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Introduction: Renal cell carcinoma (RCC) is a type of urological malignancy that affects approximately 2% of the global population. 
Imaging modalities, especially computed tomography (CT) scanning, play a critical role in diagnosing RCC. In this study, we 
investigated whether there is a relationship between tumour grade of clear cell RCC and HU values of renal lesions on CT scan 
performed before operation.
Materials and Methods: We conducted a retrospective analysis of 123 patients who underwent radical or partial (open or 
laparoscopic) nephrectomy for clear cell RCC between January 2017 and January 2021. Post-operation histopathological grades 
were recorded according to World Health Organization (WHO)/International Society of Urological Pathology (ISUP) 2016 grading 
system and divided into low grade (includes grade 1 and 2) and high grade (grade 3 and 4), and their links to age, sex, smoking habits, 
tumour size, and HUs of renal lesions were evaluated.
Results: The mean age of the patients studied was 63.02 years old. About 56.9% of the patients were low grade (grade 1 or grade 2), 
while 43.1% were high grade (grade 3 or 4). The mean tumour size was 6.31 cm. There were no significant differences in tumour grade 
according to age, sex, or smoking habits. We found a significant relation between tumour grade and HU in the pre-contrast and 
nephrogenic phases, with p values of 0.001 and 0.037, respectively. On the other hand, there was no significant relation linking the 
tumour grade to the difference in HU between these phases, where there was a p value of 0.641.
Conclusion: HU in the pre-contrast and nephrogenic phases in addition to tumour size on CT scan have a significant relation to clear 
cell RCC grade.
Keywords: renal cell carcinoma, grade, stage, Hounsfield unit, CT scan

Introduction
Renal cell carcinoma (RCC) is a kind of urological cancer that affects around 2% of people globally.1 It is more common 
in developed regions, especially in North America and Europe, with incidence rates 15 times higher than in Africa and 
Southeast Asia. RCC, which represents over 90% of kidney cancers and originates from renal tubular epithelial cells, is 
the ninth most common cancer in the United States.2,3 The World Health Organization classified RCC in 2016 into 
various subtypes based on their histological characteristics, including clear cell (70% of cases), papillary (15%), and 
chromophobe carcinoma (5%). Subtype identification is vital for prognosis and treatment. Key risk factors for RCC are 
hypertension, obesity, chronic/end-stage kidney disease, and smoking.4,5 Often RCC is incidentally diagnosed, 
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sometimes revealing metastases at diagnosis. While most RCCs are small, low-grade tumors, up to 17% can have distant 
metastases, commonly in the liver, bones, lymph nodes, lungs, and brain.3,6,7 Since 1990, multislice computerised 
tomography (CT scans) has been crucial in staging, preoperative planning, and follow-up of RCC.8 The stage of cancer is 
determined through physical exams, biopsies, and imaging, guides treatment options and prognosis.9 The TNM staging 
system, by the Union for International Cancer Control and AJCC, classifies RCC based on tumor size (T), lymph node 
involvement (N), and distant metastasis (M). Survival rates vary significantly with the disease stage at diagnosis: 93% at 
stage I, 72.5% at stage II/III, and 12% at stage IV.1,10 Tumor grading, assessing cancer differentiation using light 
microscopy, is also crucial. The WHO/ISUP grading system applies to clear cell and papillary RCC, but grading systems 
for chromophobe RCC are not widely accepted. Collected duct carcinomas, aggressive and high-grade, are not 
graded.11,12 Treatment for localized RCC includes nephrectomy, radio ablation, and surveillance; advanced cases often 
require surgery and systemic therapy.13

This study aims to predict the grade of clear cell RCC post-operatively using pre-operative tumor size and HU values 
of renal lesions in various CT scan phases. Although some studies evaluate the association of nuclear grade with HU 
lesion attenuation of RCC on CT scan, but up to our knowledge, no previous studies have investigated this association for 
clear cell subtype of RCC.

Materials and Methods
Study Design and Approval
After obtaining Institutional Review Board approval (#10/2020/16049) from at King Abdullah University Hospital 
(KAUH), which is affiliated with Jordan University of Science and Technology (JUST), a retrospective analysis was 
conducted of 123 patients who underwent either partial or radical nephrectomy (open or laparoscopic) for clear cell RCC 
between January 2017 and January 2021. Patient informed consent was obtained.

Post-operative RCC histopathology grades were reviewed according to WHO/ ISUP 2016 grading classification for 
clear and papillary RCC, and their relationships to HU (pre-contrast, post-contrast, and the difference between the two), 
age, sex, smoking habits, preoperative CT scan results, and tumour size as measured on pre-operative CT scan were 
evaluated. These links were considered significant when the p value was less than 0.05.

