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Four-phase computed tomography helps differentiation of renal
oncocytoma with central hypodense areas from clear cell renal cell
carcinoma

Jian-Yi Qu*

Hong _jiang* PURPOSE

Xin—Hong SOﬂg Tq explore the utility of four-phase computed tomographyl(CT) in distinguishing renal oncocytoma
) with central hypodense areas from clear cell renal cell carcinoma (ccRCC).

Jin-Kun Wu

Heng Ma METHODS

Eighteen patients with oncocytoma and 63 patients with ccRCC presenting with central hypodense
areas were included in this study. All patients underwent four-phase CT imaging including the ex-
cretory phases later than 20 min after contrast injection. Two blinded experienced radiologists vi-
sually reviewed the enhancement features of the central hypodense areas in the excretory phase
images and selected the area demonstrating the greatest degree of enhancement of the tumor in
the corticomedullary phase images. Regions of interest (ROls) were placed in the same location in
each of the three contrast-enhanced imaging phases. Additionally, ROls were placed in the adja-
cent normal renal cortex for normalization. The ratio of the lesion to cortex attenuation (L/C) for
the three contrast-enhanced imaging phases and absolute de-enhancement were calculated. The
receiver operating characteristic curve was used to obtain the cut-off values.

*Jian-Yi Qu and Hong Jiang contributed
equally to this work.

RESULTS

Complete enhancement inversion of the central areas was observed in 12 oncocytomas (66.67%)
and 16 ccRCCs (25.40%) (P = 0.003). Complete enhancement inversion combined with L/C in the
corticomedullary phase lower than 1.0 (P < 0.001) or absolute de-enhancement lower than 42.5
HU (P < 0.001) provided 86.42% and 85.19% accuracy, 61.11% and 55.56% sensitivity, 93.65% and
93.65% specificity, 73.33% and 71.43% positive predictive value (PPV), and 89.39% and 88.06%
negative predictive value (NPV), respectively, for the diagnosis of oncocytomas. Combined with
complete enhancement inversion, L/C in the corticomedullary phase lower than 1.0 and absolute
de-enhancement lower than 42.5 HU provided 87.65%, 55.56%, 96.83%, 83.33%, and 88.41% of
accuracy, sensitivity, specificity, PPV, and NPV, respectively, for the diagnosis of oncocytomas.

CONCLUSION

The combination of enhancement features of the central hypodense areas and the peripheral tu-
mor parenchyma can help distinguish oncocytoma with central hypodense areas from ccRCC.
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enal oncocytomas are virtually benign and account for 3%-7% of all renal tumors.'
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renal cell carcinoma (RCC), particularly from
clear cell RCC (ccRCC), which is also a hyper-
vascular tumor.?”

Typical oncocytomas have previously
been characterized by a central scar, which
is seen in up to one-third of all cases.® How-
ever, this is not adequately specific, because
the central scar is also present in three of the
most common subtypes of RCC." Moreover,
the central necrotic areas within classic RCC
can mimic a central scar; therefore, when
central hypodense areas are observed on CT,
they may indicate a central scar or necrosis.
However, the contrast-enhanced CT features
of the central scar within oncocytoma and
the differences between oncocytoma and
RCC central scar have not been studied in
detail.

Several studies have focused on the dif-
ferentiation of oncocytomas from ccRCCs on
multiphase contrast-enhanced CT using dif-
ferent quantitative measures and enhance-
ment correction methods.***'* However,
these studies showed considerable overlap
between oncocytomas and ccRCCs regard-
ing their enhancement degree and pattern,
making it difficult to confidently distinguish
between them. In fact, many patients with
benign renal tumors undergo unnecessary
radical nephrectomy because the clinicians
are unable to make an accurate preoperative
diagnosis.

Different histopathologic structures of
the central scar in oncocytomas and ccRCCs
may lead to different appearances on CT;
however, we hypothesized that if enhance-
ment features of peripheral tumor paren-

* Alonger delay scanning time is valuable for
distinguishing oncocytomas with a central
scar from clear cell renal cell carcinomas
(ccRCCs).

* The absence of enhancement inversion of
the central hypodense areas in the excreto-
ry phase could be used to rule out oncocy-
toma.

