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Abstract. The present study describes a novel surgical strategy
used to treat immature pelvic Ewing's sarcoma (ES), one made
possible owing to the intrinsic structure of the skeletally imma-
ture pelvis. A total of 12 children and adolescents with open
triradiate cartilage received limb-salvage surgeries following
a diagnosis of pelvic ES. In total, 3 patients with iliac lesions
(2 lesions with extension into the sacrum) received surgical
tumor excisions and allograft reconstructions. Another
8 patients with periacetabular lesions received trans-acetabular
osteotomies and allograft reconstructions. No reconstruction
was performed on 1 patient following excision of a pubic lesion.
The median follow-up time was 39 months. At the time of the
final follow-up appointment, 9 patients exhibited no evidence
of disease, 2 patients had slow progressive pulmonary metas-
tasis, 1 patient exhibited local recurrence of the disease and 1
patient had succumbed to the disease 24 months after surgery.
Complications included issues with wound healing in 1 patient,
a discrepancy in leg length in another and a screw loosening
in a further patient. The patients had a mean Musculoskeletal
Tumor Society score of 26 points and a mean International
Society of Limb Salvage radiographic score of 90.1%. The
proposed surgical strategy for children and adolescents with
pelvic ES in the present study could provide a feasible solution
for acetabulum salvage and local tumor control.

Introduction
Ewing's sarcoma (ES) is the second most common malig-

nant bone tumor in children and the fourth most common
overall (1,2). ES is most common during the second decade
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of life, with the median age at diagnosis ranging from 13 to
19 years (3). Pelvic ES accounted for 19.9% of cases in the
Mayo Clinic series (4) and 21% in the chapter written by
Ginsberg et al (5), who discussed the principles and practice
of ES. The numerous advances made in diagnostic imaging
and multimodality therapy over the past few decades mean
that the overall 5-year survival rate of ES has increased from
10% in the 1970s (6) to 55-75% at the turn of the century (7).
Studies have demonstrated that 5-year survival is improved
in patients treated with surgical resection and chemotherapy
vs. patients treated with chemotherapy and radiation or with
radiation alone (8.9).

However, patients with pelvic ES have a poorer prognosis
compared with those that have lesions in their extremities.
The 5-year survival rate for these patients is markedly lower
(35%) (8). Pelvic resections are classified by region according
to studies by Enneking and Dunham (10), and O'Connor and
Sim (11): Type I refers to resection of the ilium, type II to
resection of the peri-acetabular region, type III to resection
of the pubis or ischium and type IV to resection of the lateral
mass of the sacrum. The resultant defects can cause substantial
functional impairment. Various reconstructions, including
fibular struts, hip transposition, arthrodesis and prosthetic
replacements have been established. However, high rates of
early and late complications have been reported (12,13).

Unlike type I and type III resections, type II resections
usually require excision of the entire acetabulum and lead to
impaired hip function in adults. However, in skeletally imma-
ture children and adolescents, the pelvis has its own intrinsic
structure. The triradiate cartilage closes at 16 to 18 years of
age, thinning out prior to this (14,15). This physis could act as a
barrier to tumor extension, although it is not impenetrable. Prior
to closure, it may represent an oncological margin for tumor
resection, particularly for tumors that do not contact or partially
contact the physis (16). As in metaphyseal tumors of long bones,
in which an unaffected physis allows a transepiphyseal resec-
tion for joint-sparing, periacetabular tumors can be excised
using trans-acetabular osteotomy based on triradiate cartilage.
This can maximally preserve the unaffected acetabular compo-
nents, which contribute to the growth of the acetabulum (15).
Winkelmann (17) removed the sarcomas (types I and II) using
a similar strategy. Sales de Gauzy ef al (1) excised the peri-
acetabular ES (types II and III) beyond the triradiate cartilage
without reconstruction in 2 children. Nevertheless, there have
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been few reports in the literature documenting the surgical
strategy for pelvic ES in children and adolescents, particularly
for periacetabular lesions.

The present study retrospectively reviews the resection of
pelvic ES and the following reconstructions in 12 children and
adolescents in order to present intermediate-term results of
using this surgical strategy as part of multimodality therapy.

