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ABSTRACT Objective: To determine whether predicting tumor
pathology and Fuhrman grade with Hounsfield Unit (HU) increase in
computed tomography (CT) is possible. Material and Methods: The
study was based on a retrospective evaluation of 71 patients who un-
derwent radical nephrectomy or nephron-sparing surgery due to kidney
tumors between May 2013 and May 2016. The patients were divided
into 2 groups based on the HU change in the unenhanced and contrast-
enhanced CT tumor images, namely the “0-30 HU” group and the “>30
HU” group. Pathological grading was performed in line with the 2010
American Joint Committee on Cancer TNM system, based on the phase
of the tumor, size of the tumor, necrosis, and fat invasion. Results: Eval-
uation of the tumors’ histological type revealed that 31 (43.7%) patients
had non-clear cell renal cell carcinoma (RCC), while 40 (56.3%) had
clear cell RCC. Twenty-two (61.1%) of the 36 patients with a 0-30 in-
crease in HU had non-clear cell RCC, while 14 (38.9%) had clear cell
RCC. Of the 35 patients who had >30 HU increase following the ad-
ministration of the contrast agent, 9 (25.7%) patients were diagnosed
with non-clear cell RCC, versus 26 patients (74.3%) were diagnosed
with clear cell RCC (p=0.003). Values above 30 HU, which were con-
sidered as the threshold value, pointed out to clear cell RCC with 88.4%
sensitivity, 89.3% specificity. Conclusion: The study’s results suggested
that a HU value greater than 30 indicated Fuhrman Grade 2-4 pathology
and a clear-cell RCC pathology in a ratio of approximately 3:4.

Keywords: Computed tomography; renal tumors;
pathological conditions; signs and symptoms

OZET Amag: Bu galismanin amaci, bilgisayarli tomografide (BT)
Hounsfield Unitesi (HU) artis1 ile timér patolojisini ve Fuhrman de-
recesini ongdrmenin miimkiin olup olmadigini belirlemektir. Gereg
ve Yontemler: Calisma, May1s 2013 ile May1s 2016 tarihleri arasinda
bobrek tiimorii nedeniyle radikal nefrektomi veya nefron koruyucu
cerrahi uygulanan 71 hastanin retrospektif olarak degerlendirilmesine
dayanmaktadir. Hastalar, kontrastsiz ve kontrastli BT timor goriintii-
lerindeki HU degisimine gore “0-30 HU” grubu ve “>30HU” grubu
olmak tizere 2 gruba ayrilmistir. Patolojik derecelendirme, 2010 Ame-
rikan Kanser Ortak Komitesi TNM sistemi ile uyumlu olarak, tiimoriin
fazi, timoriin boyutu, nekroz ve yag invazyonu temelinde yapildi. Bul-
gular: Timorlerin histolojik tipi degerlendirildiginde, 31 (%43,7) has-
tada berrak hiicreli olmayan renal hiicreli karsinom (RHK), 40 (%56,3)
hastada ise berrak hiicreli RHK oldugu gériildii. HU da 0-30 artis olan
36 hastanin 22’sinde (%61,1) berrak hiicreli olmayan RHK, 14’iinde
(%38.9) berrak hiicreli RHK vardi. Kontrast madde verilmesini taki-
ben >30HU artis1 olan 35 hastadan 9’na (%25,7) berrak hiicreli olma-
yan RHK tanis1 konurken, 26 hastaya (%74,3) berrak hiicreli RHK
tanis1 konmustur (p=0,003). Esik deger olarak kabul edilen 30 HU {ize-
rindeki degerler %88,4 duyarlilik, %89,3 6zgiilliik ile berrak hiicreli
RHK’ye isaret etmistir. Sonu¢: Calismanin sonuglari, 30’dan biiyiik
HU degerinin yaklasik 3:4 oraninda Fuhrman Grade 2-4 patolojisine
ve berrak hiicreli RHK patolojisine isaret ettigini gostermistir.