* Quantitative analysis of the peripheral tu-
mor parenchyma using the ratio of lesion
to cortex attenuation in the corticomedul-
lary phase and absolute de-enhancement
showed significant value in differentiating
oncocytomas from ccRCCs, but there were
some overlaps.

* The combination of enhancement analysis
of the central hypodense areas and periph-
eral tumor parenchyma provided high di-
agnostic specificity and negative predictive
value.

chyma are also included, we can accurately
distinguish typical oncocytoma with central
scar from ccRCC.

Therefore, we conducted this study to
retrospectively explore whether oncocyto-
mas with central hypodense areas can be
differentiated from ccRCCs on four-phase CT
based on enhancement features of the cen-
tral hypodense areas and peripheral tumor
parenchyma.

Methods

Patients

Our institutional review board approved
the retrospective study (2019/298) and
waived the requirement for informed con-
sent owing to the retrospective nature of the
study. We searched the radiology and pathol-
ogy databases in our institution to identify
all cases of histologically proven ccRCCs and
oncocytomas between June 2013 and June
2019, in which all patients had undergone
preoperative four-phase CT including the
excretory phase later than 20 min after con-
trast injection. Two radiologists with three
and five years of experience, respectively,
reviewed all identified cases to select only
tumors visually presenting central stellate or
irregular hypodense areas compatible with
central necrosis or scar in unenhanced or
corticomedullary phase images. Cases with-
out complete imaging or pathological data
and central hypodense areas were excluded.
In total, 81 patients and 81 tumors were in-
cluded, of which 18 were oncocytomas and
63 were ccRCCs. Three patients each had two
lesions (both of which were ccRCCs), but only
one lesion in each patient was associated
with central hypodensity.

CT examination

All CT examinations were performed us-
ing Philips Brilliance 64or 256 detector row
helical scanners (Philips Healthcare). The CT
images were obtained while patients were
holding their breath, using the following
parameters: tube voltage of 120 kV, tube
current of 150-250 mA, section thickness of
5 mm, and reconstruction interval of 5 mm.
An 80-100 mL dose of iohexol (General Elec-
tric Pharmaceuticals Shanghai Co., Ltd.) was
administered at a rate of 5 mL/s via injection
into an antecubital vein by high-pressure
automatic injectors. The enhanced CT scans
were performed in the renal corticomedul-
lary phase (delayed 25-30 s), nephrograph-
ic phase (delayed 60-90 s), and excretory
phase (delayed >20 min).
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Image analysis

Another two radiologists with 10 and 20
years of experience, respectively, who were
not involved in case selection, reviewed all
selected cases in consensus on the picture
archiving and communication system work-
station. These two radiologists were blinded
to the pathology results.

First, the two radiologists visually assessed
the enhancement features of the central hy-
podense areas of these tumors. An enhance-
ment inversion was considered to be present
when the central hypodense areas enhanced
slowly in a centripetal manner over time and
showed higher attenuation than the pe-
ripheral tumor parenchyma in the excretory
phase images. It was considered to be a com-
plete enhancement inversion when the en-
tire central hypodense areas were enhanced
and showed higher attenuation and an in-
complete enhancement inversion when only
the periphery of the areas was enhanced and
showed higher attenuation.

Second, the two radiologists selected
the areas that demonstrated the maximum
enhancement of the tumor in the cortico-
medullary phase images. Matching elliptical
or round regions of interest (ROIs), approx-
imately 8-15 mm? in size, were drawn in
the same location in each of the three con-
trast-enhanced imaging phases. For each
contrast-enhanced phase, two measure-
ments of the same configuration and size
were acquired on each lesion using a cursor,
and the average value was recorded. Anoth-
er ROI of the same size was drawn in the ad-
jacent renal cortex to normalize variations in
attenuation due to technical and individual
factors. The ratio of lesion to cortex attenu-
ation (L/C) was calculated using the formula
(lesion ROI / cortex ROI) x 100%. In addition,
the formula (lesion ROI — lesion

corticomedullary

ROI ) was used to calculate absolute
nephrographic

de-enhancement.

Pathologic findings were used as the gold
standard.

