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Abstract 

The article provides an analysis of publications devoted to proton MR spectroscopy in vivo with an emphasis on its application in pancreatic and 

prostate cancer in the context of solving complex differential diagnostic problems of modern oncology. Clinical cases from our practice of using 

single-voxel spectroscopy in prostate and pancreatic cancer are presented, and the diagnostic significance of the inclusion of MR- spectroscopy in the 

scanning protocol in comparison with native scanning protocols. 
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Introduction 

Relevance and current state of the problem. Proton magnetic 

resonance spectroscopy (MRS) for hydrogen was theoretically 

developed in 1951. MRC of intact biological tissues was first 

reported by two groups: R. B. Moon and J. H. Richards, who used 

P-31 MRC to study intact red blood cells in 1973. using P-31 

MRC to study the excised leg muscle of a rat in 1974 [1, 2]. The 

first MR spectrum of the human brain in vivo was published in 

1985 by P. A. However, the gradual expansion of the application 

and the accumulation of clinical, biochemical, and tomographic 

material intensifies the use of this technique in the pathology of 

the prostate, pancreas, liver, and other parenchymal organs. 

Unfortunately, the active use of MRS in vivo in the abdominal 

cavity and pelvis is limited by spectral resolution, signal-to-noise 

ratio (SNR), and motion. MRC allows noninvasively obtaining 

information about the chemical composition of the tissue and 

provides an additional characteristic of the isolated volume 

(voxel) of the lesion based on the analysis of the concentration of 

cellular metabolites. The maximum spatial resolution of the 

method is approximately 0.5 cm3. The MRS registers signals 

from chemicals in the tissues or metabolites. The peaks of the 

metabolites are identified primarily by their frequencies (their 

position in the spectrum) and are expressed as a frequency shift in 

parts per million (ppm) relative to the standard. The most 

common nuclei used for in vivo MRC are hydrogen protons (1H), 

sodium atom nuclei (23Na), and phosphorus atom nuclei (31P). 

The advantages of 1H spectroscopy are that it is easier to perform, 

more widely available, and provides a much higher signal-to-

noise ratio (SNR) than 23Na and 31P. In NMR spectroscopy, the 

frequency of the location of a metabolite or chemical compound 

depends on the configuration of protons within the chemical. 

There is a lot of water in biological tissues, and its frequency 

location is used as the standard for 1H MRC in vivo, meaning that 

all other chemicals are identified by comparing their frequency 

location (frequency shift) with that of water. 1H MRC is usually 

included in standard MR imaging protocols to obtain functional 

information and can be performed in 5-15 minutes. The most 

studied metabolites, taking into account their peaks in proton 

spectroscopy, are choline with a peak of 3.2 ppm; acetylaspartate-

2 ppm; myoinositol-3.56 ppm; fat compounds-1-1. 2 ppm; 

glutamate – 2.2-2.5 ppm; creatinine-3-3. 9 ppm [3] (Figure 1). 
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Figure 1: Typical position of the peaks of various compounds in the MRS 

of normal brain tissue. 

The main research and developments of MRS are carried out in 

the field of oncology. Free and commercial software is available 

with various algorithms for post-processing MPS data. Post-

processing includes motion correction (correction for frequency 

and phase shifts), automatic water suppression, and low-

frequency filtering of the residual water signal, Fourier 

transformation, and Lorentz and Gaussian transformations. These 

actions can be fully automated. Observations reveal an altered 

ratio of choline-creatinine, N-acetylaspartate, and creatine 

metabolism in most malignancies. Some cancers are accompanied 

by an increase in the peak of lactate in proton MRS. The graphs 

of metabolites of normal liver parenchyma and fatty dystrophy 

(steatohepatosis) are clearly (Figure 2). 

 

Figure 2: Comparison of water and lipid peaks: a-with fatty liver 

dystrophy, b-normal. 

The use of MRS is based on significant differences in the ratio of 

metabolite peaks in tumor tissues and in radiation necrosis, which 

were established in most studies devoted to this problem [4, 5]. 