Patients and methods

Patient demographics. Between January 2001 and October
2013, 12 children and adolescents with pelvic ES were treated
surgically at the Department of Orthopedic Surgery, Xi-Jing
Hospital (Xi'an, China). This series comprised 9 males and
3 females, with a mean age of 12.7 years (range, 7-16 years).
Tumor sites were assigned according to the Enneking and
Dunham classification (10). In total, 3 patients had type I (ilium)
lesions, 2 of which extended into the sacrum (type I+IV); 8
had type II (periacetabular) lesions (3 above, 4 anterior inferior
and 1 posterior inferior to the triradiate cartilage; termed type
ITA, type I1IB and type IIC, respectively, in this study); and
1 had a type III (ischiopubic) lesion (Fig. 1). Staging studies,
including plain film, magnetic resonance imaging (MRI),
chest computed tomography (CT) and bone scintigraphy, were
performed. All patients were non-metastatic at presentation.

Treatment protocol. All patients received vincristine
(1.5 mg/m? once a day), doxorubicin (30 mg/m? every 2 days)
and ifosfamide (2,000 mg/m? every 3 days) neoadjuvant
chemotherapy for 12 weeks prior to surgery. No preoperative
radiotherapy was performed. The response to chemotherapy
was assessed by the Response Evaluation Criteria in Solid
Tumors (RECIST) (18). Surgeries were performed between
weeks 8 and 10 after the initiation of chemotherapy. Thereafter,
chemotherapy was continued in all patients. Postoperative
radiotherapy was administered to patients who received exci-
sions with marginal margins (i.e., a margin through tissue that
has gross or histological evidence of reaction to the tumor)
or contaminated margins. Patients treated with Intensity
Modulated Radiation Therapy were prescribed a dose of 45 Gy
in 15 fractions (3 Gy/day for 15 days).

Depending on the location and extent of the tumor, four
types of excision were performed singly or in combination.
Part of the ilium and the surrounding gluteal muscles (type I)
were excised in 1 patient with iliac lesions. Another 2 patients
with iliac lesions required excision of a lateral mass of the
sacrum besides the ilium and gluteal muscles (type I+IV).
The following excisions were performed on 8 periacetabular
lesions: 3 patients underwent resection of the upper compo-
nent of the acetabulum and neighboring ilium (type I+IIA);
4 patients required removal of the anterior inferior component
of the acetabulum, as well as all or part of the pubis and
ischium (type IIB+III); 1 patient had the whole of the inferior
component of the acetabulum, with the pubis and ischium,
resected (type IIB+IIC+III); and 1 patient had a pubic lesion
and underwent partial excision of the pubis (type III) (Table I).

As aforementioned, a ‘marginal margin’ is a margin
through tissue that has gross or histological evidence of a reac-
tion to the tumor. If there is an intact fascial boundary between
the tumor and surgical resection margin, the margin is defined
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as ‘wide’ (19). A marginal margin typically occurred in
certain areas of the specimen where the tumor grew very close
to the neurovascular or genitourinary structures. In the present
study, surgical margins were classified as wide in 8 patients
and as marginal in 4. The excised tumor was examined for
safe margin by an experienced pathology technician. Samples
from different sides of the removed tissue (proximal, distal,
lateral, medial, top and bottom) were embedded in Optimal
Cutting Temperature Compound, frozen, sectioned into 10 ym
thick slices and then stained with hematoxylin and eosin for
8 min at room temperature. During surgery, 2 patients were
observed to have contaminated margins (into the lesion) and
required further excision to yield negative margins. After 2008,
5 patients received precise resection using a computer-assisted
navigation system (CANS; Stryker Pacific, Ltd., Hong Kong,
China). The images from CT, MRI and bone scintigraphy
were integrated in CANS and a three-dimensional (3D) tumor
model was generated. This model was used for preoperative
planning and navigation-guided resection, as reported previ-
ously (20). Of the 5 patients undergoing CANS, 1 underwent a
type I excision, 1 underwent a type I+IV excision, 1 underwent
a type IIB+III excision, 1 underwent a type I+IIA excision and
1 underwent a type III excision (Table I).

The reconstructions were individualized on the basis of
variables that included patient age, functional demands and
tumor extension (Table I). The pedicle screw/rod/allograft
composite reconstructions were performed in 3 patients after
atype I or type I+IV excision (Figs. 2 and 3). Reconstructions
with allografts and plates were performed in 8 patients with
periacetabular lesions (Figs. 4-9). No reconstruction was
performed in 1 patient, who underwent a partial pubic resec-
tion (type III). Selecting allografts that could closely match the
excised bone was important for periacetabular reconstruction.
A 3D virtual bone bank system has been developed in the
Department of Orthopedic Surgery, Xi-Jing Hospital. Using
this system, 3D tumor models and allografts were measured
and compared to determine the most appropriate match.
Owing to the limited availability of pediatric allografts, the
majority of allografts in the bone bank were over-sized and
required cutting or trimming to match the defect as closely as
possible.