Statistical analysis

Statistical analysis was conducted using
SPSS for Windows software (ver. 25.0; IBM
Inc.). Descriptive analyses used the mean
and standard deviation (SD) for normal-
ly distributed numeric variables, median
(min-max) values for non-normally distrib-
uted numeric variables, and n (%) for cate-
goric variables. The enhancement inversion
was compared between oncocytomas and
ccRCCs using the Pearson chi-square test.
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The L/C and absolute de-enhancement
were compared between oncocytomas and
ccRCCs using the Student’s t-test if normal
distribution was achieved; otherwise, the
non-parametric Mann-Whitney U test was
used. The Kolmogorov-Smirnov test was
used to evaluate the normality of quantita-
tive data. A P value of <0.050 was considered
to indicate a significant difference. Optimal
cutoff values of L/C in the corticomedullary
phase and absolute de-enhancement for
identifying oncocytomas and ccRCCs were
derived using receiver operating characteris-
tic (ROC) curve analysis. To assess the diag-
nostic performance of these parameters for
distinguishing oncocytomas from ccRCCs,
accuracy, sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive
value (NPV) were calculated.

Results

The study population consisted of 44 men
(54.32%) and 37 women (45.68%); the medi-
an (min-max) age was 60 (37-83) years. All
patients underwent partial or total nephrec-
tomy, and data on postoperative histological
diagnosis were obtained. The mean size +
SD of oncocytomas and ccRCCs was 4.8 + 2.2
and 4.9 + 1.5 cm, respectively.

The enhancement inversion analysis of
the central hypodense areas is shown in Ta-
ble 1. The central hypodense areas of all tu-
mors showed either slow enhancement in a
centripetal manner over time and enhance-
ment inversion or no enhancement, which
was observed in 72 (88.89%) and 9 (11.11%)
cases, respectively. A complete enhance-
ment inversion was observed in 28 (34.57%)
cases, and in all cases, it was observed in the
excretory phase (Figures 1, 2). An incomplete
enhancement inversion was observed in 44
(54.32%) cases (Figures 3, 4). Complete en-
hancement inversion was more common in
oncocytomas than in ccRCCs (P = 0.003).

Results of the enhancement analysis of the
peripheral parenchyma of tumors are shown
in Table 2 and Figure 5. The L/C in the corti-
comedullary phase significantly differed be-
tween oncocytomas and ccRCCs (P < 0.001);

in the nephrographic and excretory phases,
the L/C overlapped considerably between
oncocytomas and ccRCCs (P=0.533 and P =
0.794, respectively). Oncocytomas had a sig-
nificantly lower absolute de-enhancement
than ccRCCs (P < 0.001). Optimal cut-off val-
ues of the L/C in the corticomedullary phase
of 1.0 and absolute de-enhancement of 42.5
HU were extracted using ROC curve analysis
(Figure 6) for identifying oncocytomas and
ccRCCs. These values suggest that a tumor
with an L/C in the corticomedullary phase
lower than 1.0 or absolute de-enhancement
lower than 42.5 HU can be considered as an
oncocytoma.

The accuracy, sensitivity, specificity, PPV,
and NPV obtained by different parameters
are shown in Table 3. The combination of
complete enhancement inversion and the
quantitative features of peripheral tumor
parenchyma provided high specificity and
NPV for distinguishing oncocytomas from
ccRCGs.

Discussion

The quantitative analysis of peripheral
tumor parenchyma using the L/C in the cor-
ticomedullary phase and absolute de-en-
hancement showed significant value in iden-
tifying oncocytomas and ccRCCs, but there
were some overlaps. The combination of
enhancement features of central hypodense
areas and peripheral tumor parenchyma pro-
vided high diagnostic specificity and NPV.

The central scar is an important radiologi-
cal feature of oncocytomas, but it is not spe-
cific because the central necrosis that occurs
within RCCs also shows hypodense areas on
unenhanced CT, and the central scar also oc-
curs in a small fraction of RCCs."> Moreover,
the central scar does not always present a
typical stellate pattern, making it more dif-
ficult to distinguish from irregular central
necrosis within RCCs.'® In our study, a longer
delay scanning time (>20 min after injection)
was used to evaluate the enhancement fea-
tures of the central hypodense areas. Our
study provides some important results. First,
all oncocytomas presented complete or in-

