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 Summary
 Background: To distinguish RCC subtypes based on contrast enhancement features of CT images.

 Material/Methods: In total, 59 lesions from 57 patients were included. All patients underwent multi-slice CT imaging 
with a triphasic protocol, which included non-contrast, corticomedullary, nephrographic and 
urographic phases. Contrast enhancement features of renal masses were evaluated in terms of CT 
attenuation values (AV) and differences in contrast density; the aorta or renal parenchyma were 
evaluated based on corrected or relative values.

 Results: Clear cell RCC (ccRCC) showed more intense contrast enhancement than other RCC subtypes. When 
differentiating ccRCC from other RCC subtypes, a cut-off AV of 86–89 HU, aorta-based corrected AV 
of 89–95 HU and renal parenchyma-based corrected AV of 87-95 HU showed a diagnostic accuracy 
of 81–86%, 86–88% and 74–78%, respectively, in the corticomedullary phase. Furthermore, a cutoff 
of 2.42–2.72 for the relative contrast enhancement ratio, a cutoff of 2.59–2.74 for the aorta-based 
corrected relative contrast enhancement ratio and a cutoff of 2.63–2.76 for the renal parenchyma-
based attenuation ratio showed a diagnostic accuracy of 83–88%, 88–90% and 81%, respectively.

 Conclusions: The most reliable parameters for differentiating ccRCC from other RCC subtypes are aorta-
based corrected AV and aorta-based corrected relative contrast enhancement values in the 
corticomedullary phase.
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Background

Renal cell carcinoma (RCC) is the third most common uro-
genital cancer and it accounts for 2–3% of all cancers [1]. 
With a routine use of CT scans for assessing abdominal 
symptoms, the incidental RCC prevalence has increased. Up 
to 85% of all RCC cases are clear-cell RCCs (ccRCCs), which 

is the most aggressive form of RCC in comparison to the 
papillary (pRCC) and chromophobe (chRCC) subtypes [2]. 
RCC displays an unpredictable clinical behavior, and it is 
important to determine its TNM stage, histologic subtype 
and Fuhrman grade in each case.
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Patients with ccRCC have a poorer prognosis than those 
with other RCC subtypes, which is why a preoperative dis-
crimination between these subtypes is clinically important 
and useful for generating a personalized treatment plan. 
Furthermore, active surveillance, biopsy or neoadjuvant 
therapy may be considered in some cases. For these rea-
sons, the awareness of RCC subtypes is becoming increas-
ingly important. In the modern era, improved imaging tech-
niques help differentiate between renal tumors and their 
different histologic subtypes. In general, it is accepted that 
after administration of a contrast agent, tumor enhance-
ment of >15 Hounsfield units (HU) is suggestive of a malig-
nancy [3]. However, this is insufficient for predicting histo-
logic subtypes of RCC and differentiating them from benign 
tumors such as oncocytoma. The differentiation between 
RCC subtypes by contrast-enhanced CT has been previous-
ly investigated [4]. Kim et al. found that a cut-off value of 
84 HU in the corticomedullary phase differentiated ccRCC 
from other RCC subtypes with a sensitivity and specificity 
of 74% and 100%, respectively [5]. Ruppert-Kohlmayr et al. 
reported that aorta-based corrected AV was not affected by 
intrinsic factors such as cardiac output and therefore gave 
a cut-off value of 100 HU, with a sensitivity and specificity 
for discriminating ccRCC in the corticomedullary phase of 
95.7% and 98.3%, respectively [6].

It is believed that the nephrographic phase is superior to 
the corticomedullary phase in distinguishing an intra-
parenchymal renal mass on enhanced CT [7]. However, 
the corticomedullary phase provides more information 
on angiogenesis and vascularization of the renal mass, 
and it was shown that ccRCC and oncocytoma are easier 
to characterize in the corticomedullary phase [8]. In our 
institution, in suspected renal masses, the corticomedul-
lary, nephrographic and urographic phases are performed 
followed by an unenhanced CT. In this prospective study, 
we aimed to differentiate the subtypes of RCC with tripha-
sic CT imaging based on contrast enhancement features 
and AV.

