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Circularity Index on Contrast-Enhanced Computed
Tomography Helps Distinguish Fat-Poor Angiomyolipoma
from Renal Cell Carcinoma: Retrospective Analyses

of Histologically Proven 257 Small Renal Tumors Less
Than 4 cm

Hye Seon Kang', Jung Jae Park™?

Department of Radiology, Chungnam National University Hospital, Daejeon, Korea; 2Department of Radiology, Chungnam National University
College of Medicine, Daejeon, Korea

Objective: To evaluate circularity as a quantitative shape factor of small renal tumor on computed tomography (CT) in
differentiating fat-poor angiomyolipoma (AML) from renal cell carcinoma (RCC).

Materials and Methods: In 257 consecutive patients, 257 pathologically confirmed renal tumors (either AML or RCC less
than 4 cm), which did not include visible fat on unenhanced CT, were retrospectively evaluated. A radiologist drew the tumor
margin to measure the perimeter and area in all the contrast-enhanced axial CT images. In each image, a quantitative shape
factor, circularity, was calculated using the following equation: 4 x 7 x (area + perimeter?). The median circularity (circularity
index) was adopted as a representative value in each tumor. The circularity index was compared between fat-poor AML and
RCC, and the receiver operating characteristic (ROC) curve analysis was performed. Univariable and multivariable binary
logistic regression analysis was performed to determine the independent predictor of fat-poor AML.

Results: Of the 257 tumors, 26 were AMLs and 231 were RCCs (184 clear cell RCCs, 25 papillary RCCs, and 22 chromophobe
RCCs). The mean circularity index of AML was significantly lower than that of RCC (0.86 + 0.04 vs. 0.93 + 0.02, p < 0.001).
The mean circularity index was not different between the subtypes of RCCs (0.93 + 0.02, 0.92 + 0.02, and 0.92 + 0.02 for
clear cell, papillary, and chromophobe RCCs, respectively, p = 0.210). The area under the ROC curve of circularity index was
0.924 for differentiating fat-poor AML from RCC. The sensitivity and specificity were 88.5% and 90.9%, respectively (cut-off,
0.90). Lower circularity index (< 0.9) was an independent predictor (odds ratio, 41.0; p < 0.001) for predicting fat-poor AML
on multivariable logistic regression analysis.

Conclusion: Gircularity is a useful quantitative shape factor of small renal tumor for differentiating fat-poor AML from RCC.
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INTRODUCTION of its abundant fat, which is detectable on unenhanced
computed tomography (CT) images [3,4]. However,
Angiomyolipoma (AML) is the most common benign renal  approximately 4.5% of AMLs are difficult to diagnose due
tumor, which is pathologically composed of fat, muscle, and  to the lack of identifiable fat on CT images [5,6]. Therefore,
vessels [1,2]. A typical AML is easily diagnosed because fat-poor AML may be diagnosed only after a biopsy or
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surgery because this lesion can be misdiagnosed as renal
cell carcinoma (RCC) on CT or even on magnetic resonance
imaging [7].

In comparison with RCC, fat-poor AML occurs more
frequently in women [8]. On CT imaging, fat-poor AML
shows higher attenuation on unenhanced images and more
homogeneous and prolonged enhancement after contrast
enhancement compared with RCC [9-11]. Moreover, tumor
shape is another important diagnostic point to differentiate
fat-poor AML from RCC across imaging techniques. Round
shapes may suggest increased possibility of malignancy
[12]. On the contrary, fat-poor AML may be accompanied by
lobulations or indentations along the tumor margin, which
diminish the roundness due to the soft tissue composition.
In association with tumor morphology, several studies have
reported distinctive radiologic patterns to diagnose fat-
poor AML, such as angular interface, ice-cream cone sign,
or overflowing beer sign [13-15]. However, majority of
these studies evaluated the tumor shape in a qualitative or
semi-quantitative manner, which might decrease reliability
and reproducibility. Furthermore, the radiologic signs
for AML revealed relatively low sensitivity for predicting
tumor benignity because the signs might not be apparent
in several AMLs despite the non-round features [15].
Therefore, the quantitative morphologic assessment for
tumor roundness may warrant a reliable decision for small
renal tumors with improved diagnostic accuracy.

