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Can we distinguish conventional osteosarcoma
subtypes (osteoblastic and chondroblastic) based on
their magnetic resonnace signal intensities
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SUMMARY

Introduction/Objectives Osteosarcoma is the most common primary malignant bone tumor in adoles-
cents and young adults, with a tendency to produce variable amounts of osteoid, cartilage, and fibrous
matrices.

The objective of this study is to differentiate between osteosarcoma subtypes: osteoblastic and chon-
droblastic according to their magnetic resonance imaging (MRI) signal intensities and X-ray findings.
Methods We performed a retrospective analysis for 21 pathologically proven osteosarcoma subtypes:
osteoblastic (n = 14) and chondroblastic (n = 7). Conventional images of the bone of origin, periosteal
reactions, lytic and sclerotic features, the presence of calcification, and pathological fractures were inves-
tigated with X-rays. We measured the mean region of interest values for each lesion with MRI sequences.
Results Among the osteosarcoma lesions, 57% were localized at the knee. X-ray evaluations of the os-
teoblastic osteosarcomas revealed pure lytic lesions in 35.7%, and pure sclerotic lesions in 42.9% cases.
Chondroblastic osteosarcomas revealed pure lytic lesions in 14.3% and pure sclerotic lesions in 42.9%
cases. Due to variable osteoblastic, chondroblastic, and fibroblastic areas and proportions of the ossi-
fied matrix, osteosarcoma lesions have a heterogeneous MRI signal. However, no statistically significant
value was detected.

Conclusion According to our results, MRI signal characteristics and X-ray findings may not be able to
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distinguish osteosarcoma subtypes, so prospective studies with larger patient cohorts are needed.
Keywords: magnetic resonance imaging; osteosarcoma; subtype; region of interest

INTRODUCTION

Osteosarcoma (OS) is the most common pri-
mary malignant bone tumor in adolescents
and young adults, comprising 10% of solid
cancers in patients between 15 and 19 years
of age, with a tendency to produce variable
amounts of osteoid, cartilage, and fibrous ma-
trices. Although myeloma is the most common
primary bone tumor in adults, OS also shows a
second peak in adults in their 70s and 80s [1].
OS is classified according to the World Health
Organization, with conventional high-grade
central OS (HG-OS) as the most common
subtype, accounting for 75-80% of all cases
[2, 3]. Differentiating OS subtypes has clinical
importance because of the differences in their
prognosis and treatment [4].

Conventional OS are divided into three gen-
eral subtypes: osteoblastic, chondroblastic, and
fibroblastic. They all contain varying amounts
of all three cell types in their matrices [5].

Radiographic assessment still has an unprec-
edented value in the initial assessment of HG-
OS. The classic radiographic features include
aggressive lytic bone destruction, osteoblastic
matrix production, extraosseous soft tissue
extension, and periosteal reactions [6]. These
allow for a confident radiological diagnosis in
the majority of cases as Figure 1. Other rare

morphologic forms of conventional OS are gi-
ant cell-rich variants (numerous osteoclast-like
giant cells), epithelioid variants, osteoblasto-
ma-like variants, chondroblastoma-like vari-
ants, chondromyxoid fibroma-like OSs, clear
cell variants, and small cell variants. Although
few in numbers, there are still ongoing studies
about the differentiation of OS subtypes and
other primary bone tumor types based on the
radiological findings [7, 8, 9].

In this study, we aimed to radiologically
distinguish the osteoblastic type, which is the
most common type of conventional OS, from
the chondroblastic type, which is characterized
by chondroid-looking immature tissues next
to osteoid-forming areas, based upon X-ray
findings and localizations and the quantitative
values of intensity of the tumoral area detected
with MRI imaging.

METHODS

This retrospective study was approved by the
“Ethical Committee of the Faculty of Medicine,
our institution,” and is in compliance with
the Helsinki Declaration (ID:2022/0403).
Information on patients diagnosed with OS
between January 2015 and March 2021 was
retrieved from the database. Patients who
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Figure 1. Osteoblastic osteosarcoma: A — anteroposterior radiograph
shows a lytic sclerotic lesion of the distal femoral epiphysis-metaphysis
(arrow); B — coronal T2 fast spin echo magnetic resonance image, distal
femoral intramedullary tumor, and extraosseous extension (arrow);
C - axial T1 fast spin echo magnetic resonance image; three dots in-
dicate region of interest measurement sites; D — axial postcontrast T1
magnetic resonance image three region of interest marks placed in
the same location

were operated on in our hospital, who had a pathologi-
cally confirmed diagnosis of OS, and had MRI scans were
included in this study. Patients with secondary OS were not
included. MRI scans with inadequate assessment quality
as well as those that did not have fat-suppressed sequences
and without contrast enhancement were excluded. Patients
only diagnosed with osteoblastic or chondroblastic con-
ventional subtypes were included in our study.

