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Abstract

Objective: To investigate the correlation of parameters measured by dynamic-contrast-enhanced 

MRI (DCE-MRI) and 18F-FDG PET/CT in spinal tumors, and their role in differential diagnosis.

Methods: A total of 49 patients with pathologically confirmed spinal tumors, including 38 

malignant, 6 benign, and 5 borderline tumors, were analyzed. The MRI and PET/CT were done 

within 3 days, before biopsy. On MRI, the ROI was manually placed on area showing the strongest 

enhancement to measure pharmacokinetic parameters Ktrans and kep. On PET, the maximum 

standardized uptake value SUVmax was measured. The parameters in different histological groups 

were compared. ROC was performed to differentiate between the two largest subtypes, metastases 

and plasmacytomas. Spearman rank correlation was performed to compare DCE-MRI and 

PET/CT parameters.

Results: The Ktrans, kep and SUVmax were not statistically different among malignant, benign 

and borderline groups (P= 0.95, 0.50, 0.11). There was no significant correlation between Ktrans 

and SUVmax (r= −0.20, P=0.18), or between kep and SUVmax (r= −0.16, P=0.28). The kep was 

significantly higher in plasmacytoma than in metastasis (0.78±0.17 vs. 0.61±0.18, P=0.02); and in 

contrast, the SUVmax was significantly lower in plasmacytoma than in metastasis (5.58±2.16 vs. 

9.37±4.26, P=0.03). In differential diagnosis, the AUC of kep and SUVmax were 0.79 and 0.78, 

respectively.

Conclusions: The vascular parameters measured by DCE-MRI and glucose metabolism 

measured by PET/CT from the most aggressive tumor area did not show a significant correlation. 

The results suggest they provide complementary information reflecting different aspects of the 

tumor, which may aid in diagnosis of spinal lesions.
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Introduction

Magnetic resonance imaging (MRI) is often recommended for patients presenting with pain 

in the spine, who are suspected to have lesions compressing the spinal cord. The most likely 

malignancy is metastatic cancer and primary bone tumor. Borderline tumors (locally 

aggressive and rarely metastasizing) and benign lesions are also found in the spine, and each 

lesion needs to be correctly diagnosed to decide the most appropriate treatment plan. 

Although MRI can provide detailed morphological information about the deformation of 

bone and the presence of soft tissue lesion, there are no specific imaging features that can be 

used to diagnose different types of lesions. Several studies have shown that the vascular 

parameters measured by dynamic-contrast-enhanced MRI (DCE-MRI) can provide 

additional information to help differentiation of lesions in the spine, e.g. primary bone 

cancers such as myeloma, lymphoma, chordoma, giant cell tumor of the bone [1–4]; benign 

lesions such as tuberculosis [5]; and metastatic cancers of different primary [6–8].

For patients suspecting to have malignant lesions in the spine, the 18F-fluorodeoxyglucose 

(FDG) positron emission tomography/ computed tomography (PET/CT) is another 

commonly used imaging modality. In addition to detecting malignancy, it is also used for 

staging to evaluate the extent of disease, monitoring treatment response, and predicting 

prognosis [9, 10]. FDG is transported by glucose transporters and metabolized by the 

enzyme hexokinase, so a high uptake is seen in malignant cancer cells but it may also occur 

in tissues with a high cellular proliferation, e.g. in aggressive benign tumors, inflammation 

and normal bone marrow.

Vascular properties measured by DCE-MRI and glucose metabolism measured by 18F-FDG 

PET/CT may provide complementary information representing different aspects of the 

lesion. Their associations in lung cancer, head and neck cancer and atherosclerosis have 

been investigated before [11–16]. Their association in spinal lesions has not been reported 

yet, possibly due to lack of data because DCE-MRI is not included in the standard protocol 

for spinal MRI. A better understanding of the relationship between vascularity and glucose 

metabolism will help to explore their clinical implications in management of spinal diseases.