Antibiotic prophylaxis (cefazolin, 1 g/day) was usually
administered intravenously for the first week following surgery.
Prophylaxis could be administered for longer, depending on
multiple factors, including time of drain retention, medical
co-morbidities and potential wound healing problems. A total
of 4 patients who had positive margins in final pathology
reports received postoperative irradiation (Table I).

Patients were required to undergo non-weight-bearing
ambulation for the first 6-8 weeks after surgery. Partial
weight-bearing ambulation was required between weeks 9
and 12, and full weight-bearing ambulation after 12 weeks.
However, the full weight-bearing time depended on radio-
graphic healing time, which varied between 3 and 5 months
after surgery.

Follow-up and evaluation. The study was approved by the
Institutional Review Board of Xi-Jing Hospital. Informed
consent was obtained from all patients and procedures
followed were in accordance with the ethical standards of
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Figure 1. Schematic of tumor sites in the pelvis. A type I lesion was obsettved in 1 patient; type I+IV lesions were observed in 2 patients; type II lesions were
observed in 8 patients (3 above, 4 anterior inferior and 1 posterior inferior to triradiate cartilage); and a type III lesion was observed in 1 patient.

Figure 2. Type I lesion (case 3). (A) An X-ray showing a large osteolytic lesion in the right ilium. (B) The lesion exhibited high signal intensity on T2-weighted
magnetic resonance imaging; (C) Computed tomography scan and (D) 3-dimensional reconstruction show the expandable osteolytic lesion with soft-tissue
invasion.

the Responsible Committee on Human Experimentation of ~ was 39 months (range, 24-72 months). Patients were assessed
Xi-Jing Hospital and with The Helsinki Declaration. AIl  at 2 weeks, 1 month and 3 months after surgery, and every
patients completed the follow-up. The median follow-up time 3 months thereafter until 2 years after surgery, and then
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Figure 3. X-ray showing excision of the type I lesion and pedicle screw/rod/allograft reconstruction. Images taken (A) directly after the operation and (B) at

3 years after surgery.

Figure 4. Type I+1IA lesion (case 11). (A) X-ray showing a large osteolytic lesion involving the upper component of the acetabulum and the neighboring ilium.
(B and C) T2-weighted magnetic resonance imaging, showing high signal intensity indicative of the lesion (indicated by white arrow). (D-F) Images from a
coronal and sagittal CT scan indicating that the triradiate cartilage was not penetrated by tumor (indicated by white arrow).

every 6 months. Plain radiographs and physical examinations
were performed at each follow-up appointment. Chest CT
was performed every 3 months until 2 years after surgery
and then every 6 months to assess for metastatic disease.
Functional outcomes were determined using the MSTS score
93 system (21). In brief, this system assigned numerical values
(0-5) for each of the 6 categories: Pain, function, emotional
acceptance, support, walking and gait. The plain radiographs
were evaluated according to the International Society of Limb
Salvage (ISOLS) grading system (22), which had 5 categories,

including healing of osteotomies (union), contour of the graft
(graft shortening), graft fracture, density of the graft (resorp-
tion) and stability of implant. The numerical values (1-4) were
assigned for each category to indicate poor, fair, good and
excellent, respectively. The score was calculated by adding
the value for each criterion and dividing by the maximum
attainable score. This was then expressed as a percentage with
a maximum score of 100%. The MSTS and ISOLS scores
were obtained and reported at the time of the final follow-up
appointment.
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Figure 5. Type I+IIA lesion was excised and reconstructed with a
plate/allograft using CANS. (A) Location of the cutting plane using Kirschner
wire by CANS. (B) Intraoperative confirmation the cutting plane (screenshot
of CANS). (C) After cutting and trimming, the allograft (right) matched the
size of the excised tumorous tissue (left). (D) X-ray showing reconstruction at
1 year after surgery. CANS, computer-assisted navigation system.

Figure 6. Type IIB+I1I lesion (case 10). (A) X-ray showing a large osteo-
lytic lesion involving the anterior inferior component of the acetabulum
and neighboring pubic ramus. (B) Magnetic resonance imaging indicates
that the open triradiate cartilage was not penetrated by the tumor. (C) The
computer-assisted navigation system was used to confirm the cutting plan
during surgery. (D) The allograft (right) matched the size of excised tumor
(left).