Anahtar Kelimeler: Bilgisayarli tomografi; bobrek tiimorleri;
patolojik durumlar; belirti ve semptomlar

Renal cell carcinoma (RCC) is the third most
common type of urogenital cancer, after prostate and
bladder cancers. In recent years, there has been a con-
stant increase in renal cancer rates, mostly RCCs.!

This issue is partly explained by the common use of
ultrasound, computed tomography (CT), and mag-
netic resonance imaging for early diagnosis of

asymptomatic cancers and other purposes.’
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CT has high diagnostic performance for diag-
nosing renal cancer and evaluating the morphology
and function of the contralateral kidney. Furthermore,
CT helps to evaluate extrarenal extension and venous
involvement of the primary tumor, as well as the sta-
tus of lymph nodes and surrenal glands. In many pub-
lications, RCC subtypes were presented using
dynamic multiphasic CT, where CT attenuation (den-
sity) measurements of renal masses in non-contrast
imaging were used as a baseline. Other studies sug-
gest that RCC subtyping can be performed using sin-
gle-phase arterial/corticomedullary phase-contrast
CT.*” However, a recent study showed no significant
differences in the attenuation values between patho-
logically proven RCC subtypes on non-contrast CT.*

This study aimed to evaluate the correlation be-
tween the changes in attenuation values predicted by
CT on the Fuhrman grade and the histologic subgroup
of renal cancer. In addition, Hounsfield Unit (HU)
changes were analyzed to determine whether the tumor-
adjacent renal parenchyma was also affected.

I MATERIAL AND METHODS
STUDY PARTICIPANTS

The study was based on a retrospective evaluation of
71 patients who underwent radical nephrectomy (RN)
or nephron-sparing surgery (NSS) for kidney tumors
between May 2013 and May 2016.

Age, sex, urinalysis results, CT findings, and
pathological results of the patients were recorded. Re-
garding surgical treatment, NSS was performed in 22
(30.9%) patients with tumor size <4 cm (T1a) and <7
cm (T1b), and if the operation was possible with re-
spect to mass localization. In addition, RN was per-
formed for tumors >4 cm (69.1%).

Ethics committee approval was received for this
study from the Clinical Research ethics committee of
Gaziantep University (date: November 28, 2016; no:
2016/314) and was performed following the ethical
standards laid down in the 1964 Declaration of
Helsinki and its later amendments.

CT EXAMINATION PROTOCOL

The CT examination was conducted while the patient
was in a supine position and held his/her breath. The
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71 patients were examined using 64-section multide-
tector CT (Lightspeed VCT-XTe, General Electric,
Milwukee, USA). The following parameters were
used during the CT examination: 100 kV, 650 mAs,
5 mm slice thickness, 5 mm reconstruction interval,
0.8 sec rotation time, and 512x512 matrix. Using a
19-20-gauge catheter, a 100 mL contrast agent with a
300-320 mg/mL content was administered as an in-
travenous bolus into the antecubital vein. In all CT
examinations, full non-contrast and contrast (arterial
phase, 25-30 sec delay) images were obtained for
both the kidneys.

ATTENUATION (HU) MEASUREMENT

Regarding HU measurements (attenuation values)
of renal tumors, three separate measurements were
performed for the non-contrast and contrast phases,
and the average of these values was recorded. The
region of interest (ROI) cursor was placed in match-
ing positions in the non-contrast and contrast
phases, and the same radiologist identified the high-
est density area. Calcification, cystic degeneration,
or necrotic zones were left outside the areas where
the ROI cursor was placed. The ROI was placed in
the best possible extensive position (to cover the
solid part of the tumor), close to the diameter of the
tumor. HU measurements of the adjacent tumor
parenchyma were made three times in the kidney
with the tumor, and the average of these values was
recorded (Figure 1).

