
lable at ScienceDirect

Journal of Orthopaedic Science 27 (2022) 448e455
Contents lists avai
Journal of Orthopaedic Science

journal homepage: http: / /www.elsevier .com/locate/ jos
Original Article
Image-guided core needle biopsy for musculoskeletal lesions

Shunichi Toki a, e, *, Miyuki Sone b, Akihiko Yoshida c, d, Toshihiko Nishisho e, Tabu Gokita f,
Eisuke Kobayashi a, d, Fumihiko Nakatani a, d, Hirokazu Chuman a, Shunsuke Sugawara b,
Yasuaki Arai b, Akira Kawai a, d

a Department of Musculoskeletal Oncology, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan
b Department of Diagnostic Radiology, National Cancer Center Hospital, Tokyo, Japan
c Department of Diagnostic Pathology, National Cancer Center Hospital, Tokyo, Japan
d Rare Cancer Center, National Cancer Center Hospital, Tokyo, Japan
e Department of Orthopedics, Institute of Biomedical Sciences, Tokushima University Graduate School, Tokushima, Japan
f Department of Orthopedic Oncology, Saitama Cancer Center, Saitama, Japan
a r t i c l e i n f o

Article history:
Received 23 June 2020
Received in revised form
3 December 2020
Accepted 4 December 2020
Available online 30 January 2021
* Corresponding author. Department of Orthoped
Sciences, Tokushima University Graduate School, 3-1
ima, 770-8503, Japan. Fax: þ81 88 633 0178.

E-mail address: toki830926@gmail.com (S. Toki).

https://doi.org/10.1016/j.jos.2020.12.017
0949-2658/© 2021 The Authors. Published by Elsevier
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
a b s t r a c t

Background: Image-guided percutaneous core needle biopsy (CNB) has been an important diagnostic
procedure for musculoskeletal lesions. Here we surveyed the variety of diagnostic strategies available
and assessed the clinical usefulness and limitations of image-guided CNB carried out by a multidisci-
plinary team comprising specialists in various fields.
Methods: We conducted a retrospective study of 284 image-guided CNBs among 1899 consecutive bi-
opsy procedures carried out at our institution for musculoskeletal tumorous conditions, focusing on their
effectiveness including diagnostic accuracy and utility for classification of specimens according to ma-
lignant potential and histological subtype as well as their correlation with biopsy routes.
Results: Among the 284 studied biopsies, 252 (88.7%) were considered clinically “effective”. The sensi-
tivity for detection of malignancy was 94.0% (110/117) and the specificity was 95.3% (41/43). The diag-
nostic accuracy for detection of malignancy was 94.4% (151/160) and that for histological subtype was
92.3% (48/52). The clinical effectiveness of the procedure was correlated with the complexity of the
biopsy route (P ¼ 0.015); the trans-pedicular, trans-retroperitoneal and trans-sciatic foramen approaches
tended to yield ineffective results. Repeat biopsy did not have a significant impact on the effectiveness of
image-guided CNB (P ¼ 0.536).
Conclusions: The diagnostic accuracy rates of image-guided CNB performed at multidisciplinary sarcoma
units were usable even for patients who have variety of diagnostic biopsy procedures. It is important to
establish and implement diagnostic strategies based on an understanding that complicated routes,
especially for spine and pelvic lesions, may be associated with ineffectiveness and/or complications.
© 2021 The Authors. Published by Elsevier B.V. on behalf of The Japanese Orthopaedic Association. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Accurate biopsy of musculoskeletal tumors is important for
correct pathological diagnosis and adequate treatment. Several
types of biopsy procedure are available, including fine-needle
aspiration biopsy, core needle biopsy (CNB), incisional biopsy and
ics, Institute of Biomedical
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excisional biopsy [1]. Historically, incisional biopsy has beenwidely
employed [2]. Although incisional biopsy can yield sufficient ma-
terial for pathological examination, it is associated with issues such
as cost, patient discomfort, and relatively high complication and
implantation rates [1,3e5].

