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Background: Despite the overall diagnostic utility of core needle biopsy (CNB) comparable to incisional
biopsy, increased diagnostic errors have been suggested of CNB for myxoid soft tissue tumors. This study
compared the diagnostic performance of CNB between myxoid and non-myxoid soft tissue tumors.
Methods: 369 patients who underwent ultrasound-guided CNB prior to resection for soft tissue tumors
were classified into two groups according to resection pathology; myxoid group (n=75) and non-
myxoid group (n=294). One-hundred and ninety-three patients were male and the median age of
the patients was 40 years. Two-hundred and sixty-three tumors were malignant.

Results: CNB correctly diagnosed malignancy in 84% (58 of 69) for the myxoid group and 95% (184 of 194)
for the non-myxoid group. For diagnosing histologic grade of soft tissue sarcoma, CNB correctly identified
high grade in 78% (18 of 23) for the myxoid group and 74% (94 of 128) for the non-myxoid group. Correct
diagnosis rate of histological type was significantly lower in the myxoid group (63% [47 of 75] in the
myxoid group and 83% [242 of 294] in the non-myxoid group, p = 0.013).

Conclusion: Our study suggests that CNB is useful for myxoid soft tissue tumors of the extremity, with
regard to diagnosing malignancy and histologic grade. However, CNB was less useful for identifying

histologic subtype in myxoid tumors than in non-myxoid tumors.
© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.

Introduction

Percutaneous core needle biopsy (CNB) is being used increas-
ingly as an alternative to open biopsy for the diagnosis of soft tissue
tumors of the extremity. CNB is advantageous over open biopsy
with regard to the patient morbidity, cost and time [1,2]. In general,
CNB can achieve diagnostic accuracy comparable to those of inci-
sional biopsy [3,4]. However, increased diagnostic errors have been
reported in association with small number of cores obtained, het-
erogeneity of the tumor and myxoid soft tissue tumors [5].

Myxoid soft tissue tumors encompass a heterogeneous group of
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lesions characterized by a marked abundance of extracellular
myxoid matrix [6]. Myxoid soft tissue tumors demonstrate signif-
icant variability in their biological behavior including tumors which
are entirely harmless, tumors with a tendency to recur locally but
not metastasize, and soft tissue sarcomas (STSs). Histologically,
there is broad morphological overlap between many different
myxoid tumors which can present diagnostic difficulties for the
pathologist [7,8]. Likewise, CNB for myxoid tumors such as myxoid
liposarcoma and fibro-myxoid sarcoma has been reported to be less
useful than CNB for non-myxoid tumors [9,10]. This may result in an
inability to distinguish between benign tumors and STSs, and to
separate lesions with low metastatic risk from those lesions which
have more aggressive behavior. However, to our knowledge, no
study has been published regarding the diagnostic utility of CNB
with regard to diagnosing malignancy, histologic grade and histo-
logic subtype in myxoid soft tissue tumors of the extremity.
Moreover, the diagnostic usefulness of CNB in myxoid and non-
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myxoid soft tissue tumors has never been compared. With this
regard, this study was performed to compare the usefulness of CNB
between myxoid and non-myxoid soft tissue tumors in diagnosing
malignancy, histologic grade and histologic subtype.

Materials and methods
Patient selection

From our institutional database, 3651 patients who underwent
surgery for soft tissue tumors of the extremity or trunk wall between
2000 and 2018 were reviewed. Of these patients, 450 patients were
identified to have undergone CNB prior to surgery. For the purpose of
analyses, patients who presented with recurred tumors (n = 42) and
patients with well differentiated liposarcoma (n=24) were
excluded [1,11,12]. In addition, patients with non-diagnostic CNBs, in
which samples were taken outside of the tumor, were excluded from
analyses (n = 15), which left 369 patients for analyses. Myxoid tu-
mors were defined as tumors characterized by a varying degree of
myxoid histology, resulting from an abundance of myxoid extra-
cellular matrix [7]. Of the 369 patients, 75 patients (20%) were
identified to have myxoid tumors with myxoid/round cell lip-
osarcoma (n = 32) and myxofibrosarcoma (n = 25) being the most
common diagnoses (Table 1). Patients were classified into myxoid
group (n=75) and non-myxoid group (n=294) for analyses. The
institutional review board of our institute approved this study.

