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a  b  s  t  r  a  c  t

Proton  magnetic  resonance  spectroscopic  imaging  is  a non-invasive  diagnostic  tool  for  the  investigation
of  cancer  metabolism.  As an adjunct  to  morphologic  and  dynamic  magnetic  resonance  imaging,  it is
routinely  used  for  the  staging,  assessment  of  treatment  response,  and  therapy  monitoring  in  brain,  breast,
and prostate  cancer.  Recently,  its  application  was  extended  to other  cancerous  diseases,  such  as  malignant
soft-tissue  tumours,  gastrointestinal  and  gynecological  cancers,  as  well  as  nodal  metastasis.  In  this  review,
we  discuss  the  current  and  evolving  clinical  applications  of  proton  magnetic  resonance  spectroscopic
imaging.  In  addition,  we will  briefly  discuss  other  evolving  techniques,  such  as  phosphorus  magnetic
resonance  spectroscopic  imaging,  sodium  imaging  and  diffusion-weighted  imaging  in  cancer  assessment.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Since the 1980s, two complementary techniques – magnetic
resonance imaging (MRI) and proton magnetic resonance spec-
troscopic imaging (1H-MRSI) – have emerged. MRI  investigates
anatomic changes associated with neoplastic disease, while 1H-
MRSI is able to examine the biochemistry of tissue and to detect
spatial deviations from normal biochemistry in neoplastic tissues.
Although the evolution of 1H-MRSI over the past 25 years in the
clinical setting has been rather slow, MRI  has matured more rapidly
and now plays a key role in the assessment and therapeutic moni-
toring of neoplastic disease. However, with advances in technology
within recent years, 1H-MRSI has entered the clinical routine [1,2]
and is now routinely used as an adjunct method to MRI for the
pre-therapeutic diagnosis, assessment of therapy response, and
therapeutic monitoring of brain [3–9], breast [10–14],  and prostate
[15–20] cancer. In addition, within the past few years, the appli-
cation of 1H-MRSI is now expanding to the investigation of other
malignant processes, such as the assessment of soft-tissue tumours
[21,22], cervical [23–25] and ovarian cancer [26], and lymph node
involvement [27].
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This article will discuss the role of molecular imaging with 1H-
MRSI in brain, breast, and prostate cancer, as well as new emerging
applications of 1H-MRSI. In addition, we  will briefly discuss other
evolving techniques which allows insight in molecular imaging,
such as phosphorus magnetic resonance spectroscopic imaging,
sodium imaging, and diffusion-weighted imaging in cancer assess-
ment.

2. Primary brain tumours

The accurate grading of brain tumours has important prognostic
and therapeutic implications, as high-grade lesions are treated dif-
ferently from low-grade lesions. Patients with high-grade lesions,
both resectable and unresectable, receive either radiotherapy or
combined radio–chemotherapy [28,29].  Low-grade gliomas (WHO
grade I and II) are amenable to (radio) surgical resection with
curative intent, and adjuvant radio/chemotherapy is only recom-
mended for patients with incompletely resected grade II tumours
or for patients older than 40 years of age, regardless of the extent
of resection [30,31]. In an effort to preoperatively differentiate
between high-grade and low-grade lesions and to determine the
optimal patient treatment, a stereotactic biopsy is often performed
preoperatively [31]. Burger et al. found that among histopatho-
logical features, such as cell frequency, nuclear atypia and mitotic
activity, and necrosis and vascular proliferation, only vascular pro-
liferation differentially predicted both the short- and long-term
survival in patients with anaplastic astrocytomas [32].
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Fig. 1. Transverse, contrast-enhanced, T1-weighted MR images in a 34-year-old patient with an oligoastrocytoma WHO  grade II of the right hemisphere, with the volume of
interest  of the MR spectroscopic examination (point-resolved spectroscopy box, pink). a) 1H-MRS spectrum of healthy brain parenchyma of the contralateral side. b) Typical
1H-MRS pattern of a primary brain tumour: increased levels of choline-containing compounds (Cho) and a reduction in the signal intensity of the Nacetylaspartate (NAA)
and  creatine (Cr).(For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)

