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Summary

Purpose: Bone and soft tissue tumors are rare. There is a 
variety of types and each one has its own particular behavior, 
treatment and patient outcome. The assessment of treatment 
response following the 3rd cycle of chemotherapy is one of the 
most important aspects of patient care, as therapeutic op-
tions and the timing of surgery may vary depending on the 
achievement of response. Hence, we focused on the advanced 
imaging technique, proton magnetic resonance spectroscopy 
(1H MRS), aiming at improving the diagnostic accuracy and 
the tumor response to therapy, based on the absolute concen-
tration of choline (Cho) as biomarker of malignancy.

Methods: Twenty patients were studied. All of them had a 
pathological diagnosis after biopsy. MRI examinations were 
performed using a 1.5 T MR scanner (Avanto; Siemens, Er-
langen, Germany). Single-voxel 1H MR spectroscopy was 
performed by using a PRESS with TR/TE 1530/100 ms, 
before chemotherapy and after the 3rd cycle. 1H MRS was 

processed in LC model.

Results: Of 20 patients, 7 responded to neoadjuvant chemo-
therapy and 13 did not. In responders, the mean concen-
tration of tCho before therapy was 4.7±2.5 mmol/kg, which 
showed statistically significant reduction after therapy. In 
non-responders, the mean tCho concentration before therapy 
was 2.9±0.9 mmol/kg which remained the same or increased 
after the 3rd cycle of neoadjuvant chemotherapy (2.7±2.5 
mmol/kg; range from 2.05 to 5.79 with no statistical signifi-
cance). Compared to reference healthy group, tCho concentra-
tions were increased in all cases.

Conclusions: 1H MRS appears to be valuable technique 
for evaluation of response to neoadjuvant chemotherapy of 
patients with musculoskeletal tumors (MSK).
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Introduction

 Bone and soft tissue tumors are rare. There is 
a variety of types and each one has its own par-
ticular behavior, treatment and patient outcome. 
The etiology of these tumors is basically unknown. 
Some researchers have suggested a genetic cause 

because of the increased incidence in patients with 
certain conditions (hereditary osteocartilaginous 
exostosis, Maffucci’s syndrome, Paget’s disease) 
and because certain tumors have genetic mutations 
of their cells [1,2].
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 Bone and soft tissue tumors are classified by 
their cell or tissue type and their ability to spread 
beyond the original site [2,3]. Thus, they fall into 
two major categories (benign or malignant). Ma-
lignant tumors, also known as sarcomas, are a rela-
tively rare form of cancer, often requiring treat-
ment with chemotherapy and/or radiation therapy 
and major surgery. Neoadjuvant chemotherapy is 
standard treatment for MSK tumors with evalua-
tion of therapeutic success determined after the 
3rd cycle [3-5]. Therapeutic effectiveness of neoad-
juvant chemotherapy usually is assessed based on 
the percentage of the tumor necrosis. 
 The assessment of treatment response follow-
ing chemotherapy is one of the most important 
aspects of patient care, as therapeutic options and 
the timing of surgery may vary depending on the 
success of response. As a non-invasive technology 
with no ionizing radiation, magnetic resonance 
imaging (MRI) is the favored modality for evalua-
tion of soft tissue tumors and tumor-like conditions 
because of its superior soft tissue contrast and mul-
tiplanar imaging capability [6], and offers unique 
contributions in determining and monitoring the 
therapeutic response. From an anatomic imag-
ing perspective, MRI offers higher contrast reso-
lution compared to CT and ultrasound. From the 
perspective of imaging the tumor microenviron-
ment, MRI can provide an assessment of the tumor 
vasculature, and the potential to provide detailed 
information about the biochemical environment, 
tissue composition, and structure [7-9]. However, 
for many patients, conventional MRI is unable to 
provide a specific histological diagnosis or assess 
the true extent of viable or necrotic malignant tu-
mor, factors that are important to determine the 
response to treatment and patient prognosis [10-
12]. Several studies have already demonstrated 
imaging morphological parameters as a criterion 
for differentiating benign from malignant MSK tu-
mors and response to therapy, such as size, margins 
demarcation, involvement of adjacent vital struc-
tures and homogeneity in signal intensity. How-
ever, in several cases conventional MRI presents 
low specificity in the differential diagnosis of MSK 
tumors, as many of the lesions present nonspe-
cific characteristics [13,14]. Nevertheless, advanced 
MRI techniques, such as MR proton spectroscopy 
(MRS), have been associated with conventional 
MRI, with the objective of improving the diagnos-
tic accuracy of this imaging method, in particular 
in the assessment of the malignancy potential of a 
lesion [12,14,15]. Namely, MRS has been focused 
on increased levels of choline in malignant bone 
and soft tissue tumors, an observation in agree-
ment with evidence that choline is a useful marker 

