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Background Skip lesions in Ewing’s sarcoma of the
bone seem to be rare; to our knowledge only 7 cases have
been published in the English medical literature.

Methods We retrospectively reviewed imaging and
histological data relating to 235 patients with non-meta-
static Ewing’s sarcoma of the bone who participated in
the cooperative Ewing’s sarcoma study (CESS 86 and
CESS 91), and we identified 15 patients with a skip
lesion at diagnosis.

Results The skip lesion was located in the same bone
as the primary tumor in 13 patients, and in an adjacent
juxtaarticular bone in 2 cases. The average follow-up was
11 years. Despite aggressive treatment including surgery
in all cases, tumor relapse occurred in 9 patients, and 7
of these patients died due to metastatic disease.

Interpretation  Skip lesions in patients with other-
wise non-metastatic skeletal Ewing’s sarcoma may be
of the same consequence as the molecular detection of
marrow metastases and possibly confer a worse prog-
nosis. Newer imaging modalities (for example PET) and
careful staging work-up may indicate that skip metas-
tases in Ewing’s sarcoma are more common than previ-
ously suspected.

Ewing’s sarcoma and malignant peripheral neuro-
ectodermal tumors of bone account for 6-15% of
all malignant bone tumors (Jurgens 1994). 15-30%
of patients present with detectable metastases at
the time of diagnosis (Hayes et al. 1987, Sundaram
et al. 1989, Roessner and Jurgens 1993, Saifudin
et al. 2000, Franzius et al. 2001). Although they
are a well-recognized feature of osteosarcoma,
skip lesions appear to be rare in Ewing’s sarcoma

(Davies et al. 1997, Paulussen et al. 2001, Schleier-
macher et al. 2003), and the prognostic implications
of skip lesions in Ewing’s sarcoma remain unclear.
A skip lesion is a separate, histologically proven
focus of a neoplasm that has developed within the
host bone at the time of diagnosis. It must be sepa-
rated from the larger primary tumor by an inter-
val of normal bone (Enneking and Kagen 1975a,
b, Enneking et al. 1980, Kissane et al. 1983). The
discontinuity between the primary lesion and the
skip lesion may vary from a few mm to a few cm,
but occurs in the same bone. Occasionally, a lesion
arises on the opposite side of a joint. We retrospec-
tively reviewed 15 patients with non-metastatic
Ewing’s sarcoma and a skip lesion.

Patients and methods

We reviewed (retrospectively) 235 patients with
non-metastatic Ewing’s sarcoma or PNET of the
bone, all of whom participated in the cooperative
Ewing’s sarcoma study trials (CESS 86 and CESS
91) documented in the archives of the cooperative
Ewing’s sarcoma study center at the University of
Miinster. The radiographs, MRI scans, CT scans
and histology specimens of all 235 patients were
reviewed in order to identify patients with a skip
lesion. Based on the criteria published by Ennek-
ing and Kagen, we found 15 patients with a skip
lesion.

Diagnosis
All patients had a diagnostic work-up at presen-
tation based on the CESS protocol. This included
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radiographs of the affected region, an MRI scan
(T1 and T2 weghted, without gadolinium) and/or a
CT scan of the affected region, a total body Tech-
nitium 99 bone scintigraphic scan, and histology
of percutaneous or open biopsy. In addition, radi-
ography and CT scan of the thorax were performed
in all patients. At each follow up visit (6, 12 and
24 weeks after surgery, and then yearly), an X-ray
of the affected region was done whilst MRI, CT
or scintigraphy were done only on indication. In
6 cases, only the biopsies taken from the primary
lesion were available, whereas biopsies of the
primary tumor and the skip lesion were available
in the remaining 9 cases. In 3 of these 9 cases, a
second biopsy of the primary tumor and the skip
lesion was performed after several cycles of adju-
vant chemotherapy, prior to definitive surgery.
Retrieved resection specimens in all 15 patients
were cut with a band saw in multiple slab sections.
Representative slab sections were then cut into thin
sections and prepared for routine (hematoxylin and
eosin) and immunochemical staining. Besides an
assessment of response to preoperative adjuvant
therapy, foci of suspected or proven skip lesions
were reviewed in detail. In addition, areas between
the primary tumor and the skip lesion were dis-
sected, embedded in paraffin and stained to ascer-
tain that they consisted of normal bone.