Material and Methods

This prospective study was approved by the institution-
al ethics committee and enrolled a total of 57 patients 
(35 male, 22 female) with 59 renal masses. There were 2 
ipsilateral renal masses that existed simultaneously in 
2 female patients. Before surgery, all patients underwent 
triphasic (corticomedullary, nephrographic and urograph-
ic) CT scans after unenhanced CT. A Siemens, 64-sequence 
Somatom Sensation device (Erlangen, Germany) was used 
for CT scans. Intravenous contrast agent (300/100 mg/
ml=30 gr) was administered via the antecubital route by 
an automated power injector at a rate of 3-4 ml/s. Times 
after contrast injection of 25 seconds, 1 minute and 5 min-
utes were accepted as the corticomedullary, nephrographic 
and urographic phases, respectively. One-millimeter-thick 
sections were obtained from all images to facilitate the 
investigation of 3D reconstructions.

Age and gender of the patient, lesion dimensions, exist-
ence of calcifications, contrast enhancement and tumoral 
spread patterns were noted. Radiologic staging was done 
according to the 2009 TNM classification system. After the 

procedure, the distribution of the histopathologic subtypes 
was as follows: 34 – clear cell, 15 – chromophobe, 7 – papil-
lary, 2 – sarcomatoid and 1 – collecting tubular type RCC. 
The appropriate grade of each tumor was reported using 
the Fuhrman’s system.

Imaging analysis

First, all renal masses were evaluated according to their 
contrast enhancement patterns and were classified as 
homogeneous or heterogeneous. Subsequently, AVs of the 
tumors were calculated for each phase. Density measure-
ment was performed by calculating the mean density value 
of different circular areas (1–2 cm2) in the solid tumor. 
Non-calcified areas and preferentially most hyperenhanc-
ing components were chosen for density measurements.

The degree of contrast enhancement may be affected by 
intrinsic factors such as cardiac output and BMI and there-
fore we calculated aorta-based corrected AV and renal 
parenchyma-based corrected or relative values. We used 
a coefficient factor, which is defined as the ratio of the 
mean aorta AV of all patients to the patient’s own aorta 
AV. Multiplying the coefficient factor by the tumor AV gave 
the aorta-based corrected AV. The aorta AV was measured 
from the renal artery branching level of the aorta, and this 
was measured for each phase. The mean aorta AV of all 
patients was 250 HU, 120 HU and 90 HU for corticomed-
ullary, nephrographic and urographic phases, respectively. 
Moreover, we calculated relative contrast enhancement 
values by dividing the corrected AV by tumor AV on unen-
hanced CT images. The same calculations were also per-
formed to generate renal parenchyma-based corrected or 
relative values. These values were all noted before surgery 
and subsequently compared with postoperative histopatho-
logic features. The calculation method of aorta corrected 
attenuation values and relative enhancement values was 
similar to that used by Ruppert-Kohlmayr et al. (6).

Statistical analysis

All data were fed into SPSS 15 software, and descriptive 
statistics were presented as means ±SD and percentile 
units. Rare histologic subtypes such as sarcomatoid and 
collecting tubular RCC type were not included in the anal-
ysis. The chi-squared test was used to compare categori-
cal parameters. The Kruskal-Wallis test was used to com-
pare RCC subtypes. A Bonferroni-corrected Mann-Whitney 
U test was done for pairwise comparisons between three 
parameters. Contrast enhancement cut-off values were 
calculated by a ROC curve analysis and crosstabs analy-
sis. P-values below 0.05 were considered to be statistically 
significant.

Results

Fifty-nine renal tumors were investigated in our study. 
The male-to-female ratio was 1.6, and the mean age was 
55.4±11.3 (33-79). The mean tumor diameter was 7.2±4.3 
(2–20 cm), and the histologic subtypes were 58% – ccRCC, 
25% – chRCC, 12% – pRCC, 3% – sarcomatoid and 2% – col-
lecting tubular type RCC. There were no statistically sig-
nificant differences between the 3 most prevalent subtypes 
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(ccRCC, chRCC and pRCC) in terms of age, gender or tumor 
diameter (p>0.05). A heterogeneous contrast enhancement 
pattern was detected in 94%, 80% and 57% of the ccRCC, 
chRCC and pRCC cases, respectively. However, the differ-
ences were not significant (p>0.05) (Figures 1–3).

All tumor AVs are given in Table 1. There was no differ-
ence between the 3 subtypes in the unenhanced CT images 
(p>0.05). However, ccRCC AVs were higher than the respec-
tive values of other RCC subtypes in all 3 phases. This dif-
ference was significant in both the corticomedullary phase 
(ccRCC vs. chRCC, p<0.017 and ccRCC vs. pRCC, p<0.017) 
and the nephrographic phase (ccRCC vs. pRCC, p<0.017 
and ccRCC vs. chRCC, p<0.018) but was not significant in 
the urographic phase (p>0.05). There was no difference 
between chRCC and pRCC in terms of tumor AVs (p>0.05) 
(Figure 4).

