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1 Introduction
Renal cancer accounts for 5% and 3% of all malignant 

tumors in men and women respectively, being the 7th most 
common cancer in men and the 10th in women (Siegel et al., 
2017). Renal cell carcinoma (RCC) is a cancer originating from 
renal epithelium, accounting for more than 90% of cancers in 
the kidney, and about 30% of patients have metastatic diseases 
at the time of diagnosis (Ferlay et al., 2015). It includes more 
than 10 histological and molecular subtypes, of which clear cell 
RCC (ccRCC) is the most common and the leading cause of 
death (Hsieh et al., 2017) with a 5-year survival rate of 68.9% 
(Cheville et al., 2003). It has been reported that different subtypes 
of RCC have different prognosis and biological behavior due 
to their different genetic and histological features, and the 
prognosis of ccRCC is the worst among subtypes (Roy et al., 
2007; Kim et al., 2002). Different subtypes should be treated 
differently, but improper interpretation of images can lead 
to misdiagnosis (Hu et al., 2014). Therefore, radiologists are 
familiar with the imaging appearance of RCC, and understand 
that the subtype of RCC is important for the treatment and 
prognosis of patients.

With the continuous development of imaging technology, it 
is particularly important to be familiar with the characteristics 
and advantages of various imaging examinations. Choosing 

appropriate imaging methods according to the pathological 
conditions of patients plays a vital role in the diagnosis of RCC, 
which determines the early diagnosis efficiency of tumors, 
and is also essential for tumor staging and treatment plan 
(Catalano et al., 2003; Vargas et al., 2012). At present, magnetic 
resonance imaging (MRI) and computed tomography (CT) 
are the most commonly used imaging methods in clinical 
diagnosis of RCC. CT scans evaluates local invasiveness, lymph 
node involvement or distant metastasis, and MRI provides 
additional information on local progress of tumor thrombus 
and vein involvement. In order to determine the stage of RCC, 
it is very necessary to perform enhanced chest, abdomen and 
pelvic CT. However, if patients are allergic to CT contrast agents, 
chest high-resolution CT scans and abdominal MRI without 
contrast agents should be performed (Escudier et al., 2019; 
Koshani et al., 2020). MRI is usually used as a supplement to 
CT because of its high cost, long scanning time and patients’ 
contraindication.

Most of the relevant literature on the diagnostic value of 
imaging are based on imaging analysis and comparison, so this 
study aims to compare the diagnostic value of CT and MRI in 
ccRCC in terms of sensitivity, specificity, accuracy, positive 
predictive value and negative predictive value.
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Abstract
To investigate the imaging features and clinic value of magnetic resonance imaging (MRI) and computed tomography (CT) in 
the diagnosis of clear cell renal cell carcinoma (ccRCC). 139 RCC patients underwent MRI and CT examination before surgery, 
and the sensitivity, specificity, accuracy, positive and negative predictive values of MRI and CT in diagnosing ccRCC were 
analyzed and compared. There were 93 true-positive, 11 false-positive, 11 false-negative and 24 true-negative in MRI screening 
with sensitivity, specificity, accuracy, positive predictive value and negative predictive value of 89.42%, 68.57%, 84.17%, 89.42% 
and 68.57% respectively. Whereas there were 72 true-positive, 4 false-positive, 32 false-negative and 31 true-negative in CT 
screening with the sensitivity, specificity, accuracy, positive predictive value and negative predictive value of 69.23%, 88.57%, 
74.10%, 94.74% and 49.21% respectively. The sensitivity and negative predictive value of MRI were better than those of CT, 
while the specificity of CT was better than that of MRI. MRI and CT have respective advantages in the diagnosis of ccRCC. 
The sensitivity and negative predictive value of MRI are superior to those of CT, while the specificity of CT is superior to that 
of MRI. Clinically, different examinations are selected according to different situations.
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2 Materials and methods

2.1 General data

139 RCC patients admitted to Henan Province Hospital of TCM 
from July 2015 to December 2017 were selected and retrospectively 
analyzed, with an average age of (45.46 ± 15.18). Among them, 
104 were confirmed as ccRCC by biopsy or pathology, including 
68 males and 36 females, with the main clinical symptoms of 
gross hematuria, waist soreness and abdominal pain, and some 
patients with mild anemia after laboratory examination. Inclusion 
criteria: patients receiving no interventional therapy or relevant 
kidney surgery before CT and MRI; patients with comprehensive 
and accurate hospitalization records, pathology and operation 
records. Exclusion criteria: patients allergic to CT and MRI contrast 
agents and hypotonic drugs; patients in pregnancy, lactation or 
with blood system diseases, abdominal surgery history and other 
tumors and metastases. This study was approved by the Medical 
Ethics Committee, and all subjects signed informed consent forms. 
General information of patients is shown in Table 1.

