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ORIGINAL ARTICLE

Clear cell renal cell carcinoma and papillary renal cell carcinoma:
differentiation of distinct histological types with multiphase CT

Pal Bata, Janos Gyebnar, David Laszlo Tarnoki, Adam Domonkos Tarnoki, Dora Kekesi, Attila Szendroi,
Bence Fejer, A. Marcell Szasz, Peter Nyirady, Kinga Karlinger, Viktor Berczi

PURPOSE

Conventional clear cell renal cell carcinoma (ccRCC) and
papillary renal cell carcinoma (pRCC) have different behav-
joral characteristics and clinical management strategies (ne-
phrectomy vs. nephron-sparing surgery). Our aim was to
retrospectively evaluate the contrast enhancement pattern of
ccRCC and pRCC and evaluate its possible diagnostic role for
preoperative differentiation using a standardized protocol.

MATERIALS AND METHODS

Quadriphasic multidetector computed tomography (CT) im-
ages (unenhanced, corticomedullary, nephrographic, and ex-
cretory phases) of 19 patients with 20 ccRCC and 14 patients
with 15 pRCC lesions (mean ages, 62.3+14.1 and 61.4+13.7
years, respectively) were reviewed retrospectively. The atten-
uation characteristics were compared with the attenuation of
the normal renal cortex using either multiple 10 mm? regions
of interest or whole tumor attenuation measurements. The
degree of contrast enhancement was also compared.

RESULTS

Univariate analysis revealed that ccRCC lesions showed high-
er mean attenuation values on the corticomedullary and
nephrographic phases compared with pRCC masses (P <
0.05) using both measurement techniques.

CONCLUSION

The findings underscore the importance of multiphase CT in
the differentiation of these two subtypes of RCC using stan-
dard assessment techniques. The measurement of the degree
of enhancement on contrast-enhanced multidetector CT
may be a simple and useful method to radiologically differ-
entiate between the two histological types of RCC.
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he incidence of renal cell carcinoma (RCC) has been rising,

with RCC currently accounting for 3% of all adult malignan-

cies (1) and the highest rate occurring in the Central Eastern
European region (2). The underlying causes of this increasing in-
cidence of RCC include male gender, aging (50-80 years), obesity,
and increasing use of imaging techniques (3-6). The clear cell RCC
(ccRCC) histological subtype is characterized by increased neovas-
cularization and relatively frequent vascular invasion and early me-
tastasis (7, 8).

Conversely, another histological type of RCC, papillary RCC
(pRCC), is the second most frequent renal malignancy, with an in-
cidence of 10%-15% and a slightly better prognosis compared with
ccRCC (9, 10). The 2004 World Health Organization histologic clas-
sification of renal tumors defined subtypes of RCC, including pRCC,
which bear distinct molecular genetic and histologic characteristics
(11). Although most pRCCs are unilateral, they are the most com-
mon multifocal or bilateral renal tumors (12).

If pRCC is determined based on computed tomography (CT) ap-
pearance preoperatively, nephron-sparing surgery is planned due to
the benign behavior of the tumor (less radical surgery is required).
Because pRCC is more frequently multicentric and bilateral, resid-
ual parenchyma of the contralateral kidney should be considered.
Accordingly, radiological differentiation between these two types of
renal malignancies would be beneficial.

Due to the development of multiphase CT imaging technology of
renal tumors, unenhanced, corticomedullary, nephrographic, and
excretory phases can be performed to distinguish the characteristics
of various renal malignancies (13). To this end, our aim was to ret-
rospectively analyze the tumor attenuation characteristics in ccRCC
and pRCC comparing the attenuation of the normal renal cortex in
multiphase CT using a standardized protocol to investigate the pos-
sible diagnostic criteria for preoperative differentiation.

Materials and methods

CT scans of 19 patients with either 20 histologically confirmed
conventional ccRCC lesions and 14 patients with 15 pRCC lesions
who underwent surgical resection were analyzed retrospectively for
solid renal lesions at a picture archiving and communication system
(PACS Medical workstation, Philips Medical Systems, Shelton, Con-
necticut, USA) and evaluated by two specialized radiologists who
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were unaware of the histological
diagnoses. Renal surgeries were per-
formed at the Department of Urol-
ogy of Semmelweis University, and
histology was conducted at the De-
partment of Pathology of Semmel-
weis University. Institutional review
board approval was not required,
and no informed consent was ob-
tained from patients because it was a
retrospective study.