Circularity is a quantitative measure of how closely an
object resembles a perfect circle on a two-dimensional plane.
It is calculated by using the perimeter and area of a figure
on a plane according to the following equation: 4 x & x (area
+ perimeter?). The maximum value of circularity is one in a
perfect circle and any feature that diminishes roundness,
such as angulations, elongations, and eccentricity, may
decrease the value [16]. Therefore, circularity might be
a potential shape factor that can quantitatively evaluate
the roundness of a tumor shape. Previously, several studies
utilized circularity to evaluate nuclear morphology in
microscopic findings, especially in RCCs [17-19]. However, to
the best of our knowledge, no study has attempted to utilize
circularity in a morphologic analysis on macroscopic imaging.
We hypothesized that tumor circularity determined on cross-
sectional CT images might be useful for differentiating AML
from RCC in small renal tumors. Therefore, this study aimed
to evaluate the usefulness of circularity as a quantitative
shape factor of small renal tumors on CT in differentiating
fat-poor AML from RCC.
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MATERIALS AND METHODS

Patients

Our Institutional Review Board approved this retrospective
study and the requirement for informed consent was waived
(IRB No. 2020-06-094-001). Between January 2007 and
December 2017, 623 patients underwent surgery or intra-
operative radiofrequency ablation (RFA) with biopsy in
our hospital, under the radiologic suspicion of RCC. Of
these patients, we selected 575 patients who met the
following inclusion criteria: a single sporadic renal tumor,
pathologically confirmed RCC (clear cell, papillary, and
chromophobe type) or AML on surgical or biopsy specimen,
and available preoperative CT imaging composed with
unenhanced and contrast-enhanced images acquired within
3 months before treatment. A genitourinary radiologist (8
years of experience in genitourinary CT imaging) initially
evaluated preoperative (T images and 318 patients were
excluded as per the following exclusion criteria: inadequate
image quality due to insufficient scan range, thick slice
thickness (> 5 mm), or artifact (n = 27), non-small size
tumor (maximum diameter > 4 cm on imaging) (n = 282),
or visible fat component within the tumor on unenhanced
images (n = 9). Finally, 257 renal tumors in 257 patients
were included in this study (Fig. 1).

Data Collection
Clinical data, such as patients’ sex and age at the
time of treatment, were recorded. Pathologic data were

‘ Patients treated for renal tumor (n = 623)

Y

Patients treated for renal tumor (n = 575)
- Single sporadic lesion
- RCC or AML confirmed on specimen
- Unenhanced and contrast-enhanced CT

Exclusion (n = 318)
- Inadequate CT image quality (n = 27)
- Tumor size > 4 cm (n = 282)
- Visible fat on unenhanced CT (n = 9)

A

\4
Finally enrolled renal tumors (n = 257)
- RCC (n = 231)
- AML (n = 26)

Fig. 1. Flowchart of the study enrollment. AML = angiomyolipoma,
CT = computed tomography, RCC = renal cell carcinoma
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retrospectively acquired by reviewing the pathologic reports,
which were determined by a genitourinary pathologist. All
included patients had preoperative CT imaging composed of
unenhanced images and at least one phase of post-contrast
images. Of the 257 enrolled patients, 162 (63%) received
CT examination in our hospital and the remaining patients
(37%) received CT examination in other hospitals. Because
of the heterogeneity in the CT equipment and imaging
protocols, we only considered the inclusion and exclusion
criteria regarding imaging quality.

Image Analysis

AllL CT images were evaluated by a radiologist with 8 years
of experience in genitourinary CT imaging. The clinical and
pathologic data were blinded to minimize bias. Before the
imaging analysis, the radiologist selected one phase of
contrast-enhanced imaging in which the tumor margin was
clearly demarcated from the adjacent normal tissue among
the multi-phase contrast-enhanced images.

The set of selected contrast-enhanced axial images were
transferred to the public domain image processing program
Imaged and were then analyzed [20]. The radiologist
placed a region of interest along the tumor margin in
all the axial images that encompassed the lesion. The
area and perimeter of the tumor was recorded and the
circularity was automatically calculated according to
the following equation: 4 x & x (area + perimeter’). The
median value of circularity (circularity index) was adopted
as a representative value in a tumor instead of the mean
value, because circularities measured in the superior and
inferior pole of the tumor were substantially distorted
due to partial volume effect. A second radiologist (with 3
years of experience in CT imaging) independently evaluated
the images in a similar manner to determine inter-reader
agreement in measuring tumor circularity.

The lesions were qualitatively analyzed regarding the
presence of any imaging features in association with fat-
poor AML, such as angular interface, ice-cream cone signs,
or overflowing beer signs [13-15]. The radiologist used a
four-point grading scale, defined as follows: score of 1,
definitely absent; score of 2, probably absent; score of 3,
probably present; score of 4, definitely present. The second
radiologist also evaluated the images using the same
method to determine inter-reader agreement.