Similarly, the aorta-based corrected AV was also high-
er in ccRCC compared to chRCC and pRCC in the 

corticomedullary phase (p<0.01). This significant differ-
ence between ccRCC and pRCC (p=0.014) persisted in the 
nephrographic phase. However, the difference between the 
three subtypes in the aorta-based corrected AVs was not 
statistically significant in the urographic phase (p>0.05). 
The same significant difference was found between the 
three subtypes in terms of renal parenchyma-based cor-
rected AVs in all 3 phases (Table 2). In addition, the relative 
values were calculated based on aorta and renal parenchy-
ma in the three phases, and the aorta-based corrected rela-
tive contrast enhancement values are given in Table 3.

In the ROC curve analysis, the cut-off values with the 
highest sensitivity and specificity were determined in the 
aorta-based corrected AV and aorta-based corrected rela-
tive contrast enhancement values in the corticomedullary 
phase for differentiation between ccRCC and other RCC 
subtypes. A cut-off aorta-based corrected AV of 91 HU 
showed an accuracy rate of 88%, positive predictive value 
of 91%, negative predictive value of 85%, sensitivity of 

Figure 1.  A 51-year-old male patient with clear cell renal cell carcinoma (3.5 cm in diameter). (A) A non-contrast image shows well-circumscribed 
mass causing contour lobulation. (B) Corticomedullary phase, cortical mass shows heterogeneous contrast enhancement. Enhancement 
areas similar to the cortex density are seen in the mass. (C) Nephrographic phase, intense heterogeneous enhancement continues in the 
mass. (D) Urographic phase, the relationship with the collecting system of the mass is revealed more clearly.
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88% and specificity of 88%, respectively. Moreover, a cut-
off of 2.59 of the aorta-based corrected relative contrast 
enhancement value showed a sensitivity, specificity, posi-
tive predictive value, negative predictive value and accu-
racy rate of 97%, 80%, 87%, 95% and 90%, respectively.

Discussion

Currently, choosing treatment for renal tumors, such as 
active surveillance, more aggressive treatment (e.g., mini-
mally invasive interventional methods and partial nephrec-
tomy) or neoadjuvant targeted therapy, depends on the 
patient’s prognosis and the tumor’s histologic subtype [9]. 
RCC subtypes have different prognoses, and patients with 
ccRCC have the poorest prognosis. The five-year over-
all survival rates are 55–60%, 80–90% and 90% for ccRCC, 
pRCC and chRCC, respectively [10,11]. Thus, differentiating 
RCC subtypes preoperatively is important for generating a 
personalized treatment plan.

Several retrospective studies have been conducted that 
examined certain enhancement features of renal tumors 
that could potentially discriminate between RCC subtypes 
[4–6,12,13]. In general, these studies have shown that sig-
nificantly higher attenuation values were indicative of 
ccRCC. Zhang et al. concluded that an increased and earlier 
enhancement of ccRCC and oncocytoma was due to their 
hypervascular formations [14]. Furthermore, Jinzaki et al. 
found a correlation between high microvascular density 
and increased tumor AV (>100 HU) in ccRCC patients with 
a tumor diameter of <3.5 cm [15]. In contrast, our prospec-
tively designed, triphasic multi-slice CT protocol study 
examined aorta-based corrected AVs and relative values; 
it demonstrated that the aforementioned parameters were 
more valuable than was tumor AV alone for predicting 
ccRCC preoperatively.

Sheir et al. reported that a heterogeneous contrast 
enhancement pattern was more commonly seen in 

Figure 2.  A 44-year-old male patient with chromophobe renal cell carcinoma (9 cm in diameter). (A) A smooth, lobulated, isodense mass lesion 
is observed in the right kidney on non-contrast image. (B) Corticomedullary phase, the mass shows heterogeneous enhancement. 
Perinephric stranding is seen around the lesion (perinephric invasion). (C) Heterogeneous enhancement of the lesion and perinephric 
change was preserved in the nephrographic phase. (D) Wash-out of the contrast in the mass lesion is seen in the urographic phase.
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ccRCC [4]. However, this result was not statistically sig-
nificant. Similarly, we observed a heterogeneous contrast 
enhancement pattern more frequently, particularly in 
patients with ccRCC <4 cm. Furthermore, Pierorazio et al. 
investigated renal tumors (<4 cm) and found the highest 
peak HU value in the corticomedullary phase for ccRCC 
(117 HU), in the nephrographic phase for oncocytoma 
(125 HU) and in the nephrographic phase for pRCC (56 HU) 
[16]. This finding indicates that a more aggressive approach 
may be preferred in renal tumors with a higher HU value 
in the corticomedullary phase and a heterogeneous con-
trast enhancement pattern that is smaller than 4 cm.