FIGURE 1: Calculation of Hounsfield Unit
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PATHOLOGICAL EVALUATION

Pathological grading was performed in accordance
with the 2010 American Joint Committee on Cancer
(AJCC) TNM system, based on tumor phase, tumor
size, necrosis, and fat invasion. A single urologic
pathologist examined all specimens. No biopsies
were obtained for pathological diagnosis before the
patients underwent surgery.

THE FUHRMAN GRADING SYSTEM

Over the years, many systems have been suggested
for grading RCCs. Among them, the one suggested
by Fuhrman et al. has been the most acknow-
ledged.” What differentiates the Fuhrman Grade
from other grading systems is that the prominence
of the nucleoli and nucleus size are evaluated under
a microscope. In addition, the system has a 4-group
classification based on the structure of the

nucleus.'’

STATISTICAL ANALYSIS

The SPSS 22 for Windows (IBM Corporotion, USA)
statistical package was used for statistical analysis,
and data were expressed as arithmetic average and
standard deviation. The chi-square distribution test
was conducted to calculate categorical variables, and
Mann-Whitney U test was to compare averages. A
reliability interval of 95% (p<0.05) was considered
to be statistically significant.

I RESULTS

NSS was performed in 22 (30.9%) patients and RN
was performed in 49 (69.1%) patients. The mean age
was 55.8 (18-79) years (Table 1).

According to the AJCC on cancer classification
system, 31 (43.7%) patients had non-clear cell RCC
and 40 (56.3%) patients had clear cell RCC. In the
non-clear and clear cell RCC patient groups, the av-
erage HU increases in the contralateral kidney,
tumor-adjacent parenchyma, and tumor tissues were
compared based on the pre-contrast phase. Mean val-
ues were calculated as 26.4+5.3, 30.9+9.7 and
32.7+15.4 in the non-clear cell RCC group, and
29.246.3, 29.847.8 and 32.8+9.8 in the clear-cell
RCC group (p=0.85, p=0.70 and p=0.80, respec-
tively).

&3

TABLE 1: The demographic data of the patients.
Variable Value
Age (years) 55.8 (18-79)
Sex

Male 48 (67.6%)

Female 23 (32.4%)
Localization

Right 31 (43.7%)

Left 40 (56.3%)

Bilateral 0 (0%)
Tumor placements

Upper pole 20 (28.1%)

Middle zone 31 (47.8%)

Lower pole 20 (28.1%)
Pathological stage

Tla 29 (40.8%)

T1b 18 (25.3%)

T2 10 (14%)

T3 8 (11.2%)

T4 6 (8.4%)
Surgery

NSS 22 (30.9%)

RN 49 (69.1%)

NSS: Nephron sparing surgery; RN: Radical nephrectomy.

The difference between the average HU values
of the tumor and tumor-adjacent parenchyma was
compared in the pre-contrast phase. The values were
measured as 1.8 HU in non-clear cell RCC and 3 HU
in clear cell RCC (p=0.72). While the average HU
values of the parenchyma neighboring the tumor and
parenchyma of the contralateral healthy kidney were
30.3+8.7 and 2846 in the non-contrast phase, the val-
ues were measured as 114433.3 and 114.4£31.2 in
the contrast phase (p=0.55, p=0.55 respectively)
(Table 2).

In the present study, the average increase in HU
after administration of the contrast agent was 30 HU
for all lesions. The values below and above 30 were
compared with histological types. Since the result
was statistically significant, 30 HU was considered a
threshold value. On radiological examination, 22 of
36 (61.1%) patients with a 0-30 increase in HU were
diagnosed with non-clear cell RCC. In comparison,
14 (38.9%) patients were diagnosed with clear cell
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TABLE 2: The HU values of the tumor contiguous parenchyma and contralateral healthy kidney parenchyma.