Results

Response to chemotherapy. The patients' responses to neoad-
juvant chemotherapy were assessed by CT/MRI scan and
graded according to RECIST. The results showed that 1 patient
achieved a complete response, 9 achieved a partial response and
2 achieved stable disease (SD). No patient exhibited progres-
sive disease. In accordance with National Comprehensive
Cancer Network (NCCN) guidelines (23) for ES, excision of
the tumors was attempted en bloc in all patients.

The histological response was evaluated according
to a grading system developed by Ferrari ef al (24). This
three-grade system was defined as following: A grade I
response represented a tumor with macroscopically viable

FAN et al: TREATMENT OF PELVIC EWING'S SARCOMA

Figure 7. Type IIB+III lesion (case 10). (A) X-ray showing the reconstruc-
tion with the allograft and plate. (B and C) Computed tomography scans and
(D) 3-dimensional reconstruction showing the structures of the reconstructed
acetabulum following surgery.

Figure 8. Type IIB+IIC+III lesion (case 7). (A) X-ray and (B) Computed
tomography scan showing a large osteolytic lesion involving the whole
inferior component of the acetabulum and neighboring pubis and ischium
(indicated by white arrow). (C) Following tumor excision, an allograft was
implanted to repair the defect. Inset of (C) shows the allograft prior to cutting
and trimming. (D) X-ray showing reconstruction following surgery.

tumor areas; a grade II response represented a tumor with only
microscopic foci of viable tumor; and a grade III response
indicated that there was no evidence of viable tumor. In the
present study, 1 patient was recorded as exhibiting a grade 111
response (no viable tumor cells), 8 as exhibiting a grade II
response (microscopic foci) and 3 as exhibiting a grade 1
response (macroscopic foci).

Survival. In total, 9 patients exhibited no evidence of disease at a
mean of 43 months after surgery (range, 24-72 months), 1 patient
succumbed to disease at 24 months, and 2 patients remained
alive with disease but had slow progressive pulmonary metas-
tasis at 24 and 36 months, respectively. At the time of the final
follow-up appointment, 11 patients remained alive (Table I).

Local recurrence. The 5 patients who received precise exci-
sion using CANS exhibited no local disease recurrence.
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Figure 9. Type IIB+IIC+III lesion (case 7) at 3 years after surgery. (A) X-ray
showing the reconstruction with allograft and plate. (B) Computed tomog-
raphy scan and (C) 3-dimensional reconstruction showing the congruency
of the reconstructed acetabulum. (D and E) The patient acquired good hip
function following allograft transplantation.

In the 7 patients who underwent conventional resections,
1 experienced local recurrence. However, patient numbers
are too small to suggest that CANS provides superior local
control. The patient with local recurrence received a type I+IV
resection in the first surgery. The response to neoadjuvant
chemotherapy was recorded as SD according to RECIST and
as grade I in Ferrari's three-grade system. At 12 months after
surgery, a soft-tissue mass was found. The biopsy indicated
recurrence and the patient underwent surgical intervention.
This patient also had concomitant pulmonary metastasis
and was alive with disease at the time of the final follow-up
appointment (Table I).

Metastasis. Distant metastases developed in 3/12 patients,
including 1 patient with concomitant local recurrence, at 12,
14 and 36 months after surgery, respectively. Of the patients,
1 succumbed to the disease 10 months after metastasis was
detected. The remaining 2 patients were alive with pulmonary
metastases at the time of the final follow-up appointment
(Table I).

Function. At the final follow-up, the patients had a mean
functional score of 26 points (range, 18-28 points). The mean
radiographic score was 90.1% (range, 76-94%), which repre-
sented an excellent radiographic result (Table I).

Complications. No patients experienced hip dislocation
following acetabular reconstruction. In total, 3 patients expe-
rienced surgical complications: 1 patient had a wound healing
problem due to fat liquefaction, which was superficial and
healed after surgical debridement; 1 patient had a leg-length
discrepancy of 2 cm; and 1 patient had a loosening screw, for
which no intervention was required.