The purpose of this study was to investigate the imaging parameters measured by DCE-MRI 

and 18F-FDG PET/CT in various spinal lesions, which were histologically confirmed as 

malignant, benign and borderline tumors. The association among the measured parameters, 

and their diagnostic role were analyzed.
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Materials and Methods

Subjects

A total of 49 patients with spinal tumors who underwent DCE-MRI and PET/CT 

examinations from February 2014 to August 2017 were identified from a retrospective 

search of our imaging database. The mean age was 50.6 ± 15.5 years old, range 17 to 79 

years old, 30 males and 19 females. These patients were referred to receive MRI and 

PET/CT for diagnosis, due to numbness of corresponding limb and pain caused by lesions 

compressing the spinal cord. Only cases with two imaging done within a few days, before 

biopsy, were included. The interval time between the two examinations was less than 3 days. 

The histological diagnosis of each lesion was confirmed by biopsy or surgical pathology, 

with a total of 38 malignant tumors (including 19 metastases and 8 primary plasmacytomas), 

6 benign tumors, and 5 borderline tumors classified based on the WHO Classification of 

Tumors of Soft Tissue and Bone (Table 1). The borderline (or, intermediate) tumors are 

defined based on being locally aggressive or having rare chance of metastasis. The study 

was approved by the Ethics Committee of our hospital, and informed consent was waived.

MRI and PET/CT Imaging Protocol

The MRI was performed on a Siemens Trio 3.0T system (Siemens, Erlangen, Germany). 

The axial T2WI, coronal T2WI, sagittal T2WI, T1WI, and fat suppression T2WI images 

were acquired using the fast spin echo sequence. After the abnormal region was found, 

DCE-MRI was acquired using a FLASH 3D VIBE sequence, with TR=4.1ms, TE=1.5 ms, 

flip angle=10°, matrix=256×192, FOV (field of view) =250mm×250 mm, slice 

thickness=3mm. A total of 16 DCE time frames were taken covering the DCE time period of 

120~168 s. The contrast agent, gadopentetate dimeglumine (Gd-DTPA), at a dose of 0.1 

mmol/kg was injected after one pre-contrast frame was taken, with the speed of 2 ml/s.

PET/CT was performed using a Siemens Biograph 64 PET/CT system (Siemens, Erlangen, 

Germany) with 52-rings PET, and 64-row spiral CT. All patients were fasted before the 

examination, and blood glucose levels were in the range of 4.4–9.3 mmol/L. All patients 

underwent whole-body PET/CT conventional imaging 60 minutes after injection of 3.7–4.5 

MBq/kg 18F-FDG. A 64-row spiral CT scan was performed with voltage of 140 kV, current 

of 100 mA, and a slice thickness of 3 mm. PET imaging was done using the 3D mode 

acquisition with iterative construction. The scan time was 8 minutes for the head scan, and 3 

minutes per bed for the body scan from calvaria to the upper part of the femur.

Image Analysis

For MRI analysis, the region of interest (ROI) of 0.5 to 1.2 cm2 was manually placed on the 

area showing the strongest contrast enhancement, and avoiding cystic lesions, calcification, 

necrosis and hemorrhage. The signal intensity-time curve from this ROI was obtained using 

the Siemens Sygno Mean Curve software. Three heuristic parameters were calculated from 

each DCE time course: the steepest wash-in signal enhancement ratio [(S2-S1)/S0]; the 

maximum signal enhancement ratio [(Smax-S0)/S0]; and the wash-out slope [(Speak-Slast)/

Speak] (or, if no peak [(S67s-Slast)/S67s]). The DCE time course was also analyzed with a 

2-compartmental pharmacokinetic model to obtain Ktrans (1/min) and kep (1/min), following 
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the previously reported method [3]. The correlation between heuristic parameters directly 

calculated from the DCE time course and the fitted pharmacokinetic parameters was 

evaluated. It was found that kep was highly correlated with wash-out slope (r=0.95), and 

Ktrans was highly correlated with max SE ratio (r=0.99) and steepest wash-in SE ratio 

(r=0.92), as shown in the Figure included in the supplementary material. Therefore, only the 

pharmacokinetic parameters Ktrans and kep were used in further analysis.