For example, the spectral pattern of radiation necrosis includes a 

decrease in the concentration of choline (Cho), creatine and N-

acetylaspartate (NAA), as well as the presence of lactate peaks 

(Lac), lipid complex and other metabolites [6]. Lactate (Lac) is 

the end product of anaerobic glycolysis, a marker of hypoxia. In 

healthy volunteers, the lactate concentration is at the level of the 

sensitivity limit of the method, that is, it is usually not detected on 

the spectra. Increases with ischemia, tumors. The double peak of 

lactate is at 1.33 ppm, and at TE 135 ms it is inverted (is in 

antiphase), at TE 30 ms it is directed upwards (is in phase). The 

Warburg effect is known - the tendency of cancer cells to produce 

energy mainly through very active glycolysis followed by the 

formation of lactic acid [7,8]. These changes are one of the 

characteristic effects of cancer-causing mutations and metabolic 

markers of pathological tissue. The potential benefits of lactate-

mediated acidosis for cancer cells are numerous. The acid-

modified invasion hypothesis suggests that H+ ions secreted by 

cancer cells diffuse into the environment and alter the tumor-

stroma interface, providing increased invasiveness [9]. Moreover, 

lactate obtained from the tumor contributes to the polarization of 

tissue macrophages [10]. The Warburg effect is thought to be an 

early event in oncogenesis that is a direct consequence of an 

initial oncogenic mutation, such as the KRAS mutation in 

pancreatic cancer [11]. Lipids (lip) – an indicator of necrosis and 

destruction of myelin sheaths. Usually not detected in healthy 

volunteers, they increase with tumors, necrosis, abscesses and 

demyelination. Peaks at 0.8 and 1.3 ppm. The signal from lipids is 

best detected at low TE values (less than 35 ms) and decreases at 

higher TE values. Since Lac and Lip resonate at the same 

frequency of 1.3 ppm, in the case of the presence of both 

metabolites in the study area, their peaks may be indistinguishable 

or overlap and interfere. To highlight the Lac peak, the following 

points are considered important: Lac has a double peak; At TE of 

the order of 135 ms, the Lac peak is inverted; when using high TE 

values (270 ms), the Lip signal is suppressed and only the Lac 

signal remains. The peak of lipids reflects tissue necrosis, and the 

increase in lactate is caused by concomitant ischemia. With a 

variable diagnostic threshold of digital values, an increase in the 

Cho/Cr and Cho/NAA ratios in the tumor tissue was found, as 

opposed to their decrease in the post-radiation lesion. An 

interesting fact is that a lower NAA/Cr ratio is observed in the 

tumor tissue (in the foci of glioblastoma necrosis) than in the 

tissue with radiation necrosis. A review of published studies 

shows that MRS is a useful method for the differential diagnosis 

of continued tumor growth and radiation necrosis, although not all 

studies indicate significant differences in their spectral 

characteristics [4]. In a viral disease, Cho and Ins always increase, 

whereas a decrease in NAA mainly reflects a deeply altered 

clinical condition and cytolysis. In bacterial abscesses, the content 

of many amino acids, lipids, and Lac may be increased [12]. A 

model is known in which the MRS profile of myo-inositol (Ins), 

glutathione (GSH), and total choline (GPC+PCho) will detect 

aseptic inflammation even in the absence of other significant 

changes on MRI, and an increase or decrease in the concentration 
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of markers over time will differentiate the prognosis of the 

process - whether the inflammation will be persistent or 

attenuated. Practitioners often have to rely only on subjective 

indicators to diagnose the therapeutic pathomorphosis of the 

tumor and to assess how the patient responds to treatment [13]. 

Even the introduction of scales similar to the TRG (tumor 

regression grade) does not eliminate the subjective component. 

Thus, there is a need to objectify the in vivo detection of 

inflammation, including infection, by non-invasive methods. One 

of the remaining problems of using the method is the variety of 

estimates of the MRC data with the calculation of different ratios 

(taking into account the small value of the signal against the 

background of the water peak). Moreover we still face the 

insufficient consensus in choosing the most diagnostically 

accurate path of analysis, as well as the deficiency of 

histopathological verification of the results (due to the problem of 

combining the spectroscopic voxel with the biopsy point in 

heterogeneous processes). The limitations of the method are also 

associated with predictable and probably irremediable errors in 

the combination of tumor tissue with post-radiation changes [14]. 

