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Abstract
Purpose: To evaluate the extent to which magnetic resonance spectroscopy (MRS) lipid metabolites are accurate in 
predicting high-grade cervical cancer.

Material and methods: This prospective single-centre pilot study included 20 cases with pathologically proven cervical 
cancer. They underwent pelvic magnetic resonance imaging (MRI) with MRS. Two radiologists, blinded to the histo-
pathological results, with 10 years of experience in gynaecological imaging, independently analysed the MRI images 
and MRS curves, and a third one resolved any disagreement. Using the histopathological results as a standard test, 
the receiver operating characteristics (ROC) curve was utilised to calculate the optimal lipid peak (1.3 ppm) cutoff 
for predicting high-grade cervical cancer. The difference in MRS metabolites between low- and high-grade cervical 
cancer groups was estimated using the Mann-Whitney test. 

Results: The study included 11 high-grade and nine low-grade cervical cancer cases based on the histopathological 
evaluation. A lipid (1.3 ppm) peak of 29.9 was the optimal cutoff for predicting high-grade cervical cancer with 100% 
sensitivity, 77.8%, specificity, and 90% accuracy. Moreover, there was a significant difference between low- and high-
grade cervical cancer cases concerning lipid peak at 0.9 ppm, lipid peak at 1.3 ppm, and the peak of choline with 
(p-value 0.025, 0.001, and 0.023), respectively.

Conclusions: MRS might be considered a useful imaging technique for assessing the grade of cervical cancer and 
improving the planning of treatment. It shows a good diagnostic accuracy. Therefore, it can be adopted in clinical 
practice for better patient outcome. 
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Introduction
The 4th commonest malignancy in females is cervix cancer [1], 
with preponderance between those of socioeconomic low 
level. Magnetic resonance imaging (MRI) is the most pre
valent tool in cervical cancer work-up. The International 
Federation of Gynaecology and Obstetrics (FIGO) clas-
sification [2] depends on clinical examination for tumour 
staging. Currently, it implies the use of imaging tools as  
an adjunct for staging [3]. Sampling error, difficulty in 

determining invasion of the parametrium, and accurate 
tumour size calculation are sufficient causes, making his-
topathology alone inefficient. Those items help in choosing 
the best treatment option between surgery and chemo-
therapy [4]. Combined high-resolution MRI and magnetic 
resonance spectroscopy (MRS) could differentiate preinva-
sion from early invasive cervical tumours. Multiple studies 
showed resonances from mobile triglycerides, confirmed 
by biopsy samples in cases of invasive cervical carcinoma 
[5]. Limitations of MRS include field strengths and its spec-
tral resolution, and inhomogeneity of the magnetic field  
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resulting in line-broadening issues [6]; these effects can be 
abandoned by applying a 54.7° spinning angle at the main 
field [7], an effect named magic angle spinning (MAS)  
MRS producing excellent spectrum resolution, yet at high 
spin, some cellular structural degradation could ensue. This 
pilot study aimed to assess the diagnostic accuracy of lipid  
(1.3 ppm) peak in predicting the high-grade cervical can-
cer to highlight the need for more advanced non-inva-
sive imaging techniques that can accurately differentiate  
the low- and high-grade cervical cancer for better patient 
management. As a secondary aim, we investigated the diffe
rence between low- and high-grade cervical cancer groups 
regarding lipid and choline peaks.

Material and methods
Before the beginning of the study, all patients had signed 
a local approval and informed consent form regarding  
the institutional review board (IRB) rules with a reference 
number ZU-11060. We followed the Helsinki concepts 
and STARD guidelines in conducting the research.

Study design and population

This prospective pilot study included 20 patients, with  
an age range from 46 to 70 years and a mean age of 57.5 years. 
They were referred from the Department of Obstetrics 
and Gynaecology to the Department of Diagnostic Radio
logy during the period from March 2022 to March 2023. 
All the images used in this study were collected from our 
existing PACS database.

Patients who underwent sonography that detected 
a cervical mass, or presented with a cervical mass at lo-
cal examination with pathologically proven cervical car-
cinoma were included. Patients incompatible for MRI 
examination, e.g. pacemaker, metallic prosthesis (n = 1), 
or patients unwilling to complete the study, patients with 
claustrophobia for MRI (n = 3), patients with indetermi-
nate pathological results, and cases with suboptimal MRI 
and MRS images (n = 2) were also excluded. All patients 
were subjected to the following: i) personal history (name, 
age, occupation…), ii) local gynaecological examination, 
iii) sonographic (transvaginal) examination, if they were 

not done before MRI exam, and iv) MRI and MRS of the 
cervix. The flow chart of the research process is illustrated 
in Figure 1. 