For PET analysis, the ROI was manually placed on the entire area showing high 18F-FDG 

uptake, and the maximum standardized uptake value SUVmax within the ROI was measured. 

For patients who had abnormal findings in multiple spinal segments, only the lesion 

corresponding to that analyzed on MRI was considered.

Statistical analysis

The quantitative DCE-MRI parameters, Ktrans and kep, and PET/CT parameter SUVmax, 

were analyzed using the SPSS 22.0 statistical software. Kruskal-Wallis H rank sum test were 

used to compare the statistical differences between the parameters in malignant, benign and 

borderline tumor groups. Mann-Whitney U rank sum test was used to compare between 

metastasis cancer and primary plasmacytoma groups, with P less than 0.05 as statistically 

significant. Spearman rank correlation analysis was used to compare the association of Ktrans 

and kep with SUVmax in the entire group of 49 cases, and also in each subgroup. The 

diagnostic performance to differentiate between metastases and plasmacytomas was 

evaluated using receiver operating characteristic (ROC) curve. The area under the curve 

(AUC) was calculated, and then the optimal threshold of each parameter was determined 

according to the Youden index to obtain diagnostic sensitivity and specificity.

Results

Comparison in malignant, borderline and benign groups

The mean and standard deviation of each analyzed parameter in three groups, as well as in 

each histological subtype, are summarized in Table 1. The MRI and PET images of one 

renal metastasis and one plasmacytoma are shown in Figure 1 and Figure 2, respectively. 

The images from two benign lesions, Schwannoma and Hemangioma, are shown in Figure 3 

and Figure 4, respectively. The values of Ktrans, kep and SUVmax were not statistically 

different among the three subgroups of malignant, benign and borderline tumors, with P = 

0.95, 0.50, and 0.11, respectively.

Association between DCE-MRI and PET/CT parameters

The scattered plot of Ktrans vs. SUVmax and kep vs. SUVmax are shown in Figure 5, and 

cases in malignant, borderline and benign groups are separately marked. In the entire group 

of 49 cases, there was no significant association between Ktrans and SUVmax (r = −0.20, P = 

0.18) or between kep and SUVmax (r = −0.16, P = 0.28). Also, there was no significant 

association between Ktrans and kep vs. SUVmax within each of three subgroups.
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Differential diagnosis between metastasis and plasmacytoma

The parameters between the two largest pathological types: 19 metastatic tumors and 8 

plasmacytomas, were compared, as also shown in Table 1. The mean kep was 0.78±0.17 in 

plasmacytoma, significantly higher than 0.61±0.18 in metastasis (P= 0.02). In contrast, 

SUVmax was 5.58±2.16 in plasmacytoma, significantly lower than 9.37±4.26 in metastasis 

(P =0.03). There was no significant difference between Ktrans of these two histological 

subtypes (P =0.87). The ROC analysis results are shown in Table 2. The AUC was 0.79 for 

kep and 0.78 for SUVmax, respectively. The optimal threshold was decided based on the 

Youden Index, and the sensitivity and specificity to differentiate between them were 87.5% 

and 73.7% based on kep, and 78.9% and 62.5% based on SUVmax. The diagnostic 

performance between kep and SUVmax by Z test was not statistically significant (Z = 0.10, P 
= 0.92).

Discussion

The blood supply and glucose utilization is needed for all tumors to grow. Contrast-

enhanced MRI can detect tumors with rich blood supply, but it cannot reveal detailed 

vascular properties such as vascular perfusion and permeability. DCE-MRI, by measuring 

the enhancement at different time points, can evaluate the delivery and wash-out of contrast 

agents into and out of the tumor, thus reflect the microvascular distribution within the tissue. 

The quantitative analysis using the two-compartmental pharmacokinetic Tofts model can 

obtain the in-flux and out-flux transfer constant Ktrans and kep, which are related to the blood 

perfusion and vascular permeability of the tumor [3, 17]. 18F-FDG PET/CT measures the 

glycolysis in tissues, and it is commonly used for detection and staging of unknown tumors 

or metastases in the whole-body, as well as for evaluation of treatment response and 

prognosis [9, 10]. The maximum standardized uptake value (SUVmax) is the most commonly 

analyzed parameter as a semi-quantitative indicator of glucose metabolism. Therefore, 

vascular parameters measured by DCE-MRI and the glucose metabolism parameters 

measured by 18F-FDG PET/CT may assess different aspects of lesions.

