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Abstract

Objective To evaluate the performance of image-guided core needle biopsy (IGCNB) for the diagnosis of Ewing sarcoma of

bone.

Methods All patients with a confirmed diagnosis of Ewing sarcoma who underwent IGCNB between January 2007 and

December 2016 were included in this retrospective study. Analysis included mean age, skeletal distribution, imaging modality

used for biopsy guidance, type of anaesthesia, needle type, number of passes, type of tissue sampled, and complications.

Results The study included 139 patients (94 males and 45 females; mean age 18.7 years) who underwent 141 image-guided core

needle biopsies as the primary diagnostic test. Of these, 101 were CT-guided, 38 ultrasound-guided, and 2 utilised both CT and

ultrasound guidance. A total of 97.9% were diagnostic at first procedure. Of the 3 non-diagnostic cases, 2 underwent a further

IGCNB and were positive, while 1 patient required an open surgical procedure. Only 1 patient (0.7%) suffered an immediate

complication, and there were no recorded delayed complications.

Conclusion IGCNB is a safe procedure providing a positive diagnosis of Ewing sarcoma of bone in a very high percentage of

cases. It should be the first-line method for establishing a diagnosis in suspected Ewing sarcoma of bone.

Key Points

* Image-guided core needle biopsy is a safe procedure providing a positive diagnosis of Ewing sarcoma of bone in a very high
percentage of cases.

* Image-guided core needle biopsy should be the first-line method for establishing a definitive diagnosis in Ewing sarcoma and
should be performed at a specialist sarcoma referral centre.

» When technically feasible, extra-osseous soft tissue alone can be sampled with confidence as there is no difference in diagnostic
performance whether bone or an extra-osseous soft tissue component of the tumour is sampled.
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Abbreviations Introduction

ABC Aneurysmal bone cyst

FNAC  Fine needle aspiration cytology A variety of options are available for achieving a histological
GA General anaesthesia diagnosis of a suspected bone tumour, including fine needle
IGCNB Image-guided core needle biopsy aspiration cytology (FNAC), image-guided core needle biopsy
LA Local anaesthesia (IGCNB), and surgical incisional biopsy [1, 2]. CT-guided core
MDT Multidisciplinary team needle biopsy has a diagnostic accuracy that is not significantly

inferior to incisional biopsy in a wide variety of bone and soft
tissue tumours, while being associated with fewer complications
[3], and a recent meta-analysis has supported the role of specialist
radiologists utilising IGCNB for the diagnosis of musculoskeletal
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by IGCNB compared with 96% for surgical curettage/
resection [5], and the correct grading of chondral tumours
may show mismatch on IGCNB compared with final surgical
resection histology in up to 74% of pelvic tumours [6]. With
regard to Ewing sarcoma of bone, reported biopsy success
rates vary from 50 to 88% in sample sizes ranging from 5 to
40 patients [7-11]. A study comparing open biopsy with nee-
dle biopsy for suspected Ewing sarcoma suggested that the
success rate for needle biopsy is inferior [11], which would
support the continued use of surgical open biopsy with its
associated increased risks and cost. This prompted us to re-
view our experience of IGCNB as the primary technique for
the diagnosis of Ewing sarcoma of bone.

Materials and methods

The study was approved by the local Research and Innovation
Centre of The Institute of Orthopaedics, with no requirement
for informed patient consent.

All patients with a histologically confirmed diagnosis of
Ewing sarcoma of bone between January 2007 and
December 2016 were identified from the pathology database.
Patients presenting with recurrent Ewing sarcoma or extra-
skeletal Ewing sarcoma were excluded. Data collected includ-
ed gender, mean age, skeletal distribution, imaging modality
for biopsy guidance, type of anaesthesia, type of needle, num-
ber of passes, type of tissue sampled (bone, soft tissue, or
both), and complications. The histology results for IGCNB
were then reviewed, with the biopsy considered to be diag-
nostic if adequate tissue had been obtained to yield a definitive
histological diagnosis.