2.2 Instruments

Discovery CT750HD and Signal HDXT 3.0T MRI apparatus 
were both purchased from GE Company; Iohexol contrast agent was 

purchased from Guangzhou Xianling Company; gadolinium-DTPA 
(GD-DTPA) contrast agent was purchased from GE Company.

2.3 MRI examination

Fasted for 6-8 h before scanning, the patients were examined by 
plain and enhanced scans in a horizotntal position after inhalation. 
Axial spin-echo (SE) sequence T1 weighted image (WI), T2 WI, 
diffusion weighted image (DWI), gradient echo in-phase (IP) and 
opposed-phase (OP) and fast volumetric plain scan were used for 
onventional examination, with a scanning layer thickness of 6 mm. 
Gd-DTPA (15-30 mL) was used as the contrast agent in enhanced 
scanning and was then injected into forearm superficial vein with 
a high-pressure syringe at 2.5 mL/s. The scanning was performed 
for 30 seconds in arterial phase and 240 seconds in excretory phase.

2.4 CT examination

The patients fasted for more than 8 hours before examination, 
800-1000 mL of warm water was taken to fill the intestinal tract 
30 min before scanning, and the scanning was started after 
inhalation. The patients lied on a scanning bed in a horizotntal 
position, then the scanning parameters were set: tube voltage 
120-140 Kv, tube current 220-260 mAs, pitch 1-1.5, bed moving 
speed 5-10 mm/s, slice thickness 5-7 mm, reconstruction interval 
1-2 mm, and interlayer distance 2.5-3.5 mm. Enhanced scan was 
performed after plain scan using 70-100 mL of iohexol contrast 
agent (300 mgI/mL) injection at 3 mL/s. The scan was performed 
for 25-30 seconds in arterial phase, 60-90 in nephpographic 
phase, and 180-300 in excretory phase.

2.5 Diagnostic analysis

Imaging analysis was performed by two radiologists with 
more than 10 years of experience, and the patients were confirmed 
with renal cell carcinoma according to the results combined 
with pathological characteristics. The typical ccRCC manifests 
a significant enhancement in the cortex, medulla and kidney 
imaging stages, with a relatively low density in the parenchymal 
phase, which is a fast-forward, fast-out enhancement. Pathological 
gold standard results were used as a control for the diagnostic 
efficacy of the two imaging methods, and the sensitivity, specificity, 
accuracy, positive predictive value and negative predictive value 
were used as evaluation indicators.

2.6 Statistical analysis

SPSS 20.0 (Shanghai Cabit Information Technology Co., Ltd.) 
statistical software was used for analysis. McNemar test was used 
for counting data, and P < 0.05 indicated statistical significance.

3 Results

3.1 MRI imaging analysis of ccRCC

MRI showed that lesions appeared hypointense on TIWI and 
hyperintense on T2Wl in ccRCC, most of which showed peripheral 
enhancement, and whole-tumor showed uneven enhancement. 
CT showed that the tumors had equal, slightly lower or slightly 
higher density than surrounding renal tissue in ccRCC, with 

Table 1. General information of patients.

Factor n Rate (%)

Age (year)

≥45 99 71.22

<45 40 28.78

Gender

Male 82 58.99

Female 57 41.01

Onset of symptom (month)

≥3 62 44.60

<3 77 55.40

Tumor size (cm)

≥3 65 46.76

<3 74 53.24

Clinical stage

I+II 89 64.03

III+IV 50 35.97

Lymphatic metastasis

Yes 37 26.62

No 102 73.38

Distant metastasis

Yes 14 10.07

No 125 89.93

Tumor distribution

Left kidney 76 54.68

Right kidney 63 45.32
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3.2 Comparison of MRI and CT in the diagnosis of ccRCC

There were 93 true-positive, 11 false-positive, 11 false-negative 
and 24 true-negative in MRI screening. And the sensitivity was 
89.42% (93/104), specificity was 68.57% (24/35), accuracy was 

inhomogeneous or mixed density and uneven enhancement, 
which was significantly enhanced in the corticomedullary phase, 
as shown in Figures 1-4.