Table 1. Enhancement analysis of the central hypodense areas of tumors

Enhancement of central hypodense areas Type P value
Oncocytomas ccRCCs
(n=18) (n=63)
None 0 9 (14.29%)
Complete 12 (66.67%) 16 (25.40%) 0.0032
Incomplete 6 (33.33%) 38 (60.32%)

2, Pearson chi-square test; ccRCCs, clear cell renal cell carcinomas.

complete enhancement inversion within
the central hypodense areas in the excre-
tory phase. This means that the absence
of enhancement inversion of the central
hypodense areas could be used to rule out
oncocytoma. Second, complete enhance-
ment inversion of the central areas was more
common in oncocytomas than in ccRCCs.
The difference may be related to different
histopathologic structures of central areas
in oncocytomas and ccRCCs." Kim et al.”” de-
scribed the imaging feature of “segmental
enhancement inversion” in homogeneous
renal tumors smaller than 4 cm without a
central scar; however, it is important to note
that the segmental enhancement inversion
was due to pathological differences in the
stromal content within the tumor parenchy-
ma, as opposed to the enhancement inver-
sion of the central scar and peripheral tumor
parenchyma in our study. Third, complete
enhancement inversion was observed only
in the excretory phase. This explains why it
has never been mentioned with CT before,
since a longer delay scanning time has not
previously been used.>'®

Cornelis et al." investigated the delayed
enhancement features of central high
T2-weighted signal intensity of oncocytomas
and RCCs on MRI and first proposed the con-
cept of enhancement inversion. In our study,
the rate of complete enhancement inversion
in ccRCCs was higher than that reported by
Cornelis et al.' There are two possible ex-
planations for this. First, we only included
ccRCCs for our study, whereas the previous
study included the three most common
subtypes of RCCs. Second, in our study, the
excretory phase images were obtained later
than 20 min after contrast injection, whereas
the late enhanced scanning was only carried
out later than 5 min after contrast injection
in the study by Cornelis et al." We believe that
a longer delay scanning time may result in a
higher rate of complete enhancement inver-
sion in ccRCCs. We speculate that there may
be an optimal delay scanning time to better
identify oncocytomas and ccRCCs based on
enhancement features of the central hypo-
dense areas, but solid evidence is needed to
back this up.

The enhancement degree and pattern
are valuable parameters for distinguishing
oncocytoma from ccRCC." Because there is
no uniform standard, previous studies have
used different measurement and enhance-
ment correction methods, which has led to
different and even completely opposing re-
search results.*>'32021 Wang et al.?? reported
that the degree of enhancement measured
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Figure 1. A 38-year-old woman with oncocytoma. (a) Axial unenhanced CT scan shows a 2.4 cm-diameter mass with central irregular hypodense areas. (b-d) Axial
corticomedullary-, nephrographic-, and excretory-phase CT scans show that the central hypodense areas enhance slowly in a centripetal manner. The ratio of lesion
to cortex attenuation in the corticomedullary phase and absolute de-enhancement are 0.66 and —44 HU, respectively. The excretory-phase CT scan shows that
enhancement inversion is complete (arrow). (e, f) Axial excretory-phase CT scans with different windowing can better display the enhancement inversion of central
hypodense areas (arrows). CT, computed tomography.

Figure 2. A 68-year-old woman with ccRCC. (a) Axial unenhanced CT scan shows a 3.9 cm-diameter mass with central irregular hypodense areas. (b-d) Axial
corticomedullary-, nephrographic-, and excretory-phase CT scans show that the central hypodense areas appear slow with progressive enhancement in a centripetal
manner. The ratio of lesion to cortex attenuation in the corticomedullary phase and absolute de-enhancement are 1.14 and 67 HU, respectively. The excretory-phase
CT scan shows complete enhancement inversion of central areas (arrow). (e, f) Axial excretory-phase CT scans with different windowing can better display the
complete enhancement inversion of central areas (arrows). ccRCC, clear cell renal cell carcinoma; CT, computed tomography.