Direct radiographs of all patients were viewed from the
picture archiving and communication system. Localization
of lesions, Codman’s and/or sunburst-type periosteal reac-
tions, lytic and sclerotic features, the presence of calcifi-
cation, and pathological fractures were investigated with
X-rays.

Magnetic resonance imaging and measurement
protocols

T1-weighted, T2-weighted, and contrast-enhanced T1-
weighted images were obtained. For the contrast-enhanced
studies, gadopentetate dimeglumine (0.1 mmol/kg body
weight) was administered, and T1-weighted sequences
with similar imaging parameters to the pre-contrast T1-
weighted images were obtained.

T1-weighted spin-echo images were taken from the 1.5
Tesla MR device [field of view (FOV) 16, section thickness
4 mm, repetition time (TR) 426, echo time (TE) min], and
T2 fast spin-echo images were taken from the 1.5 tesla MR
device (FOV 16, section thickness 4 mm, TR 1500, TE 45).

These variations of TR, slice thickness, and FOV were
changed depending on the number of slices and the size
of the masses.

Lesions were grouped as femoral, tibial, and other ac-
cording to their location in the bone. The diaphyseal, me-
taphyseal, and epiphyseal involvement sites in the bone
were also noted (Table 1).
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Table 1. Radiological findings of cases

Group-1 Group-2

Parameters (Osteoblastic) | (Chondroblastic) | p value
n=14 n=7
Age (years) 255+19.6 20.8+11.3 0.573
Male 4 (28.6%) 4 (57.1%)
0.346

Female 10 (71.4%) 3 (42.9%)
T1-ROI 636.3 +387.0 873.5+£610 0.288
T2-ROI 973.2£525.7 981.5+878.6 0.978
Contrast 1586.2+£945.7 | 1625.8 +1744.2 0.948
Localization
Femur 6 (42.9%) 3 (42.9%)
Tibia 3(21.4%) 3 (42.9%) 0.599
Other 5 (35.7%) 1(14.3%)
Only D 4 (28.5%) 2 (28.6%)
Only M 0 1(14.3%)
D+M 4 (28.5%) 2 (28.6%) 0.499
E+M 1(7.1%) 1(14.3%) :
E+M+D 0 1(14.3%)
Other localization 5 (35.6%) 1(14.3%)
Codman triangle 7 (%50) 2 (28.6%) 0.622
X-ray findings
Sclerosis 5 (35.7%) 3 (42.9%)
Pathological fracture 2 (14.2%) 2 (28.6%) 0395
Calcification 1(7.1%) 0 .
Lytic lesion 5(35.7%) 1(14.3%)
According to T1
Hyperintense 5(35.7%) 3(42.9%)
Hypointense 4 (28.6%) 3 (42.9%) 0.688
Isointense 2 (28.6%) - '
Heterogenous 3(21.4%) 1(14.3%)
According to T2
Hyperintense 1(78.6%) 4(57.1%) 0.299
Hypointense 3(21.4%) 3 (42.9%) :

ROI - region of interest; D — diaphysis; M — metaphysis; E — epiphysis

Region of interest (ROI) was placed in three different
areas of the tumors in enhanced sequences. While placing
ROJ, the areas with contrast enhancement were chosen and
care was given not to involve-enhancing areas showing
necrosis and cystic cavity. Then, the average ROI value
was calculated for each sequence (Table 1).

Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 20.0. (IBM Corp., Armonk,
NY, USA). Normality testing was performed with the
Kolmogorov-Smirnov test. Normal distributions were
shown as mean + standard deviation, non-normal distri-
butions as median (interquartile range), and categorical
variables as numbers and percentages. Differences between
groups of numerical variables were evaluated with either
the Student’s t-test, or Mann-Whitney U-test according
to normality distribution. Comparisons of categorical
variables were performed using x?, Yatess correction, and
Fisher’s exact tests. The correlations between numerical
variables were tested by the Spearman correlation analysis.
Changes in cardiovascular magnetic resonance param-
eters were performed with paired sample t-tests, while
differences between groups were by repeated measures of
ANOVA analysis.
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RESULTS

We retrospectively analyzed 21 patients with OS between
2015 and 2021. Osteoblastic OS was detected in 14 patients
(66.6%). Chondroblastic OS was detected in seven patients
(66.6%). In nine patients (42.8%), lesions were localized at
the femur, and in six patients (28.5%) at the tibia. The sa-
crum was involved in three patients (14.2%), fibula in one
patient (4.7%), and extraskeletal in two patients (9.5%).

All but three patients underwent resection of the tumor
for diagnostic purposes. Patients were grouped according
to their pathological subtypes. We found no correlation
between X-ray findings and T1-ROI, T2-ROI, and their
contrasts (Table 1).

The studied OS lesions showed heterogeneous signal
patterns on different MRIs. Ossified matrices, although
in variable proportions, were present in all lesions. X-ray
evaluations of the osteoblastic OSs revealed pure lytic le-
sions in 35.7% and pure sclerotic lesions in 35.7%; other
X-ray findings involved pathological fracture and calcifica-
tions. X-ray evaluations of the chondroblastic OSs revealed
pure lytic lesions in 14.3% (Figure 2), pure sclerotic le-
sions in 42.9%, and pathological fractures in 28.6%. Of the
chondroblastic OS lesions, 85.8%were located in the long
bones. No statistically significant difference was detected
according to the involvement sites in the bone (Table 1).
There was no statistically significant difference in T1 and
T2 signal intensities and fat-suppressed contrast-enhanced
T1signal intensity between osteoblastic and chondroblastic
types (p = 0.288, p = 0.978, and p = 0.948, respectively).

DISCUSSION

In this study we evaluated the correlation of OS subtypes
with a pathological diagnosis with MR sequences con-
ducted on 21 patients, no correlation was found between
MR findings and OS subtypes.

Combining diagnostic imaging and a histopathologi-
cal examination for the detection of bone tumors is indis-
pensable [10]. Radiologically, OSs usually seem intense
relative to muscle on T1-weighted images while hyperin-
tense on T2-weighted images. Areas of low signal inten-
sity are common in both T1-weighted and T2-weighted
MR images and represent a mineralized matrix. In both
intraosseous and soft tissue components, central hemor-
rhage foci appear hypointense on T1-T2 images; necrosis
is hypointense on T1-weighted images and hyperintense
on T2-weighted images. Variable imaging characteristics
of rarer subtypes of OSs create diagnostic difficulties [11].
It may be possible with a combination of histopathologi-
cal and radiological features to diagnose OS subtypes and
manage appropriate treatment strategies, which have an
important role in the survival of patients.

Conventional radiography is the first imaging proce-
dure that provides a clue to the initial diagnosis, such as
the aggressiveness of the tumor and hence prognosis. It also
provides a differential diagnosis. Although the incidence of
sclerotic lesions was higher in chondroblastic OS compared
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to osteoblastic sarcoma, this was not enough to produce
a statistically significant value. However, the incidence of
Iytic lesions was higher in the osteoblastic sarcoma group
compared to the chondroblastic OS group, but this did not
reach a statistically significant value, probably owing to oste-
oid and chondroblastic matrix content heterogenicity. Bone
lesions detected in radiography (the periosteal reaction, de-
fined as Codman’s triangle) were higher in osteoblastic OS,
although not enough to reach a statistically significant value.

Although MRI modality may be superior in the staging
of suspected or proven osteosarcomatous disease, as with
other intraosseous lesions, it is the radiographic features of
the tumor that are of primary importance in the generation
of a specific diagnosis.

Conventional OSs are usually presented as intramedul-
lary masses. Differentiating chondroblastic OS from other
conventional OS types has clinical importance because
of the differences in the prognosis [12]. Unfortunately,
chondroblastic OSs are associated with a poor response to
chemotherapy and display a high incidence of metastases.
As chondroblastic OS are chemoresistant, the effect of a
resection margin and the role of radical surgery is more
important compared to osteoblastic OS for treatment and
survival [13].