Image-guided CNB for musculoskeletal lesions has been
employed over the last 20 years [6e15]. Didolkar et al. demon-
strated that even non-diagnostic CNB which is reported to be 5%e
31% may be effective for avoiding unnecessary surgery in certain
clinical settings [16]. In line with the worldwide spread of image-
guided CNB, there has been an increase in its use for tumors hith-
erto regarded as ineligible for such procedures, such as those that
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are deep-seated or adjacent to vital organs. However, no previous
attempt has been made to exhaustively evaluate the various stra-
tegies available for diagnosis of bone and soft-tissue tumors in
clinical practice, or methods for increasing the usefulness of image-
guided CNB, including the diagnostic accuracy rate. Specifically,
hardly any reports have addressed the direct relationship between
the choice of route for needle biopsy and outcome. Although the
basic principles of transcutaneous biopsy have been widely publi-
cized [17], most reports that have discussed how and from where
target lesions should be approached by needle biopsy merely state
that the shortest route should be taken, and that the decision in
each case should be made on the basis of discussion, considering
the subsequent definitive surgery [6e10,12,13,16].

In the present study, we retrospectively surveyed the clinical
variety of diagnostic processes adopted for awide range of subjects.
We reviewed all biopsies carried out at the authors' institution and
assessed the clinical usefulness and limitations of image-guided
CNB carried out by a multidisciplinary team (MDT) comprising
specialists in various fields.

2. Materials and methods

We retrieved data on 1899 consecutive biopsy procedures for
musculoskeletal lesions from the medical records and archives at
our institution for the period between 2006 and 2016 after this
research had been approved by the institutional review board of
the authors' affiliated institution. Fig. 1 shows the temporal
changes in the types of biopsy procedures performed during this
period, including CNB with/without image guidance, incisional
biopsy and excisional biopsy. Images defined in the present
research were fluoroscopy, computed tomography (CT) and real-
time ultrasound. For this study, we analyzed the data for 284
image-guided CNBs. The evaluated items were patient age and
sex, the type, localization, size and occurrence of the targeted
lesion, date, radiological modality used, reason, route selection,
Fig. 1. Changes in the number and distribution of biopsy procedures for musculos
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prior biopsy and any complication of the image-guided biopsy
executed, pathological information including turn-around time,
auxiliary diagnostic tool(s) and definitive diagnosis, and clinical
diagnosis.

2.1. Strategy and practical execution of image-guided CNB

The reasons for the use of image guidance were categorized as
follows: 1) The lesion was not palpable. 2) The lesion was adjacent
to critical organs. 3) The lesion was adjacent to a neurovascular
unit. 4) The lesionwas heterogeneous, necessitating sampling from
a specific portion of the tumor. The approach adopted for CNB was
decided through discussion among the MDT, comprising expert
radiologists, musculoskeletal oncologists and pathologists,
regarding the subsequent definitive surgery, avoidance of compli-
cations, and any specific portion of the lesions that should be
targeted.

During the biopsies, the musculoskeletal oncologists in charge
also attended the interventional radiology theater room and
confirm the executed routes. Image-guided percutaneous CNB
was performed by board-certified interventional radiology spe-
cialists using a 14-gauge core needle for skeletal lesions and an
18-gauge automated or semi-automated cutting needle for soft
tissue lesions. A coaxial system was used to facilitate multiple
tissue sampling from one needle penetration and reduce the risk
of dissemination and bleeding by embolization of the needle
tract. The number of specimens taken was determined according
to the size of the cores actually obtained and diagnostic re-
quirements. At least two cores were usually obtained. Then,
together with request forms, the CNB specimens are delivered to
expert pathologists and detailed discussion is immediately held
whenever needed. Four-micrometer-thick sections from paraffin
blocks of all biopsy materials were routinely deparaffinized and
stained with hematoxylin and eosin. For selected cases, immu-
nohistochemistry and fluorescence in situ hybridization (FISH)
keletal lesions at our institution from 2006 to 2016. CNB, core needle biopsy.
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were performed. Histological diagnosis was made by expert
pathologists.

2.2. Biopsy route selection

We especially categorized the biopsy route into mainly two
groups: direct routes that involved the shortest path unassoci-
ated with any obstruction to avoid during biopsy, and compli-
cated routes. Additionally, the latter were divided into a trans-
pedicular approach to the pedicle itself or vertebra (Fig. 2A),
paravertebral approach to the retroperitoneal or posterior
mediastinal areas (Fig. 2B), intercostal route targeting the inside
of the thoracic cage (Fig. 2C), trans-retroperitoneal approach to
the pelvis and pelvic space (Fig. 2D), trans-sciatic foramen
approach to the small pelvic space (Fig. 2E), infraclavicular
approach to lesions more deeply seated than the clavicle (Fig. 2F),
and miscellaneous others.