ence of micronecrotic areas contained in

using smaller ROIs (10-20 mm?) performed
better than small ROIs (50-100 mm?) or large
ROIs (included all components of the tumor
on the largest cross-sectional images) for
identifying renal angiomyolipoma without
visible fat and small ccRCCs with CT. There-
fore, in our study, we attempted to measure
a smaller ROI (8-15 mm?) to avoid the influ-

ccRCCs and better reflect the enhancement
degree of tumor. Our study showed that
the L/C in the corticomedullary phase was
significantly lower than the optimal cut-off
value of 1.0 in nearly all oncocytomas (17/18,
94.44%) and higher than 1.0 in most ccRCCs
(53/63, 84.13%). However, Bird et al.?' meas-
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ured a larger ROI (100 mm?) and reported
that the L/C in the corticomedullary phase
was highest for oncocytoma, followed by
ccRCC. Gentili et al.> measured as large a tu-
mor parenchyma as possible and concluded
that oncocytomas are almost isodense and
ccRCCs are mostly hypodense compared
with the renal cortex in the corticomedul-

Quetal.



Figure 3. A 73-year-old man with oncocytoma. (a) Axial unenhanced CT scan shows a 4.9 cm-diameter mass with central irregular hypodense areas. (b-d) Axial
corticomedullary-, nephrographic-, and excretory-phase CT scans show that the central hypodense areas enhance slowly in a centripetal manner except in the inner
portion. The ratio of lesion to cortex attenuation in the corticomedullary phase and absolute de-enhancement are 0.62 and 15 HU, respectively. The excretory-phase
CT scan shows that enhancement inversion appears incomplete. Note the higher enhancement at the junction between the central hypodense area and peripheral
tumor component (arrow). (e, f) Axial excretory-phase CT scans with different windowing can better display the incomplete enhancement inversion of central areas
(arrows). CT, computed tomography.

Figure 4. A 43-year-old woman with ccRCC. (a, b) Axial unenhanced and corticomedullary-phase CT scans show a 4.5 cm-diameter mass with central hypodense
areas. The ratio of lesion to cortex attenuation in the corticomedullary phase is 1.23. (¢, d) Axial nephrographic- and excretory-phase CT scans show that the
central hypodense areas appear slow with progressive enhancement in a centripetal manner except in the inner portion. Absolute de-enhancement is 86 HU. The
excretory-phase CT scan shows that enhancement inversion appears incomplete. Note the higher enhancement at the junction between the central hypodense
areas and peripheral tumor component (arrow). (e, f) Axial excretory-phase CT scans with different windowing can better display the enhancement inversion of
central hypodense areas (arrows). ccRCC, clear cell renal cell carcinoma; CT, computed tomography.

lary phase. Although Moldovanu et al.2 also
measured a smaller ROI (10 mm?) and found
that oncocytoma had a higher enhancement
change than ccRCC, the difference did not
reach statistical significance. This suggests
that different ROI sizes have a significant
impact on the differentiation of oncocyto-

ma from ccRCC. In our study, the L/C in the
corticomedullary phase measured by smaller
ROIs showed high sensitivity and NPV for dif-
ferentiating oncocytoma from ccRCC. Some
studies have found rapid washout enhance-
ment pattern in ccRCCs on multiphase con-
trast-enhanced CT.*"2 OQur study showed that

absolute de-enhancement was significantly
lower than the optimal cutoff value of 42.5
HU in most oncocytomas (15/18, 83.33%)
and higher than 42.5 HU in most ccRCCs
(50/63, 79.37%), similar to the finding of Lee-
Felker et al.” Using the combination of L/C
in the corticomedullary phase and absolute
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Table 2. Enhancement analysis of the peripheral parenchyma of tumors

Type
Enhancement of the tumor parenchyma Oncocytomas - ccRCCs Pvalue
(n=18) (n=63)
L/Cin the corticomedullary phase, median (min-max) 0.83 (0.62-1.06) 1.15(0.47-2.01) <0.0012
L/C in the nephrographic phase, mean + SD 0.78+0.12 0.76 £ 0.11 0.533
L/C in the excretory phase, mean + SD 0.71 £ 0.07 0.72+0.16 0.794°
Absolute de-enhancement, median (min-max) 11 (—44-58) 67 (-12-220)  <0.001°

2, Mann-Whitney U test; ®, Student’s t-test; ccRCCs, clear cell renal cell carcinomas; L/C, ratio of lesion to cortex
attenuation; SD, standard deviation.
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Figure 5. Scatterplots of the L/C in the corticomedullary phase and absolute de-enhancement for tumors
of oncocytoma and ccRCC groups. (a) Scatterplot of the L/C in the corticomedullary phase. Most ccRCCs
have an L/C higher than 1.0, whereas nearly all oncocytomas have a ratio lower than 1.0. (b) Scatterplot of
absolute de-enhancement. Most ccRCCs have an absolute de-enhancement higher than 42.5 HU, whereas
most oncocytomas have an absolute de-enhancement lower than 42.5 HU. L/C, ratio of lesion to cortex
attenuation; ccRCC, clear cell renal cell carcinoma.

