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ABSTRACT

Introduction: Usefulness of proton Magnetic Resonance
Spectroscopy (MRS) in evaluating and differentiating benign
from malignant bone tumours is well known and has been
reported in literature. Role of magnetic resonance spectroscopy
in Giant Cell Tumour (GCT) of bone is still not well established.

Aim: To evaluate the magnetic resonance spectroscopy features
of GCT and to assess whether choline is a frequent occurrence in
these tumours and whether magnetic resonance spectroscopy
appearance can be correlated with clinical, radiological and
histopathological findings.

Materials and Methods: Ten patients with suspected GCT of
bone based on clinical history and radiograph were subjected
to Magnetic Resonance Imaging (MRI) and multivoxel magnetic
resonance spectroscopy on 1.5T MR machine. On the basis
of magnetic resonance spectroscopy findings, patients
were grouped into two categories, one with demonstrable
choline peak and another without choline peak. Clinical
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and radiological findings viz., are Campanacci grading and
magnetic resonance imaging features were compared in
these two groups. Preoperative histopathology was done in all
patients. All underwent operative procedures and postoperative
histopathology was also done.

Results: All 10 patients in present study belonged to Campanacci
Grade Ill i.e., showing aggressive radiographic appearance.
Out of these 10 patients, only four showed elevated choline
level (40%). Soft tissue component was seen in one patient
and cystic component was seen in three patients showing
choline peak. Fluid-fluid levels were seen in only one patient
with demonstrable choline peak. On histopathology all of them
turned out to be benign.

Conclusion: This study indicates that even if GCT of bone
showed elevated choline level on magnetic resonance
spectroscopy, it is not a predictor of malignant transformation.
There is no linear correlation between aggressive radiological
features and occurrence of choline peak.
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INTRODUCTION

Magnetic resonance imaging plays important role in diagnosis of
musculoskeletal lesions because of its multiplanar imaging and
excellent soft tissue resolution. However, accuracy of differentiation
between malignant and benign tumour on MRI alone is not always
feasible. Proton MRS is a non invasive special imaging sequence in
adjunct to MRI which helps in molecular characterisation of lesions
and differentiation between malignant and benign lesions. Proton
MR Spectroscopy detects 1H-containing metabolites other than
water, thus giving the molecular information of the tissue in-vivo.
MRS is widely used in neuroimaging, breast and prostatic tumours
with promising results [1].

It is also used in malignancies of uterus, cervix [2], soft tissues [3]
extra cranial head and neck [4]. MRS has shown both sensitivity and
specificity in diagnosing and characterising brain, breast and prostate
malignancies [5-7]. In all these tumours, presence of choline peak
is considered as marker of malignancy with significant assertion [8].
Choline-containing metabolites importantly phosphocholine plays an
important role in cancer progression, invasion, and metastasis [9].
The degree of choline peak is directly related to the histologic grade
of brain, breast and prostate cancers, with higher levels found in high-
grade tumours [5,8,10]. Few studies were done in past to evaluate
the role of MRS in bone tumours. Its role in musculoskeletal imaging
is promising and can be used in many cases to distinguish malignant
from benign lesions [11-13]. In all these studies, MRS features of
tumours of bone as well as soft tissue lesions were evaluated and
usefulness of it in differentiation of malignant from benign lesion
was studied. It also included non-neoplastic conditions. In most
of these studies, MRS features of particular disease entity were
not studied. MR spectroscopy detection of elevated choline was
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reported to be 95% sensitive in differentiating benign from malignant
musculoskeletal tumours [12]. However, they lack in specificity as
few benign tumours revealed an elevated choline peak owing to
their hyper cellular nature. In a prior study elevated choline level was
mentioned in the GCT [12]. A study was conducted by Shah PL et
al., to determine the MRS features of GCT. Proton MR Spectroscopy
is a non-invasive method in adjunct to MRI in evaluation of neoplastic
lesions [14]. The presence of choline after radiation therapy is useful
in detecting tumour recurrence [15], and a reduction in the choline
level is recognised as an indicator of response to therapy [16].