All multidetector CT scans (Philips
Brilliance 16, Philips Healthcare,
Amsterdam, The Netherlands) were
performed according to a standard-
ized protocol covering the abdomen
from the diaphragm to the iliac
crest. Nonionic contrast agent (1.5
mlL/kg) (Ultravist 370, Bayer AG,
Leverkusen, Germany; Optiray 350,
Tyco Health/Mallinckrodt, St. Louis,
Missouri, USA; or Visipaque 320, GE
Healthcare, Waukesha, Wisconsin,
USA) was administered, adapted to
each weight kg, and was automati-
cally injected at a flow rate of 3 mL/s
(14). The patient was placed in the
supine position, and each examina-
tion phase was performed during ex-
piration.

First, an unenhanced CT scan was
performed. Following contrast agent
administration, the corticomedul-
lary phase was scanned at 30-45 s,
the nephrographic phase at 70-90 s,
and the excretory phase at 300-480 s
(15). A collimation setting of 16x1.5
mm was used, and the reconstructed
slice thickness was 2 mm.

In each patient, three circular re-
gions of interest (ROIs) were drawn
in the normal renal cortex (10 mm?).
The most homogeneous and most
enhancing (generally peripheral) ar-
eas of the solid tumor lesion were
measured with the same standard
ROI size (excluding necrotic or cystic
areas and the normal renal paren-
chyma). The mean attenuation was
calculated in the unenhanced, cor-
ticomedullary, nephrographic, and
excretory phases and quantified in
Hounsfield units (HU). Three mea-
surements were performed in each
area in each identical contrast phase
at identical points to assess the mean

Figure 1. Standardized multidetector CT protocol for measuring mean tumor attenuation with
three small 10 mm? regions of interest in clear cell renal cell carcinoma. (a, unenhanced; b,
corticomedullary; ¢, nephrographic; d, excretory phases).

attenuation (Fig. 1). As another
measurement, ROIs comprising the
complete tumor lesion were again
uniformly placed in the slice with
the largest diameter of the lesion in
each phase (Fig. 2). To reduce possi-
ble bias of the measured attenuation
due to technical or patient variabili-
ty, absolute values were normalized
using the difference and ratio of at-
tenuation between the tumor lesion
and normal renal cortex (16).

To evaluate differences in continu-
ous variables, Mann-Whitney U tests
were used. P values less than 0.05
were deemed to indicate statistical
significance.

Results

Nineteen patients with 20 ccRCC
lesions and 14 subjects with 15
pRCC lesions were included in the
study. Patients presented for CT ex-
amination at the CT laboratory be-
tween 2009 and 2012. The CT scans
were analyzed retrospectively. The
mean age of the subjects with ccRCC
was 62.3£14.1 years (13 males and
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six females), whereas the mean
age was 61.4+13.7 years for pRCC
(11 males and three females). The
mean largest diameter of ccCRCC was
57.1437.1 mm and 48.4+39.1 mm
for pRCC. When the whole tumor
attenuation and small ROI measure-
ment was performed, significant
differences were found between the
attenuation ratios of ccRCC and
pRCC in the corticomedullary (P =
0.009 and P = 0.021, respectively)
and nephrographic phases (P = 0.025
and P = 0.012, respectively) (Tables
1 and 2, Figs. 3 and 4). According-
ly, pRCC exhibited greater isodensi-
ty to the normal renal parenchyma
compared with conventional ccRCC
in the above-mentioned investi-
gated phases, and the difference in
the attenuation was significant be-
tween the two types of tumors using
small multiple ROIs (borderline sig-
nificance in case of nephrographic
phase) (Table 1). Using the whole
tumor measurement, the difference
in the attenuation data of pRCC and
ccRCC was insignificant (Table 2).
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Figure 2. Standardized measurement technique of whole tumor size in each phase for papillary
renal cell carcinoma (a, unenhanced; b, corticomedullary; ¢, nephrographic; d, excretory phases).

Table 1. Ratio of and difference in the attenuation between the tumor and normal renal cortex
in four-phase CT of clear cell renal cell carcinoma and papillary renal cell carcinoma (ROI

size=3x10 mm?)

Unenhanced

Corticomedullary  Nephrographic

Excretory

Ratio (HU)
Clear cell RCC (n=20)
Papillary RCC (n=15)

1.12(0.53-1.95) 0.77 (0.25-1.13) 0.72(0.28-0.92) 0.71 (0.43-1.0)
1.15 (0.62-2.11) 0.45(0.23-1.23) 0.43 (0.26-0.95) 0.62 (0.47- 0.76)

P 0.780 0.009 0.025 0.104
Difference (HU)
Clear cell RCC (n=20) -3.31 34.37 42.85 34.97
(-15.33-11.87)  (-22.57-95.2)  (12.36-130.43)  (0.3-61.93)
Papillary RCC (n=15) -3.87 60.0 72.67 36.08
(-25.6-10.33)  (-10.12-125.33) (7.8-161.47) (22.52-55.8)
P 0.755 0.028 0.05 0.951

HU, Hounsfield unit; RCC, renal cell carcinoma; RO, region of interest.