In a study,the Lip-Lac/Cho and Lip-Lac/nCr ratios distinguish a 

pure tumor from a pure necrosis [15]. No values suggested that 

mixed samples could be statistically significantly distinguished 

from either pure tumor or pure necrosis. These studies show the 

importance of choosing the location of the spectroscopic voxel in 

a homogeneous area of the histopathological process. It is also 

known that it is possible to bring non-invasive verification 

techniques to a new level. Using state of the art technology in the 

study, the ratios of Cho/Cr (choline-containing compounds / 

creatine-phosphocreatine complex), Cho/NAA (N-acetyl 

aspartate) and NAA/Cr were evaluated by spectral maps in the 

tumor nucleus and peritumoral edema [16]. Differences in the 

ratio of metabolites between low-grade anaplasia gliomas (LGG), 

malignant gliomas (HGG), and metastases were statistically 

analysed. The lipid / lactate content was also analyzed. There 

were significant differences in tumor and peritumoral Cho/Cr, 

Cho/NAA, and NAA/Cr ratios between LGG, HGG, and 

metastases. The content of lipids and lactate was useful for 

distinguishing between gliomas and metastases. The results of 

this study demonstrate that MRS can differentiate between LGG, 

HGG, and metastases. So the diagnosis can be reliably established 

and verified even in patients who cannot undergo a biopsy. With 

regard to extracerebral diseases, spectroscopy has not become a 

mainstream technique. In the literature and studies on diffuse liver 

diseases, phosphorus spectroscopy is considered promising [17-

20]. However, there are not enough publications on the 

informative value of the MRS technique and the prospects for its 

application in relation to focal liver pathology, which is due to the 

difficulties of post-processing, positioning the patient with the 

placement of the zone of the most interesting changes in the 

magnet isocenter for spectroscopy, equipment requirements, and 

comparison with morphological data. The increase in the content 

of phosphomonoester (PME) in cancer occurs due to the 

proliferative activity and synthesis of phospholipid membranes. 

Similar changes are detected in cirrhosis, but they are more 

pronounced in tumors. An increase in the PME content is 

determined not only directly in the tumor node, but also in almost 

the entire liver tissue. Probably, this fact can be explained by a 

complex restructuring of the processes of energy metabolism in 

the body of an oncological patient with an increase in glycolysis 

and inhibition of plastic metabolism. One of the main 

manifestations of this rearrangement is the proteolisis and the 

acceleration of glucose consumption, in response to which the 

body reacts with an increase in gluconeogenesis, which is 

accompanied by an increase in the content of the corresponding 

intermediates, such as glucose-6-phosphate, etc., which are 

involved in the creation of the PME peak on the phosphoric MR 

spectrum. Several in vivo MRC studies have reported an increase 

in choline levels in tumors, such as hepatocellular carcinoma, and 

a decrease in the lipid-to-choline ratio after transarterial 

embolization performed for hepatocellular carcinoma [23,24]. 

The PME/PDE ratio in the liver in vivo decreased in patients with 

hepatitis C who responded to antiviral treatment, and remained 

the same or increased in patients without a virological response. 

These results suggest that PM and PDF may be used as 

biomarkers in a non-invasive treatment response test. 

A typical case of proton MRS from the archive of the 

department of MRI of the national research center of 

oncology 

In the study of the MRC of the verified metastasis of 

neuroendocrine pancreatic cancer to the liver, the picture of the 

peak from fat, lactate was obtained on the inverted spectra (Figure 

3,4). 

 
Figure 3: Inverted spectra with values of TE=35 ms and TE=144 ms from the 

metastatic focus in the liver, localization of the bill and saturation areas. In the 

upper row of the image in the T2-axial sequence, T2-coronal sequence and axial 

LAVA-sequence of metastasis of neuroendocrine pancreatic cancer to the liver. 
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Figure 4: The spectra analyzed in Tarquin with values of TE=35 ms and 

TE=144 ms of metastasis of neuroendocrine pancreatic cancer to the 

liver, the green lines reflect the frequency analysis of the signals of the 

lactate-lipid complex, the black lines represent the total signal. 

In the study of the prostate, proton and phosphor spectroscopy are 

mainly used. The main metabolite of the normal prostate is 

citrate, which is part of the secret of the gland. The maximum 

amount of citrate is contained in its peripheral zone-30.9±8.5 

mmol/g. The total citrate content in a normal prostate is 4-6 

micromol/g. In the tumor cell, the citrate content decreases, which 

is explained by a distortion of the metabolism in the tumor cell, 

namely, the synthesis of citrate is replaced by its oxidation. 