However, raised choline on MR spectroscopy is not a tumour-
specific marker and cannot be considered specific for malignancy.
Increased choline levels can be seen in certain non-neoplastic
conditions and in few benign tumours.

In present study also, we evaluate the MRS features of GCT and to
assess whether choline is a frequent occurrence in these tumours
and whether MRS appearance can be correlated with clinical,
radiologic and histopathological findings.

MATERIALS AND METHODS

A prospective study was carried out in 10 patients who were
suspected of GCT clinically and on radiograph in a duration of
June 2014 to June 2016. All these patients were subjected to the
MRI of affected region and MRS study. Approval from Institutional
Ethical Committee was taken before commencement of study and
informed consent was taken from all these patients. All underwent
surgery and histopathology was done in all these patients. Contrast
study was done in only one patient. GCT was staged according to
the Campanacci system [17]. The two groups were made one with
choline peak and another without choline peak.
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MRI and MR Spectroscopy

MRI was done on GE machine, Signa HDxt 1.5 Tesla 16 channel
echo speed. Surface coils were used according to the portion of the
body to be evaluated. We used T1 and T2 weighted images, Short
Tau Inversion Recovery (STIR), fat suppressed proton density and
gradient echo sequences. Parameters for each of these sequences
are as follows:

T1 weighted spin echo sequence-TR-600 /TE-13.1--, Matrix
320%x256/2.00 NEX

T2 weighted spin echo sequence-TR-25000/TE-28, Matrix-
288x224/2.00 NEX

STIR—TR-5400/TE-44.7, TI-139, Matrix-256x192/2.000 NEX

Fat Suppressed Proton Density (PDFS)-TR-2500/TE-28, Matrix-
288x224/2.00 NEX

Gradient echo (MERGE)-TR-553/TE-14.5--, Matrix 256x192/2.00
NEX, Flip angle-20.

In only one patient, contrast study was done by using gadolinium
0.1 mmol/kg.

MR Spectroscopy was done in all 10 patients. Multivoxel MRS was
done in all the patients. PROBE MV144 i.e., long TE sequence
was used with TR-1000/TE144, FOV-24, frequency-16, phase-16,
NEX-1 with auto shimming and relative SNR of 100%. The MRS
data from the solid component of the tumour was taken avoiding
the necrotic or cystic component of the tumour.

Choline was said to be present when there was demonstrable peak
at 3.22 ppm in at least two of the spectra obtained at two different
portion of the solid component. The total examination time was
25 to 30 minutes. The parameters which were evaluated includes
size of the tumour, surrounding cortex, extension into soft tissue,
presence of cystic component, signal intensities on MRI, fluid-fluid
levels and clinical staging.

STATISTICAL ANALYSIS

The two groups of GCTs viz.,, GCT with choline peak and GCT
without choline peak were compared using EPI Info Software version
6.0 statistical software program. Age of the patient and size of the
tumour were evaluated using unpaired t-test. Imaging parameters
between these two groups were evaluated using Fisher’s-exact test.
A p-value of 0.05 was considered significant.

RESULTS

Out of these 10 subjects, four were male and six were female with
mean age of presentation in male was 40.6 years (range 26-60
years) and in female was 42.2 years (range 24-60 years). One of the
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patients was operated case of GCT. Duration of symptoms range
from one month to two years with average age of presentation is
8.8 months. The GCTs which we have evaluated were more than
3 cm in size; largest one is in the right lower femoral condyle (size
16x13x12 cm). Cortex was broken in all the cases so, according to
Campanacci clinical grading for GCT, all the 10 cases of GCTs fall
in stage Ill. Summary of clinical, MRl and MRS findings are given in
[Table/Fig-1].

On MRS, four patients showed demonstrable choline peak [Table/
Fig-2] and six did not show choline peak [Table/Fig-3].