Data are given as median (range).

There was no difference in the atten-
uation ratio in the unenhanced and
excretory phases between the two
tumor types.

Discussion

To our knowledge, this is the first
study to investigate the contrast en-
hancement differences of convention-
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al ccRCC and pRCC using two stan-
dardized CT diagnostic techniques
simultaneously. Significant differenc-
es were found in the attenuation ra-
tios between ccRCC and pRCC in the
corticomedullary and nephrographic
phases using both measurement types
(small ROIs vs. whole tumor attenua-
tion)—pRCC generally appeared as a

less enhancing lesion compared with
the normal renal cortex, and ccRCC
appeared more hyperdense than
pRCC in these two phases.

Some studies have examined the
characterization of renal lesions us-
ing morphologic criteria and atten-
uation measurements (17, 18). Rup-
pert-Kohlmayr et al. (19) assessed 89
ccRCCs and 16 pRCCs by exclusion
of intrinsic factors (e.g., cardiac func-
tion, intravenous access, amount of
contrast material, weight and size of
the patient, blood viscosity) and con-
firmed—similar to our findings—that
there are significant enhancement
differences in the corticomedullary
and nephrographic phases between
the two tumor types if standard-
ized attenuation measurements are
used. In the corticomedullary phase,
attenuation values of ccRCC were
significantly  higher (152.6+35.4
HU) than those of pRCC (61.8+24.4
HU; P < 0.05). In ccRCC, the mean
nephrographic attenuation value
was 105.1+£17.5 HU. In pRCC, it was
67.3t14.4 HU (P < 0.05). However,
these differences were diminished by
the assessment of relative enhance-
ment (the increase in attenuation af-
ter contrast material application) in
that study. In the course of the first
protocol, the authors compared the
attenuation value in the renal lesion
with that in the aorta at the level of
the supplying vessel (19). We suggest
that in this relatively complicated
method, the exclusion of intrinsic
factors can be omitted by measure-
ment of the attenuation values of
the normal renal cortex. Finally, the
authors did not use a standard ROI
size (they used an ROI that included
approximately 1/3 of the lesion) (19).
Kim et al. (18) also reported attenua-
tion pattern differences in the same
two phases; however, the locations
of the ROIs, which varied in size and
shape, were decided by consensus
of the two radiologists; additional-
ly, the contrast injection parameters
and scan delay times varied. To avoid
bias in the results, we used a standard,
10 mm? ROI size. We measured the
three most homogeneous and con-
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Table 2. Ratio of and difference in the attenuation between the tumor and normal renal cortex
in four-phase CT of clear cell and papillary renal cell carcinoma (ROIls comprising the complete
tumor lesion were placed uniformly in the slice with the largest lesion diameter)

Unenhanced

Corticomedullary  Nephrographic

Excretory

Ratio (HU)

Clear cell RCC (n=20)  0.92 (0.58-1.95) 0.54 (0.26-0.98) 0.51 (0.21-0.76) 0.61 (0.35-0.82)

Papillary RCC (n=15)

1.06 (0.66-2.34) 0.38(0.23-0.71) 0.36 (0.26-0.74) 0.58 (0.40-0.89)

P 0.283 0.021 0.012 0.182
Difference (HU)
Clear cell RCC (n=20) 2.25 65.43 70.68 43.55
(-13.30-13.63) (1.6-115.17) (30.33-148.60) (14.5-78.77)
Papillary RCC (n=15) -1.57 69.67 95.67 38.93
(-29.00-9.97)  (12.87-153.67) (37.0-160.13) (11.33-73.83)
P 0.400 0.330 0.191 0.501
HU, Hounsfield unit; RCC, renal cell carcinoma; RO, region of interest.
Data are given as median (range).
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Figure 3. Box and whisker plots of attenuation ratios between the clear cell renal cell carcinoma and

papillary renal cell carcinoma tumor lesions in the corticomedullary and nephrographic phases (three
small 10 mm? regions of interest measured). Boxes represent the range of attenuation from the 25th
and 75th percentiles. The horizontal bars indicate the medians, the whiskers represent the 10th

and 90th percentile, and circles show the extremes. ccRCC, clear cell renal cell carcinoma; pRCC,

papillary renal cell carcinoma.