of malignancy in several organ systems, including 
brain, breast, prostate and liver. For soft tissues, the 
in vitro studies showing that disorders that influ-
ence cell membrane turnover, such as uncontrolled 
proliferation in malignant transformation, result in 
changes in the concentration of choline-containing 
compounds [13-18]. 
 The objective of this study was to evaluate the 
contribution of 1H-MR spectroscopy to determine 
treatment response after the 3rd cycle of MSK le-
sions, analyzing their choline peak, in an attempt 
to predict the overall response.

Methods

Patients

 The study included 20 patients (12 male, 8 female, 
5- 46 years old). All patients were pathologically diag-
nosed with biopsy. The control group consisted of 15 
volunteer healthy patients (age-matched). Prior to the 
MRI examination, evaluation of all relevant clinical data 
was performed. MRI scans were performed initially on 
diagnosis, before chemotherapy and surgery and then 
after the 3rd or 4th cycle of neoadjuvant chemotherapy 
according to revised European Society of Medical Oncol-
ogy (ESMO) guidelines [20]. The patients were classified 
as responders or non-responders depending on the clini-
cally evaluated treatment success. Treatment success 
was evaluated by the attending physician. Physicians 
assessed disease outcomes at follow-up visits through 
the available clinical data including imaging techniques, 
alkaline phosphatase levels, physical examinations and 
medical records. The response classifications were ex-
tracted from the patient medical records and defined as 
clinical complete response (CR) or partial response (PR), 
stable disease (SD) or progressive disease (PD).

MRI

 Conventional MRI examinations were performed 
with a 1.5 T Magnetom Avanto (Siemens, Erlangen, Ger-
many) with body coils using imaging sequences which 
included T1- and T2- weighted spin echo images (repeti-
tion time (TR)/echo time (TE): 426/3600/15/104 ms; ma-
trix: 521 × 512) and post-contrast T1-weighted images 
with fat saturation. The conventional protocol was per-
formed including coronal, sagittal and axial plane. Field 
of view (FOV), slice thickness and spacing between slices 
varied according with the tumor size. The paramagnetic 
contrast agent (0.1 mmol/kg Magnevist, Schering, Ger-
many) was applied in all patients.

MRS

 Proton spectroscopy was performed by in-house 
made protocol, with a single-voxel point-resolved spec-
troscopy sequence with TR/TE = 1530/100 ms and aver-
ages 192. The volumes of interest (VOI) (ranging from 10 
mm2 to 14 mm2) were positioned in the areas presenting 
contrast uptake, avoiding the inclusion of bone struc-
tures, fat and muscles. Voxel was placed over lesions 
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based on hyperintensity on T2W and postcontrast T1W 
fat saturated MR images in an attempt to avoid zone 
of necrosis. Because of heterogeneity of MSK tumors 
before contrast T1W was evaluated to exclude hemor-
rhage zone and influence of partial effect. A fully relaxed, 
single-shot, unsuppressed spectrum was acquired to 
measure the water and lipid peaks. 1H MRS was pro-
cessed in LCmodel and the absolute concentration of 
metabolite was calculated. The presence of a choline 
peak within the lesion was defined by the 3.2 ppm peak 
on obtained spectra. Pre-therapy spectrum was obtained 
from all patients, monitored sequentially after the 3rd or 
4th cycle of neoadjuvant chemotherapy, before surgical 
resection. Only 2 patients could not be monitored due 
to non-cooperation. 