Procedural details
CNB was performed as an outpatient procedure in the radiology

Table 1
Histological subtypes of myxoid and non-myxoid tumors.

Histological subtype Number

Myxoid tumors
Myxoid/round cell liposarcoma 32
Myxofibrosarcoma 26
Fibro-myxoid sarcoma 6
Extra-skeletal myxoid chondrosarcoma 6
Myxoma 4
Myxoid neurofibroma 1

Non-myxoid tumors
Undifferentiated pleomorphic sarcoma 57
Synovial sarcoma 33
Fibromatosis 32
Schwannoma 25
Leiomyosarcoma 14
Malignant peripheral nerve sheath tumor 10
Dedifferentiated liposarcoma 9
Pleomorphic liposarcoma
Extraskeletal Ewings sarcoma
Solitary fibrous tumor
Fibrosarcoma
Epitheloid haemangioendothelioma
Nodular fasciitis
Tenosynovial giant cell tumor
Rhabdoid tumor
Rhabdomyosarcoma
Myofibroblastic tumor
Granulomatous Inflammation
Haemangioendothelioma
Neurofibroma
Inflammation
Pleomorphic sarcoma
Round cell tumor
Myonecrosis
Necrotizing panniculitis
Neurofibromatosis
Ganglion cyst
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department using ultrasound guidance. An 18-gauge coaxial
STERICUT biopsy needle (TSK Laboratory, Tochigi, Japan) was used
with a Philips EPIQ 5G or 7G ultrasound scanner and an average of
four (range, 2 to 6) biopsy cores were obtained to secure adequate
tissue specimen (Fig. 1). Hemostasis was secured by firm pressure
once adequate tissue was obtained. No complications related to
CNB, such as hemorrhage or neurovascular injury, were docu-
mented. Of the 369 patients, 20 patients (5%) underwent re-biopsy
with CNB. Re-biopsy rates were 8% (n = 6) in the myxoid group and
5% (n=14) in the non-myxoid group (p=0.003). Nine patients
(2.4%) eventually underwent open biopsy with rate of 2.7% (n = 2)
in the myxoid group and 2.3% (n=7) in the non-myxoid group
(p=0.291). All samples were fixed in 10% formaldehyde and
analyzed.

Analyses of CNB

CNB was analyzed by experienced pathologists who specialize
in musculoskeletal pathology. Immunohistochemistry, cytogenetic
or molecular genetic analyses were utilized for subtyping of STS
unless the tissue by CNB allowed straightforward morphological
diagnosis on H&E staining. CNB results were analyzed with the MRI
findings interpreted by the radiologists with expertise in muscu-
loskeletal tumors. Mismatch between the CNB results and MRI
findings was discussed routinely in the multi-disciplinary
conference.

Statistical analyses

Statistical analyses were conducted with the Statistical Package
for the Social Sciences (SPSS) for Windows (version 21; IBM Co.,
Endicott, NY, USA). Sensitivities, specificities, positive predictive
values (PPVs), and negative predictive values (NPVs) were deter-
mined with 95% confidence interval (CI). Diagnostic accuracy was
defined as the sum of true positive and true negative results divided
by the total number of biopsies performed. The significance of
differences between frequencies was calculated using chi-square or
Fisher's exact test and differences in means were evaluated using
the independent t-test. A p value of <0.05 was considered
significant.