2.3. Definition of the assessment terms for biopsy

In the microscopic evaluation, specimens consisting of normal
tissue alone or lacking any part of the representative targeted lesion
were considered to represent “sampling error”. Specimens that
included some tissue of the targeted lesion were designated
“classifiable” or “unclassifiable” on the basis of whether malignant
Fig. 2. Typical axial views of computed tomography indicating complicate
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potential could be determined by pathologists. Among “classifi-
able” biopsy materials, those that did not match the final diagnosis
regarding malignancy were considered to represent “discrepancy”.
All “classifiable” biopsies excluding “discrepancy” and “re-biopsy”,
which necessitated clinically additional CNB or incisional biopsy for
diagnosis, were categorized as an “effective” subset (Fig. 3).

2.4. Diagnostic confirmation

The diagnostic accuracy of image-guided CNBwas analyzed. The
reference standard of the classification in terms of the malignant
potential of the specimen was the final pathological diagnosis
based on surgical specimens or the final clinical diagnosis based on
the clinical course and outcome. Clinical judgment of a benign
lesion was defined as non-progression of the disease for a mini-
mum follow-up period of 2 years. Among cases of true neoplasia
with a definitive pathological diagnosis, the accuracy of the histo-
logical subtype was also calculated.

2.5. Statistical analyses

Associations between effectiveness and background variables,
and clinical parameters related to image-guided CNB, were sub-
jected to univariate analysis. We used the ManneWhitney U test,
chi-squared test and Fisher's exact test. Differences at P < 0.05 were
d biopsy routes categorized into mainly 6 types in the present study.



Fig. 3. Flow diagram showing the backgrounds and characteristics of the overall biopsies included in this study. a Considered as “ineffective”. b In terms of classification as benign/
intermediate or malignant. c Additional needle biopsy or incisional biopsy.
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considered to be significant. Analyses were carried out using the
SPSS software program (version 20; SPSS Statistics, Armonk, NY,
USA).

3. Results

The clinical characteristics revealed by the image-guided CNBs
overall are summarized in Table 1. There were 125 (44.0%) bone
lesions and 159 (56.0%) soft tissue lesions, which were located in
the trunk in 242 cases (85.2%) and the extremity in 42 (14.8%).
Lesion size ranged from 0.9 cm to 30 cmwith an average of 7.7 cm.
Prior biopsy before the current image-guided CNB had been done
in 28 cases (9.9%). Fluoroscopy, computed tomography (CT), and
real-time ultrasound were used to assist CNB in 84 (29.6%), 207
(72.9%), and 92 (32.4%) cases, respectively, and multiple image
guidance modalities were applied for 98 of the biopsy procedures
(34.5%). One hundred and eighty-nine (66.5%) biopsy procedures
were performed for reason 1, 186 (65.5%) for reason 2, 100 (35.2%)
for reason 3, and 132 (46.5%) for reason 4. The rate of complica-
tions in the present series was 3.9%. Among these complications, 6
(55%) were associated with complicated biopsy routes and 5 with
direct routes. The target lesions included 4 localized in the thorax/
chest wall, 3 in the retroperitoneal space, 2 in the vertebrae, and
one each in the pelvic space and neck. The diagnosis of image-
guided CNB was confirmed regarding the malignant potential by
pathological examination of the subsequent surgical specimens in
85 (29.9%), final clinical diagnosis in 75 (26.4%) and none in 124
(43.7%).

3.1. Effectiveness of overall image-guided CNBs

Table 2 details the overall assessment of our CNB specimens.
Sixteen biopsy procedures (5.6%) were inadmissible due to
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sampling error, and 7 (2.5%) yielded specimens that were unclas-
sifiable (Fig. 3). Among the 261 (91.9%) classifiable biopsies, 60
(23.0%) were diagnosed as benign lesions, 27 (10.3%) were inter-
mediate tumors and 174 (66.7%) were malignant tumors; there
were 2 cases of “discrepancy” (Fig. 3). Re-biopsy after image-guided
CNB was carried out in 14 (4.9%) cases. Among them, re-biopsy was
performed for 7 of the classifiable biopsies: 5 because they had not
yielded a definitive diagnosis of the histological subtype, and 2
because the diagnosis of histological subtype had been uncertain.
Eventually, 252 biopsies (88.7%) were classified as “effective”
(Fig. 3). Among 237 true neoplastic lesions due to CNBs, 186 (78.5%)
were diagnosable to histological subtype. The utility of the diag-
nostic workup for malignancy and histological subtype is summa-
rized in Table 3. The 160 cases meeting the reference standard
included 117 cases of malignancy and 43 others. The sensitivity for
detection of malignancywas 94.0% (110/117) and the specificity was
95.3% (41/43). The overall diagnostic accuracy for malignancy
versus others was 94.4% (151/160) (Supplementary Material 1) and
that for histological subtype was 92.3% (48/52).