Statistics

 For each parameter of interest, mean and standard 
deviation were computed. To ensure that there were no 
significant deviations from Gaussian distribution, Kol-
mogorov-Smirnov normality tests were performed.
 To test for differences in metabolite concentrations 
(internal reference) among responder and non-responder 
group, analysis of variance (ANOVA) was performed, fol-
lowed by Bonferroni-corrected post-hoc t-tests. 
 All statistical analyses were carried out using the 
statistical software SPSS 17 and p<0.05 values were con-
sidered as statistically significant.

Results 

 Table 1 demonstrates the demographic char-
acteristics, histopathological findings and Table 2 
proton spectroscopy data of the studied tumors. 
 The presence of choline (Cho) peak at 3.2 ppm 
was demonstrated in 20/20 cases on initial 1H 
MR spectra of MSKs. The pooled analysis of data 
showed that pre-therapy mean concentration of 
tCho was 3.6 ± 2.2 mmol/kg which decreased to 1.6 
± 2.2 mmol/kg after the 3rd cycle of chemotherapy 
in 9/20 patients. A retrospective comparison of 
tCho concentration after classifying the patients as 
responders and non-responders (based on clinical 
response) was carried out. Of 20 patients, 7 were 
responders and 13 non-responders. The MR spec-
tral patterns obtained prior to therapy and after the 
3rd cycle in a responder are shown in Figure 1. In 
responders, the mean concentration of tCho before 
therapy was 4.7 ± 2.5 mmol/kg which showed sta-
tistically significant reduction after therapy (Table 
2). In non-responders, the mean tCho concentra-
tion before therapy was 2.9 ± 0.9 mmol/kg which 
remained the same or increased after the 3rd cycle 
of chemotherapy (2.7± 2.5 mmol/kg) (Table 2). Re-
sults of non-responders showed tCho concentra-
tions ranging from 2.05 to 5.79 mmol/kg. The MR 
spectra obtained in non-responders are shown on 
Figure 2. There was a statistically significant differ-

ence between responder and non-responder group 
evaluated by proton MR spectroscopy (p<0.01). 
Compared to reference healthy group tCho con-
centrations were increased in all cases. Receiver 
operating characteristic (ROC) curves analysis is 
presented on Figure 3.

Discussion 

 The assessment of treatment response follow-
ing chemotherapy is one of the most important 
aspects of patient care, as therapeutic options and 
the timing of surgery may vary depending on the 
achievement of response. Toxicity of chemothera-
peutic drugs is a serious concern and requires close 

Patient no. Pathological diagnosis Location

Bone tumor Soft tissue tumor

1 Osteosarcoma tibia

2 Ewing sarcoma femur

3 schwannoma forearm

4 Osteosarcoma femur

5 Osteosarcoma humerus

6 Ewing sarcoma femur

7 Osteosarcoma tibia

8 Alveolar 
rhabdomyosarcoma

shin

9 Ewing sarcoma femur

10 Osteosarcoma humerus

11 Ewing sarcoma femur

12 Osteosarcoma femur

13 Osteosarcoma femur

14 Ewing sarcoma femur

15 Ewing sarcoma femur

16 Alveolar 
rhabdomyosarcoma

thigh

17 Osteosarcoma scapula

18 Osteosarcoma femur

19 Osteosarcoma femur

20 Osteosarcoma fibula

Table 1. Summary of data regarding the cases of muscu-
loskeletal tumors

Absolute concentration of choline 
±SD /mmolkg-1

before therapy after the 3rd cycle

Responder 4.7 ± 2.5 1.6 ± 2.2 p<0.01

Non-responder 2.9 ± 0.9 2.7± 2.5

Table 2. Absolute concentration of choline in responder 
and non-responder group obtained with 1H MRS
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monitoring of the response of patients. Nearly 30-
40% of patients do not respond to chemotherapeu-
tic drugs or show partial response [21-24]. Early 
prediction of treatment response may avoid the 
exposure of these patients to serious side effects. 
We have documented earlier the tumor response 
in soft tissue and bone tumor patients undergoing 
neoadjuvant chemotherapy using single-voxel 1H-

MRS using presence or absence of tCho [25,26]. In 
this study, patients who were objective responders 
had a lower tCho level than did patients who were 
non-responders after chemotherapy. All patients 
who were non-responders had either no change or 
a higher tCho level. 
 It is well know that Cho is a precursor of ace-
tylcholine and a component of the phospholipid 

Figure 1. 1H MR spectra in a patient with diagnosed musculoskeletal tumor before (A) and after the 3rd cycle (B) of 
chemotherapy. From (B) spectra there is evidence of decreased Cho concentration. 