Results
Patient and tumor characteristics

Medical records including histology and imaging reports were
reviewed for the potential patient and tumor characteristics that
might be associated with correct diagnosis by CNB. For patient
characteristics, gender and age were investigated (Table 2). One
hundred ninety-three (52.3%) were male and 176 patients (47.7%)
were female. The most common locations of tumors were thigh
(n =144, 39%) and pelvis (n =52, 14.1%). Three hundred and forty-
five tumors (93.5%) were deep-seated and 24 (6.5%) were superfi-
cial. As for histologic grading, there were 33 grade 1 (59%), 7 grade 2
(12.5%), and 16 grade 3 (28.5%) STSs in myxoid group according to
the Federation Nationale des Centres de Lutte Contre le Cancer
(FNCLCC) classification system [1]. For the purpose of analyses,
grade 2 or 3 STSs were grouped as high-grade STSs. Mean size of the
primary tumor, defined as the largest diameter on the pathology
report or preoperative MRI, was 8.1 cm (range 1.2—20.8). There was
no significant difference between the myxoid and non-myxoid
group with regard to patient and tumor characteristics except for
the higher proportion of low-grade tumors in the myxoid group.
(Table 2). As for the imaging modality, all patients underwent MRI
prior to CNB.
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Fig. 1. Representative H&E sections of myxoid tumor (a—c) and non-myxoid tumor (d—f). Myxoid liposarcoma ((a) core needle biopsy, magnification x40 (b) core needle biopsy,
magnification x200 (c) resection, magnification x200) and undifferentiated pleomorphic sarcoma ((d) core needle biopsy, magnification x40, (e) core needle biopsy,

magnification x200, (f) resection, magnification x200)).

Table 2
Comparison between the myxoid group and non-myxoid group.
Characteristic Non-myxoid (n=294) Myxoid (n=75) P value
Age, years [mean (+SD)] 46.1 (£19.3) 53.5(+15.1) 0.845
Gender 0.345
Male 150 (51%) 43 (57%)
Female 144 (49%) 32 (43%)
Tumor size, cm [mean (+SD)] 7.7 (+4.9) 9.6 (+5.5) 0.746
Tumor grade < 0.001
Grade 1 29 (19%) 33 (59%)
Grade 2 38 (24%) 7 (13%)
Grade 3 90 (57%) 16 (28%)
Tumor depth 0.124
Deep 275 (94%) 70 (93%)
Superficial 19 (6%) 5 (4%)
Tumor location 0.365
Thigh 104 (36%) 40 (53%)
Pelvis 46 (16%) 6 (8%)
Leg 30 (10%) 7 (9%)
Shoulder 14 (5%) 4 (5%)
Arm 18 (6%) 8 (11%)
Truncal 19 (7%) 5(7%)
Others 63 (21%) 5 (7%)

Data are expressed as n (%) unless otherwise specified SD, standard deviation.

Diagnosing malignancy

In all, CNB correctly diagnosed 91.5% (97 of 106) of benign tu-
mors and 92.0% (242 of 263) STSs (Table 3). In the non-myxoid
group, CNB correctly identified 94% (94 of 100) of benign tumors
and 95% (184 of 194) of STS. In contrast, in the myxoid group, CNB
correctly identified only 50% (3 of 6) of benign tumors and 84% (58
of 69) of STSs. The sensitivity, specificity, PPV, NPV and diagnostic

accuracy of CNB for diagnosing malignancy were 94.8% (95%Cl
89-99), 94.0% (95%CI 90—98), 96.8% (95%CI 94—98), 90.3% (95%Cl
85-95) and 94.5% in the non-myxoid group, and 84.0% (95%CI 82-
88), 50.0% (95%Cl 44—56), 95.0% (95%Cl 91-99), 21.4% (95%Cl
19—23) and 81.3% in the myxoid group, respectively. Fibromatosis
(n=32)and schwannomas (n = 25) were the most common benign
soft tissue tumors diagnosed and myxoid/round cell liposarcoma
(n=32), myxofibrosarcoma (n=26) and fibro-myxoid sarcoma
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Table 3

Diagnostic ability of core needle biopsy in differentiating malignant and benign soft tissue tumors.

All (n =369) Non-myxoid (n=294) Myxoid (n=75)
CNB-Resection
Malignant-Malignant 242 184 58
Malignant-Benign 9 6 3
Benign-Malignant 21 10 11
Benign-Benign 97 94 3
Diagnostic parameters
Sensitivity 92.0% (Cl=89-95) 94.8% (Cl=89-99) 84.0% (CI = 82-88)
Specificity 91.5% (C1=89-93) 94.0% (CI=90-98) 50.0% (Cl =44—-56)
Positive predictive value 96.4% (Cl =95-97) 96.8% (Cl =94-98) 95.0% (Cl=91-99)
Negative predictive value 82.2% (Cl=78-86) 90.3% (Cl=85-95) 21.4% (C1=19-23)
Diagnostic accuracy 91.8% 94.5% 81.3%

(n=6) were the most common malignant tumor diagnosed by
CNB. Among the 21 STSs misdiagnosed as benign tumors, myxoid
liposarcoma (n = 6), and synovial sarcoma (n = 3) were the most
common tumor subtypes. Among the 9 benign tumors mis-
diagnosed as malignant, fibromatosis (n=5) and neurofibroma
(n=2) were the most common subtypes.