All biopsies were performed in line with the British
Sarcoma Group 2016 guidelines [12], with a summary of the
biopsy guidelines outlined in Table 1. Each biopsy was
planned in the sarcoma multidisciplinary team (MDT)

Table1 Summary of guidelines for needle biopsy of suspected primary
bone sarcomas, modified from Gerrand et al [12]

Biopsy should only be performed after imaging of the affected bone to
allow planning of the approach with the operating surgeon, and to
identify the most representative area to biopsy

There should be minimal contamination of normal tissues

In the majority of cases, IGCNB will be adequate, guided by ultrasound
or CT

Samples should always be taken for histology and cytogenetic/molecular
genetic studies

If possible, samples should be frozen for storage in a tumour bank for
future research studies (with patient consent)

Samples must be interpreted by experienced bone tumour pathologists

The pathology request form should ensure sufficient detail, including
anatomical site, patient age, and radiological differential diagnosis

meeting following consultation between a radiologist and a
surgeon. All patients had pre-biopsy MRI studies available,
and the optimal biopsy approach was marked with an arrow
on an axial image for future reference. The type of image
guidance and anaesthesia was based on certain patient and
lesion characteristics. CT guidance was chosen for lesions
where it was felt that the bone needed to be sampled, or for
lesions at difficult anatomical sites such as the pelvis or spine.
US guidance was chosen for lesions which had a large (>
2 c¢m) extra-osseous component which was located close to
the skin surface and was therefore easily amenable to US
evaluation. General anaesthesia (GA) was chosen for children
and adolescents, for deeply located lesions, and in cases with
pathological fracture. Local anaesthesia (LA) was chosen for
adult patients where there was an extra-osseous component
close to the skin surface which could be easily accessed. All
biopsies were performed by or under the direct supervision of
a consultant musculoskeletal radiologist. The entry point was
chosen corresponding to the biopsy site decided at MDT, and
a single 5-mm stab incision was made. When multiple passes
were undertaken, these were always made through the same
entry point but with slightly varied angulation of the needle
allowing different parts of the tumour to be sampled.
Following completion of the biopsy, the biopsy site was
marked with a tiny India ink tattoo so that it could be identified
and excised at the time of surgery. All specimens were eval-
uated by experienced bone tumour pathologists. The proce-
dure report and correspondence from the first outpatient ap-
pointment following biopsy were reviewed to identify any
immediate or delayed complications.

Statistical analysis

Descriptive statistics were performed to determine the
assessed variables, including lesion location, type of image
guidance, type of needle used, type of anaesthetic, type of
tissue sampled, and rate of positive biopsies for each of the
above.

Results

The study group comprised 139 patients with a mean age of
18.7 years (range 2-56 years), including 94 males and 45
females. All patients had undergone IGCNB as the primary
diagnostic procedure, with no patients having a primary open
surgical biopsy. The lesions arose in the appendicular skeleton
in 64 of 139 cases (46.0%), the flat bones in 59 of 139 cases
(42.4%), the spine in 11 of 139 cases (7.9%), and the foot in 5
of 139 cases (3.6%). The most common location was the
pelvis, affecting 36 of 139 cases (25.9%), followed by the
femur which accounted for 33 of 139 cases (23.7%). The
skeletal distribution is summarised in Table 2. One hundred
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Table 2 Skeletal distribution of

primary Ewing sarcoma of bone Location

Number of patients Percentage of patients (%)

Femur

Tlium

Fibula

Rib

Superior and inferior pubic rami
Humerus
Sacrum
Scapula
Tibia
Clavicle
Metatarsal
Ischium
Tarsal bones
Mobile spine
Radius

33 23.7
23 16.5
11 79
11 79
11 79
10 7.2
9 6.5
9 6.5
9 6.5
3 22
3 22
2 1.4
2 1.4
2 1.4
1 0.7

and thirty-four (96.4%) tumours were located centrally in the
medullary cavity, while 5 (3.6%) arose from the surface of the
bone. Of the 134 intra-medullary tumours, 132 (98.5%) had
an extra-osseous component as identified by MRI at the time
of initial staging.

Procedure characteristics are summarised in Table 3. A
total of 141 IGCNBs were performed, 101 of 141 (71.6%)
CT-guided, 38 of 141 (26.9%) US-guided, and 2 of 141
(1.4%) utilising both CT and US guidance. This was due to
the personal choice of the performing radiologist to use CT
guidance to target bone and US to target the soft tissue com-
ponent. One hundred and nine of 139 (78.4%) cases were
performed under GA and 30 of 139 (21.6%) under LA. The
mean age for patients undergoing GA biopsy was 15.8 years
(range 2—49 years) and for those undergoing LA biopsy was
28.2 years (range 18-56 years). Of the CT-guided biopsies, 91
of 101 (90.1%) were under GA and 10 of 101 (9.9%) under
LA. Nineteen of 38 (50%) US-guided biopsies were per-
formed under GA while 19 of 38 (50%) were under LA. GA
was administered in 1 of the 2 biopsies where both CT and US
guidance was used.