Inclusion and Exclusion Criteria
All patients who underwent radical or partial nephrectomy (laparoscopic or open) for clear cell RCC between 
January 2017 and January 2021 were included in the study. Patients with histological subtypes other than clear cell 
RCC of the kidney, such as papillary, chromophobe, or sarcomatoid cancer, or with secondary renal cancer (metastatic 
cancer spread to the kidney from other organs) were excluded, as were cases with no available preoperative CT scan and 
patients lost in follow-up. In the end, 123 patients were included in the study.

Patient Assessment
Each patient’s age, sex, smoking habits, and medical and surgical history were obtained from their records. In addition to 
tumour size, the increase in HU of the renal mass between the pre-contrast CT scan and the post-contrast nephrogenic 
phase was measured pre-operatively. Post-operative histopathological grade was also reviewed and assessed.

Intervention
At the hospital in question, following the discovery of a renal mass on a CT scan, the tumour size in centimetres and HU 
of the mass were recorded. Radical or partial nephrectomy (laparoscopic or open) was performed under general 
anaesthesia. At the end of the procedure, all resected tissues were sent for histopathological examination. The grade of 
each histopathologically confirmed RCC was recorded.

The HU measured in CT scans reflect the linear transformation of the attenuation coefficient measured, which is based 
on the assigned densities of air and pure water.14
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HU were measured on the axial image of the renal lesion by placing the oval region of interest over the middle part of 
the renal mass. We tried to avoid the margins of the lesion to exclude normal renal tissue. HU were measured in the pre- 
contrast and post-contrast nephrographic phases. The figures were recorded, and the difference between the pre- and post- 
contrast HU measurement was calculated (see Figure 1).

Image Analysis (Related to Figure 1)
Postcontrast HU-Precontrast HU = 47.59

Outcome Measures and Assessment Tools
The primary outcome was whether there was any correlation between the tumour grade detected on the histopathology 
report for clear cell RCC, the HU of the renal mass as measured using CT scanning (pre-contrast, post-contrast HU, and 
difference in HU between the phases), and the pre-operative tumour size. This would tell us whether we could predict the 
grade of clear cell RCC depending on these parameters before the operation.

Statistical Analysis
A statistical analysis was performed using IBM SPSS statistics 25.0 software. The dependent value was the tumour 
grade (low and high). We used Kolmogorov Smirnov test to confirm that the data align to the normal distribution 
before statistical analysis. For the independent samples, t-tests were used for the numerical variables (age, tumour size, 
HU in the pre-contrast phase, HU in the nephrogenic phase, and difference in HU between these phases), and chi- 
square tests were used for the categorical variables (smoking and gender). Differences were considered statistically 
significant at p < 0.05.

Results
The study population included 123 individuals who underwent radical or partial nephrectomy (open or laparoscopic) for 
clear cell RCC between January 2017 and January 2021 at our institution and met all inclusion criteria. The post- 
operative histopathological grade of each tumour was recorded as low (grade 1 or grade 2) or high (grade 3 or grade 4), 
and we assessed its relation to age, sex, smoking habits, tumour size, and the HU of the renal mass according to CT 
scanning (the pre-contrast phase, nephrogenic phase, and the difference in HU between these phases).

The mean age of the patients in the study was 63.02 years old, with a range from 39 to 83 years. About 56.9% of the 
patients were low grade, compared to 43.1% who were high grade. Most of the patients presented with stage 1 (59%). 

Figure 1 Clear Cell Renal Cell Carcinoma. 47-year-old male. (a) Non-contrast axial CT scan, with a mass in the upper pole of the Lt Kidney. Mean HU=16.15. (b) Post- 
contrast nephrogenic phase axial CT scan with the mass in the upper pole of the Lt Kidney. Mean HU= 63.74.
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Marking an important risk factor for RCC15,16, most of the patients in our study were smokers (79.7%). Of the patients, 
82 were male (66.7%) and 41 were female (33.3%). Tumour sizes on pre-operative CT scan ranged from 2 cm to 19 cm 
(mean: 6.31 cm). The mean value for the HU of the renal lesions as reviewed via CT scan in the pre-contrast phase, the 
mean value in the nephrogenic phase following contrast injection, and the difference between in HU between the phases 
were 29.14 HU, 87.78 HU, and 58 HU, respectively.

Table 1 presents the patients’ demographic information as well as smoking habits, tumour sizes and grades, and HU 
based on pre- and post-contrast scan results. There was no significant difference in histopathological tumour grade 
according to age, sex, or smoking status, with p values of 0.794, 0.607, and 0.056, respectively. We found that the high- 
grade tumours were generally larger than those with a low grade (p value: 0.001). We found a significant correlation 
between tumour grade and the tumour’s HU mean and range in the pre-contrast and nephrogenic phases, with p values of 
0.001 and 0.037, respectively. On the other hand, there was no significant correlation between tumour grade and 
difference in HU between the phases (p value: 0.641). Table 2 shows the different variables and their p values.