Diagnosing grade in soft tissue sarcoma

For all 240 STSs diagnosed, a grade was reported for both the
CNB and the resected specimen. For the purpose of analyses, pa-
tients who received neoadjuvant chemotherapy (n = 21) or radia-
tion (n = 6) were excluded. In the non-myxoid group, CNB correctly
identified 100% (29 of 29) of low-grade STS but only 74% (94 of 128)
of high-grade STS (Table 4). In contrast, in the myxoid group, CNB
correctly identified 97% (32 of 33) of low-grade STS and 78% (18 of
23) of high-grade STS. The sensitivity, specificity, PPV, NPV and
diagnostic accuracy of CNB for diagnosing histologic grade were
73.4% (95%C1 66—80), 100%, 100%, 46.0% (95%CI 37—55) and 79.0% in
the non-myxoid group, and 78.2% (95%Cl 59—-97), 96.9% (95%ClI
92-100), 94.7% (95%CI 89—99), 86.4% (95%CI 56—87) and 89.3% in
the myxoid group, respectively. Analyses of 39 STSs which were
under-graded showed an underestimation of necrosis in 22 (56%),
mitosis in 21 (54%) and differentiation in 6 (15%) among the 3 items
of FNCLCC grading system.

Identifying histologic subtype

In all, histologic subtype was reported by CNB in 97% of the
patients (359 of 369). There was no difference between the myxoid
group and non-myxoid group in reporting the histologic subtype
[96% (72 of 75) in the myxoid group and 98% (287 of 294) in the
non-myxoid group (p=0.975)]. However, the rate of correct

Table 4

identification was significantly lower in the myxoid group than that
of the non-myxoid group [63% (47 of 75) and 82.3% (242 of 294)
respectively, (p =0.013)].

Discussion

Because of its minimal invasiveness, percutaneous CNB is being
increasingly performed for diagnosing extremity soft tissue tumors
[13]. The major goals of CNB are to diagnose malignancy, and in STS,
to identify the grade and histologic subtype. Myxoid nature of soft
tissue tumor has been suggested as an adverse factor for correct
diagnosis using CNB [9,10], with one study reporting only 11% of
CNB being useful for myxoid tumors, compared with 80% for non-
myxoid tumors [9]. However, to our knowledge, no study exists
regarding the diagnostic ability of CNB for malignancy, grade and
histology in myxoid soft tissue tumors. We hypothesized that
myxoid characteristic reduces the diagnostic ability of CNB in soft
tissue tumors of the extremity. We sought to address this question
by comparing the diagnostic ability of CNB between the myxoid soft
tissue tumor and non-myxoid soft tissue tumor with regard to
malignancy, grade, and histology.

In diagnosing malignancy, the myxoid group showed similar
sensitivity and PPV but lower specificity and NPV when compared
with the non-myxoid group. The low specificity (50.0%) and NPV
(21.4%) of the myxoid tumors warrant caution, although the small
number of benign tumors might have contributed these findings.
Diagnostic inaccuracy has a substantial impact on patient and
treatment offered. Of the 75 myxoid tumors, there were 14 mis-
diagnoses (19%), 11 STSs misdiagnosed as benign and 3 benign tu-
mors misdiagnosed as STS (Table 5). Of the 11 STSs misdiagnosed, 9
were low grade STSs with myxoid liposarcoma and myxofi-
brosarcoma being the most common histologic subtypes. Of the 11
patients, 8 were considered highly suspicious for STS and were

Diagnostic ability of core needle biopsy in differentiating low grade and high grade in soft tissue sarcoma.