Statistical Analysis
Statistical analysis was performed using the Predictive

kjronline.org https://doi.org/10.3348/kjr.2020.0865

Korean Journal of Radiology

Analytics Software (SPSS version 20.0; IBM Corp.). Clinical
and pathologic findings were compared between the
patients with fat-poor AML and those with RCC using the
independent t test, Mann-Whitney U test, or Fisher exact
test. The circularity index was compared between fat-

poor AML and RCC using the independent ¢ test and it

was compared between RCC subtypes using the one-way
analysis of variance. Receiver operating characteristic (ROC)
curve analysis was performed to determine the diagnostic
performance of variables in differentiating fat-poor AML
from RCC. The optimal cut-off value was determined

by calculating the Youden index on the curve, and the
diagnostic parameters such as sensitivity and specificity
were calculated according to the cut-off value. The DelLong
test was used to compare the area under the curve (AUC)
between the circularity index and radiologic features for
AML. Univariable and multivariable binary logistic regression
analyses were performed to determine the independent
predictor of fat-poor AML among the clinical and radiologic
variables. The agreement of measurements between the two
radiologists was determined using the intra-class correlation
coefficient (ICC) for evaluating circularity and « values for
determining presence of any radiologic sign for AML. A two-
sided p value < 0.05 indicated statistical significance.

RESULTS

Among the 257 patients, 102 (39.7%) and 88 (34.2%)
patients received radical and partial nephrectomy,
respectively. The remaining 67 (26.1%) patients received
intra-operative RFA with biopsy. Of the 257 tumors, 26
(10.1%) were AMLs and 231 (89.9%) were RCCs (184 clear
cell RCCs, 25 papillary RCCs, and 22 chromophobe RCCs).
Table 1 describes the clinical characteristics of the enrolled
patients. The mean age was not significantly different
between the patients with fat-poor AML and those with
RCC (p = 0.21). However, fat-poor AML was more prevalent

Table 1. Clinical Characteristics

Fat-Poor AML RCC P
Mean age (years) 56.9 +10.2 59.6 +12.0 0.212
Sex < 0.001
Male 7 163
Female 19 68
Mean tumor volume (cc) 3.3+£4.3 9.6 +8.0 <0.001
Mean tumor diameter (cm) 1.7+0.8 23+09 <0.001

Data are mean + standard deviations or numbers. AML =
angiomyolipoma, RCC = renal cell carcinoma
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in women (p < 0.001), and the mean tumor volume was
significantly smaller in AMLs than in RCCs (p < 0.001).

The circularity index was lower in AML (mean, 0.86;
standard deviation [SD], 0.04) than in RCC (mean, 0.93;
SD, 0.02). The difference was statistically significant (p <
0.001). The mean circularity index of clear cell, papillary,
and chromophobe RCCs were 0.93 (SD, 0.02), 0.92 (SD,
0.02), and 0.92 (SD, 0.02), respectively. The circularity
index was not statistically different between each
pathologic type of RCCs (Fig. 2).

In the ROC curve analysis to differentiate fat-poor AML
from RCC, the AUC of the circularity index was 0.924 (95%
confidence interval [CI], 0.88-0.95) and the optimal cut-off
was 0.90 (p < 0.001). With the cut-off, the sensitivity and
specificity were 88.5% (69.8-97.6%) and 90.9% (95% CI,
86.4-94.3%), respectively. The AUC of any presenting sign
for AML was 0.820 (95% CI, 0.77-0.87) and the sensitivity
and specificity were 65.4% (95% CI, 44.3-82.8%) and
89.6% (95% CI, 85.4-93.6%), respectively (cut-off, > 3
points; p < 0.001). The AUC of tumor volume was 0.801
(95% CI, 0.75-0.85) and the cut-off was 5.8 cc (p < 0.001).

1.00
0.95
2 0.90 -
>
=]
5 8 ’
3 0.85
E
0.80 A
0.75
AML Clear cell Papillary Chromophobe
RCC RCC RCC

Fig. 2. Box-and-whisker plot shows the relationship between
circularity index and tumor pathology. AML = angiomyolipoma,
RCC = renal cell carcinoma
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With the cut-off, the sensitivity and specificity were 88.5%
(95% CI, 69.8-97.6%) and 59.7% (95% CI, 53.1-66.1%),
respectively. The comparison of AUCs between circularity
index and any presenting sign for AML, revealed a
statistically significant difference (p = 0.001). Inter-reader
agreement was excellent for evaluating tumor circularity
on CT images (ICC, 0.84) and determining presence of
radiologic sign for AML (x, 0.87).