Non-contrast phase Contrast phase p value
HU values of the tumor contiguous parenchyma 30.348.7 114+33.3 0.55
HU values of the contralateral healthy kidney parenchyma 28+6 114.4£31.2 0.55
HU: Hounsfield Unit.
TABLE 3: The HU threshold, RCC subtype and Fuhrman grade correlation.
Fuhrman grade HU increase between 0-30 >30 HU increase Average HU increase Tumor pathology
Fuhrman Grade 1 n, (%) 10 (100) 0(0) 11.15.1 Non-clearcell 6 (60)
Clear cell 4 (40)
Fuhrman Grade 2 n, (%) 11 (36.6) 19 (63.4) 28.26+22.5 Non-clearcell 15, (50)
Clear cell 15, (50)
Fuhrman Grade 3 n, (%) 6 (20.6) 23(79.4) 52.96+24.2 Non-clearcell 7, (24.1)
Clear cell 22, (75.9)
Fuhrman Grade 4 n, (%) 0(0) 2 (100) 85+7 Clear cell 2 (100)

HU: Hounsfield Unit; RCC: Renal cell carcinoma.

RCC, suggesting that non-clear cell RCC is more
common in patients with lower HU values (p<0.001).
Among the 35 patients who had a >30 HU increase
following the administration of the contrast agent, 9
(25.7%) patients were diagnosed with non-clear cell
RCC, while 26 (74.3%) patients were diagnosed with
clear cell RCC (p=0.003). Values above 30 HU,
which were considered the threshold value, indicated
clear cell RCC with 88.4% sensitivity, 89.3% speci-
ficity (p<0.001) (Figure 2).

There was a statistically significant correlation
between the changes in HU, RCC subtype, and
Fuhrman grade (p<0.001 and p<0.001, respectively)
(Table 3). In 31 patients diagnosed with non-clear
cell RCC, the average HU increase was 25.6+18.8,
and 21 patients (67.6%) had Fuhrman Grade 1-2. In
40 patients diagnosed with clear cell RCC, the aver-
age HU increase was 42.44+25.6, among whom 36
(90%) patients had Fuhrman Grade 2 and above
(p<0.003) (Table 4).

I DISCUSSION

Several retrospective studies have identified differ-
ent contrast changes in different RCC subtypes. Herts
et al. compared papillary-RCC (PRCC) with other
subtypes in 90 (12 PRCC, 66 non-papillary RCC, and
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12 benign lesions) patients, and lower levels of con-
trast agent involvement were interpreted in favor of
PRCC since it was hypovascular and homogenous.'!
PRCC and clear cell RCC were compared in another
study, and a lower change was observed with contrast
agents in PRCC."? This study suggests that such dif-
ferences result from differences in intratumoral vas-
cularization. Similarly, Zhang et al. compared 198
patients with kidney tumors [108 (55%) with clear
cell RCC, 90 (45%) with non-clear cell RCC]. They
observed a higher contrast change in clear cell RCC
due to hypervascularity.'® Young et al. observed the
highest level of contrast agent involvement in clear-
cell RCC. Clear cell RCC has a higher level of con-
trast agent involvement because it has a rich vein
network.'* In our study, the highest increase in the
HU values of the masses was also observed in clear
cell RCC. We found an average HU increase in non-
clear cell RCC 25.6£18.8 and clear cell RCC
42.44+25.6, respectively (p<0.003).

Zokalj et al. suggested that in RCC patients who
required minimal invasive treatments and/or targeted
treatments instead of biopsy, contrasting measure-
ments in arterial phase CT examinations might be
used as an auxiliary method to distinguish the most
common solid forms of RCC subtypes.'® Different
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FIGURE 2: ROC analysis of HU according to tumor histology.
HU: Hounsfield Unit; AUC: Area under the curve.

TABLE 4: The HU values of the tumor pathology, average HU increase and Fuhrman grade.