All (n=213) Non-myxoid (n=157) Myxoid (n = 56)
CNB-Resection
High-High 112 94 18
High-Low 1 0 1
Low-High 39 34
Low-Low 61 29 32
Diagnostic parameters
Sensitivity 74.2% (Cl=67—-87) 73.4% (Cl = 66—80) 78.2% (C1=59-97)
Specificity 98.3% (Cl=97-99) 100% 96.9% (CI =92—-100)
Positive predictive value 99.1% (CI=98—-100) 100% 94.7% (Cl = 89—99)
Negative predictive value 61.0% (CI=52-70) 46.0% (Cl =37-55) 86.4% (Cl=56-87)
Diagnostic accuracy 81.2% 79% 89.3%
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Table 5
Myxoid soft tissue sarcomas misdiagnosed as benign by core needle biopsy.
Case Age Sex MRI Diagnosis CNB Diagnosis Resection Diagnosis Resection Adjuvant Surgical Pathologic Local
Grade Treatment Margin margin Recurrence
1 50 Female Liposarcoma Benign spindle cell ~Myxoid liposarcoma Low No Marginal Negative Yes
tumor
2 63 Female Liposarcoma Intramuscular Myxoid liposarcoma Low Radiation Marginal Negative No
myxoma
3 38 Male Liposarcoma Intramuscular Myxoid liposarcoma Low Radiation Marginal Negative Yes
myxoma
4 56 Female Liposarcoma Benign spindle cell ~Myxofibrosarcoma Low No Wide Negative No
tumor
5 57 Female Liposarcoma Necrotic tissue Myxofibrosarcoma Low No Wide Negative No
6 59 Female Soft tissue Benign spindle cell ~ Fibro-myxoid sarcoma Low No Wide Negative No
sarcoma tumor
7 55 Male Soft tissue Intramuscular Extra-skeletal myxoid Low No Wide Negative No
sarcoma myxoma chondrosarcoma
8 78 Male Soft tissue Necrotic tissue Fibro-myxoid sarcoma High No Wide Negative No
sarcoma
9 28 Female Synovial Haemorrhagic tissue Myxofibrosarcoma High Radiation Wide Negative Yes
sarcoma
10 62 Female Soft tissue Haemorrhagic tissue Myxofibrosarcoma Low No Wide Negative No
sarcoma
11 75 Female Fibromatosis Necrotic tissue Fibro-myxoid sarcoma Low No Wide Negative No

CNB, core needle biopsy.

treated with wide excision. Therefore, only 3 misdiagnoses resulted
in errors in definitive surgery, 2 of whom resulted in local recur-
rence. All 3 benign tumors misdiagnosed as STS underwent wide
excision which potentially adds to the morbidity of surgery and loss
of function. Careful interpretation of clinical and radiological find-
ings is warranted to reduce the adverse consequences due to
incorrect CNB.

In defining grade, the myxoid STS showed good sensitivity,
specificity, PPV, and NPV. On the contrary, the low sensitivity
(73.4%) and NPV (46.0%) in the non-myxoid STS warrants caution,
as histologic grade is one of the key parameters in deciding the
administration of adjuvant treatment or the surgical margin in STS
[14]. Our finding of low NPV in non-myxoid group suggest that
when CNB shows low grade in a non-myxoid STS, the possibility of
false negative should be considered. The heterogeneity of non-
myxoid STS, in which the mixed areas of high grade and low
grade co-exist, may have contributed to this finding [15]. Imaging
characteristics could be helpful in defining grade, such as the
morphological heterogeneity on MRI [16]. Of note, synovial sar-
coma was the most frequent subtype misdiagnosed high grade as
low grade (34%, 11 of 33). Out of 157 non-myxoid STS where grade
was reported, there were 34 misdiagnoses. Of the 34 under-graded
non-myxoid STSs, 33 were resected with wide margin and 1 with
marginal margin. Twenty-two patients received adjuvant radiation
and 10 received adjuvant chemotherapy. Forty-seven percent of
these patients developed LR compared with 27% (33 of 1230) of the
correctly graded patients. Of the 5 under-graded myxoid STSs, all
were resected with a wide margin with 4 patients receiving adju-
vant radiation and 1 receiving adjuvant chemotherapy. One patient
(20%) developed LR in these patients. These findings highlight the
importance of grade assessment by CNB, especially for non-myxoid
STS. Utilization of molecular signature such as CINSARC, a possible
more robust prognosticator for the clinical outcome than FNCLCC
grading system, would be helpful in CNB [17].