In the univariable and multivariable binary logistic

regression analysis, female sex (odds ratio [OR], 6.46;
p = 0.003), lower tumor volume (OR, 6.58; p = 0.012),
and lower circularity index (OR, 41.0; p < 0.001) were

independent predictors of fat-poor AML (Table 2).

Table 3 shows the results of qualitative analysis regarding
the presence of any sign for AML, such as angular interface,
ice-cream cone sign, or overflowing beer sign. Of the 26
AMLs, 17 AMLs (65.4%) revealed radiologic signs of AML
and 207 of 231 RCCs (89.6%) did not reveal any sign of AML
(Fig. 3). The AMLs with radiologic signs of AML revealed
lower mean circularity index than those without (0.84 + 0.03
vs. 0.89 + 0.04; p < 0.001).

DISCUSSION

Our study demonstrated that tumor circularity on axial CT
images could be useful for differentiating fat-poor AML from
RCC in small renal tumors. Lower circularity measured on a
cross-sectional CT image revealed a higher possibility of fat-
poor AML, and circularity was found to be an independent
predictor of AML in our study cohort.

Table 3. Results of Qualitative Analysis of Tumor Morphology
Fat-Poor AML (n = 26) RCC (n = 231)

Radiologic sign for AML*
Present 17 (65.4) 24 (10.4)
Absent 9 (34.6) 207 (89.6)
Data in parentheses are percentages. *Presence of any pattern

such as angular interface sign, ice-cream cone sign, or overflowing
beer sign. AML = angiomyolipoma, RCC = renal cell carcinoma

Table 2. Results of Logistic Regression Analysis for Predicting Fat-Poor AML

Univariable Analysis

Multivariable Analysis

OR

P OR P

Sex (female)

Tumor volume (< 5.8 cc)
Circularity index (< 0.9)
Radiologic sign for AML*

6.51 (2.62-16.21)
11.42 (3.32-39.04)
76.70 (21.2-277.04)
19.41 (7.63-49.40)

<0.001 6.46 (1.86-22.40) 0.003
<0.001 6.58 (1.51-28.71) 0.012
<0.001 41.02 (6.58-255.25) <0.001
<0.001 1.42 (0.27-7.48) 0.683

Data in parentheses are 95% confidence intervals. *Presence of any pattern such as angular interface sign, ice-cream cone sign, or

overflowing beer sign. AML = angiomyolipoma, OR = odds ratio
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Fig. 3. Radiologic signs of AML.
A, B. A 52-year-old female with AML. The non-round shaped tumor shows an ice-cream cone sign with angular interface. The circularity on this
plane was 0.82 (area, 70.94 mm?; perimeter, 33.0 mm) and the circularity index was 0.85. C, D. A 45-year-old female with AML. The non-round
shaped tumor does not show any distinct sign for AML. The circularity of the non-round shaped tumor on this plane was 0.84 (area, 119.58 mm?
perimeter, 42.4 mm) and the circularity index was 0.83. E, F. A 60-year-old male with papillary renal cell carcinoma. The circularity of the round
shaped tumor on this plane was 0.94 (area, 280.82 mm?; perimeter, 61.3 mm) and the circularity index was 0.94. AML = angiomyolipoma

In studies that retrospectively analyzed pathologic
outcomes of small renal tumors without visible fat on CT
imaging, about 8 to 14% of the tumors were confirmed as
AMLs after biopsy or surgery [14,15,21-23]. In line with
previous results, 10.1% of small renal tumors were treated
unnecessarily with surgery or RFA in our hospital, although
they were actually benign AMLs. Therefore, fat-poor AML
seems to be a diagnostic challenge and these findings
may warrant further exploration of the imaging findings or
techniques for better diagnosis.

Tumor shape on cross-sectional imaging is sometimes
useful for differentiating fat-poor AML from RCC. Verma et
al. [13] initially reported that the presence of an angular
interface between a lesion and the renal parenchyma was
indicative of benign renal tumor with high specificity
and positive predictive value. Kim et al. [14] introduced
the imaging feature of an exophytic renal tumor showing

kjronline.org https://doi.org/10.3348/kjr.2020.0865

the angular interface as an “ice-cream cone” sign; they
demonstrated that the pattern was a predictor of fat-
poor AML in small renal masses. Recently, a study reported
an “overflowing beer” sign to emphasize the diagnostic
value of the portion bulging-out in fat-poor AMLs [15].
These radiologic patterns for AML could be related with
tumor characteristics in terms of tissue hardness. The
components of AML, such as blood vessels, smooth muscle,
and adipose tissue, may contribute to a softer composition
compared to RCC, in which the compact growth of
malignant cells may increase the tissue hardness [24].
Tan et al. [25] distinguished AMLs from RCCs in terms of
tissue characteristics by using real-time elastography. The
authors demonstrated that AMLs revealed predominantly or
completely soft elasticity patterns, which were substantially
different from those of RCCs.