Non specific lactate peak is seen in both the groups. Out of 10 GCTs
showing Campanacci Stage Il only four showed choline peak (40%).
Size of the tumour showed no association with occurrence of the
choline peak. Soft tissue component was seen in one patients and
cystic component was seen in three patients showing choline peak.
Fluid-fluid levels were seen in only one patient with demonstrable
choline peak. [Table/Fig-4] gives comparison between the two
groups with or without choline peak.

In these entire patients preoperative histopathology was done,
which confirmed it to be benign GCT. Out of these, all patients
went for operative procedures and findings were again confirmed
on postoperative specimen. No statistically significant differences
were found for age of patients and size of tumour between GCTs
showing choline and those not showing choline (p=0.349 and
0.898, respectively). No parameters evaluated on imaging showed
statistically significant difference between the two groups.

DISCUSSION

Many studies are done in evaluation of MRS features of
musculoskeletal lesions those includes osseous and non-osseous,
neoplastic and non-neoplastic lesions. Very few studies are done
in the past on MRS feature of GCT. The present study shows that
GCT can show elevated choline levels on MRS which is benign on
histopathology. All the 10 patients in present study group showed
aggressive imaging findings i.e., Campanacci Stage Ill. Out of these
only 4 (40%) showed choline peak and rest 6 (60%) did not show
choline peak. All these GCTs were benign on histopathology.

Raised choline levels have also been described in breasts of
lactating mothers [18] and in the brains of neonates [19]. This
shows that choline is seen in non-neoplastic conditions and also
in physiological condition and hence cannot be considered as a
marker of malignancy.

The occurrence of choline peak at 3.2 ppm on vivo proton
MR spectroscopy is mainly due to phosphocholine, glycerol-
phosphocholine, and free choline which are present in the

P?\ltlent Age | Sex | Duration Location Size (cm) Cortex S oft Gyl T2 signal (a0 2N S MRS Histopathology
o. tissue | component stage
1 30 F 2 years | Right femoral 16x13x12 Eroded Yes Yes Intermediate, 3 Choline GCT
condyle hyperintense
2 57 M 6 Left proximal tibia 6x5x6 Eroded Yes Yes Hyperintense 3 None Low gd.GCT
months
3 26 M 1year | Left femoral 9x10x9 Eroded no Yes Intermediate, Choline GCT
condyle hyperintense
4 60 M Lower rt radius 4Ax3.7x4 Eroded No Yes Intermediate 3 Choline GCT
5 30 M 1 year Lower end of It 5x3x5 Eroded Yes No Intermediate 3 None GCT
humerus
6 60 F 3 Lower end of right 13x8x7 Eroded Yes No Intermediate 3 None GCT
months | femur
7 40 F - Lower end of left 9.7x10.5x19.9 | Eroded Yes No Intermediate 3 None GCT
femur
8 55 F 1 month | Sacrum and 8.4x10x9.5 Eroded | Yes Yes Intermediate, 3 None GCT
COCCyX hyperintense
9 24 F 4 Lower end of 5.2x7.5x7.5 Eroded No No Intermediate 3 Choline GCT
months | femur
10 32 F 1 month | Right talus 5x3x3 Eroded Yes Yes Intermediate 3 None GCT

[Table/Fig-1]: Summary clinical, MRI, MRS, histopathological findings in all the patients.
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[Table/Fig-2]: (a) radiograph of knee showing expansile lytic lesion in the lower end of the femur in the subarticular location with narrow zone of transition associated with
cortical breech. (b1) MR Proton Density Fat Suppressed (PDFS) sagittal image shows peripheral intermediate and central hyperintense signal intensity lesion in the lower end of
the femur. (b2) MR T2 weighted coronal image shows intermediate to hyperintense lesion with cortical breech. (c) Proton MRS shows choline peak at 3.2ppm with lactate peak.

/

[Table/Fig-3]: a) STIR Coronal image; b) MERGE T2 A axial image showing large, expansile intermediate signal intensity lesion in the sacrum; c) No demonstrable choline

peak. Only lactate peak noted.