Figure 2. 1H MR spectra in a patient with musculoskeletal tumor before (A) and after the 3rd cycle (B) of chemotherapy. 
It can be seen that after chemotherapy Cho concentration is similar.

A B

A B
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metabolism of cell membranes. The Cho peak vis-
ible at 3.2 ppm contains contributions from glyc-
erophosphocholine, phosphocholine and choline, 
all compounds that are involved in the synthesis 
and degradation of cell membranes. Therefore, in-
creased Cho likely reflects increased membrane 
synthesis or an increased number of cells, both 
conditions that are seen in malignant tumors 
which may be the reason why non-responders 
showed higher tCho concentration. For MSK le-
sions, Wang et al. showed that choline could be 
reliably detected in large malignant bone and soft 
tissue tumors using single-voxel MR spectroscopy 
at 1.5 T [19]. Fayad et al. showed that choline could 
be detected in malignant skeletal sarcomas using 
the multivoxel technique at 1.5 T [17,18]. Other 
studies have shown false-positive Cho peaks in 
benign giant cell tumors of bone and a variety of 
other inflammatory or benign neoplastic processes 
[12]. Because a subset of benign lesions is known to 
contain Cho, there has been a focus on improving 
quantitative assessment of the Cho level within 
MSK lesions with the aim of enhancing specificity. 
Relative quantification methods including meas-
urement of peak ratios between metabolites and 
between a metabolite and the background noise 
level showed that good discrimination between 

malignant and benign lesions can be achieved. The 
preliminary data from this study revealed that Cho 
content may correlate with histologic grade. 
 In our study we used absolute quantification 
of Cho of the MSK system with modification of 
previously described methods of Cho quantification 
for evaluation of lesions in the brain and breast, 
a robust method of measuring absolute Cho con-
centration within the MSK system with water as 
an internal reference compound [27-31]. A key as-
sumption underlying this quantification method is 
that the water content is constant between voxels, 
lesions, and patients [32-35]. To our knowledge 
the current study is the first to report the absolute 
quantification of tCho using water as an internal 
reference compound at 1.5 T in the MSK system.
 It is expected that quantitative 1H MR spec-
troscopy will not only improve the accuracy of MRI 
in depicting MSK and soft tissue tumors, but as 
shown here, it may be used with MRI to assess 
response in the course of treatment. These prom-
ising findings were obtained in a small group of 
patients, and, thus, a prospective study with larger 
patient cohorts is needed. Nevertheless, the tCho 
concentration measurements were reproducible. 
The etiology of the observed inter-individual vari-
ation in Cho concentration cannot be deciphered 
from this study. Our intention for this study was 
primarily to establish the feasibility of this quanti-
fication method, validating and implementing it for 
determining Cho concentration in the MSK system 
at 1.5T.

Conclusions

 As a tool for studying sources of physiologic 
and pathologic variability, MRS is advantageous 
as a non-invasive measure of Cho concentration 
in MSK pathology, particularly with potential ap-
plication to MSK lesion characterization and deter-
mination of therapeutic response. For future inves-
tigation, multiple avenues of studies are warranted, 
including alternative MRS quantitation schemes 
for the MSK system. A larger study may also pro-
vide information about the possibility of using MR 
spectroscopy to predict when a patient is expected 
to have a pathologic complete response, compared 
to histological necrosis findings. However, more 
patients need to be studied to obtain a cut-off value 
of tCho concentration to differentiate responders 
from non-responders.
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Figure 3. Results of receiver operating characteristics 
(ROC) analysis of characterization of musculoskeletal le-
sions on the basis of absolute quantitative metrics. Graphs 
show ROC curves generated in responder (R) (black line), 
non-responder (NR) (red line) and in healthy (H) group 
(green line). Areas under each curve are large (R, 0.85; NR, 
0.93, H, 0.99), which are highly sensitive and relatively 
specific. 
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