Although the reported radiologic patterns may be useful
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for differential diagnosis of small renal tumors, there are
some limitations as follows. First, qualitative assessment
based on the radiologist’s decision might affect diagnostic
accuracy, especially if the sign was equivocal on imaging.
Kim et al. [21] utilized the ratio of long-to-short axis
diameter as a semi-quantitative parameter in their
diagnostic model for small renal tumors. The long-to-short
axis diameter might be different between fat-poor AMLs
and RCCs because the elongated feature is more common
in AML. However, the parameter was not significantly
different between fat-poor AMLs and RCCs in another study
[22]. Furthermore, long-to-short axis diameter measured
on a plane may be limited to represent entire tumor
shape, because the parameter does not reflect morphologic
characteristics of tumor margin. Second, the radiologic
patterns revealed a relatively lower sensitivity (range,
55.1-78%) compared with specificity (range, 81.9-100%)
for diagnosing fat-poor AML. In line with the previous
results, the sensitivity of qualitative analysis in our study
was 65.4%, which was relatively lower than the specificity
(89.6%). This is because the radiologic patterns can be
indistinct or even absent in some fat-poor AMLs. In our
results, 9 of the 26 AMLs did not show any signs for AML.
Of them, six lesions were distinguished from RCC because
they revealed lower circularity index than the cut-off value.
This finding may have resulted in increased sensitivity of
circularity for determining AML. Therefore, we assumed that
circularity could have the ability to discriminate non-round
AML without distinct radiologic pattern from RCC, because
circularity comprehensively reflects any morphologic
characteristic that affects roundness of a tumor.

As well-known characteristics of AML, female sex and
smaller tumor volume were other independent predictors
of AML in our study. Although we identified the diagnostic
value of circularity, the parameter might be overlapped
between round fat-poor AML and non-round RCC. In
our study, 9.3% and 12.8% of tumors could have been
misdiagnosed according to circularity and radiologic
pattern, respectively. Therefore, small round fat-poor
AML remains to be a diagnostic challenge in terms of
morphologic analysis. These findings may warrant a
comprehensive diagnostic model utilizing clinical and
variable imaging features.

There were several limitations in our study. First, fat-poor
AML was defined based on the imaging finding instead of
pathologic fat quantification. This is because the absence
of identifiable fat in a renal tumor on unenhanced CT is
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clinically meaningful for malignant potential. In such
cases, further radiologic modality or even intervention
should be considered for differential diagnosis. Second,
our results should be further validated with homogeneous
CT data in a larger population. High proportion of referred
films from the other hospitals resulted heterogeneous CT
imaging protocols. Therefore, we could not consider non-
morphologic imaging features, such as tumor texture or
enhancement pattern, in our analysis. However, we think
our results are still meaningful because the morphologic
analysis of tumor shape may be relatively independent

of imaging protocol or modality. Circularity can be easily
and reliably measured if the imaging modality adequately
provides a serial cross-sectional feature of a tumor. Third,
we simply aimed to demonstrate the difference of circularity
between fat-poor AML and RCC in this study. Although

our results enlightened the utility of a quantitative shape
factor, further studies to construct a diagnostic model in
differentiating fat-poor AML and RCC to avoid unnecessary
treatment are warranted. Fourth, we only included the
three most common histological types of RCC and other
miscellaneous types of renal tumors were not analyzed.
This is because the majority of the pathologic decisions
had been based on a previous version of the World Health
Organization classification and an insufficient number

of rare subtypes might result in bias. Finally, we only
evaluated tumor circularity in axial images due to lack of
reconstructed images especially in the referred images from
other hospitals. Tumor circularity might be different in the
sagittal or coronal plane in some cases; accordingly, the
optimal cut-off and diagnostic power of circularity might be
different. The sphericity, which is a scale of how an object
closely resembles a perfect sphere in a three-dimensional
space, can be considered a complementary shape factor in
future studies to make up for the limitation of circularity
that only represents the shape on a plane. In conclusion,
circularity is a useful quantitative shape factor of small
renal tumor for differentiating fat-poor AML from RCC.
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