Adjuvant chemotherapy and radiotherapy

All patients received multiple-agent chemotherapy.
Between 1986 and 1990, 5 patients treated accord-
ing to the CESS 86 protocol received a four-drug
therapy protocol (VAIA), which included vin-
cristine, adriamycin, ifosfamide and actinomycin
D. Starting at the end of 1989 through 1992, 10
patients were treated according to the CESS 91
protocol (EVAIA), a five-drug regime including
the former four drugs (VAIA) and etoposide. 10
of the 15 patients received adjuvant radiotherapy,
preoperatively in 6 patients and postoperatively in
4 patients. 3 of the 6 patients who received preop-
erative radiotherapy had additional intraoperative
local radiation therapy of the resection margins
and, in 1 case, of the nearby juxtaarticular skip
lesion. Definitive surgery was performed at least 4
weeks after completion of radiation therapy.

Clinical data

Case Sex Age Site of tumor Histology
1 F 19 Tibia diaphysis ES
2 = 10 Humerus diaphysis ES
8 M 15 Proximal femur ES
4 M 17 Femur diaphysis ES
5 M 2 Femur diaphysis PNET
6 M 16 Femur diaphysis ES
7 = 23 llium ES
8 F 12 Humerus diaphysis PNET
9 M 29 Distal femur ES
10 M 11 Proximal fibula ES
11 M 17 Proximal tibia ES
12 F 18 Distal femur PNET
13 F 30 Proximal tibia PNET
14 M 12 Femur diaphysis ES
15 = 21 llium ES

ES — Ewing’s sarcoma
PNET — primitive neuroectodermal tumor

Results

15 (8 men) out of 235 patients (6%) with non-met-
astatic Ewing were found to have a skip lesion as
the sole metastatic disease. The mean age at diag-
nosis was 17 (2-30) years. The average duration of
follow-up was 11 (9—12) years.

Diagnosis

The Table shows the location of the primary tumor.
The skip lesions could be identified on plain radio-
graphs in only 3 patients, whereas MRI showed
the skip lesions in 13 patients before surgery. CT
showed the skip lesions in 13 patients, and was
not performed in 2 patients. Of the 11 preopera-
tive scintigraphic scans available for review, the
skip lesion was demonstrated on 7. In 2 cases with
a skip lesion located within 1 cm of the primary
tumor, the diagnosis was confirmed only on his-
tology of the resection specimen after definitive
surgery. The skip lesion was located in the same
bone as the primary tumor in 13 patients (Figure
1), whereas an adjacent bone was the location of
the skip lesion in 2 cases (Figure 2). Normal signal
intensity was noted in the marrow between the
primary tumor and the skip lesion, and histology
confirmed normal bone tissue between the primary
tumor and the skip lesion.
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Figure 1. Ewing’s sarcoma of the left humerus, demonstrating the pri-
mary and skip lesions on both radiographs (A) and MR scan (B).

Figure 2. Ewing’s sarcoma of the fibula with a skip lesion on the shaft of
the tibia, not evident on conventional radiographs (A) but clearly seen
on the MR scan (B).

Surgery

The goal of surgical treatment was a wide
en-bloc excision of the tumor, including
the skip lesion. In 9 patients, the existence
of a skip lesion influenced the extent of
surgery. In 3 of these 9 cases, one-half
of a joint was surgically removed and
reconstructed with prosthesis rather than
an intercalary allograft reconstruction,
preserving the integrity of the joint. In a
fourth patient, a subtotal tibia resection
(metaphyseal-diaphyseal-metaphyseal)
instead of ametaphyseal-diaphyseal resec-
tion was performed in order to achieve a
wide resection. An allograft and a fibula
strut graft bridged the defect. In the fifth
and sixth patients, a more extensive resec-
tion was necessitated by the existence of
a skip lesion. On a 4-year-old boy with
a tumor in the proximal two-thirds of the
femur, and a skip lesion in the distal inter-
condylar region of the same bone, a total
femur resection was performed. The other
was an 11-year-old boy with a tumor of
the proximal fibula and a skip lesion in
the shaft of the tibia (Figure 3). A knee
disarticulation was necessary to achieve
adequate surgical margins.