Contrast-enhanced MRI  is the current gold standard for the
guidance of brain biopsies for diagnosis and grading of primary
malignant brain tumours. However, this method can be ambigu-
ous, as the absence or presence of contrast-enhancement does not
necessarily coincide with high-grade. Therefore, a more accurate
technique for the guidance of brain biopsy to the most metaboli-
cally active part of the lesion, and thus, a more accurate grading, is
warranted.

2.1. Improved and accurate pre-therapeutic diagnosis

1H-MRSI is a non-invasive tool for investigating the spatial dis-
tribution of metabolic changes in malignant primary brain tumours.
Although there is no tumour-specific metabolite per se,  there are
specific patterns in the changes of metabolite concentrations in
tumourous tissue compared to normal brain, which can be assessed
by 1H-MRSI (Fig. 1). Numerous studies have reported increased
levels of choline-containing compounds (Cho at 3.2 ppm) and a
reduction in the signal intensity of N-acetylaspartate (NAA at
2.0 ppm) and creatine (Cr 3.0 ppm) in brain tumours [33–40].  The
total choline signal observed in 1H-MRS is composed of choline,
phosphocholine, and glycerophosphocholine, and is thought to be a
marker for increased membrane turnover or higher cellular density
[41,42]. NAA is regarded as a neuronal marker primarily contained
within neurons [43]. The total Cr peak is the summed signal from
both Cr and phosphocreatine and plays a role in tissue energy
metabolism [44]. The range of Cho increase and NAA decrease is
compatible with the range of tumour infiltration [44,45].  For patho-
logic conditions that mimic  brain tumours at MRI, variations in the
changes of these three metabolites and others (myo-inositol, lac-
tate, lipids, glutamine, and/or glutamate, and alanine) can be used
for differential diagnosis [8,39,40,46–48].  Numerous studies have

demonstrated that the differentiation of the degree of malignancy
of brain tumours is feasible [49,50]. In a recent study, Stadlbauer
et al. [51] investigated high-spatial resolution 1H-MRSI for the pre-
operative grading of suspected WHO  grades II and III gliomas. In
this study, 26 patients with suspected gliomas and 26 age- and
sex-matched healthy control subjects underwent 1H-MRSI before
stereotactic 1H-MRSI guided brain biopsy. The absolute metabolic
concentrations for Cho, Cr, NAA, as well as metabolic maps of
Cho/NAA ratios, were calculated. The metabolic maps were used
for the stereotactic 1H-MRSI-guided brain biopsy (Fig. 2). They con-
cluded that 1H-MRSI, with a high-spatial resolution, segmentation,
and absolute quantification of metabolic changes, provides valu-
able information and allows a preoperative grading of gliomas.
Surgical biopsies are the gold standard for diagnosis of tumour type
and grade, but targeting the most appropriate tumour region can be
difficult [39,40,52,53].  Several studies have confirmed that aiming
the biopsy at the area of the maximum Cho/NAA ratio in 1H-MRSI
improves diagnosis [52–56].

2.2. Assessment and monitoring of response to treatment

A decrease in Cho, and an increase in Lactate (Lac) and/or lipids
are indicative of response to therapy and reflect tumour necro-
sis. Moreover, a total absence of metabolites in the former tumour
region is indicative of necrotic tissue. As gliomas are highly likely
to recur after treatment, a diagnostic method for the early detec-
tion of recurrence is necessary. Currently, MRI is the method of
choice for follow-up; however, as in primary diagnosis, the MRI
findings at follow-up can be ambiguous. In equivocal cases, 1H-
MRSI can provide predictive information, as changes in Cho/Cr prior
to a subsequent increase in contrast-enhancement hint at tumour
progression or recurrence. In serial studies, Wald et al. [57] and
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