Technique of MRI and MRS

Scan protocol and parameters

The MRI scanner (superconducting magnet) used in 
the current study was a 1.5 T Achieva (Philips Medical 
Systems). Patients were dressed in light cotton gowns.  
The exam was performed while patients presented supine 
with their feet first. Imaging acquisition was done using 
a dedicated 16-channel pelvic phased array coil, positioned 
on the pelvis. One hour prior to the exam patients had been 
asked to void. To reduce bowel motion artifacts, 10 mg 
of hyoscine N-butyl bromide (Buscopan) was injected 
intravenously. First, the scout was done, and it extended 
from the level of L4-5 (level of renal hilum) to the level  
of ischial tuberosities to ensure the covering of the cervix 
and its surrounding structures. Then, the chosen MRI pro-
tocol was performed. The scanning protocol and param-
eters are shown in Table 1. 

1H-MRS was acquired using a single-voxel point re-
solved spectroscopy (PRESS) sequence, with a repetition 
time (TR) of 1500 ms and echo times (TE) of 28 and 144 ms. 

26 female patients with cancer cervix  
were registered for pelvic MRI and MRS

20 eligible females 
were enrolled

MRI and MRS scan

FIGO staging: 
IB – 1 lesion 

IIA – 7 lesions 
IIB – 7 lesions 
IIIA – 3 lesions 
IIIB – 2 lesions

9 low-grade lesions

Histopathology

11 high-grade lesions

   Excluded patients: 
   - Patients with metallic 
      prothesis = 1
   - Patients with MRI  
      claustrophobia = 3
   - Patients with suboptimal 
      MRI images = 2

Figure 1. Flow chart of the study process

Table 1. Parameters of cervical MRI scan sequences 

Sequence Scan planes TR/TE  
(ms)

FOV  
(mm)

NEX Matrix Slice thickness  
(mm)

Interslice gap 
(mm)

T2-weighted FSE Sagittal 3411/121 320 × 320 2 320 × 224 4 1

T2-weighted FSE Para axial, para coronal 5089/127 240 × 240 2 320 × 224 4 1

T1-weighted image Para axial 400/10 240 × 240 2 320 × 224 4 1

DWI Para axial 2000/57 240 × 240 2 160 × 80 3.5 0

T2-weighted FSE Axial 5000/125 310 × 310 2 320 × 224 4 1
NB – b-values DWI were 0, 500, and 1000 s/mm².  
DWI – diffusion-weighted imaging, FA – flip angle, FOV – field of view, FSE – fast spin-echo, NEX – number of excitations, TE – echo time, TR – repetition time
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A voxel (average volume 18 × 18 × 18 mm³) was posi-
tioned in the centre of the lesion, strictly avoiding con-
tamination from nearby tissues and necrotic areas. Short 
TE (28 ms) was used for metabolite quantification, while 
long TE (144 ms) was used for the detection of lactate 
(Lac) (its signal can be hidden when a large lipid signal 
resonating at 1.28 ppm is also present). Automated shim-
ming to acquire superb spectral quality and reduction of 
total acquisition time was applied.

The water signal was suppressed by using chemical 
selective saturation (CHESS) pulses. The total scan time 
(MRI + 1H-MRS) was about 20 min.

Image analysis

Two experienced radiologists with 10 years of experience 
in gynaecological imaging blinded to the results of the his-
topathological examinations independently analysed all 
the conventional MRI images and MRS (lipid and choline) 
metabolites spectra and assigned each lesion a FIGO stage 
according to 2018 classification [8], and any disagreement 
was resolved by a third radiologist with 15 years of expe
rience in gynaecological imaging. Spectra were analysed 
for 17 metabolites, as shown in Table 2. Metabolites with 
overlapping or very close resonance are given their sum (for 
example tCho = GPC + PCho and Glx = Glu + Gln). We 
used the receiver operating characteristics curve (ROC) to 
calculate the best cutoff of lipid peak (1.3 ppm) for pre-
dicting high-grade cervical cancer and the Mann-Whitney 
U test to compare both groups regarding MRS metabolites.