MRS (n=10)
MR features Fisher-exact test
(n=10) Choline peak No choline peak p-value*
(n=4) (n=6)
1. Campanacci stage
Stage 3 4 6
2. Soft tissue component
Present 1 5
0.23
Absent 3 1
3. Cystic component
Present 3 3
0.90
Absent 1 3
4. Fluid-fluid level
Present 1 1
0.99
Absent 2 5

[Table/Fig-4]: Gives comparison between the two groups with or without choline

peak.
No statistically significant difference was found in two groups of GCTs; *: Fisher-exact test

cell membrane [14]. These metabolites are markers of cellular
proliferation and cell membrane turnover [20]. Increased choline
is noted in malignancy owing to its hyper cellularity and increased
membrane turnover. Likewise it can be increased in non malignant
conditions which show hypercellularity and raised metabolite
activity [21,22]. For MR spectroscopy of bone, nuclei of hydrogen
are preferred over 31P considering its abundant nature and good
signal to noise ratio.

Wang CK et al., had done a study of in-vivo proton MR spectroscopy
for the evaluation of musculoskeletal tumours and suggested that
differentiation of benign from malignant musculoskeletal tumours is
possible on the basis of presence or absence of choline metabolites
[12]. In this study, both bone and soft tissue tumours were included,
out of that two had GCT. Out of these two, one of the GCT showed
choline peak which is contradicting to their conclusion. Dedicated
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MRS studies of particular bone tumour are not many. Shah PL et al.,
concluded that though most of the malignant bone tumours have
raised choline, converse is not true because few GCTs can show
raised choline levels [14]. In present study, we also found similar
results i.e., four out of ten GCTs in present study showed raised
choline levels and on histopathology all turned out to be benign
in morphology. The diagnosis of bone tumours and distinguishing
penign from malignant bone tumour is mainly done on radiography.
Similarly in present case almost all the patients were diagnosed
or suspected of having GCT on radiography. Further imaging
in the form of MRI is needed to look for extent of the lesion,
neurovascular invasion, adjoining joint and soft tissue. However in
soft tissue tumours dynamic contrast enhanced MRI is important in
differentiating malignant from benign tumours [22]. On T2-weighted
images, intermediate signalis due to chronic haemosiderin deposition
[23,24] is a well-recognised MRI feature of GCT, which was also
seen in all the patients of present study. GCT account for 20% of
all benign tumours [25]. It is locally aggressive tumour. It has been
categorised into three categories by Campanacci staging [17]. Al
the patients in present study group fall in Stage lll. This is likely to be
due to low socio-economic status and lack of awareness regarding
personal health and reluctance to undergo further imaging.

Out of 10 patients only four showed raised choline peak that means
staging has nothing to do with the occurrence of choline peak. This
is contradictory to the study done by Shah PL et al., [14], which
suggested that the presence of choline in some of the GCTs may
be due to their local aggressiveness. And they related it to the soft
tissue extension. However in present study, only one patient did
not have soft tissue but had cortical breech and the same patient
showed choline peak on MRS. However, we do not have follow-up
of all these patients to look for recurrence. Also, DNA analysis of
these patients was not done.

Many proliferation markers such as the p53 gene and DNA analysis
are showing encouraging results in predicting the clinical outcome
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of GCTs [26,27]. Elevated choline may represent a growing phase
of the tumour, as reported in a case of breast fibro adenoma with
an elevated choline level [28]. Therefore we postulate that raised
choline in GCT s related to tumour proliferation and disease activity
and not to the aggressiveness of the tumour per se. This may have
an implication on type of treatment for GCT [14]. No concrete data
are available on MR spectroscopy findings of benign bone tumours.
We can only say that similar findings are seen in GCT of bone as in
other areas such as the breast and the brain.

LIMITATION

The main limitation of present study was a small sample size.
Moreover, we have not correlated presence of choline and biologic
behaviour of the tumour. Also, proliferation markers and DNA
analysis were not performed.

CONCLUSION

Giant cell tumour of bone can show elevated choline levels. However,
there is no positive correlation between occurrence of choline and
malignant transformation as seen in the present study out of 10
GCTs only four showed choline peak. Therefore, we conclude that
benign GCT of bone may show elevated choline levels on proton
MR spectroscopy, irrespective of its clinical staging.