Contrast enhancement pattern may be influenced by sev-
eral factors such as BMI, cardiac output or renal function 
[17]. Therefore, other indicators are also required for sub-
type differentiation. Kohlmayr et al. noted that aorta-based 

corrected AVs could eliminate the influence of intrinsic fac-
tors [6]. They found that a cutoff of 100 HU of the aorta-
based corrected AV could differentiate ccRCC in the corti-
comedullary phase with sensitivity of 95.7% and specificity 
of 98.3%. In contrast, we reported a cut-off value of 91 HU 
for the same parameter with sensitivity of 88% and speci-
ficity of 88%. Moreover, the same study found sensitivity of 
94.5% and specificity of 75% when 2.0 was accepted as the 
aorta-based relative contrast enhancement cut-off value, 
whereas we reported a cut-off value of 2.59 for the same 
parameter with sensitivity of 97% and specificity of 80%. 
We assume that these different results may be explained by 
the amount of contrast agent that was used in each study 
(120 ml vs. 100 ml).

Small renal masses are more likely to be benign in com-
parison to larger ones. It was reported that 22% of all 

Figure 3.  A 59-year-old male patient with papillary renal cell carcinoma (4.5 cm in diameter). (A) On non-contrast image, a well-
circumscribed right renal cortical mass compressing the liver and a perinephric nodule is observed in the posterior aspect of the mass. 
(B) Corticomedullary phase, in small amounts nearly homogeneous enhancement of the lesion is seen. There is also homogeneous 
enhancement in the perinephric nodule. (C) Nephrographic phase, a slight increase in the enhancement of the mass and perinephric 
nodule is seen. (D) Urographic phase shows clearly the absence of collecting system invasion by the mass lesion.
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surgically resected masses sized 2–3 cm were benign [18]. 
Chaudhry et al. used only unenhanced CT attenuation 
measurements and concluded that they could not reliably 
differentiate minimal fat renal angiomyolipoma from RCC 
in small renal masses [19]. However, recently published 
data have shown that ccRCC could be discriminated from 
pRCC, chRCC and lipid-poor angiomyolipoma with the ratio 
of tumor to kidney AV in the nephrographic phase, where-
as oncocytoma overlapped with both ccRCC and chRCC. 

However, the corticomedullary phase was not provided in 
their study [20]. In contrast, in the present study, we used 
all three phases for evaluation but did not assess the dis-
crimination of RCC from benign renal masses. In addition, 
another retrospective study investigated the differentiation 
between RCC subtypes by the tumor-to-aorta enhancement 
ratios in the corticomedullary phase. Unfortunately, the 
authors did not detect any significant difference between 
ccRCC and oncocytoma [21].

ccRCC chRCC pRCC sRCC cttRCC

CMP 
(HU)

85±31
(44–157)

41±23
(20–108)

30±12
(16–51)

54
(53–55) 44 

NP 
(HU)

55±18
(26–97)

40±19
(22–94)

26±9
(14–40)

27
(26–27) 40 

UP 
(HU)

34±13
(16–61)

31±13
(18–64)

20±9
(9–33)

21
(17–24) 36 

Table 1. Mean contrast enhancement values and statistical data.

ccRCC – clear cell renal cell carcinoma; chRCC – chromophobe renal cell carcinoma; pRCC – papillary renal cell carcinoma; sRCC – sarcomatoid renal 
cell carcinoma; cttRCC – collecting tubular type renal cell carcinoma; CMP – corticomedullary phase; NP – nephrographic phase; UP – urographic 
phase.