Figure 1. Chromophobe cell carcinoma. There were T1 WI, T2 WI, 
early and late enhanced MRI images respectively. The lesions were 
round-like and well-defined with equal-signal on T1 WI, equal and 
slightly lower on T2 WI. Uneven enhancement showed at the early stage 
of enhanced scan then slightly decreased at the late stage.

Figure 2. Sarcomatoid renal carcinoma. Massive round-like masses can 
be seen. The masses were massive round-like with equal-signal on T1 
WI, equal and slightly higher on T2 WI, and delayed and progressive 
enhancement showed with mainly banding-like peripheral enhancement.

Figure 3. Mucinous tubule and spindle renal cell carcinoma. Round-like 
masses can be seen in the cortex with low-signal on T1 WI, high-signal 
on T2 WI, and no enhancement in early stage but delayed mild 
enhancement in late stage.

Figure 4. XP11. 2 translocation/TFE3 gene fusion related renal carcinoma. 
CT plain scan and CT enhanced image respectively. Solid masses with 
dot high density shadows and slight enhancement.
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greater tendency to metastasize, with a metastatic rate of 94% 
(Amin et al., 2002; Young et al., 2013). The most common 
sites for metastasis are different according to subtypes, 
and lung is the most common site for ccRCC metastasis 
(Hoffmann et al., 2008; Gurel et al., 2013). Imaging is still 
the main basis for RCC diagnosis, screening, follow-up and 
treatment monitoring. Researches show that ccRCC subtypes 
can be non-invasively distinguished in imaging (Sun et al., 
2009; Prasad et al., 2006).

Taking pathological diagnosis as the gold standard, the 
diagnostic values of MRI and CT were compared, and the 
imaging features of MRI in diagnosing ccRCC were analyzed in 
our study. The results showed that there were 97 true-positive, 
7 false-positive, 5 false-negative and 30 true-negative in MRI 
screening with the sensitivity, specificity, accuracy, positive 
predictive value and negative predictive value of 95.10%, 81.08%, 
91.37%, 93.27% and 85.71% respectively. Whereas there were 
88 true-positive, 16 false-positive, 10 false-negative and 25 
true-negative in CT screening with the sensitivity, specificity, 
accuracy, positive predictive value and negative predictive value 
of 89.80%, 60.98%, 81.29%, 84.62% and 71.43% respectively. 
There was no significant difference in positive predictive value 
and accuracy between MRI and CT screening (P > 0.05). The 
sensitivity and negative predictive value of MRI were better 
than those of CT, while the specificity of CT was better than 
that of MRI (P < 0.05). Therefore, MRI is better than CT in 
diagnosing ccRCC. The reason may be that a small number of 
ccRCC have uncertain enhancements when using CT scan, and 
heterogeneity, irregular margin and calcification are suggestive 
diagnostic features. However, quantitative and qualitative 
contrast-enhanced (CE)-MRI can distinguish ccRCC accurately 
(Beddy et al., 2014; Wang et al., 2017).

The images in our study showed that MRI features of ccRCC 
lesions were hypointense on TIWI and hyperintense on T2Wl, 
most of which showed peripheral enhancement, and the whole-
tumor showed uneven enhancement. CT features of ccRCC 
tumors had equal, slightly lower or slightly higher density than 
surrounding renal tissues, with inhomogeneous or mixed density 
and uneven enhancement, which was significantly enhanced 
in the corticomedullary phase. According to relevant studies, 
the general morphological characteristics of CCRC indicate its 
subtypes. The typical manifestation of CCRCs is exogenous growth, 
with heterogeneity tendency due to intratumoral necrosis, cystic 
changes or hemorrhage (Prasad et al., 2006; Low et al., 2016), 
which are consistent with the MRI imaging features described in 
our study. In addition, Pedrosa et al. (2008) found that the large 
volume, intratumoral necrosis, retroperitoneal vascular collaterals 
and renal vein thrombosis predicted high-stage clear cell subtype. 