3.2. Distribution and effectiveness of the various biopsy routes

Table 4 shows the variety of biopsy routes that were selected.
While 192 biopsies (67.6%) were performed via direct routes, 92
(32.4%) involved complicated routes that were significantly less
effective (P ¼ 0.015): the trans-pedicular approach in 22 cases
(7.7%), the paravertebral approach in 18 (6.3%), the intercostal route
in 17 (6.0%), the trans-retroperitoneal approach in 14 (4.9%), the
trans-sciatic foramen approach in 12 (4.2%), the infraclavicular
approach in 3 (1.1%), and miscellaneous routes in 6 (2.1%). Although
the categories of complicated route did not impact significantly on
the effectiveness of the biopsy as a whole (P ¼ 0.056), use of the
trans-pedicular, trans-retroperitoneal and trans-sciatic foramen



Table 1
Descriptive backgrounds of overall image-guided core needle biopsies in the current
study.

Average (range) or N (%)

Age, yrs 53 (6e91)
Sex
Male/Female 147/137 (51.8/48.2)

Type of target lesion
Bone/Soft tissue 125/159 (44.0/56.0)
Deep/Superficial 151/8 (95.0/5.0)

Localization of target lesion
Trunk/Extremity 242/42 (85.2/14.8)

Size, cm 7.7 (0.9e30)
Occurrence of lesion
Initial/Recurrent 259/25 (91.2/8.8)

Prior biopsya

0/1/2 256/26/2 (90.1/9.2/0.7)
Modality of imaging including multi-application
Fluoroscopy/Computed tomography/
Real-time ultrasound

84/207/92 (29.6/72.9/32.4)

Reason for the use of image guidance
1: Not palpable mass over the skin 189 (66.5)
2: Lesion or biopsy route adjoins
critical organ

186 (65.5)

3: Lesion or biopsy route adjoins
neurovascular unit

100 (35.2)

4: Heterologous lesion 132 (46.5)
Turn-around time for the pathological

diagnosis, days
8.8 (2e48)

Use of diagnostic tool in pathology and laboratory
Immunohistochemistry 200 (70.4)
Fluorescence in situ hybridization 17 (6.0)

Complication 11 (3.9)
Bleeding, subcutaneous hematoma 6
Nerve injury 2
Pneumothorax 2
Vagovagal reflex 1

Diagnostic confirmation of biopsy in terms of the malignant potential
Pathology of surgical specimen 85 (29.9)
Final clinical diagnosis 75 (26.4)
None 124 (43.7)

a The number of prior biopsy before the current image-guided core needle biopsy
in our institution.

Table 3
Analysis of the utility of image-guided core needle biopsy for diagnosis.

N %

Detection of malignancya

Sensitivity 110/117 94.0
Specificity 41/43 95.3
Positive predictive value 110/112 98.2
Negative predictive value 41/48 85.4
Diagnostic accuracy 151/160 94.4

Histological subtypeb

Diagnostic accuracy 48/52 92.3

a It was compared with definitive diagnosis by subsequent surgical specimen or
final clinical diagnosis, and “Intermediate” tumors defined in WHO classification
were not includes “malignancy” subsets.

b It was compared with definitive diagnosis by subsequent surgical specimen
alone.
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approaches tended to yield ineffective results. The characteristics of
all biopsies using the trans-pedicular approach in which most
specimens have resulted in ineffectiveness are summarized in
Table 5. Among the ineffective subset (N ¼ 6), in 4 cases (66.7%) the
lesions were located in the thoracic spine, and in 2 cases (33.3%)
internal lesion heterogeneity was observed. Also, the lesions tended
to be smaller in the ineffective subset than in the effective subset.

3.3. Analysis of candidate factors related to effectiveness of image-
guided CNB

Univariate analysis of factors in relation to effective clinical
application detected only biopsy route selection (Table 6). Since no
Table 2
Assessment of specimen acquired by image-guided core needle biopsy.