According to various authors, the citrate concentration in prostate 

cancer ranges from 1-2 to 3.74 mmol / g, whereas in the normal 

prostate, the total citrate content is 4-6 mmol/g. The content of 

creatine and creatine phosphate, which in a healthy cell are used 

in energy exchange, decreases in malignant processes. This is due 

to a decrease in the total level of ATP in the tumor cell. Also, in 

the tumor tissue in prostate cancer, as well as in hepatocellular 

carcinoma and metastases to the brain and liver, the content of 

substances involved in the synthesis of lipids, such as choline, 

inositol, and phospholipids, increases sharply. In tumor cells, the 

synthesis of proteins necessary for the construction of the 

cytoplasm is increased, so there is an increase in the content of 

many amino acids, including alanine and glutamate [25,26]. It is 

believed that the absence or sharp decrease in citrate content in 

prostate tissue is pathognomonic for adenocarcinoma, although 

the choline+creatine/citrate or citrate/choline+creatine ratio is 

much more often used for the diagnosis of prostate cancer. In 

prostate cancer, higher values of the choline+creatine/citrate ratio 

are detected than in the normal peripheral zone. An excess of this 

ratio of more than 0.75 or a twofold decrease in the citrate peak 

compared to the norm is characterized by high predictive value 

(75%) and high specificity (84%) for prostate cancer. The 

sensitivity and predictive value of a negative result are 71% and 

81%, respectively. The values of the citrate/choline+creatine ratio 

in the tumor tissue (0.67 ± 0.17) are correspondingly lower than 

in the healthy peripheral zone (1.46 ± 0.28). When using the 

surface coil, significant differences in the citrate/choline+creatine 

value were obtained between cancer (0.446 ± 0.063) and the 

healthy transient zone, although no significant differences were 

obtained between cancer and benign stromal gland hyperplasia. 

Combining multi-pixel spectroscopy with standard T2-weighted 

images can not only improve the detection of prostate cancer, but 

also obtain spatial information about the localization of cancer. 

The causes of low-intensity signals, in addition to cancer, can be 

post-biopsy hematomas, prostatitis, benign hyperplasia, and 

dysplasia. Therefore, some researchers suggest using the 

choline+creatine/citrate ratio for the differential diagnosis of low-

intensity signals. They showed that by adding three-dimensional 

proton spectroscopy to MRI, it is possible to achieve a significant 

increase in accuracy (from 52 to 75%) and specificity (from 26 to 

66%) in the detection of tumors in the area of post-biopsy 

haemorrhages. With the help of MRC, it is possible not only to 

detect prostate cancer and determine its localization, but also to 

predict the severity of histological changes according to Gleason. 

With a sharp increase in the choline peak spectrum, 7-8 points are 

predicted, and with a moderate increase - 4-5 points, the Gleason 

score. The experience of using prostate MRS, accumulated in the 

MRI department at the NMRC of Oncology, is mainly reduced to 

single-voxel MRS, while the voxel was located on the most 

highly rated DWI and T2 images in accordance with the PiRADS 

criteria. Patient B., 60 years old, went to the doctor due to 

symptoms of obstruction of the lower urinary tract. In the 

anamnesis - transrectal biopsy with G1 adenocarcinoma 

verification, Gleason index 6 a year before MRI, PSA-11.8 ng / 

ml in September 2019, did not receive special treatment before 

treatment. Peripheral zone: reduced, the lobes are asymmetric, 

with the presence of post-biopsy changes, the foci of the 

infiltrative lesion in both lobes at the median level, the largest 

lesion on the left peripheral zone at the median level (PZa-PZpl) 

according to PIRADS v2 was estimated as 5 points. An increase 

in choline and a decrease in citrate in the volume of the lesion 

were confirmed, the values of the choline+creatine/citrate ratio 

reached 0.83, which confirmed the presence of malignancy 

without repeated biopsy. In a study on a rat model of carrageenan-

induced intestinal inflammation, the metabolites include creatine, 

phosphatil choline, the CH2HC group in the fat chain of alkyls, 

and the glycerol backbone of lipids [27]. The differences in the 

concentrations of these metabolites in each group gave us an idea 

of the biochemical changes that occur during inflammatory 

diseases of the large intestine, and create the diagnostic potential 

of 1H MRC as a tool for future studying inflammation in 

combination with biopsy, despite ex vivo, the materials are 

promising for transfer to the studied peritumoral inflammatory 

processes, but the technique requires calibration and refinement. 
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Materials and Methods 