REFERENCES

[11 Kwock L, Smith JK, Castillo M, Ewend MG, Collichio F, Morris DE, et al. Clinical
role of proton magnetic resonance spectroscopy in oncology: brain, breast, and
prostate cancer. Lancet Oncol. 2006;7(10):859-68.

[2] Mahon MM, Williams AD, Soutter WP, Cox IJ, Mclndoe GA, Coutts GA, et al. 1H
magnetic resonance spectroscopy of invasive cervical cancer: an in vivo study
with ex vivo corroboration. NMR Biomed. 2004;17(1):01-09.

[8] Oya N, Aoki J, Shinozaki T, Watanabe H, Takagishi K, Endo K, et al. Preliminary
study of proton magnetic resonance spectroscopy in bone and soft tissue
tumours: an unassigned signal at 2.0-2.1 ppm may be a possible indicator of
malignant neuroectodermal tumour. Radiat Med. 2000;18(3):193-98.

[4] Bisdas S, Baghi M, Huebner F, Mueller C, Knecht R, Vorbuchner M, et al. In vivo
proton MR spectroscopy of primary tumours, nodal and recurrent disease of the
extracranial head and neck. Eur Radiol. 2007;17(1):251-57.

[5] Law M, Yang S, Wang H, Babb JS, Johnson G, Cha S, et al. Glioma grading:
sensitivity, specificity, and predictive values of perfusion MR imaging and proton
MR spectroscopic imaging compared with conventional MR imaging. Am J
Neuroradiol. 2003;24(10):1989-98.

[6] Bartella L, Morris EA, Dershaw DD, Liberman L, Thakur SB, Moskowitz C, et
al. Proton MR Spectroscopy with choline peak as malignancy marker improves
positive predictive value for breast cancer diagnosis: preliminary study. Radiology.
2006;239(3):686-92.

[71 Akin O, Hricak H. Imaging of prostate cancer. Radiol Clin North Am.
2007;45(1):207-22.

[8] Mountford C, Lean C, Malycha P, Russell P. Proton spectroscopy provides accurate
pathology on biopsy and in vivo. J Magn Reson Imaging. 2006;24(3):459-77.

[9]

[10]

[11]

M2]

[13]

[14]
[18]

(el

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

www.jcdr.net

Ackerstaff E, Glunde K, Bhujwalla ZM. Choline phospholipid metabolism: a target
in cancer cells? J Cell Biochem. 2003;90(3):525-33.

Zakian KL, Sircar K, Hricak H, Chen HN, Shukla-Dave A, Eberhardt S, et al.
Correlation of proton MR spectroscopic imaging with Gleason score based
on step-section pathologic analysis after radical prostatectomy. Radiology.
2005;234(3):804-14.

Fayad LM, Bluemke DA, McCarthy EF, Weber KL, Barker PB, Jacobs MA.
Musculoskeletal tumours: use of proton MR spectroscopic imaging for
characterization. J Magn Reson Imaging. 2006;23(1):23-28.

Wang CK, Li CW, Hsieh TJ, Chien SH, Liu GC, Tsai KB. Characterization of
bone and soft-tissue tumours with in vivo TH MR spectroscopy: initial results.
Radiology. 2004;232(2):599-605.

Fayad LM, Barker PB, Jacobs MA, Eng J, Weber KL, Kulesza P, et al.
Characterization of musculoskeletal lesions on 3-T proton MR spectroscopy.
AJR. 2007;188(6):1513-20.

Sah PL, Sharma R, Kandpal H, Seith A, Rastogi S, Bandhu S, et al. In vivo proton
Spectroscopy of Giant Cell Tumour of the Bone. AJR. 2008;190(2):W133-39.
Mullins ME. MR spectroscopy: truly molecular imaging-past, present and future.
Neuroimaging Clin N Am. 2006;16(4):605-18.