The seventh and eighth patients, in
whom only the primary tumor was radi-
cally excised (even though the skip lesion
was diagnosed before surgery), received
intraoperative after-loading radiotherapy
of the resection margin and, in 1 case,
of the juxtaarticular skip lesion. Both
patients responded well to preoperative
chemotherapy and radiotherapy. An inter-
calary allograft reconstruction was used
in both cases. In the nineth patient, intra-
lesional resection of the primary tumor
involving the proximal femur and a wide
excision of a distal skip lesion was com-
bined with intraoperative radiotherapy.
The hip joint could be preserved and
reconstruction was performed using an
intercalary allograft instead of proximal
femur endo-prosthesis. In 6 patients, the
existence and location of the skip lesion
did not have a significant influence on the
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Figure 3. A) MR scan of a patient with a proximal femoral Ewing’s 3 ; .
sarcoma and a distal skip lesion which was not evident on the radio-  ies (Saifudin et al. 2000, Paulussen et

graph. B) Excised femur of the same patient, which has been splitinto 5] 2001) have failed to give a detailed
two halves to show the primary and skip lesions.

type and extent of surgery. The skip lesions were
not only located within 4 cm of the primary tumor,
but also within the diaphysis of a long bone.

Tumor relapse

There were 9 cases of tumor relapse, with only
1 being a local recurrence. Of the remaining 8
patients, 5 had skeletal metastasis, 4 of whom died
due to metastastic disease at a follow-up duration
of 9 months and 1, 3 and 8 years, respectively. 1
patient had pulmonary, lymph node and skeletal
metastasis, and subsequently succumbed to the
disease 5 years after diagnosis. Of the remaining 2
patients, one had bone and lymph node metastasis,
and the other had lung and mediastinal metasta-
sis. Both had died at 1 and 4 years of follow-up,
respectively

Discussion

Our study represents the largest group of patients

with Ewing’s sarcoma and a skip lesion
as sole metastatic disease. MRI and CT
allowed diagnosis of the skip lesion in
13 of 15 cases. We found that in many
cases, a skip lesion influences the choice
and extent of the surgical excision and
reconstruction. Although the number of
patients is too small to make definitive
statements with regard to survival in this
subgroup, it is still important to note that
despite aggressive treatment (including
surgery in all cases), metastases occurred
in 8 of 15 patients. This is higher than the
35% rate of metastatic disease reported
by Paulussen et al. (2001) in 301 patients
with localized Ewing’s sarcoma of the
bone. Our findings suggest that survival
in patients with skip lesions may be
worse than would be expected in non-
metastatic Ewing’s sarcoma (Paulussen
et al. 2001).

The occurrence of skip lesion in
Ewing’s sarcoma is rare. Previous stud-

account of the treatment, event-free sur-
vival and mortality of this patient popula-
tion. Also, previous large studies on the Ewing’s
sarcoma family of tumors have not mentioned the
occurrence of skip lesions—illustrating the extreme
rarity (Saifudin et al. 2000, Ferrari et al. 2001, Pau-
lussen et al. 2001, Bacci et al. 2002, 2003). Recent
studies have indicated that micrometastases pres-
ent at diagnosis, but undetectable by conventional
methods, can be demonstrated by RT-PCR with a
sensitivity of 83% in bone marrow (Athale et al.
2001). Patients with localized disease but with
bone marrow micro-metastases have a poorer dis-
ease-free survival (53%) than patients with strictly
localized disease (80%) (Athale et al. 2001). The
significance of skip lesions has been extensively
reviewed in another childhood malignancy, osteo-
sarcoma. Osteosarcoma patients with a skip lesion
as the sole metastatic disease have a higher risk
of development of distant metastasis and have a
poorer prognosis than patients with non-metastatic
osteosarcoma.
Newer imaging modalities such as proton emis-
sion tomograms (PET) and careful staging work-up
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may show that skip metastases in Ewing’s sarcoma
are more common than previously suspected. The
need to differentiate suspected skip lesions from
other osseous pathologies requires, whenever pos-
sible, a biopsy of the primary tumor as well as the
skip lesion. For strictly localized Ewing’s sarcoma
of the bone, local excision with chemotherapy can
be curative. The potential implications for patient
prognosis with Ewing’s sarcoma and a skip lesion
as the sole metastatic disease remain unknown. We
therefore suggest that these patients should be con-
sidered as a separate group.
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