There are no report of relationships between Ktrans, kep and SUVmax values of spinal tumors 

published in the literature yet. The patients included in the study were those who had 

compliant of limb numbness and back pain, and referred to our hospital for imaging 

diagnosis. In the search of clinical database with both DCE-MRI and PET/CT within a few 

days before biopsy, a total of 49 patients with histologically confirmed spinal tumors were 

identified, and their images were extracted to perform the analysis. The results showed that 

there was no significant correlation between Ktrans, kep and SUVmax in the entire group of 

49 cases or in each of the malignant, borderline and benign subgroups, indicating that blood 

perfusion was not directly associated with glucose metabolism.

Several studies have investigated the relationships of parameters measured by DCE-MRI and 

FDG PET. Han et al. [15] studied head and neck squamous cell carcinoma (HNSCC) using 

multi-parametric MRI, including DCE and diffusion-weighted imaging (DWI), and PET/CT. 

Significant correlations among various MRI parameters were found, but not between MRI 

and PET parameters, suggesting that each diagnostic technique may provide complementary 

information for HNSCC. In two more recent studies for HNSCC, it was further found that 
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the complex correlations might be related to the pathological grade of tumors [12,14]. Feng 

et al. [13] studied 17 benign and 32 malignant solitary pulmonary nodules, and found a 

positive correlation between Ktrans and kep with SUVmax. In their study, the ROI was drawn 

manually to contour the border of each lesion, which included the entire lesion, and thus the 

extracted parameters were the averaged value over the heterogeneous tissues. The 

heterogeneity within a tumor can be studied with pixel-based analysis. A study by Lee et al. 

[11] in non-small cell lung cancer found that the intratumoral heterogeneity in wash-in 

contrast kinetics of DCE-MRI was associated with tumor metabolism measured by PET. 

Other than tumors, Calcagno et al. [16] applied DCE-MRI and FDG PET to study the role of 

inflammation and neovascularization in vulnerable atherosclerotic plaques in patients with 

coronary heart disease. It was reported that complex relationship between plaque 

inflammation and microvascularization may vary during the different stages of plaque 

development. The case numbers reported in these studies were relatively small, which could 

be due to the difficulty to perform corresponding DCE-MRI and FDG PET studies in the 

same patients within a short time period.

In addition to the correlation analysis, several studies applied the combined DWI, DCE-MRI 

and FDG PET imaging to predict treatment response and prognosis, based on the different 

information that can be provided by each imaging modality. Wong et al. [18] reported that 

the early intra-tumor changes are predictive of ultimate response to chemoradiation in 

HNSCC patients to differentiate 27 responders from 8 non-responders. Similar studies have 

been performed to predict response in breast cancer patients receiving neoadjuvant 

chemotherapy [19, 20], and cervical cancer patients receiving chemoradiation therapy [21, 

22]. Combined DCE-MRI and FDG PET have also been applied to predict prognosis. Chen 

et al. [23] found that flow-metabolism mismatch reflected by the total lesion glycolysis 

(TLG)/peak ratio in pancreatic cancer patients may better predict survival than other 

imaging biomarkers from PET/MRI. The combined parameters may also improve the 

stratification of survival in patients with oropharyngeal or hypopharyngeal squamous cell 

carcinoma (OHSCC) treated with chemoradiation [24,25]. Lim et al. [26] also reported that 

the changes after one cycle of neoadjuvant chemotherapy in breast cancer patients measured 

by combined DCE-MRI and FDG PET can predict disease-free survival.