Table 1 Illustration for Demographics, Smoking Status, Tumor Size, Grades and HU in 
Pre-Contrast and Nephrogenic Phase

Characteristic N Percent Mean Range SD

Sex
Male 82 66.7 – – –

Female 41 33.3 – – –
Age (years) – – 63.02 39–83 ±8.91

Smoking 98 79.7 – – –

Tumor
Size (cm) – – 6.31 2–19 ±3.42

Hounsfield unit without contrast – – 29.14 12–48 ±8.10

Hounsfield unit Nephrogenic phase – – 87.78 35–151 ±23.15
Hounsfield unit difference – – 58 19–137 ±21.96

Grading
Low grade (grade 1 and grade 2) 70 (9+61) 56.9 – – –
High grade (grade 3 and grade 4) 53 (37+16) 43.1 – – –

Table 2 Different Variables and Their P values

Variables List p-value

HU without contrast 0.001

HU nephrogenic phase 0.037

HU difference 0.641

Age 0.794

Size of tumor 0.001

Sex 0.607

Smoking 0.056

Notes: The dependent value was the tumour grade. For 
the independent samples, t tests were used for the numer-
ical variables, and chi-square tests were used for the cate-
gorical variables Differences were considered statistically 
significant at p < 0.05.
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Discussion
Renal cell carcinomas (RCCs) are the primary type of kidney tumors, making up 90% of such cases. These tumors 
originate in the renal cortex, unlike transitional cell carcinomas, which develop in the renal pelvis and account for about 
8% of kidney cancers.17,18

The exact causes of RCC are not fully understood, but several risk factors have been identified. These include older 
age, obesity, hypertension, chronic renal failure, dialysis treatment, polycystic kidney disease, African American 
ethnicity, and sickle cell disease. Genetic factors also play a role. Occupational exposure to substances like cadmium, 
herbicides, asbestos, and trichloroethylene is also associated with increased RCC risk.15,16

RCC comprises different subtypes with unique features. As clear cell RCC is the most common subtype of RCC, it 
was chosen as our research object. It is marked by cells rich in glycogen and lipids, often linked to a 3p chromosome 
deletion. Chromophilic RCCs are usually bilateral and associated with trisomy of chromosomes 7 and 17. Chromophobic 
RCCs have large polygonal cells.19

When RCC is suspected, a renal and bladder ultrasound is typically the first diagnostic step. If this ultrasound reveals 
a solid mass or complex cyst, a CT scan of the kidneys, ureters, bladder, and the entire abdomen and pelvis, both before 
and after contrast, is usually performed.20 The renal mass CT protocol typically includes multiple phases: non-contrast, 
corticomedullary, nephrogenic, and excretory, each providing specific insights into the renal mass.21

The CT characteristics of RCC include significant enhancement post-contrast, usually with a Hounsfield Unit (HU) 
value increase of over 20. However, some subtypes like papillary and chromophobe RCC may show less enhancement. 
CT scanning is crucial for staging RCC, helping to detect lymph node involvement, vascular invasion, adjacent organ 
invasion, and distant metastases, including bone and lung metastases.22

Papillary RCC (pRCC), a subtype of RCC, often shows hypo-enhancement on CT scans, with HU values that may be 
indeterminate (10–20 HU) or even low (less than 10 HU). This is attributed to its hypovascular nature. A study noted that 
the mean attenuation of pRCCs was around 35 HU on unenhanced scans.23–25 Some studies investigate if we can predict 
the overall survival of clear cell RCC using an integrated nomogram combining both immune scores and clinicopatho-
logic factors.26

The AJCC TNM staging system is widely used for RCC. It assesses the primary tumor size (T), regional lymph node 
involvement (N), and distant metastasis (M), providing a stage that correlates with prognosis. Survival rates vary with the 
stage, ranging from 80% to 95% for stage I to less than 10% in the cytokine era for stage IV, although newer therapies 
have improved survival for advanced stages.27–29

Treatment depends on the RCC stage, varying from nephrectomy in the early stages to palliative treatments in stage 
IV. For localized tumors, options include surgery, radiofrequency ablation, cryotherapy, or surveillance. Advanced cases 
may require radical nephrectomy, immunotherapy, chemotherapy, and treatments to manage bone metastases.30,31

This study’s retrospective nature and small sample size are limitations, suggesting the need for larger studies to 
confirm the relation between pre- and post-contrast HU differences and clear cell RCC grade.

Conclusion
HU in the pre-contrast phase and the nephrogenic phase following contrast injection in addition to tumour size on CT 
scan correlate significantly with clear cell RCC grade, in contrast to the difference in HU between the two phases, which 
is not significantly correlated with grade. However, further research with a larger patient sample needs to be conducted in 
this field.
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