CMP NP UP

ccRCC-chRCC P=0.000 p=0.021 P=0.152

ccRCC-pRCC P=0.000 P=0.000 P=0.067

chRCC-pRCC P=0.298 P=0.162 P=0.358

Aorta-based corrected AV Renal parenchyma-based corrected AV

CMP NP UP CMP NP UP

ccRCC
(HU)

121±33
(75–213)

88±21
(46–135)

66±11
(45–93)

122±47
(74–267)

90±25
(62–160)

72±17
(40–112)

chRCC
(HU)

74±25
(44–84)

78±24
(42–136)

63±14
(42–124)

86±32
(43–154) 75±18

(48–108)
63±12

(44–84)

pRCC
(HU)

63±15
(42–90)

61±16
(40–85)

53±14
(33–80)

61±16
(48–96)

54±12
(42–75)

51±12
(36–69)

sRCC
(HU)

87
(82–93)

71
(66–75)

55
(54–56)

89
(86–92)

62
(59–65)

54
(46–62)

cttRCC
(HU) 79 68 61 87 75 75

Table 2. Mean aorta and renal parenchyma-based corrected attenuation values and statistical data.

ccRCC – clear cell renal cell carcinoma;  chRCC – chromophobe renal cell carcinoma; pRCC – papillary renal cell carcinoma; sRCC – sarcomatoid renal 
cell carcinoma; cttRCC – collecting tubular type renal cell carcinoma; CMP – corticomedullary phase; NP – nephrographic phase; UP – urographic 
phase; AV – attenuation values.

Aorta-based corrected AV Renal parenchyma-based corrected AV

CMP NP UP CMP NP UP

ccRCC-chRCC P=0.000 P=0.162 P=0.276 P=0.002 P=0.077 P=0.135

ccRCC-pRCC P=0.000 P=0.004 P=0.085 P=0.000 P=0.000 P=0.074

chRCC-pRCC P=0.407 P=0.106 P=0.368 P=0.078 P=0.021 P=0.055
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ccRCC chRCC pRCC sRCC cttRCC

aREV
CMP

3.6±0.15
(2.1–6.0)

2.2±0.20
(1.4–4.1)

2.0±0.15
(1.3–2.6)

2.5±0.16
(2.3–2.7) 2.2

aREV
NP

2.7±0.11
(1.3–4.1)

2.4±0.22
(1.1–4.8)

1.9±0.14
(1.5–2.4)

2.0±0.12
(1.9–2.1) 1.9

aREV
UP

2.0±0.07
(1.3–3.0)

1.9±0.11
(1.1–2.5)

1.6±0.11
(1.3–2.1)

1.6±0.03
(1.5–1.6) 1.7

Table 3. Mean aorta-based relative enhancement values (aREV) and statistical data.

ccRCC – clear cell renal cell carcinoma; chRCC – chromophobe renal cell carcinoma;  pRCC – papillary renal cell carcinoma;  sRCC – sarcomatoid renal 
cell carcinoma;  cttRCC – collecting tubular type renal cell carcinoma;  CMP – corticomedullary phase; NP – nephrographic phase; UP – urographic 
phase.

CMP NP UP

ccRCC-chRCC P=0.000 P=0.077 P=0.145

ccRCC-pRCC P=0.000 P=0.003 P=0.096

chRCC-pRCC P=0.783 P=0.078 P=0.489
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Figure 4.  Mean attenuation values of renal tumors on multiphasic 
computed tomography images.

More recently, a study by Mazzei et al. revealed that CT 
perfusion parameters (surface permeability, mean transit 
time, blood volume and blood flow of the tumor) may help 

differentiate RCCs from oncocytomas. Furthermore, that 
study claimed that CT perfusion parameters could pro-
vide additional information to multiphasic CT for subtype 
differentiation [22]. However, further studies with larger 
numbers of patients are still needed to validate the CT 
perfusion technique. We did not use CT perfusion in our 
study, but the enhancement patterns were similar to the 
aforementioned data. Finally, the present study has some 
limitations. Our study population was limited, and benign 
renal lesions such as oncocytoma or angiomyolipoma were 
not evaluated. Moreover, measurements were done by 
the same radiologist without any observer. However, pre-
operatively recorded data made the study prospective in 
character, and both the radiologist and pathologists were 
blinded.

Conclusions

It is well established that the ccRCC subtype shows more 
intense contrast enhancement in comparison to other 
malignant forms of RCC. We demonstrated that the most 
reliable parameters for the differentiation of the clear cell 
subtype from other RCC subtypes are the aorta-based cor-
rected AVs and the aorta-based corrected relative contrast 
enhancement values in the corticomedullary phase. In the 
future, this may impact treatment decisions for small renal 
masses, if the high accuracy rates in this study are support-
ed by studies with larger cohorts.
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