trast-enhancing small ROIs in the
parenchyma or lesion to perform a
more precise analysis. For compari-
son, we also measured the enhance-
ment of the whole tumor. Our find-
ings show that use of a standard ROI
size contributes to the significant at-

tenuation differences between ccRCC
and pRCC using both techniques.
The significant attenuation dif-
ferences may be explained by the
vascularization characteristics. Con-
ventional ccRCC is known to display
improved vascularization, whereas
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pRCC is typically a hypovascular
mass (17, 20). Tumor vascularity can
be evaluated in vivo using the en-
hancement parameters of dynamic
CT via the heterogeneity of tumor
angiogenesis (21). Additionally, Herts
et al. (17) reported that although a
high tumor-to-parenchyma enhance-
ment ratio (=25%) excludes the possi-
bility of pRCC, a low tumor-to-aorta
enhancement ratio or tumor-to-nor-
mal renal parenchyma enhancement
ratio is more likely to indicate pRCC.
Kim et al. (18) verified that the en-
hancement pattern is the most useful
parameter in differentiating subtypes
of RCC. Its heterogeneity between
clear cell and nonclear cell types in
the corticomedullary phase was de-
fined in a recent study (22).
Additional explanation regarding
the pathologic nature of pRCC also
helps the understanding of the pat-
tern of its contrast enhancement.
pRCC is usually a solid, large well-de-
fined, and slow-growing tumor con-
taining a fibrous capsule (23). Larger
pRCC masses show heterogeneity
due to necrosis, hemorrhage, calcifi-
cation, and microscopic fat content.
pRCC presents as hypo- or avascu-
lar on angiography, a finding that
results in minimal enhancement in
the cortical phase and hypointensi-
ty compared with renal parenchy-
ma in the nephrographic phase. On
postcontrast series, pRCC usually en-
hances homogeneously (23).
Differentiating between the two
renal malignancies is essential be-
cause of their different therapeutic
management strategies and behav-
ior. Because pRCC is related to bet-
ter prognosis, a minimally invasive
strategy (e.g., transcatheter embo-
lization, cryotherapy, or radiofre-
quency ablation) can be chosen, and
total nephrectomy can be avoided
(nephron-sparing surgery) (24-26).
Additionally, nephron-sparing sur-
gical techniques for pRCC provide
an appropriate preoperative staging.
Due to the increased likelihood of
synchronous or metachronous le-
sions in papillary RCC, these patients
should be followed more closely.
Notably, preoperative fine-needle
aspiration biopsy is not part of the
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Figure 4. Box and whisker plots of attenuation ratios between the clear cell renal cell carcinoma
and papillary renal cell carcinoma tumor lesions in the corticomedullary and nephrographic phases
(whole tumor attenuation measured). Boxes represent the range of attenuation from the 25th and
75th percentiles. The horizontal bars indicate the medians, the whiskers represent 10th and 90th
percentile, and circles show the extremes. ccRCC, clear cell renal cell carcinoma; pRCC, papillary

renal cell carcinoma.

daily routine based on the current
guidelines for each patient with re-
nal malignancy; therefore, differen-
tiation using CT characterization is
beneficial. Based on our findings, it
is important to note that differenti-
ation using the noninvasive attenua-
tion measurement technique can be
essential in those patients whose sub-
sequent biopsy cannot be performed
due to a higher risk of complications
(e.g., bleeding or multiple comor-
bidities). For a patient with previous
unilateral nephrectomy, a second
surgery (nephrectomy) could be also
avoided. Additionally, systemic treat-
ment choices differ according to the
histologic tumor types. A recent study
showed that pRCC responds differ-
ently to the systemic chemotherapy
that has been traditionally used for
metastatic ccRCC (27, 28). Further-
more, for metastatic ccRCC, novel bi-
ologic agents are available (29).

The present study possesses some
limitations. The major limitation is
that the number of renal carcino-
mas, especially that of pRCC, was in-
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sufficient for analysis of CT features,
although they were comparable to
those in previous investigations (16,
18). In fact, this limitation arises from
the significantly lower incidence of
the pRCC subtype compared with
conventional ccRCC. Therefore, fur-
ther investigation with adequate
numbers of these RCC subtypes will
be necessary in the future. Second,
our analysis was retrospective, and
the study population was limited to
patients with preoperative multiphase
CT examination, a fact that could
have biased the selection of both con-
ventional ccRCC and pRCC subjects.

In conclusion, our data suggest a
significant difference in the attenu-
ation ratios between conventional
ccRCC and pRCC in the corticomed-
ullary and nephrographic phases by
multiphase CT using either stan-
dard multiple 10 mm? ROI sizes or
whole tumor attenuation measure-
ment, compared with the density
of healthy renal parenchyma. The
findings underscore the importance
of multiphase CT in the differentia-

tion of these two RCC subtypes us-
ing standard assessment techniques.
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