All these studies support that the parameters measured by DCE-MRI and PET/CT reflect 

different histopathological features of the tumor, which can be combined for diagnosis, 

staging, and prediction of treatment response and prognosis. In the present study we reported 

the results of Ktrans, kep and SUVmax in various spinal lesions, separated into 38 malignant, 

6 benign and 5 borderline tumors. We found a wide distribution, even within the benign and 

borderline groups, which could be attributed to their different histopathological types and 

different degree of cellular differentiation. For example, the benign hemangioma case shown 

in Figure 4 had a high vascular supply, but a low FDG uptake. The multiple plasmacytoma 

case shown in Figure 2 involved multiple segments, but the high FDG uptake on C2 was not 

corresponding to a high contrast enhancement on MRI; and in contrast, the lesion showing a 

stronger enhancement on C5 had a lower FDG uptake. One benign tumor, the giant cell 

tumor of tendon sheath, had a very high SUVmax>15; and 4 of the borderline tumors also 

had a high SUVmax>10. Although these tumors are not malignant, they need to be detected 

and correctly diagnosed for deciding an optimal treatment plan, and as shown in this study 
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both MRI and PET may provide valuable information. The high FDG uptake is also 

commonly seen in inflammatory tissues, also in normal bone marrow (as shown in Figures 1 

and 4).

We further studied the differentiation between the spinal metastasis and plasmacytoma 

groups, the two highest number of histological subtypes. The results showed that the 

SUVmax was significantly higher in metastasis than in plasmacytoma, and the kep was higher 

in plasmacytoma than in metastasis. The AUC based on these two parameters were 0.79 and 

0.78, respectively. The results are reasonable, as a high glucose metabolism in metastatic 

cancer is anticipated, and plasmacytoma is known to have a rich blood perfusion.

Since patients in this study already had severe symptoms in the spine, surgery was 

performed in most of them, followed by appropriate radiation and chemotherapy needed for 

treating different malignancies. Therefore, in addition to being used to guide diagnosis, the 

measured information was also used for surgical planning. The major limitation of this study 

was the retrospective design and the small case number. More cases are needed to 

understand the corresponding role of MRI and PET features in management of spinal 

lesions.

In conclusion, we evaluated the relationship between DCE-MRI pharmacokinetic 

parameters, Ktrans and kep, and 18F-FDG PET/CT parameter, SUVmax, in spinal tumors, to 

provide preliminary results about their complementary role for understanding the biological 

characteristics. Based on the hot-spot analysis approach by manually placing ROI on the 

most aggressive tissue region, there was no significant correlation between blood perfusion 

and glucose metabolism parameters. The results suggest that the two diagnostic techniques 

using DCE-MRI and PET/CT can provide complementary information. For diagnostic 

purposes, although it is difficult to predict the likelihood of malignancy, the lesions are 

clearly visible on MRI and PET, which can provide useful information for guiding the 

workup procedure or biopsy to target the most aggressive area. When more cases are 

available, their combined value in making differential diagnosis for spinal lesions can be 

further studied.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

1. The vascular parameters measured by DCE-MRI and glucose metabolism 

measured by FDG PET/CT were not significantly correlated, suggesting they 

provide complementary information.

2. Metastatic cancers have a significantly higher SUVmax and a lower kep 

compared to plasmacytomas in the spine, with AUC approaching 0.8 in 

differentiation between these two subtypes.

3. For diagnostic purposes, although it is difficult to predict the likelihood of 

malignancy, the lesions are clearly visible on MRI and PET, which can 

provide useful information for guiding the subsequent workup procedure or 

biopsy.
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Figure 1. 
A 52-year-old male patient with metastatic renal cancer on C5. (A) T1-weighted image; (B) 

T2-weighted fat-suppressed image; (C) T1-weighted contrast-enhanced image; (D) FDG 

uptake map; (E) DCE signal intensity time course. A strong FDG uptake is seen, with 

SUVmax=13.3, and the DCE kinetic shows the wash-out pattern with Ktrans=0.55 (1/min) 

and kep=0.80 (1/min).
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Figure 2. 
A 64-year-old female patient with multiple plasmacytoma, showing obvious deformation on 