To study the diagnostic value of the developed model, the 

sensitivity, specificity, and overall accuracy of the abdominal 

MRI were calculated in patients with ductal pancreatic 

adenocarcinoma based on the signs of the presence of solid tumor 

tissue. The study included 20 study protocols of patients who 

went to the department to clarify the diagnosis at the initial 

detection of ductal pancreatic adenocarcinoma and 20 patients 

with chronic pancreatitis. The studies were performed on a GE 

Signa 1.5 THD tomograph on a surface 8-channel coil according 

to a protocol that included visualization in T2-VI, T2-fatsat, 

LAVA, T1-fatsat, Dual-echo, Dixon, and DWI with the 

construction of maps of the calculated diffusion coefficient. These 

data were used as material for the control group. The material of 

the main group was expanded by adding a single-pixel MRC, the 

data collection area of 2x2x2 cm was located on the most distinct 

pathological tissue or zone of inflammatory changes identified in 

the standard study, then during post-processing in the Tarquin 

software package, raw data was decoded as spectra with signal 

suppression from water, and concentration values for lactate and 

lip-13a were isolated. Further, native data without spectrograms 

and extended data sets with graphs and quantitative evaluation of 

the selected frequencies in a.u. were independently analyzed. 

False-negative, false-positive, true-negative and true-positive 

results of MRI and MRI+MRC were studied by the criterion of 

the presence or absence of tumor tissue. Malignant processes 

were morphologically verified by biopsy under ultrasonographic 

control, pancreatitis was confirmed both morphologically and 

dynamically by ultrasound and MRI after 6-8 weeks. Diagnostic 

value indicators were calculated using standard formulas, 

hypotheses were tested using the Fischer test, and data sets were 

evaluated independently by a consensus of 2 radiologists [28]. 

Research Results 

Based on the experience of analyzing metabolites and studying 

trends in international spectroscopic studies, the MRI department 

developed a diagnostic model for pancreatic cancer, which is 

characterized by the presence of hyper intensive tissue in the DWI 

with local deformation of the typical lobular structure, obstruction 

of the ductal system, alternating areas of tumor tissue with 

restriction of ADC diffusion of 0.001-0.0016 mm2/s and areas of 

predominant fibrosis [29-31]. The tumor tissue contains less fat in 

comparison with the parenchyma of the gland according to 

measurements in the dual-echo by the Dixon method, the 

proportion of lipids is 1-3%. According to the lactate content in 

spectroscopic measurements, the tumor tissue corresponds to the 

values of the Lactate peak of more than 1 a. u. In the presence of 

these signs, it was assumed that there was a tumor process in the 

pancreas. The data obtained in the study of the patient were 

compared with the data obtained on the basis of previously 

accumulated experience (Table 1). 

In the course of work on the spectra of pancreatic tissue in various 

conditions, the lipid complexes of Lip 13a peaks were estimated 

at 1.25-1.28 ppm. In adenocarcinoma, the average value of this 

peak reaches 6.9 a. g, in pancreatitis-4.4 a. g., in the normal 

gland-1.4 a. g. The results of the study of the diagnostic value of 

the method are shown in Table 2. The overall accuracy of the 

method using MRS, calculated by the indicator of the presence of 

tumor tissue, reaches 95%, which is due to one case of false-

negative diagnostic conclusions, but significantly exceeds the 

accuracy of conclusions without the use of spectroscopic criteria, 

where six cases of inaccurate conclusions were revealed-both in 

the group of patients with pancreatitis and in the group with 

verified pancreatic adenocarcinomas. This is confirmed by the 

Fisher test at a significance level of p=0.005 [32]. OR=6.88 (0.79 

to 60.06). F=0.108400 ξ2=3.91 (Table 2). 

Table 1: Mean values of metabolites for various pancreatic conditions obtained in the MRI department. 