As demonstrated in Table 4, a variety of needle types were
used, including 14G Temno (Temno Evolution™ Biopsy

Table 3  Procedure characteristics
CT- US- CT and US-guided Total
guided guided
GA 91 19 1 111
LA 10 19 1 30
Total 101 38 2 141
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Needle; Merit Medical), 11G and 13G Jamshidi (T-handle
Jamshidi™" bone marrow biopsy aspiration needle; BD), and
14G Tru-Cut (Tru-Cut™ biopsy needle; Merit Medical). In
certain cases where both bone and soft tissue were biopsied,
a combination of needles was employed. The number of
passes was recorded in 91 cases and ranged from 1 to 10
(mean number of passes 4.9), while in the remaining cases,
the reports simply indicated that multiple passes had been
made. Only 8 procedures recorded a single pass, when an
aspiration biopsy of the medullary cavity had been performed.

With regard to the type of tissue sampled, soft tissue only
was sampled in 95 of 141 cases (67.4%), bone only in 27 of
141 cases (19.1%), and both bone and soft tissue in 19 of 141
cases (13.5%). Among CT-guided procedures, soft tissue only
was sampled in 57 of 101 (56.4%) and bone only in 27 of 101
(26.7%), while in 17 of 101 procedures (16.8%), a combina-
tion of bone and soft tissue was taken. As expected, all 38
(100%) US-guided biopsies targeted soft tissue only, and in
the 2 cases using both CT and US guidance, both soft tissue
and bone were sampled. Figures 1, 2, and 3 illustrate the
varied techniques in 3 selected cases.

Of the 141 IGCNBs, 138 (97.9%) provided a positive di-
agnosis at the first procedure. All US-guided needle biopsies

Table 4 Needle types

used for image-guided Needle type Number of biopsies
core needle biopsies

14G Temno 85

11G Jamshidi 38

14G Tru-Cut 24

13G Jamshidi 1

Not documented 3
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Fig. 1 a Lateral and (b) AP radiographs in a 15-year-old male demon-
strate periosteal reaction with a Codman triangle in the left distal femoral
diaphysis. ¢ Coronal STIR and (d) axial TIW SE MR images

were diagnostic, while 98 of 101 (97.0%) CT-guided biopsies
were positive. Three of the 101 (2.97%) CT-guided proce-
dures were non-diagnostic. Details of these are as follows:

Case 1: A 10-year-old female with a mass arising from
the left ischium, where the large soft tissue component
was initially biopsied with 3 passes of a 14G Tru-Cut
needle under CT guidance and GA. As there was insuf-
ficient material for diagnosis, the biopsy was repeated
under CT guidance and GA 1 week later at which time
bone was sampled with 2 passes using an 11G Jamshidi
needle, confirming a diagnosis of Ewing sarcoma.

Case 2: A 17-year-old male with a right proximal tibial
metaphyseal tumour, in whom initial histology revealed a
high-grade malignant round cell tumour with extensive
necrosis precluding definitive diagnosis. The initial biop-
sy was performed under CT guidance and GA with 2
passes using an 11G Jamshidi needle into bone. A

Fig.2 a Coronal TIW SE and (b)
axial STIR MR images in a 28-
year-old male with an infiltrative
mass in the right ilium crossing
the sacroiliac joint into the right
sacral ala, associated with a large
extra-osseous soft tissue mass. ¢
CT-guided biopsy of the right
iliac bone using an 11G Jamshidi
needle and (d) of the extra-
osseous soft tissue mass posterior
to the sacrum using a 14G Temno
needle was performed under gen-
eral anaesthesia confirming
Ewing sarcoma

demonstrate a heterogeneous mass arising from the left femoral diaphy-
sis. e CT-guided biopsy under general anaesthesia of the soft tissue mass
using a 14G Temno needle yielded a diagnosis of Ewing sarcoma

definitive diagnosis of Ewing sarcoma was reached when
the CT-guided needle biopsy was repeated under GA
2 weeks later, this time sampling the associated soft tissue
mass with 3 passes of a 14G Temno needle.