Due to the relatively low incidence of chondroblastic OS,
cases describing its diagnosis and treatment strategies are ex-
tremely rare. The diagnosis of chondroblastic OS was made
when the chondroid component involved at least 30% of the
lesion, which is not always easy to detect. Non-enhanced
T1-weighted magnetic resonance imaging (TIWI MRI) is
an important preoperative examination used to visualize
the intramedullary extent of malignant long bone tumors
(Figures 2 and 3). Early reports showed that MRIs, espe-
cially TIWI MRIs in patients with primary bone tumors,
were reliable for delineating lesion characteristics [14].
T1signal characteristics for the non-mineralized component
is isointense, and for the mineralized/ossified component,
it is hypointense. However, the T2 signal characteristics of
the non-mineralized component are hyperintense, and the
mineralized/ossified component is hypointense. No statisti-
cally significant difference was found between the T1 and
T2 signal characteristics for osteoblastic and chondroblas-
tic OSs. The potential additional value of Diffusion MRI
imaging is to provide in vivo functional tissue information
when it has been added to conventional MR to improve the
specificity of lesion characterization. It is well understood
that apparent diffusion coefficient (ADC) values reflect the
pathological content of the tissues and the diffusion of water
molecules in the extracellular space. Hence, it is expected in
malignant tumors that high cellularity, pleomorphism, and
hyperchromatism contribute to diffusion restriction [15, 16].

Diffusion-weighted (DW) MRI can be used to evaluate
chemotherapy response in OS.

An increase in ADC is expected in assessing adequate
treatment response [17]. Multiple studies have demon-
strated the ability of DWI to differentiate between good
and poor treatment responses in HG-OS. Wang et al. [17]
assessed chemotherapy responses with DWI between dif-
ferent histological subtypes of HG-OS, identifying that
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Figure 2. Chondroblastic osteosarcoma: A - lateral radiograph shows
Codman triangle (arrow); B - sagittal T1-weighted fast spin echo mag-
netic resonance image of the femur intramedullary tumor extension di-
aphysis to epiphysis; C — postcontrast T1-weighted magnetic resonance
imaging significant contrast enhancement; D - coronal T2-weighted
fast spin echo magnetic resonance imaging extramedullary extension

Figure 4. In osteoblastic osteosarcoma, the osteoid matrix is thin, re-
ticulated, and lacy (Hematoxylin eosin x 100)

tumor necrosis could be differentiated from a viable tumor
in fibroblastic and osteoblastic OS, but not in chondro-
blastic OS due to the inherently high ADC values of viable
chondroblastic tissue [18].

In their studies, Pekcevik et al. [19] reported that chon-
drosarcomas had the highest ADC values among malig-
nant bone tumors. Hayashida et al. [20] reported that there
was no significant difference between the ADC values of
solitary bone cysts, fibrous dysplasia, and chondrosarco-
mas with chondrosarcomas values lying in between the
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Figure 3. Chondroblastic osteosarcoma: A - axial T1-weighted fast
spin echo magnetic resonance image of the tibia showing a lobular
isointense morphology to the tumor (Stars); B — axial postcontrast T1-
weighed magnetic resonance imaging displaying significant contrast
enhancement; C - sagittal T1-weighted magnetic resonance imaging
showing a lobular hypointense intramedullary component; D - hy-
perintense lesion extending to the epiphysis at coronal T2 weighted
fast spin echo image

Figure 5. In chondroblastic osteosarcoma, the dominant component
(usually 80-90%) is the chondroid, which is usually hyaline, less often
myxoid cartilage matrix (Hematoxylin eosin x 100)

other two benign lesions. In another study, it was revealed
significantly higher minimum ADC values of chondroblas-
tic OS compared to other OS subtypes [8]. In our study,
we could not involve DW MRI and ADC values because
DW images (DWI) have only become standard after 2021.

Setiawati et al. [21] tried to analyze the histological sub-
types of OS with dynamic contrast-enhanced MRI in addi-
tion to ADC characteristics. They found that osteoblastic
OS had the highest value according to time intensity curve
analysis and chondroblastic type OS had the highest value
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according to ADC. They argued that in addition to deter-
mining the subtypes, the healing status of the disease and
treatment response can be evaluated with this study [21].

