) showed
ORR of 68% with 22.7% patients alive and with no evidence
of disease at 10.3 months [9]. In another retrospective study
conducted on 107 patients with relapsed Ewing’s sarcoma
with either etoposide and cisplatin or etoposide and car-
boplatin showed EFS of 6.5 and 14 months, respectively,
with 5 -year OS rates of 20% and 24.5%, respectively [11].
Collectively, these data suggest the need for further im-
provement in treatment outcomes in Ewing’s sarcoma
patients.

.e usage of HDCTfollowed by ASCTrescue is based on
observation that outcome in many malignancies that are
chemosensitive is dependent on the dosage of chemotherapy
used. Steep dose-response is noticed for both toxic and
therapeutic effects. Preclinical studies documented linear log
correlation between dose and tumor cytotoxicity. An in-
crease in dose by three to tenfold, particularly for alkylating
agents, can result in a multiple log increase in tumor cell
death. Myelosuppression is one of the major side effects at
this dose [38]. ASCT helps to rescue marrow and allows for
further dose escalation [39]. HDCT along with ASCT has
shown to benefit in the treatment of various malignancies
including high-grade germ cell tumors [40, 41], newly di-
agnosed multiple myeloma [42, 43], and relapsed Hodgkin’s
and non-Hodgkin lymphomas [44]. HDCT with ASCT has
also shown benefits in improving survival in chemosensitive
soft tissue sarcomas including relapsed osteosarcoma pa-
tients [45, 46]. HDCT/ASCT has shown benefit in improving
OS and EFS for relapsed Ewing’s sarcoma in single institute
studies [15, 16, 22].

We compared outcomes of HDCT with ASCT given as
consolidation regimen after CC to results from historical
studies which used only CC. In most studies, patients with
relapsed ES that received HDCT/ASCT showed initial
chemosensitivity (CR/PR) to CC..e OS was 20–60% at 1-2
years and 20–25% at 5 years when only CC was used in
historical studies [7, 8, 11]. .e EFS at one to two years was
around 25% [8, 9]. For most studies utilizing HDCT/ASCT

that presented outcomes for only relapsed patients, the EFS
at two and five years was 42–47% and 20–61%, respectively.
.e OS for this group at 2 and 3–5 years ranged from 50 to
66% and 33–77%, respectively. For studies utilizing
HDCT/ASCT that consisted data on mixed patients (re-
lapsed, primary metastatic disease, and other soft tissue
sarcomas) which reported outcomes for relapsed ES sepa-
rately, the cumulative EFS at 1–3 and 4 years was 36–66%
and 17–50%, respectively. .e OS at 1-2 and 3-4 years was
40–60% and 50–70%. .e other studies consisting of mixed
patients reported outcomes for the whole group. .e EFS at
1.5–3 and 5 years was 39–60% and 27%, respectively. .e OS
from the same group at 1–1.5 and 3–3.5 years was 58–70%
and 31–59%, respectively. For data presented in the abstract
format, the cumulative OS (not separated for relapsed ES) at
three to six years was 30–60% [34–36, 47]. As evident, the OS
and EFS with HDCT followed by ASCT given after CC was
better than the outcomes from historical studies where only
CC was used.

Five studies that compared outcomes of patients with
relapsed ES who received HDCT and ASCT after CC with
those who received only CC showed improved survival
with HDCT/ASCT [3, 14, 16–18]. Patients in two studies
though did not show improved outcomes with HDCT.
Patients in the work of Pole et al. [21] did not receive CC
prior to HDCT, which might have contributed to poor
outcome. .is is also the possible contributing cause for
poor outcomes for a subgroup of 15 patients (did not get
surgery/radiation prior to HDCT) that did not show re-
sponse (CR/PR) even after getting HDCT/ASCT in a study
done by Bacci et al. [3] Results of both these studies suggest
that HDCTprobably is not very effective in disease that is not
responsive to initial salvage therapy (chemotherapy or other
treatments) at relapse.

Among all positive OS survival outcomes, HDCT regi-
mens used in eight studies (Barker et al. [16], Ferrari et al.
[48], Juergens et al. [28], Burdach et al. [22], Elhasid et al.
[34], Al-Faris et al. [29], Jahnukainen et al. [24], and
Parenthesis et al. [23]), seemed to have resulted in best OS
among others. .e HDCT regimen used in these seven
studies are listed in Tables 1–3. Most regimens contained
melphalan in combination with other cytotoxic agents.
Given the heterogeneity among studies which used HDCT, it
is difficult to determine if there was a superior regimen with
better outcomes when compared to others. With realization
of limited data, all three patients with relapsed EFT in
Jahnukainen et al. [24] study received thiotepa-based HDCT
and did exceptionally well and were surviving at the end of
two and half years.

.e superior outcomes seen in the studies could also
have been impacted bymany factors, such as selection bias in
favor of younger, fit patients who were offered HDCT. Most
studies included in our analysis were retrospective in nature,
and patients who did not respond to CC did not proceed to
receive HDCT, thus adding a further selection bias for
chemosensitive patients, who are more likely to be offered
HDCT/ASCT, which may affect the positive impact ob-
served with this intervention. Limitation of our review also
includes significant heterogeneity in included study designs,
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type of CC and HDCTused, local versus metastatic relapse,
different inclusion criteria, follow-up duration, and study
end points in various trials included in our analysis. .ese
factors made it difficult to perform meta-analysis of the
available data. In addition, patients included in studies had
combined data on relapsed and primary metastatic disease.
Despite these limitations, results of this review suggest that
HDCT has a positive impact on survival.

5. Conclusion

In conclusion, HDCT and ASCT given as a consolidation
treatment after CC appear to be beneficial in improving
survival in patients with relapsed Ewing’s sarcoma. It ap-
pears to be more prominent in chemosensitive diseases.
HDCT given as induction treatment did not appear to be
beneficial in improving survival, but it was used in only two
studies. .e heterogeneity in the included studies suggests
that prospective randomized controlled studies are needed
to definitively show the benefit for single and two cycles of
HDCT and ASCT in relapsed Ewing’s sarcoma.
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