Table 2. The 17 metabolites included at the MRS spectra analysis

No Metabolite Symbol

1 Alanine Ala

2 Aspartate Asp

3 Creatine Cr

4 Glucose Glc

5 Glutamate Glu

6 Glutamine Gln

7 Glutathione GSH

8 Glycine Glyc

9 Glycerophosphorylcholine GPC

10 Phosphorylcholine PCho

11 Myoinositol Ins

12 Lactate Lac

13 N-acetylaspartylglutamate NAAG

14 N-acetylaspartate NAA

15 Phosphocreatine PCr

16 Scyllo-inositol and taurine Tau

17 Lipids and macromolecules Lip

Table 3. Patients’ basic characteristics of the studied groups

Variables Study group (n = 20)

Age (years), mean ± SD 59.25 ± 5.87

FIGO, n (%)

IB 1 (5)

IIA 7 (35)

IIB 7 (35)

IIIA 3 (15)

IIIB 2 (10)

HPV, n (%)

Absent 11 (55)

Present 9 (45)

Histopathology, n (%)

Squamous cell carcinoma 14 (70)

Adenocarcinoma 4 (20)

Small cell carcinoma 2 (10)

ADC value mm2/sec, median (IQR) 1 (0.75)

Size of the lesion (mm), mean ± SD 2.9 ± 0.968

Treatment

CRT 7 (35)

Surgery 13 (65)

Grade

Low-grade 9 (45)

High-grade 11 (55)
ADC – apparent diffusion coefficient, CRT – chemoradiotherapy

Histopathology (Reference test)

All patients underwent a diagnostic biopsy from the cer-
vix with determination of pathologic subtypes and lesion 
grading. Results were reviewed by two experienced patho
logists. The lesions were divided into low- and high-grade 
cervical lesions according to the shape and the degree of 
differentiation of the malignant cells in the specimen.  
The low-grade lesions involved cervical intra-epithelial 
neoplasia grade 1 (CIN1), while high-grade lesions in-
cluded CIN2, CIN3, and invasive carcinoma – either 
squamous cell carcinoma or adenocarcinoma [9].

Statistical analysis

Data analysis was conducted using the Jamovi software 
version 2.3.26. Categorical data were described using 
numbers and frequencies. We assessed the normality of 
the continuous data by Shapiro-Wilk test. For normally 
distributed data, means and standard deviations, and for 
non-normally distributed data, median with interquar-
tile range were used to describe the continuous data. We 
utilised the Mann-Whitney test to compare the low- and 
high-grade cervical cancer groups regarding MRS me-
tabolites. For calculating the cutoff value of lipid peak 



� MRS in cancer cervix

e381© Pol J Radiol 2024; 89: e378-e385

(1.3 ppm) to predict high-grade cervical cancer, the ROC 
curve was utilised. The sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV), and 
accuracy with a confidence interval of 95% were calcu-
lated. The p-value of less than 0.05 was considered statisti-
cally significant.

Results
The current study included 20 female patients with patho-
logically proven cervical cancer. The mean age of the 
studied patients was 59.25 ± 5.87 years. Nine cases were 
low-grade, and 11 were high-grade cervical carcinoma.  
The rate of high-grade cervical carcinoma was 55%.  
The most prevalent histological type was squamous cell car-
cinoma, found in 14 cases (Table 3).

Comparison between the low- and high-grade groups 
regarding the MRS metabolites

As shown in Table 4, there was a statistically significant dif-
ference between the 2 groups regarding lipid peak (0.9 ppm), 
lipid peak (1.3 ppm), and choline peak (p-value of 0.025, 
0.001, and 0.023, respectively). The lipid/choline ratio did 
not differ between both groups (p-value of 0.271). 

Diagnostic performance of lipid peak metabolite  
(1.3 ppm) to predict high-grade cervical carcinoma

MRS lipid (1.3 ppm) showed high diagnostic performance 
in predicting high-grade cervical carcinoma. Lipid peak 
(1.3 ppm) showed a sensitivity, specificity, and accuracy 
of 100%, 77.8%, and 90%, respectively. The diagnostic ac-
curacy of the lipid peak (1.3 ppm) is described in Table 5. 

Analysis of the ROC curve 

Using the ROC curve, the optimal cutoff value of lipid 
peak (1.3 ppm) to predict high-grade cervical carcinoma 
was 29.9 (Figure 2) with an AUC of 0.939 (Table 5).

Some of our cases are illustrated in (Figures 3-5).