Conventional OSs contain varying proportions of osteo-
blastic, chondroblastic, and fibroblastic areas. OS is clas-
sified as subtypes according to the matrix and dominant
components. The variable histopathological structure of
OS subtypes complicates the diagnosis. In OS, cells display
marked pleomorphism and atypia. Neoplastic cells are in
close association with the osteoid or chondroblastic matrix.
In osteoblastic OS, the osteoid matrix is thin, reticulated,
and lacy, and it has a yellowing appearance (Figure 4). In
chondroblastic OS, the dominant component is usually the
chondroid tissue (Figure 5). Chondroid areas are usually
similar in grades 2-3 chondrosarcoma histology, and even
a small amount of neoplastic osteoid formation should
be present in chondroblastic OS. OS usually have mixed
histology. ROI values in our study failed to distinguish
between chondroblastic or osteoblastic types possibly due
to mixed histological heterogeneity.
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Mo3Kemo u pa3nnKoBaTh KOHBEHLMOHAIHE NOATUNOBE OCTEOCAPKOMA
(octeobnacTMuHe u XoHAPOONACTUUHE) HA OCHOBY MHTEH3UTETA MarHeTHe

pesoHaHue

Ca6je N'ynunn bos6ejony', Ajuwe Hyp Tokcos Jungupum®

"Tpancka 6onHnua lostene, Mpod. ap Cynejman Janumn’, Oferberbe 3a pagnonorujy, Victaubyn, Typcka;
*Tpapcka 6onHuLa lo3Tene, Mpod. ap Cynejvan Janunk’, Onembetbe 3a natonorujy, Mctanbyn, Typcka

CAMETAK

YBoa/LUnm Octeocapkom je Hajuelwhv nprMapHy ManurHu
TYMOP KOCTUjy Ko ajonecLieHarta v Maagux ogpacnux, ca
TEHAEHLMjOM ia MPOM3BOAM Pa3nynTE KOIMYMHE OCcTeona,
XpcKaBuLe v GUbPO3HOr MaTpuKca.

Linm oBor nctpaxunBara je Aa ce Hanpasu pasnuka namehy
0CTEOCAPKOMCKMX MOATUMOBA, OCTEO6ACTUUYHMX U XOHLPO-
611acTNYHMX, HA OCHOBY Hana3a MarHetHe pe3oHaHue (MP) n
peHAreHcKor curHana.

Mertope PeTpocneKkTuBHa aHanu3a je ypaheHa 3a 21 natono-
WKW AOKa3aH MOATMMN OCTEOCAPKOMA: OCTEOONACTNYHY (n = 14)
1 XOHAPO6NACTUYHY (N = 7). PEHAFEHCKUM CHAMKOM Cy UCMUTaHa
yobuyajeHa KolUTaHa MopeKIa, NeprocTanHe peakLyje, UT1YKe
U CKNEepPOTHYHE KapaKTepUCTMKe, MPUCYCTBO Kanuudukauumje
1 NaToNOLWKKMX Nnpenoma. i3amepunu cmo cpeftbe BpeaHOCTM
0611acTn HTepecoBatba 3a CBaky Ne3ujy nomohy MPU cekBeHLie.
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Pesyntatu Mehy nesunjama octeocapkoma, 57% je 61no noka-
JIN30BaHO Ha KOMeHy. PeHAreHCKM nperneay octeo6nacTMyHmX
oCTeocapKoMma Cy OTKPUIM YnucTe nnTuyke nesmnjey 35,7% n
yuncTe cKnepoTuuHe nesuje y 42,9% cnyvajeBa. XoHapobna-
CTUYHUN OCTEOCAPKOMM Cy OTKPUIIN YNCTE IMTUYKE nesuje y
14,3% 1 uncTe cknepoTnyHe nesuje y 42,9% cnyyvajesa. 36or
NMPOMEHJbMBUX 0CTE0ONACTUYHIX, XOHAPOOAACTUYHUX 1 du-
6pobnacTyHKX Noapyyja 1 NPONopLja OKOLUTaNOr MaTPUKCa,
ne3uje octeocapkoma Umajy xeteporedu MP curtan. Mehytum,
Huje OTKpUBEHa CTaTUCTNYKM 3HaYajHa BPeJHOCT.

3aksbyyak [lpema Halwmm pe3yntaTuma, Kapaktepuctuke MPU
CUrHana n peHAreHCKI Hanasn moxpaa Hehe mohi aa pasnukyjy
MOATVMOBE OCTEOCaPKOMa, TaKo Aia Cy HEOMXO[HE MPOCMEKTUB-
He cTyamje ca Behmm rpynama 6onecHvika.

KmbyuHe peun: marHeTHa pe3oHaHLa; 0CTe0CapKOM; MOATHN;
0bnacTt nHTepecoBarba
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