Case 3: A 15-year-old male with a right proximal femoral
metadiaphyseal mass who underwent a CT-guided biop-
sy under GA. Two passes with an 11G Jamshidi needle
into bone yielded a paucicellular sample, following
which a diagnostic open biopsy was required.

Post-procedural complications were recorded in one case, a
17-year-old female with Ewing sarcoma in her left hemi-
pelvis who underwent a CT-guided biopsy under GA sam-
pling soft tissue with 4 passes of a 14G Temno needle. The
patient developed urinary retention following the procedure
requiring an indwelling catheter and had a prolonged hospital
stay, with an admission to the intensive care unit for pain
management. However, there was no long-term complication.
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Fig. 3 a AP radiograph in a 20-
year-old male demonstrating per-
meative bone destruction and
periosteal reaction in the left fib-
ular diaphysis. b Coronal TIW
SE and (c¢) axial fat-saturated
T2W FSE MR images showing
an infiltrative mass with a large
extra-osseous soft tissue compo-
nent. d US-guided biopsy of the
soft tissue mass performed under
local anaesthesia with a 14G
Temno needle yielded a diagnosis
of Ewing sarcoma

The immediate clinically apparent complication rate was
therefore 0.7%. Review of the first outpatient clinic letter fol-
lowing biopsy revealed no clinically apparent delayed
complications.

Discussion

As outlined in the British Sarcoma Group 2016 guidelines by
Gerrand and colleagues [12], IGCNB of suspected primary
bone sarcomas should be performed at a specialist sarcoma
referral centre in consultation with the surgical team that will
carry out definitive tumour resection. MRI of the affected
bone should be available to plan the biopsy approach and most
representative area to sample [13]. The biopsy needle track
should be placed to minimise contamination of normal tissues,
and so that it can be incorporated into the final surgical exci-
sion. The biopsy site can be marked with a skin tattoo, which
will allow its identification at time of surgery following neo-
adjuvant chemotherapy [14].

Open biopsy had historically been considered the gold
standard for histological diagnosis of bone tumours [1].
However, open biopsy poses certain risks to the patient, while
needle biopsy possesses several advantages. IGCNB has
therefore become the gold standard for definitive diagnosis
due to its less invasive nature, safety, and cost-effectiveness
[3]. Needle biopsy has been reported to be less painful, require
a shorter length of hospital stay, and more readily enable sam-
pling of different tumour components to obtain representative
tissue compared with open biopsy. Needle biopsy results in
lower complication rates including infection, haematoma,
fracture, and tumour seeding, leading to local progression.
Neoadjuvant chemotherapy and radiotherapy can be com-
menced more rapidly following needle biopsy, whereas a de-
lay of 10 days to 3 weeks may be required to allow wound
healing following an open surgical approach. Furthermore, a
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percutaneous approach may reduce the amount of tissue that
needs to be resected at the time of definitive surgery. The rates
of altered treatment and altered outcome due to a poorly per-
formed biopsy have been found to be significantly lower for
needle biopsy compared with those for open biopsy [15].
Nevertheless, larger resections and amputations due to inap-
propriate needle biopsy technique where limb salvage would
otherwise have been possible, have also been reported [15].
Finally, tumours in deep locations such as the pelvis or the
spine may be more readily accessible via a percutaneous
approach.

The current study is the largest report of IGCNB for pri-
mary Ewing sarcoma of bone, in which a positive diagnosis
was achieved at the first procedure in 97.9%, and in 2 of 3
initially negative results at second IGCNB. Only a single pa-
tient required an open surgical procedure to obtain the diag-
nosis. The positive diagnostic rate was not dependent upon
type of image guidance, type of anaesthesia, or type of needle
used. The number of needle passes was not specifically re-
corded in each individual case, but also did not appear to
impact upon diagnostic performance since all 3 failed proce-
dures had more than a single pass. Over 98% of intra-
medullary tumours exhibited an extra-osseous component.
Given that there was no difference in diagnostic performance
whether soft tissue or bone was sampled, we believe that when
technically feasible extra-osseous soft tissue alone can be sam-
pled with confidence. This may in turn reduce the difficulty
and length of the procedure, enable the use of US guidance,
and obviate the need for GA in many adult cases. In the 3 non-
diagnostic biopsies, there were no technical factors that could
be identified to explain the outcome. All were performed un-
der CT guidance and GA. Two of these patients had a suc-
cessful repeat CT-guided biopsy under GA where the type of
tissue sampled differed from the initial biopsy, while one pa-
tient proceeded to a diagnostic open biopsy. In a review of
lesion-related and technical factors affecting diagnostic yield
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in IGCNB of bone and soft tissue lesions, Wu and colleagues
found that diagnostic yield was higher in lytic than in sclerotic
bone lesions and in larger lesions, factors that we did not
assess although Ewing sarcoma is almost always a lytic lesion.
In line with our findings, needle type and imaging modality
did not impact upon their diagnostic yield [16].