N (%)

Classifiable 261 (91.9)
Benign lesion 60 (23.0)
Intermediate tumor 27 (10.3)
Malignant tumor 174 (66.7)

Unclassifiable 7 (2.5)
Sampling error 16 (5.6)
True neoplastic lesiona 237
Diagnosable to histological subtype 186 (78.5)

a Expect for non-neoplastic lesion i.e. infection, pseudotumor and tumor-like
lesion.
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other significant factors emerged, no multivariate analysis model
was applicable.

4. Discussion

In this study, conducted at a specialist cancer hospital with a
sarcoma MDT including radiologists and pathologists with exper-
tise in bone and soft-tissue tumors, image-guided CNB carried out
in combination with molecular diagnostic techniques such as im-
munostaining and FISH was shown to be highly useful, with diag-
nostic accuracy rates of 94.4% for malignancy versus benignancy,
and 92.3% for classification by histological subtype. According to
previous reports on the use of CNB, the diagnostic accuracy rates for
benignancy versus malignancy and for histological subtype were
90e97% and 77e84%, respectively, without image guidance
[18e20], and 89e96% and 76e97% with image guidance [6,9e15].
Therefore, the diagnostic accuracy rates in this study were
acceptable, similar to those identified in previous reports. As the
current concept of molecular pathological disease can now be
applied to discriminate some conditions from others, and a wide
range of sarcoma treatments is available, including molecular-
targeted therapeutic agents that have recently been approved,
such prompt treatment offers a significant practical advantage.

Mesenchymal tumors are a pathologically heterogeneous set of
rare tumors that can develop anywhere in the body, sometimes
making accurate diagnosis difficult; in fact the divergence in
diagnosis between specialists and non-specialists has been re-
ported to range between 27% and 46% [21,22]. Through third-party
assessment we independently designed and investigated using 14
cases extracted from our series, the variety of diagnostic strategies
and CNB methods likely to be selected for the tumors in clinical
practice (Supplementary Material 2). The potential diagnostic fail-
ure rate of image-guided CNB is still 5e31% of cases [16]; indeed,
there is clearly room for improvement in this respect. CNB is
preferable to incisional biopsy for various reasons, as it has low
invasiveness, does not require general anesthesia, can be per-
formed in only a short time, has a low risk of complications and
tumor cell dissemination, and has low cost [5,18,23]. Therefore,
from the viewpoint of clinical techniques, it is important to deter-
mine whether or not the usefulness of image-guided CNB,
including its diagnostic accuracy rate, can be increased. Our study
was conducted to address this issue, and revealed that selection of
the biopsy route is a statistically significant factor enabling
intervention.

The present study represents the first attempt to assess the
relationship between biopsy route and the usefulness of image-
guided CNB for bone and soft-tissue lesions (Tables 4 and 6). We
demonstrated that a direct route is a significantly correlated with
usefulness. As shown even in our third-party assessment, no



Table 4
Distribution of the biopsy route selection.

N (%) Overall Effective Ineffective P-value

284 252 32
Direct route 192 (67.6) 177 (70.2) 15 (46.9) 0.015
Complicated route 92 (32.4) 75 (29.8) 17 (53.1)
Trans-pedicular approach 22 (7.7) 16 (6.3) 6 (18.8) 0.056
Paravertebral approach 18 (6.3) 18 (7.1) 0
Intercostal route 17 (6.0) 15 (6.0) 2 (6.3)
Trans-retroperitoneal approach 14 (4.9) 9 (3.6) 5 (15.6)
Trans-sciatic foramen approach 12 (4.2) 8 (3.2) 4 (12.5)
Infraclavicular approach 3 (1.1) 3 (1.2) 0
Miscellaneous 6 (2.1) 6 (2.4) 0

Table 5
Characteristics of all biopsies using trans-pedicular approach.