Pathology Diffusion: SD/ADC, 

mm2/s 

Proportion of lipids according to the 

Dixon method, % 

Lactate a.u. 

Pancreatic cancer 0,0002/0,0013 1,79 1,7 

Normal tissue 0,00035/0,0015 11,22 0 

Chronic pancreatitis 0,0004/0,0018 16,47 0,1 

Table 2: Indicators of the diagnostic significance of the method of diagnosing pancreatic cancer. 

Indicator of the 

diagnostic method 

Diagnosis of pancreatic cancer 

taking into account the 

MRS data 

without taking into account the 

MRS data (standard protocol) 

3Tl MRS (literature data) 

Overall accuracy 97,5% (39/40) 85% (34/40) 77% 

Sensitivity 95% (19/20) 85% (17/20) 55% 

Specificity 100% (20/20) 85% (17/20) 86% 
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For comparison, the method of MRI on a scanner with field 

induction of 3 T (1H-MRS) was also used according to the 

publication using peaks from cholesterol and fatty acid 

metabolites. The sensitivity of the method, according to the 

authors of this study, was 55%, specificity-86%, accuracy-77%, 

which is obviously inferior to the results of the method that 

combines chemical shift data and spectroscopy. For tomography 

with a field induction of 1.5 T scanners, such data were not found 

in the publications, which indicates the novelty of the proposed 

approach and the insufficiency of using spectroscopy on an ultra-

high-field MR-scanner as a separate isolated method. The method 

demonstrates high accuracy in the assessment of the tumor, 

surpassing both the method of isolated MRC and the standard 

native scanning protocol [33]. 

Clinical Cases 

Patient L. In August 2019, during an examination at the Central 

State Hospital of Rostov-on-Don, a tumor of the pancreatic body 

was detected, a histological analysis was not taken, and she 

independently turned to the National Research Center of 

Oncology for examination. MRI of the abdominal cavity from 

13.08.2019, conclusion: MR-picture of the tumor process of the 

body and tail of the pancreas with the involvement of 

parapancreatic fiber, major vessels. MR-pattern of metastasis to 

the portal lymph node and to the retroperitoneal lymph nodes. 

Pancreatic hypertension. In Lac 1.015 a.u. spectroscopy, the 

proportion of lipids according to the Dixon method is 1.79%. 

Morphologically confirmed: ductal adenocarcinoma G1 in the 

biopsy (Figure 5). 

 

Figure 5: MRI of the pancreas: A-T2-VI with a marked tumor; B - a 

fragment of the spectrum with the presence of a peak of the lactate-lipid 

complex from the Tarquin program. 

Patient D. applied to the National Research Center of Oncology in 

2019. At the time of treatment, he was ill for 1 month with 

negative dynamics, an MRI OBP revealed a tumor of the tail of 

the pancreas, and was sent to the RNIOI (NMIC of Oncology) for 

examination. In the tail of the pancreas, edema, ADC 0.0016-

0.0019 m2 / s, the length of edematous and inflammatory changes 

is not less than 49x26 mm. The Virsung duct in the tail of the 

pancreas is locally expanded to 8 mm over 14 mm, pseudotumor 

pancreatitis. The proportion of lipids according to the Dixon 

method is 15.4%. There are no signs of a pancreatic tumor on Lac 

0.0000 a.u. spectroscopy. Currently, he is diagnosed with 

"chronic pancreatitis" (Figure 6). 

 

Figure 6: MRI of the pancreas: a-T2-weighted image, the general view 

of the pancreatitis site is outlined with a marker; b - a fragment of the 

spectrum with the presence of a peak of the lactate-lipid complex from 

the Tarquin program. 

Conclusions 

MR spectroscopy can potentially be used to assess metabolic 

function in vivo, especially with respect to the quantification of 

fat, lactate, choline, citrate in the liver, pancreas, and prostate. 

The method can also provide useful information about other 

aspects of diffuse parenchymal organ disease (inflammation, 

dystrophy and fibrosis), help in the detection of a tumor, non-

invasive assumption of its histological type, taking into account 

sensitivity to necrosis, can help to control the response to therapy. 

To demonstrate maximum diagnostic effectiveness, the MRC 

method should be integrated into a holistic model of 

multiparametric imaging, and its results should be correlated with 

native MRI data.  
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