84.17% ((93 + 24)/139), positive predictive value was 89.42% 
(93/104), and negative predictive value was 68.57% (24/35).

There were 72 true-positive, 4 false-positive, 32 false-negative 
and 31 true-negative in CT screening. And the sensitivity was 
69.23% (72/104), specificity was 88.57% (31/35), accuracy was 
74.10% ((72 + 31)/139), positive predictive value was 94.74% 
(72/76), and negative predictive value was 49.21% (31/63).

There was no significant difference in positive predictive 
value and accuracy between MRI and CT screening (P > 0.05). 
The sensitivity and negative predictive value of MRI were better 
than those of CT, while the specificity of CT was better than that 
of MRI (P < 0.05). See Tables 2-4 for details.

4 Discussion
RCC, the most deadly malignant tumor of urinary system 

(Motzer et al., 2011; Siegel et al., 2015; Wu et al., 2020), is 
not a single entity, but heterogeneous tumors with different 
histological findings, cytogenetic abnormalities, biological 
behavior, prognosis and therapeutic response (Lopez-
Beltran et al., 2009). The RCC was classified into several 
different subtypes by Adult Renal Tumors Classification of 
World Health Organization in 2004, of which ccRCC accounts 
for 70%. Due to its rich lipid content, ccRCC was golden on cut 
specimens, while alveoli, acinus or solid structures, including 
clear or eosinophilic cytoplasm and fine vascular network, 
were usually detected by micro-testings (Ramankulov et al., 
2008). Compared with other subtypes, ccRCC develops 
symptoms in the late stage and has a poorer prognosis and a 

Table 2. Comparison of MRI results and pathological results.

MRI
Pathological result

Total
ccRCC Other subtype

ccRCC 93 11 104

Other subtype 11 24 35

Total 104 35 139

Table 3. Comparison of CT results and pathological results.

CT
Pathological result

Total
ccRCC Other subtype

ccRCC 72 4 76

Other subtype 32 31 63

Total 104 35 139

Table 4. Comparison of the efficacy of MRI and CT in the diagnosis of ccRCC (%).

Group n Sensitivity Specificity Accuracy Positive predictive 
value

Negative predictive 
value

MRI 139 89.42 68.57 84.17 89.42 68.57

CT 139 69.23 88.57 74.10 94.74 49.21

Z test 3.47 3.27 1.74 1.56 2.88

P value 0.00 0.00 0.08 0.12 0.01
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Karlo et al. (2013) found that a decrease in signal intensity on 
opposed-phase chemical shift images was not an identifying 
feature of ccRCCs, but can also be observed in angiomyolipoma 
and other subtypes of RCC. After excluding angiomyolipomas, 
a decrease in signal intensity of more than 25% was diagnostic 
for ccRCCs. An important imaging feature of MRI is the signal 
intensity appearance of tumors on T2 WI, and most ccRCCs 
show high T2 signal intensity (Low et al., 2016). Sun et al. (2009) 
evaluated the T1 and T2 signal intensities of 49 RCC patients, 
including 28 ccRCCs and 21 papillary RCCs, and it was found that 
although the T1 signal intensity of the two subtypes were similar, 
it can be distinguished according to T2 signal intensity. Papillary 
RCCs showed an average signal intensity ratio of 0.67 ± 0.2, and 
ccRCC showed 1.41 ± 0.4 (P < 0.05). A multiphase MRI study 
on 113 renal masses conducted by Oliva et al. (2009) found 
that ccRCC had significantly higher signal intensity changes in 
cortical medulla and renal phases than other subtypes. ccRCC 
also had higher tumor-cortical enhancement index (TCR) than 
other subtypes in these two phases.

5 Conclusions
To sum up, the diagnostic efficiency of MRI scan screening 

in ccRCC is better than that of CT. MRI can provide a more 
detailed imaging basis when CT scan screening is not sufficient 
to accurately determine ccRCC lesions. Therefore, MRI is a 
screening method and an important basis for providing reasonable 
treatment in the affordable range.
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