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Purpose: Of all new cancer diagnosed, renal cell carcinoma (RCC) accounts for 3-5% in both females and males, respectively.1 Despite the 
lesion showing radiologically malignant behavior, a significant fraction of small renal masses presumed to be RCC had benign pathologic 
findings on extirpative surgical procedures. Current best practice guidelines indicate fine needle aspiration (FNA) or image guided biopsies 
of the tumor should be taken into consideration for patient management.2 However, these are invasive procedures. Thus there is a need to 
develop non-invasive methods which could characterize small renal masses. Recently MR methods have shown a promising role in 
detecting intratumoral anatomic, physiologic, biochemical, or molecular parameters, to characterize RCC.3 In this work we evaluated the 
potential of multi-parametric MRI (mpMRI) to differentiate malignant renal masses from normal kidney parenchyma and correlated with the 
pathology found on surgically resected specimen.  
Methods: Patients with solid renal masses suspected to be RCC on CT were screened for recruitment in this study. All MR investigations 
were carried out at 1.5 T (Siemens Healthcare, Avanto, Erlangen, Germany) using a whole body MR scanner with a phased-array coil for 
reception and a body coil for transmission. Following scout images, breath hold fat suppressed axial turbo spin echo T2-weighted images in 
three orthogonal planes were acquired (TR=2970-4000ms; TE= 100ms). Breath-hold axial gradient echo T1-weighted images in axial plane 
were also acquired (TR = 224ms; TE=7.2ms). DW images were acquired using fat suppressed single-shot echo planar imaging using 
following parameters: TR/TE= 1700/62ms, Averages=6 and two b values (0, 500 s/mm2). Single voxel MRS was carried out with tumor 
identification based on the conventional MR images. For 1H MRS, point resolved spectroscopy (PRESS) localized MRS sequence was used. 
Localized volume was planned on tumors detected by T1-weighted and T2-weighted breath-hold images while avoiding areas of necrosis. 
All MRS studies were performed using respiratory triggering. The parameters used for respiratory triggered MRS were: TR/TE= 
2000ms/120ms; with and without water suppression in tumor area and for the contralateral normal kidney (used as control) the following 
parameters were used: voxel size = 20 x 20 x 20 mm3, averages= 128, acquisition time = 4-7 min, total MR acquisition time ~ 35 min. This 
study was approved by Institutional ethics committee and written signed informed consent form was obtained from all patients. All 
statistical analyses were carried out using statistical software SPSS 16. A p value of < 0.05 was considered as significant. 
Results: 32 patients with a solid enhancing mass localized to the kidney underwent MR investigations. MRS was carried out on both the 
tumor and the contralateral kidney. Voxels were marked on solid areas of the tumor (confirmed by radiologist) and the cortex of the normal 
contralateral kidney at the hilum level for control. The mobile lipid resonances at 0.9, 1.3, 2.2 and 5.4 ppm were seen in both tumors and 
healthy tissue.  Using signal to noise ratio analysis of MR spectra, there was an increase in mobile lipids in RCC and the resonance at 5.4 
ppm was significantly higher in RCC (p=<0.05) (Table 1). These mobile lipids were also correlated with the aggressiveness of the RCC. On 
DWI, there was significant restriction of diffusion in RCC compared to the normal tissue (p=0.00) (Table 2). 
Discussion: The increasing detection of small renal masses has resulted in a growing need for non-invasive diagnostic methods that could 
differentiate benign from malignant lesions. MR methods like MRS that investigates the biochemical changes, have shown to improve the 
diagnostic accuracy in various diseases. The possible role of lipid metabolism in cancer is not clear. It is been hypothesized that lipids may 
be used as an energy source or a signaling mechanism by cancer cells 4 and previous investigators have evaluated the role of altered lipid 
metabolism in neoplastic diseases.5 The association of lipids and RCC has been previously investigated.6 Tumor cells in clear cell 
carcinoma, the most common variety of RCC, contain large amounts of lipid and glycogen which gives them the characteristic histological 
appearance. The resonances seen at 0.9, 1.3, 2.2 and 5.4 ppm correspond to “mobile lipids” consisting of methylene, methyl signals from 
lipid acyl chains and cholesterol, respectively. We found high cholesterol levels in RCC when compared with healthy kidney tissue. This 
finding is in line with previous ex-vivo MRS studies which also found higher amounts of cholesterol in patients with clear cell RCC.7 ADC 
values differed among various RCC variants, non-clear cell RCC had significantly lower values compared to the clear cell variants. And the 
similar trend was observed by Wang et al.8 This difference may be due to the hypovascular nature of papillary and chromophobe RCC 
compared to clear-cell RCCs.  
Conclusion: In-vivo MR visible “mobile lipids” could reliably differentiate malignant tissue from normal kidney parenchyma. DW-MRI 
could be helpful in diagnosing RCC patients. These may form the basis for differentiating malignant small renal masses in future studies. 
References: [1] Siegel R et al. CA Cancer J Clin. 2014;64(1):9-29. Erratum in: CA Cancer J Clin. 2014 Sep-Oct;64(5):364. [2] Campbell 
SC et al. J Urol 2009;182:1271–1279. [3] Pedrosa I et al. Cancer. 2009;115:2334-45. [4] Schulze A et al. Nature. 2012;491(7424):364-73. 
[5] Fiorenza AM et al. Int J Clin Lab Res. 2000;30(3):141-5. [6] Gebhard RL et al. J Lipid Res. 1987;28(10):1177-84. [7] Righi V et al. 
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    Table 2: Mean ADC between normal kidney and malignant    
    tumors 
 
 
 

Table 1: Mean SNR from MRS for various metabolites and ADC values 
 

 Normal 
Kidney  

RCC  P-value 

ADC (×10-

3 mm2/s) 
2.25 ± 0.29 1.51 ± 0.61 0.00 

 

 Clear cell  Non Clear 
cell  

P-value 

ADC (×10-

3 mm2/s) 
1.74± 0.60 1.03 ± 0.29 0.006 

Mean SNR Malignant 
tumor (n=26) 

Benign 
tumor 
(n=4) 

Normal 
Kidney 
(n=22) 

 Lipid at 1.3ppm 
(L1.3) 

34.74±37.88 
(26) 

44.28±26.77 
(4) 

35.76±18.57 
(21) 

Lipid at 0.9ppm 
(L0.9) 

15.83±25.18 
(18) 

12.24±7.73 
(3) 

12.00±12.69 
(14) 

Cholesterol at 
5.4ppm (C5.4) 

8.74 ±10.26 
(25) 

3.21±2.15 
(4) 

7.01 ± 16.43 
(22) 

Choline at 3.2ppm 
(C3.2) 

9.19±16.28 
(20) 

9.50±17.33 
(3) 

2.56±1.7 (16) 

Triglycerides at 
2.2ppm (T2.2) 

3.27±2.38 
(23) 

3.39±1.08 
(4) 

3.44±2.86 
(20) 

ADC 1.51 ± 0.61 
(26) 

1.83 ± 0.61 
(4) 

2.25 ± 0.29 
(22) 
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