Discussion

The excision and reconstruction of pelvic ES in children and
adolesecents is challenging, particularly for periacetabular
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lesions (7,8,25,26). Type I and type III excisions preserve the
acetabulum and allow for better function. In a previous study,
the defects of 4 patients were reconstructed with fibular-free
flaps after type I excisions. Functionality was excellent and
all patients were able to ambulate independently (27). Another
study demonstrated that movement and strength were rated
as ‘excellent’ in 6 patients following type I excisions (28).
However, when patients with type II excisions were included
in studies, the MSTS score decreased to 54-59% when using
conventional osteotomy. Complication rates were also varied,
ranging between 71 and 100% (26,29). By contrast, the
triradiate cartilage-based trans-acetabular osteotomy in the
present study maximally preserved the unaffected acetabular
components. The MSTS score increased to 26 (87%), which
correlated with the results of other studies (Table IT) (1).

The acetabulum develops from the growth plates of the
ilium, ischium and pubis. All growth plates are centrally
confluent, with thick triradiate cartilage, which is a secondary
ossification center of the hip bones (30). In the skeletally
immature pelvis, these three bones are separated by triradiate
cartilage. The centers of ossification develop at ~8 years of
age and the triradiate cartilage usually closes at 16-18 years
of age. The physis has long been considered to act as a barrier,
preventing the spread of tumor to the epiphysis, although
this barrier is not impenetrable (31). This hypothesis was
supported by experimental research that identified the protein
substances within the physis that inhibited angiogenesis (32).
In the current study, the prerequisite for the trans-acetabular
osteotomy strategy was an open triradiate cartilage without
tumor invasion.

An evaluation of the association between the tumor
and the triradiate cartilage is recommended when plan-
ning the resection of a tumor that involves any part of the
acetabulum. A correlation study between the histological
findings and MRI results in limb malignancies showed that
the accuracy of MRI was 90.3% (33). The epiphysis could
be safely preserved in conditions in which the tumor did not
contact or only partially contacted the growth plate. The
contraindication was that the growth plate was penetrated
or wholly affected by the tumor (31). As the shape of the
acetabulum was quite different from that of a long bone, the
sagittal and coronal images captured by MRI were meticu-
lously examined in the 8 patients with periacetabular lesions
in the present study. The non-involvement of triradiate
cartilage was observed in 4 patients and partial involvement
was observed in another 4. The triradiate cartilage was not
penetrated or wholly affected by the tumor. After 2008,
5 patients received CANS-assisted surgeries. The recon-
structed 3D tumor model allowed for the clear delineation
of tumor and triradiate cartilage.

The majority of allografts in the bone bank were over-sized
and required cutting or trimming to fit the defects, owing to
the limited availability of pediatric allografts (Figs. 5C and
6D). This work was performed with the aid of CANS after
2008. A model of the excised bone was printed using a rapid
prototyping technique. This model acted as a template for the
cutting and trimming of the allograft. A CT scan revealed
that the hip joint was congruent after acetabular reconstruc-
tion (Fig. 7). All of the aforementioned factors contributed
to a good functional score (Tables I and II). All patients
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with lower acetabular involvement (types IIB, and IIB+IIC)
received allograft reconstructions in the present study. This
could benefit the growth and centralization of the femoral
head. Plain radiographs indicated that the femoral head was
well centered and covered at 3 years after surgery (Fig. 9).
For patients with upper acetabular involvement (type ITA), the
physicians strongly suggested reconstruction, as this area could
bear the majority of the load in the hip joint movement. The
implanted allograft did not grow like the other components of
the acetabulum. To match the host's femoral head, the surgeons
usually implanted a slightly larger osteoarticular allograft,
which provided more space for the growth of the femoral head.
Patients undergoing type I excision also required reconstruc-
tion to avoid pelvic instability and leg length discrepancy (27),
whereas those undergoing type III excisions did not.

The present study had several limitations. Firstly, the
study used a small number of patients. As only the children
and adolescents with pelvic ES were included, it was difficult
to obtain a large number of patients from one institution.
Although the results cannot thoroughly prove the concept
of trans-acetabular osteotomy, the data support the rationale
of this technique. Secondly, this was a retrospective study
with potentially uncontrolled variables, including different
locations and variability in the required bone and soft
tissue excisions. Finally, as only 5 patients received naviga-
tion-guided osteotomies after 2008, the present study does
not have adequate power to evaluate the beneficial effects
of CANS-assisted surgery. In spite of these drawbacks, the
current study contributes further information on surgical
strategy to treat pelvic ES.

In conclusion, this study investigated a novel surgical
strategy for pelvic ES excisions in children and adolescents.
Navigation was used to perform osteotomy and allograft
trimming, which enhanced the accuracy of resection and
reconstruction. Although it remains a small series with
limited conclusions, the present study does introduce a notable
surgical strategy and aids the understanding of the manage-
ment of patients with rare diseases.
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