Non-contrast HU

Non-clearcell RCC 32.70+15.4

Clear cell RCC 32.85+9.8

Contrast HU
58.35+20

75.4+28.4

Fuhrman

Grade (n, %)
Grade 1: 6 (19.3)
Grade 2: 15 (48.3)
Grade 3: 10 (32.2)
Grade 4: 0 (0)
Grade 1:4 (10)
Grade 2: 13 (32.5)
Grade 3: 21 (52.5)
Grade 4: 2 (5)

Average HU increase
25.6+18.8

42.44+25.6

HU: Hounsfield Unit; RCC: Renal cell carcinoma.

studies have indicated that the utilization of arterial
phase CT in surgical treatment planning provides bet-
ter imaging of arterial vascularization in both kidneys
and tumors.'®!” In the present study, we used the ar-
terial phase to distinguish kidney tumor subtypes.
Furthermore, our results showed that the arterial
phase was effective for RCC subtyping.

In their study on small renal masses of 4 cm,
Mancini et al. evaluated the difference between
the average HU values in the tumor-adjacent
parenchyma. The difference was highest in clear cell
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RCC with 10 HU, whereas it was 4 HU in chromo-
phobe RCC, 5 HU in papillary RCC, and 4.5 HU in
oncocytoma.'® In our study, these values were 1.8 HU
and 3 HU for non-clear and clear cell RCC, respec-
tively. In our study, the value was also higher in clear
cell RCC, but the difference was not statistically sig-
nificant, which can be explained by the hypervascu-
larity in clear cell RCC.

In the literature, there are few publications on
Fuhrman Grade and the level of HU changes in the
kidney. Young et al. analyzed 65 cases of clear cell
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RCC and divided them into 2 groups according to
Fuhrman grading: low-grade (Fuhrman Grade 1-2)
and high-grade (Fuhrman Grade 3-4), according to
Fuhrman grading. The rates of change in contrast en-
hancement were calculated using the formula
HU/aorta HU.'* The changes in HU according to the
Fuhrman Grade were more significant in the low-
grade groups; conversely, more HU changes in tu-
mors and higher Fuhrman Grades were observed in
contrast-enhanced images in our study. In a recent
study, Choi et al. evaluated 101 patients with small
clear cell RCC. They emphasized that low-grade tu-
mors had homogenous or relatively homogenous
enhancement patterns, high-grade tumors had het-
erogeneous enhancement patterns, and low-grade
tumors had lower attenuation on unenhanced scan."
Zhu et al. stated that high-grade tumors had signif-
icantly lower enhancement in patients with clear
cell RCC. Their study used cutoff value in the cor-
ticomedullary phase 84 HU and in the excretory
phase 44 HU.>

The most significant factors limiting our study
were its retrospective nature and small number of pa-
tients. Additional studies that involve detecting the
level of HU change in both the tumor-adjacent renal
parenchyma and tumor lesion with a larger sample
size may be advantageous for obtaining more precise
RCC subtyping.

In conclusion, the 0-30 HU increases suggests
the possibility of Fuhrman Grade 1-2 and approxi-
mately 67% non-clear cell RCC pathology. Increases
in HU above 30 suggest the possibility of Fuhrman
Grade 2 and above, and approximately 72% clear cell
RCC pathology in the contrasting series. While this
value may vary in studies that can be performed with
a broader series, the 30 HU value in our study may be
a practical threshold value for RCC subtyping. Fur-
thermore, to our knowledge, we have yet to come
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across a similar threshold value that can be used in
RCC subtyping in the literature.

I CONCLUSION

In conclusion, the 0-30 HU increases suggest the pos-
sibility of Fuhrman Grade 1-2 and approximately
67% non-clear cell RCC pathology. Increases of HU
above 30 suggest the possibility of Fuhrman Grade 2
and above and approximately 72% clear cell RCC
pathology in contrasting series. While this value may
vary in studies that can be performed with broader
series, the 30 HU value, we found in our study,
maybe a practical threshold value for RCC subtyp-
ing. Furthermore, to our knowledge, we have yet to
come across a similar threshold value that can be used
in RCC subtyping in the literature.
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