C5. (A) T1-weighted image; (B) T2-weighted fat-suppressed image; (C) T1-weighted 

contrast-enhanced image; (D) FDG uptake map; (E) DCE signal intensity time course. A 

high FDG uptake is seen on C2, but there is no clear abnormality shown on MRI. The lesion 

on C5 compresses the spinal cord, which is visible on both MRI and PET. The measured 

DCE time course from the enhanced lesion on C5 shows the wash-out pattern with 

Ktrans=0.34 (1/min) and kep=0.82 (1/min), and the measured SUVmax=6.1.
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Figure 3. 
A 32-year-old male patient with Schwannoma on C1–3. (A) T1-weighted image; (B) T2-

weighted fat-suppressed image; (C) T1-weighted contrast-enhanced image; (D) FDG uptake 

map; (E) DCE signal intensity time course. The anatomic appearance of the lesion is similar 

on MRI and PET, thus can be identified despite of the low FDG uptake. DCE-MRI 

enhancement kinetics shows the persistent enhancement pattern, with Ktrans=0.23 (1/min) 

and kep=0.27 (1/min), and the measured SUVmax=3.1.
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Figure 4. 
A 68-year-old male patient with Hemangioma on T7–9. (A) T1-weighted image; (B) T2-

weighted fat-suppressed image; (C) T1-weighted contrast-enhanced image; (D) FDG uptake 

map; (E) DCE signal intensity time course. A low FDG uptake is seen on T7–9, with 

SUVmax=3.7. DCE-MRI enhancement kinetics shows the wash-out pattern, indicating a high 

perfusion, with Ktrans=0.62 (1/min) and kep=0.79 (1/min).
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Figure 5. 
The correlation plot of Ktrans (1/min) and kep (1/min) with SUVmax. The correlation is non-

significant, showing a weak negative trend with r = −0.20 and −0.16, respectively.
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Table 1.

The DCE-MRI and FDG PET/CT parameters in different histological types, and the comparison p values

Ktrans (1/min) kep (1/min) SUVmax

Malignant (N=38) 0.32 ± 0.14 0.63 ± 0.20 8.10 ± 4.72

Metastasis (N=19) 0.33 ± 0.14 0.61 ± 0.18 9.37 ± 4.26

Plasmacytoma (N=8) 0.32 ± 0.10 0.78 ± 0.17 5.58 ± 2.16

Osteosarcom (N=4) 0.43 ± 0.19 0.56 ± 0.21 9.00 ± 5.58

Lymphoma (N=3) 0.20 ± 0.08 0.57 ± 0.38 11.5 ± 8.92

Chordoma (N=2) 0.24 ± 0.22 0.44 ± 0.04 2.75 ± 0.92

Malignant peripheral schwannoma 0.32 0.60 6.50

Ewing’s sarcoma 0.43 0.62 2.50

Benign (N=6) 0.38 ± 0.32 0.50 ± 0.33 6.03 ± 4.91

Hemangioma (N=3) 0.61 ± 0.31 0.74 ± 0.26 3.43 ± 0.46

Schwannoma (N=2) 0.17 ± 0.10 0.19 ± 0.12 5.20 ± 2.97

Giant cell tumor of tendon sheath 0.15 0.39 15.5

Borderline (N=5) 0.32 ± 0.10 0.58 ± 0.17 12.82 ± 6.75

Langerhans cell histosis 0.19 0.35 20.6

Mesenchymal tumor 0.46 0.74 13.0

Osteoblastoma 0.30 0.70 17.3

Giant cell tumor of bone 0.28 0.44 10.1

Solitary fibrous tumor 0.38 0.68 3.10

Group Comparison

Malignant vs. Borderline vs. Benign P 0.95 0.50 0.11

Metastases vs. Plasmacytoma P 0.87 0.02* 0.03*

Metastases vs. Plasmacytoma Z 0.17 −2.35 2.38

*
significantly different with p < 0.05
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Table 2.

AUC of kep and SUVmax for differentiation of metastasis and plasmacytoma

Parameter AUC Optimal thresholds The largest Jordan exponent Sensitivity Specificity

kep(1/min) 0.79 0.72 0.61 87.5 73.7

SUVmax 0.78 5.70 0.41 78.9 62.5
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