Assessment
of biopsy

Characteristics of case and targeted lesion Image-guided core needle biopsy

No. Age (yrs) Sex Localization Size (mm) Occurrence Prior biopsy Rt/Ltb Modality of imaging Reasona Benign/Intermediate/
Malignant

1 2 3 4

Effective (N ¼ 16) 53.4 40.5
6 32 M L, VB 45 Initial 0 Rt CT, Fluoroscopy þ þ Intermediate
7 68 F L, pedicle 40 Initial 0 Rt CT, Fluoroscopy þ þ Malignant
21 72 F L, VB 40 Initial 0 Lt CT, Fluoroscopy þ þ þ Benign
31 71 M C, VB 35 Initial 0 Rt CT, Fluoroscopy þ þ þ Malignant
38 36 F L, VB 45 Initial 0 Rt CT, Fluoroscopy þ þ þ Intermediate
52 10 M L, VB 32 Initial 0 Rt CT, Fluoroscopy þ þ þ Intermediate
83 63 F L, VB N/A Initial 0 Lt CT, Fluoroscopy þ þ þ Benign
94 73 M L, VB N/A Initial 0 Lt CT, Fluoroscopy þ þ þ Benign
103 46 F L, VB N/A Initial 0 Lt CT, Fluoroscopy þ þ þ Benign
104 40 M T, VB 55 Initial 0 Rt CT, Fluoroscopy þ þ þ Benign
130 58 F T, VB 27 Initial 0 Rt CT, Fluoroscopy þ þ þ Benign
143 64 M T, VB 60 Initial 0 Rt CT, Fluoroscopy þ þ þ þ Malignant
147 50 M T, VB 55 Initial 0 Lt CT, Fluoroscopy þ þ þ Intermediate
154 46 M L, pedicle 20 Initial 0 Lt CT, Fluoroscopy þ þ Benign
215 82 M L, VB 44 Initial 0 Lt CT, Fluoroscopy þ þ þ Malignant
276 43 F L, VB 28 Initial 0 Lt CT, Fluoroscopy þ þ þ þ Benign

Ineffective (N ¼ 6) 47.8 29.1
Sampling error 3 55 F L, VB 42 Initial 1 Lt CT, Fluoroscopy þ þ
Sampling error 5 75 F T, VB 28 Initial 0 Lt CT, Fluoroscopy þ þ þ þ
Sampling error 100 9 M T, VB 25 Initial 0 Rt CT, Fluoroscopy þ þ þ
Sampling error 108 42 M T, VB 10 Initial 0 Rt CT, Fluoroscopy þ þ þ
Sampling error 150 41 F T, VB 22 Initial 1 Lt CT, Fluoroscopy þ þ þ þ
Re-biopsy 170 65 F L, VB 48 Initial 0 Lt CT, Fluoroscopy þ þ þ Benign

No., registry number of biopsy; M, male; F, female; C, cervical spine; T, thoracic spine; L, lumbar spine; VB, vertebral body; N/A, not available; Rt, right; Lt, left; CT, computed
tomography.

a Reason for the use of image guidance; 1, The lesion is not palpable; 2, The lesion is adjacent to critical organs; 3, The lesion is adjacent to a neurovascular unit; 4, The lesion
is heterogeneous, necessitating sampling from a specific portion of the tumor.

b Puncture side, right or left.
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specific biopsy route be assigned for any given lesion site
(Supplementary Material 2). Therefore, it is necessary to discuss
individual cases within the MDT to identify the biopsy routes most
likely to result in success. Although no statistically significant dif-
ferences were demonstrated for the complicated-route category as
a whole (P ¼ 0.056), the transpedicular (6 of 22; 27.3%), trans-
retroperitoneal (5 of 14; 35.7%), and trans-sciatic foramen ap-
proaches (4 of 12; 33.3%) tended to yield unsatisfactory and/or
inaccurate results. Especially, smaller heterogeneous lesions in the
thoracic spine are more challenging for effective biopsy (Table 5).
Rimondi et al. have reported that, even for vertebral lesions within
the cervical to the lumbar regions, needle biopsy is not restricted to
a single route, which means there the transpedicular and
posterolateral approaches are available [24]. They also concluded
that if the histological diagnosis after the percutaneous biopsy is
still doubtful, or the result is not consistent with the suspected
clinical and/or radiological imaging diagnosis, the CNB should be
repeated [24]. Hadjipavlou et al. reported that false negative results
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obtained with transpedicular vertebral biopsies were due to tech-
nical errors when dealing with lytic and sclerotic lesions, and that it
was possible to avoid such pitfalls by adopting a parallel approach
using biopsy forceps [25]. Accordingly, in our opinion, image-
guided CNB should be given priority as a diagnostic strategy even
for challenging spinal lesions. On the other hand, for lesions in the
pelvic area amenable to the trans-retroperitoneal and trans-sciatic
foramen approaches, it was been suggested that recurrent lesions, a
location adjacent to critical organs and heterogeneity might be
factors associated with potential ineffectiveness (Supplementary
Material 3). Even for such lesions, the first-choice route should, in
principle, be the shortest and not surrounded by structures that
must be avoided, if reasonably practicable and effective with
respect to the final surgery. Furthermore, this allows the option of
applying real-time magnetic resonance imaging [14] and/or
contrast ultrasonography [12].