Discussion
The current pilot study is an attempt to provide literature on 
the clinical impact of in vivo MRS in predicting the grade 

of cervical carcinoma. This functional and advanced MRI 
technique can decrease biopsy rates and has the potential 
to assess the cancer grade in a non-invasive way. Accurate 
discrimination between low- and high-grade cervical car-
cinoma is crucial for better decision-making and manage-
ment. Furthermore, high-grade cervical carcinoma needs 
surgery in addition to chemo- or radiotherapy with a close 
follow-up, while low-grade cervical carcinoma may require 
minimally invasive intervention. Moreover, MRS metabo-

Table 4. Comparison between low- and high-grade cervical cancer groups regarding MRS metabolites

Low-grade High-grade p-value

Lipid peak (1.3 ppm), median (IQR) 20.6 (9.45) 52.9 (21.5) 0.001*

Lipid peak (0.9 ppm) mean ± SD/ Median (IQR) 14.88±2.33 33.9 (18.9) 0.025*

Choline peak (ppm) median (IQR) 7.58±1.45 17.9 (10.9) 0.023*

Lipid/choline ratio Median (IQR) 1.79 (0.75) 1.8 (0.87) 0.271*
*Mann-Whitney test. P-value less than 0.05 is considered significant, less than 0.001 is highly significant.

Table 5. Diagnostic performance of the MRS lipid peak (1.3 ppm) for  
the prediction of high-grade cervical cancer

Variables MRS

AUC 0.939

Cut off 29.9

CI 0.838-1

Sensitivity 100% (74.12-100%)

Specificity 77.8% (45.26-93.68%)

PPV 84.62% (52.30-94.86%)

NPP 100% (70.09-100.00%)

Accuracy 90% (69.90-97.21%)
AUC – area under curve, CI – confidence interval, PPV – positive predictive value, NPP – nega
tive predictive value

Figure 2. ROC curve of the diagnostic accuracy of lipid (1.3 ppm) in predict-
ing the high-grade cervical cancer 
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lites can be used in the assessment of post-treatment re-
sponse for better patient outcomes [10].

The current pilot study is in agreement with what is 
already known in the previous literature about the diag-
nostic performance of MRS lipid metabolites in discrimi-
nation between low- and high-grade cervical carcinoma. 
Nine low-grade and 11 high-grade cases were recruited. 
Squamous cell carcinoma was the most prevalent detected 
histological type. A lipid peak (1.3 ppm) of 29.9 was the 
optimal cutoff value for predicting high-grade cervi-
cal carcinoma with sensitivity, specificity, and accuracy 
of 100%, 77.8%, and 90%, respectively. Moreover, there 
was a statistically significant difference between low- and 
high-grade cervical cancer groups concerning the MRS 
different metabolites (lipid 0.9 ppm, lipid 1.3 ppm, and 
choline). These findings were not surprising and could 
be explained by the fact that there was an increase in the 
amount of unsaturated fatty acids in poorly differenti-

ated tumours. However, the presence of more than 50% 
of high-grade cases in the current study might be a po-
tential bias in calculating the diagnostic accuracy of MRS 
metabolites in predicting high-grade cervical carcinoma 
because the patients were recruited from a single gynaeco-
logical-oncological institution with many advanced cases.  

To the best of our knowledge, there is a paucity of pre-
viously published studies to assess the diagnostic perfor-
mance of the MRS metabolites in differentiating between 
low- and high-grade cervical cancer. This pilot study is an 
attempt to validate the MRS lipid metabolites in diagnos-
ing high-grade cervical cancer cases and to calculate an 
optimal cutoff of lipid peak (1.3 ppm). However, many 
studies evaluated the clinical utility of MRS in cervical 
cancer and reported elevated levels of fatty acids in the 
cervical cancer, especially adenocarcinoma histological 
type [11-16]. A previous study [13] validated this tech-
nique using in vivo and ex vivo profiles and reported 

Figure 3. A 60-year-old female patient presented with dyspareunia and US cervical mass. A) Axial T2WI shows a moderatley well-defined cervical soft 
tissue mass displaying intermediate signal intensity (SI) with loss of stromal low SI from 9:00 to 1:00 o’clock (white arrow) associated with parametrial 
extension on both sides (blue arrow). It measures about 40 × 20 mm (FIGO IIB). B) Magnetic resonance spectroscopy curve shows high lipid and choline 
peaks. Histopathology reveals high-grade cervical squamous-cell carcinoma

Figure 4. A 45-year-old female patient presented with vaginal bleeding on sexual intercourse and US cervical mass. A) Sagittal T2WI shows a poorly defined 
cervical soft tissue mass (white arrow) displaying intermediate signal intensity (SI) associated with loss of cervical stromal low SI and extending to the 
posterior upper vaginal wall (blue arrow). It measures about 65 × 60 mm (FIGO IIB). B) Magnetic resonance spectroscopy curve shows high choline and 
moderate elevation of lipid peaks. Histopathology reveals low-grade cervical adenocarcinoma on multiple specimens

A B

A B
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a sensitivity and specificity of 77.4% and 93.8%, respec-
tively, for CH2 in vivo, the sensitivity was 100% and speci-
ficity was 69% for CH2 ex vivo, supporting the current 
study findings. Our pilot study reported a 29.9 cutoff for 
lipid peak (1.3 ppm) for differentiating between low- and 
high-grade cervical carcinoma. However, there was no re-
corded cutoff in the previously published reports to sup-
port or contradict our results.