Meisamy S, Bolan PJ, Baker EH, Bliss RL, Gulbahce E, Everson LI, et al. Neoadjuvant
chemotherapy of locally advanced breast cancer: predicting response with in-vivo
1H MR spectroscopy-a pilot study at 4T. Radiology. 2004;233(2):424-31.
Campanacci M. Giant cell tumour. In: Gaggi A, ed. Bone and soft-tissue tumours.
Bologna, ltaly: Springer-Verlag. 1990; pp. 117-153.

Kvistad KA, Bakken IJ, Gribbestad IS, Ehrnholm B, Lundgren S, Fjesne HE, et al.
Characterization of neoplastic and normal human breast tissues with in vivo (1)H
MR spectroscopy. J Magn Reson Imaging. 1999;10(2):159-64.

Toft P, Leth H, Lou HC, Pryds O, Henriksen O. Metabolite concentrations in
the developing brain estimated with proton MR spectroscopy. J Magn Reson
Imaging. 1994;4(5):674-80.

Ruiz-Cabello J, Cohen JS. Phospholipid metabolites as indicators of cancer cell
function. NMR Biomed. 1992;5(5):226-33.

Krouwer HG, Kim TA, Rand SD, Prost RW, Haughton VM, Ho KC, et al.
Singlevoxel proton MR spectroscopy of nonneoplastic brain lesions suggestive
of a neoplasm. Am J Neuroradiol. 1998;19(9):1695-703.

Van der Woude HJ, Verstraete KL, Hogendoorn PC, Taminiau AH, Hermans
J, Bloem JL. Musculoskeletal tumours: does fast dynamic contrast-enhanced
subtraction MR imaging contribute to the characterization? Radiology.
1998;208(3):821-28.

Aoki J, Tanikawa H, Ishii K, Kachi K. MR findings indicative of hemosiderin in
giant-cell tumour of bone: frequency, cause, and diagnostic significance. AJR.
1996;166(1):145-48.

Murphey MD, Nomikos GC, Flemming DJ, Gannon FH, Temple HT, Kransdorf
MJ. From the archives of AFIP. Imaging of giant cell tumour and giant cell
reparative granuloma of bone: radiologic-pathologic correlation. Radio Graphics.
2001;21(5):1283-309.

Turcotte RE. Giant cell tumour of bone. Orthop Clin North Am. 2006;37(1):35-51.
Masui F, Ushigome S, Fujii K. Giant cell tumour of bone: a clinicopathologic study
of prognostic factors. Pathol Int. 1998;48(9):723-29.

Bridge JA, Neff JR, Bhatia PS, Sanger WG, Murphey MD. Cytogenetic
findings and biologic behavior of giant cell tumours of bone. Cancer.
1990;65(15):2697-703.

Yeung DK, Cheung HS, Tse GM. Human breast lesions: characterization with
contrast-enhanced in vivo proton MR spectroscopy-initial results. Radiology.
2001;220(1):40-46.

PARTICULARS OF CONTRIBUTORS:

1. Associate Professor, Department of Radiodiagnosis, NKP Salve Institute of Medical Sciences and Lata Mangeshkar Hospital, Digdoh Hills Hingna Road, Nagpur,

Maharashtra, India.

2. Ex-Resident, Department of Radiodiagnosis, NKP Salve Institute of Medical Sciences and Lata Mangeshkar Hospital, Digdoh Hills Hingna Road, Nagpur,

Maharashtra, India.

3. Dean and Professor, Department of Radiodiagnosis, NKP Salve Institute of Medical Sciences and Lata Mangeshkar Hospital, Digdoh Hills Hingna Road, Nagpur,

Maharashtra, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Chetana Ramesh Ratnaparkhi,

Plot No 82, New Indira Colony Bhagwan Nagar, Nagpur-440027, Maharashtra, India.

E-mail: chetanaratnaparkhi@gmail.com

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Date of Submission: May 24, 2018
Date of Peer Review: Jul 16, 2018
Date of Acceptance: Aug 08, 2018

Date of Publishing: Nov 01, 2018

Journal of Clinical and Diagnostic Research. 2018 Nov, Vol-12(11): TCO7-TC10