Among the ineffective biopsies in the direct-route group,
sampling error accounted for 6 (3.1%), unclassifiable for 3 (1.6%),



Table 6
Univariate analysis of candidate factors related to effectiveness of image-guided core
needle biopsy.

Variable Effective Ineffective P-valuea

Period
2006e2013 113 15 0.852
2014e2016 139 17

Type of target lesion
Bone 108 17 0.500
Soft tissue Deep 138 14
Superficial 6 1

Localization
Trunk 213 29 0.440
Extremity 39 3

Size
Less than 7.0 cm 136 18 0.849
Over 7.0 cm 111 13

Modality
Single 167 19 0.437
Multiple 85 13

Reason for the use of image guidance
Single 58 4 0.255
Multiple 194 28

Prior biopsy
Yes 24 4 0.536
No 228 28

Biopsy route selection
Direct route 177 15 0.015
Complicated route 75 17

Definitive pathological diagnosis
Classifiable 66 14 0.052
Unclassifiable 2 3

a Fisher's exact test except for “Type of target lesion” by qhi-squared test.
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re-biopsy for 9 (4.7%), and discrepancy for 2 (1.0%), whereas
among those in the complicated-route group, sampling error
accounted for 10 (10.9%), unclassifiable for 3 (3.3%), and re-biopsy
for 5 (5.4%); there were no cases of discrepancy. Inconsistent di-
agnoses in the direct-route group were due to modifications to the
chemotherapeutic regimen, and did not cause clinical problems.
On the other hand, sampling errors and unclassifiable cases ten-
ded to occur readily in the complicated-route group, perhaps
reflecting the difficulty of collecting typical tissues making up part
of the interior of heterogeneous target tumors.

Other recent studies have suggested that the complication rate
of needle biopsy ranges from 0% to 6% [1]. The complication rate in
this study was 3.9%, and thus similar to those reported previously.
Among them, a complicated biopsy route was chosen for 6 subjects
(55%), possibly as the target lesions were located in the thorax and/
or thoracic wall in 4 of them, the retroperitoneum in 3, and the
vertebrae in 2. All of these complications were temporary and non-
serious, and recovery was achieved with conservative treatment,
necessitating no change in subsequent treatment.

The present study had a number of limitations. It was a retro-
spective investigation and certain biopsy parameters and reference
standards were lacking for some patients. The overall number of
image-guided CNBs was insufficient for multivariate analysis of the
factors related to effectiveness because of the small number of
samples designated ineffective. While, in general, a certain pro-
portion of carcinomas arise in the bone, retroperitoneal space, and
subclavicular region in clinical settings, data were available for only
a small number of such carcinomas among the archived cases used
in the present study. Another potential study limitationwas that we
included not only sarcomas but also carcinomas located in any part
of the body among the patients who underwent image-guided CNB
in our department of musculoskeletal oncology, in the setting of a
high-volume center. The definition of a reference standard, espe-
cially for clinical judgment, was incomplete and should have been
based on definitive pathological diagnosis. The fact that this series
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of subjects included both those with initial biopsy and those with
re-biopsies was a partial limitation. However, the authors' data
(Supplementary Material 4) show that re-biopsy was correlated
with only tumor size (P¼ 0.004), and notwith the reasons for using
image guidance or with selection of the biopsy route. Also, as
shown in Table 6, re-biopsy was not an important determinant of
the effectiveness of image-guided CNB. It was therefore judged that
analysis with both initial biopsies and re-biopsies did not constitute
a problem with the study.

In conclusion, image-guided CNB carried out at a comprehen-
sive institution, and verified as current data obtained in real clinical
situations, was shown to be clinically useful. When the shortest
transcutaneous puncture route includes no anatomical structures
that need to be avoided, and the direct route is judged to be rational
by consensus within the MDT, the execution of direct-route biopsy
is recommended for achieving a positive outcome. It is important to
establish and put into practice diagnostic strategies based on the
understanding that a complicated biopsy route can be a factor
impacting on effectiveness and/or complications.
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