Our positive diagnostic rate for Ewing sarcoma of bone is
well above figures reported in the literature, which range from
50 to 88% in sample sizes ranging from 5 to 40 patients
[7-11]. Interiano et al performed a retrospective review of
children and young adults diagnosed with osteosarcoma and
Ewing sarcoma over a 10-year period [9]. One hundred and
forty-two biopsies of primary and distant sites were performed
in 105 patients, of which 38 biopsies revealed a diagnosis of
Ewing sarcoma. Where the primary lesion was sampled, a
diagnostic specimen was obtained in 94.1% of open biopsies,
but only 73.1% of percutaneous biopsies. Adverse events in-
cluding post-operative haematoma, pathological fracture,
wound infection, and blood transfusion were recorded in 4
patients, of whom 3 had undergone open procedures. Jelinek
et al found percutaneous biopsy to have a diagnostic accuracy
of 88% in 110 patients with primary bone tumours, of which 6
were Ewing sarcoma [10]. Didolkar et al reviewed 778
IGCNB of bone and soft tissue lesions, reporting a diagnostic
accuracy of 74% overall and of 80% in their 5 cases of Ewing
sarcoma of bone [7]. In their review of CT-guided needle
biopsy of musculoskeletal neoplasms, Dupuy and colleagues
reported an overall diagnostic accuracy of 93% in 176 biop-
sies [8]. The diagnostic accuracy fell to 75% for round cell
neoplasms which comprised 32 cases, this including both
Ewing sarcoma of bone and extra-skeletal Ewing sarcoma.
Most recently, McCarville et al evaluated 31 patients with
Ewing sarcoma and 32 patients with osteomyelitis, reporting
a diagnostic accuracy of only 50% in the 6 patients with
Ewing sarcoma who underwent IGCNB [11]. From the above
literature review, it appears that the diagnostic accuracy of
both IGCNB and open biopsy may be lower for Ewing sarco-
ma compared with other primary tumours. This seems to be
the case particularly for surgical series that presumably utilise
bone biopsy under fluoroscopic guidance which could only
target the intra-medullary component of the tumour, rather
than the extra-osseous component. We postulate that the lower
positive biopsy rate in such cases is likely due to the presence
of spontaneous necrosis of the intra-medullary tumour com-
ponent, as has been described with osteosarcoma [17].

Our high positive diagnostic rate is considered to be the
result of many factors including expertise, biopsy planning
in the MDT setting, and the frequent use of GA for needle
biopsies of bone, which enables a greater number of cores
using larger gauge needles. A further factor which is likely
to increase diagnostic yield significantly is the sampling of
extra-osseous soft tissue components of the tumour. A diag-
nostic accuracy of 98.4% for primary malignant appendicular

bone tumours has previously been reported by Saifuddin et al
who used US guidance to target only the extra-osseous com-
ponent of the tumour [18].

The safety of IGCNB and far lower rates of complications
compared with open procedures has been established [3]. We
observed complications in one case of a 17-year-old female,
who following a CT-guided biopsy under GA developed uri-
nary retention requiring an indwelling catheter, and had a
prolonged hospital stay including an intensive care unit admis-
sion for pain management. It is unlikely that this represented a
complication of the biopsy itself since the needle was placed
well away from the bladder, but more likely was related to post-
procedure pain. Also, since each biopsy was planned in the
MDT meeting and the biopsy site agreed with the orthopaedic
oncologist and marked at the time of the procedure with a skin
tattoo allowing identification at the time of surgery, there were
no cases in which the biopsy was incorrectly placed and there-
fore impacted upon the planned surgery.

In conclusion, our results indicate that IGCNB can be per-
formed safely and with a very high positive diagnostic rate to
establish a diagnosis of Ewing sarcoma of bone. IGCNB
should be the first-line method for establishing a definitive
diagnosis in Ewing sarcoma and should be performed at a
specialist sarcoma referral centre.
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