Table 3. Accuracy of differentiation of oncocytomas from ccRCCs for all criteria

Criteria Differentiation Accuracy
(%)
Enhancement Complete 72.84
inversion Incomplete 38.27
Complete or incomplete 33.33
L/C in the corticomedullary phase <1.0 86.42
Enhancement el Absolute de-enhancement <42.5 HU 80.25
peripheral tumor
parenchyma Combination of both criteria 2012
Complete enhancement inversion and L/C in the 86.42
corticomedullary phase <1.0
Combination of Complete enhancement inversion and absolute de- 85.19
both criteria enhancement <42.5 HU
Complete enhancement inversion and L/C in the 87.65

corticomedullary phase <1.0 and absolute de-enhancement
<42.5HU
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Figure 6. Receiver operating characteristic curve for
the L/Ciin the corticomedullary phase and absolute
de-enhancement for distinguishing oncocytomas
from ccRCCs. The area under the receiver operating
characteristic curve was 0.929 (95% Cl, 0.874-0.983;
SE, 0.028) for the L/C in the corticomedullary
phase and 0.881 (95% Cl, 0.802-0.959; SE, 0.040)
for absolute de-enhancement. L/C, ratio of lesion
to cortex attenuation; ccRCC, clear cell renal cell
carcinoma; Cl, confidence interval; SE, standard
error.

Sensitivity Specificity PPV NPV
(%) (%) (%) (%)
66.67 74.60 42.86 88.68
33.33 39.68 13.64 67.57
100.00 14.29 25.00 100.00
94.44 84.13 62.96 98.15
83.33 79.37 53.57 94.34
83.33 92.06 75.00 95.08
61.11 93.65 73.33 89.39
55.56 93.65 71.43 88.06
55.56 96.83 83.33 88.41

ccRCC, clear cell renal cell carcinoma; PPV, positive predictive value; NPV, negative predictive value; L/C, ratio of lesion to cortex attenuation.

de-enhancement was better than using a
single parameter for distinguishing oncocy-
tomas from ccRCCs. In conclusion, L/C in the
corticomedullary phase or absolute de-en-
hancement provided a simple method that
can be applied in the clinic for differential
diagnosis. The two parameters can be used
in combination to differentiate oncocytomas
from ccRCCs.

Our study has some limitations. First, ow-
ing to the retrospective design, the analysis
is subjected to some selection bias. Second,
our study only evaluated tumors with central
hypodense areas, which increased the rate of
oncocytomas by excluding ccRCCs that were
not associated with the typical central scar or
necrosis. We did not evaluate oncocytomas
or ccRCCs with a homogeneous appearance
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or other subtypes of RCC. Third, although the
two experienced radiologists reached a con-
sensus when assessing the enhancement in-
version, visual assessment could carry errors.
Fourth, due to space constraints, we only
chose simple and easy-to-operate measure-
ment and enhancement correction methods;
we did not compare the results with other
measurement and enhancement correction
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methods, and this might be an interesting
future direction. Finally, because of the sim-
ilar imaging features but different treatment
strategies, most imaging studies on the dif-
ferential diagnosis of benign and malignant
renal tumors are based on the standard
whose diameter are 4 cm or less. Though lim-
iting the size of the lesions would add more
value to our study, we did not do so because
of the case number constraints.

In conclusion, a longer delay scanning

time is valuable for distinguishing onco-
cytomas with a central scar from ccRCCs.
Quantitative analysis of the peripheral tu-
mor parenchyma showed some overlaps
between oncocytomas and ccRCCs, and we
provided optimal cutoff values. The addition
of enhancement features of the central hy-
podense areas can provide high diagnostic
specificity and NPV.
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