Identifying histologic subtype of an STS is becoming important
as current treatment strategies for STS are increasingly adapted to a
specific histological subtype [18,19]. Moreover, identification of
histologic subtype is important for planning surgical margin, as
local growth patterns of STS may differ according to the histologic
subtype [20,21]. Infiltrative histologic growth pattern which ne-
cessitates wider surgical margin, has been well-documented in

undifferentiated pleomorphic sarcoma and myxofibrosarcoma,
which can be identified on MRI findings such as the tail-sign
[22—25]. In this study, CNB identified histologic subtypes in only
63% of myxoid tumors compared with in 82% of non-myxoid tu-
mors (p=0.013). Improvement of CNB in identifying histologic
subtypes in myxoid tumors seems necessary although the benefit
of subtype-based chemotherapy for locally advanced STS has not
yet been proven [18,26,27].

Imaging studies could be helpful in interpreting CNB results.
Some studies have also shown that malignant tumors have
increased vascularity at the periphery [28], which reflects the more
aggressive peripheral growth pattern of high-grade tumors. Peri-
tumoral fluid signal intensity is significantly more common in high-
grade than in low-grade STS [16]. A myxoid tumor that demon-
strates a tail sign and a fibrous signal on MRI is more likely to be
myxofibrosarcoma than a myxoma or a neurogenic tumor. Thus,
MRI could also help to distinguish benign from malignant myxoid
tumors. The use of PET/CT to target metabolically active lesions may
be helpful in estimating the grade of an STS [29]. The use of real-
time ultrasound-MRI fusion or ultrasound- PET/CT fusion may
help targeting the relevant areas of tumor, thus improving CNB
performance for diagnosing malignancy and histological subtype
[30,31].

Out of 20 patients who underwent repeat CNB in this study, 11
(55%) had a diagnostic yield. The diagnostic yield of a re-CNB was
not different between myxoid tumors and non-myxoid tumors.
Myxofibrosarcoma was the most common non-diagnostic tumor
subtypes in myxoid tumors, whereas undifferentiated pleomorphic
sarcoma and synovial sarcoma were the most common non-
diagnostic tumor subtypes in non-myxoid tumors. Taken
together, these findings suggest that re-CNB of myxoid tumors can
be useful.

A few things should be considered while interpreting the results
of this study. First, procedures of CNB and pathology specimen
processing may not have been standardized as this study was
performed over a relatively long period of time. However, the
protocols for these procedures have remained largely unchanged
over the study period at our institute. The overall diagnostic ac-
curacies of 92%, 81% and 73% in assessing malignancy, histologic
grade and histologic subtype, respectively, were similar to those of
previous studies [3,32,33]. Second, this study included only the
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patients who had the tumors resected, the results of this study may
not represent the entire spectrum of CNB as the proportion of
benign tumors was small. Moreover, most benign myxoid tumors
are excised based on clinical and radiological findings without a
preoperative biopsy. However, the percentage of higher grade tu-
mors and histological types were similar to previous studies
[1,3,32,33]. Third, as the patients were selected from our surgical
database, non-tumorous conditions were excluded. Thus, the re-
sults of this study may not allow extrapolation to the entire patients
undergoing CNB. Fourth, the grouping of myxoid tumors was based
on postoperative resection pathology, which limits the usefulness
of the grouping in the clinical setting. Fifth, the reasons for mis-
diagnoses with CNB could be multi-factorial, such as the number of
samples, the experience of the pathologists or the radiologists, the
degree of morphological heterogeneity of the tumor and size of the
tumor. Indeed, tumor size was associated with the estimation of
grade in non-myxoid STS, with larger tumors showing a better
estimation of grade.

In conclusion, our study suggests that CNB is useful for myxoid
soft tissue tumors of the extremity, with regard to diagnosing
malignancy and histologic grade. However, CNB was less useful for
identifying histologic subtype in myxoid tumors than in non-
myxoid tumors. Careful consideration of clinical and radiological
findings is warranted to reduce the adverse consequences due to
incorrect CNB in myxoid soft tissue tumors.
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