Regarding the difference in MRS lipid metabolites be-
tween both groups, Mahon et al. [13] reported a signifi-
cant difference between normal, CIN, and cervical can-
cer groups regarding lipid (0.9 ppm) and lipid (1.3 ppm)  
(p < 0.0001), which is in line with our study. Conversely, 
a team in Taiwan [17] assessed the clinical value of pro-
ton MRS in cervical carcinomas and prediction of poor 
prognostic human papillomavirus (HPV) genotypes, and 
recorded no significant difference between the well- and 
moderate/poorly differentiated cervical carcinoma regard-
ing lipid (0.9 and 1.3 ppm) with p-values of 0.245 and 
0.361, respectively. This discrepancy might be attributed 
to the fact that their study included 52 cases and using  
a 3 Tesla machine.

Regarding choline peak, Mahon et al. [13] and Lin  
et al. [17] reported that both groups did not differ in total 
choline peak, with p-values of 0.68 and 0.918, which is not 
in line with our study. This can be explained by the fact 

that the choline peak can be variable in different degrees 
of tumour differentiation and our study enrolled a small 
group. Previously conducted studies recorded an asso-
ciation of Cho level with high-grade and large tumours. 
Moreover, there is a significant association between the 
presence of choline and the absence of necrosis [18].

Increases in lipid peaks (0.9 and 1.3 ppm) resonances 
are demonstrated in the growth and invasiveness of the 
tumour cells [19]. The actual proof for their origin in cyto
plasmic or membranous compartments is still a matter 
of debate. Without direct electron microscope evidence,  
the MR evidence supporting the membrane microdomain 
hypothesis [20] was based on spectrum similarities and 
relaxation characteristics between lipoproteins, mem-
brane preparations, and cell suspensions. Furthermore, 
cytoplasmic lipids have been demonstrated as a source of 
lipid peaks [21,22]. Limited studies were conducted to in-
vestigate the association of lipid peak resonances and cell 
proliferation and apoptosis.

Clinical implications

MRS lipid peaks can be used in clinical practice as 
a valid imaging tool for assessing the grade of cervical 
cancer. Furthermore, it might be applicable for pretreat-
ment staging, planning the optimal therapy, and follow-

Figure 5. A 34-year-old female patient presented with abnormal intermenstrual bloody discharge and US cervical ill-defined mass. A-B) Axial T2WIs show 
a moderately well-defined cervical soft tissue mass displaying intermediate signal intensity (SI) with circumferential loss of stromal low SI (white arrow) 
and extending to the lower vaginal third (blue arrow). It measures 60 × 60 mm. C) Magnetic resonance spectroscopy curve shows high lipid and moderate 
elevation of choline peaks. Histopathology reveals high-grade squamous-cell carcinoma
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up. Recent studies investigated its clinical use in the 
evaluation of the treatment response for better patient 
outcome. DWI provides functional information on the 
tumour nature, tumour extension, and its surgical mar-
gins. When MRS is used coupled with the DWI, it might 
provide a powerful non-invasive advanced tool that can 
arcuately characterise the tumour without further need 
for post-contrast series. Moreover, it can reduce the rate 
of unnecessary invasive biopsies.  

Limitations

The current study had some limitations. First, it was 
a single-centre study with a small sample size. Second, the 
MRS technique is affected by technical factors such as lip-
id peaks overlapping with lactate peaks, or patient factors 
such as movement. Third, there might be potential selec-
tion bias. Finally, the study did not include normal cases.

Recommendations

Based on our study results and previously published 
reports in the literature, we recommend further longitudi-
nal multicentre studies with large sample sizes to provide 
further validation of MRS in cervical cancer. 

Conclusions
MRS shows good diagnostic accuracy in predicting 

high-grade cervical cancer. Therefore, it might be consid-
ered a useful imaging technique in assessing the grade of 
cervical cancer to improve the planning of treatment. Fur-
thermore, it can be adopted in clinical practice for better 
patient outcomes. 
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