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Abstract

:

Background: peritumoral collateral vessels adjacent to renal cell carcinoma (RCC) can be encountered in clinical practice. Cancer cachexia is defined as a decrease of adipose and skeletal muscle tissues. In this study we evaluated, using a quantitative CT imaging-based approach, the distribution of abdominal adipose tissue in clear cell RCC (ccRCC) male patients with and without collateral vessels. Methods: between November 2019 and February 2020, in this retrospective study we enrolled 106 ccRCC male Caucasian patients divided into two groups: a ccRCCa group without collateral vessels (n = 48) and a ccRCCp group with collateral vessels (n = 58). The total adipose tissue (TAT), visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) areas were measured in both groups. Moreover, the VAT/SAT ratio was calculated for each subject. Results: a statistically significant difference between the two groups was found in the SAT area (p < 0.05), while no significant differences were found in the TAT area, VAT area and VAT/SAT ratio. Conclusion: this study demonstrates a reduction of SAT in ccRCC patients with peritumoral collateral vessels.
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1. Introduction


The decrease of adipose tissue and skeletal muscle not completely compensated by nutritional support causes progressive functional impairment in cancer patients called cancer cachexia [1]. This is an alteration of energy balance due to the maintenance of tumor growth [2]. Cancer patients with advanced disease can lose up to 85% of skeletal muscle and adipose tissue [3]. The decrease of adipose tissue is considered a prognostic marker for poor outcome [3]. Dysregulation of lipid metabolism, including high lipolysis, can cause reduction of adipose tissue [4]. In the lipolysis process there is a reduction of the cell volume of adipocytes associated with a decrease of de novo lipogenesis, but the total number of adipocytes does not change [5,6]. Furthermore, cancer cachexia is determined by several mediating factors such as tumor mediators, cytokines, chemokines and neuroendocrine factors [2].



Body mass index (BMI) does not discriminate among different tissues, nor does it provide any information regarding the quantity and distribution of the two abdominal compartments of adipose tissue individually: visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) [7]. VAT differs from SAT in terms of anatomic, cellular and molecular features; VAT has greater metabolic and hormonal activity [8,9]. On the other hand, quantitative evaluation and non-invasive tissue characterization can be performed by means of computed tomography (CT) and magnetic resonance imaging (MRI) [10,11].



The presence of collateral vessels in renal cell carcinoma (RCC) is considered a sign of locally advanced disease (i.e., pT stage > T3a) [12]. However, this finding can be present in the early stages of RCC (Figure 1).



The meaning of peritumoral collateral vessels around RCC is not fully understood. Recently, a relationship between peritumoral collateral vessels and greater aggressiveness (i.e., Fuhrman grade III and IV) of clear cell RCC (ccRCC) has been demonstrated [13].



The higher cellularity and the amount of blood demand in ccRCC might account for the increased venous drainage, possibly being compensated by dilation of renal capsular veins [13].



Moreover, ccRCC is considered a metabolic disease in which there is modulation of fatty acids as well as of glucose and the tricarboxylic acid cycle [14]. Indeed, since SAT has a well-known function as long-term energy storage [8] it is possible that anatomical and metabolic changes in patients with peritumoral collateral vessels in the perinephric fat may be associated to SAT reduction due to greater tumoral metabolic demand.



Thus, there is a clear rationale to investigate abdominal adipose tissue distribution in ccRCC patients with or without peritumoral collateral vessels.



CT is the modality of choice for RCC staging [12] and at the same time, images acquired for this purpose can be usefully analyzed from a different standpoint to quantitatively assess body composition of tissues included in the field of view, both in cancer and non-cancer patients.



To date, the direct comparison of abdominal adipose tissue distribution in ccRCC patients with and without peritumoral collateral vessels has never been explored. Elucidating the possible role of peritumoral collateral vessels adjacent to ccRCC would be of clinical benefit to obtain additional information on patients’ metabolic status by means of CT studies performed for disease staging.



Due to the well-known strong association between collateral vessels in RCC patients and locally advanced disease, in this study we evaluate, using a CT imaging-based approach, the distribution of abdominal adipose tissue in ccRCC male patients with and without collateral vessels, to understand if any difference can be detected between these two categories of patients.



We hypothesized that in patients with ccRCC and peritumoral collateral vessels a reduction of SAT and relative preservation of VAT are present as metabolic systemic effects associated to a locally advanced disease.




2. Materials and Methods


The study was designed to be cross-sectional and observational. The procedures were retrospective and agreed with the Declaration of Helsinki. CT images and data of ccRCC patients were acquired at multiple centers and retrieved from The Cancer Imaging Archive (TCIA) [15,16,17]. The TCIA project received the approval of the Institutional Review Board. This subsequent retrospective analysis was on the publicly available, anonymized data and did not require further review due to previous protections implemented by TCIA. All the subjects enrolled signed a written informed consent.



Between November 2019 and February 2020, a total of 267 consecutive patients were assessed and selected, through medical history and CT images, following the exclusion criteria. All the patients received a histologically proven diagnosis of ccRCC.



We decided to use CT in this study over other imaging modalities because it enables the highest spatial resolution making it the best modality for the evaluation of tiny peritumoral collateral vessels.



The selection of ccRCC patients was carried out using the following exclusion criteria: patients with non-Caucasian ethnicity, female patients, patients who had undergone magnetic resonance examination only, patients who had undergone CT without administration of contrast medium, patients who had undergone chest CT only, patients with previous renal ablation, nephrectomized and heminephrectomized patients, cirrhotic patients with collateral vessels, patients with congenital solitary kidney, patients with narrow field of view (FOV) images that did not allow SAT to be quantified, and patients who had undergone upper abdomen CT in which collateral vessels were not entirely visible.



Patients with ccRCC were classified into two groups: absence of collateral vessels (ccRCCa) and presence of collateral vessels (ccRCCp). Furthermore, two subanalyses were performed with patients grouped according to their history of previous malignancy or previous neoadjuvant treatment.



2.1. CT Analysis


All patients underwent CT examination. For the evaluation of collateral vessels and quantification of adipose tissue we used CT images obtained after intravenous administration of an iodine-based contrast medium. Horos v.4.0.0 RC2 software was used for the quantification of TAT, VAT and SAT, by means of a semi-automatic function that allowed us to detect the attenuation values of adipose tissue (i.e., about −100 Hounsfield Unit). The slice chosen for the measurements of areas (cm2) was located 3 cm above the lower margin of L3, according to a previously described technique (Figure 2) [18]. All the regions of interest (ROIs) were drawn by consensus of two radiologists (F.G., 5 years of experience; C.A.M., 9 years of experience), blinded to clinical data.




2.2. Statistical Analysis


The Kolmogorov–Smirnov (KS) test was used to assess data distribution. A comparison of TAT, VAT and SAT areas as well as VAT/SAT ratio was performed between the ccRCCa group and the ccRCCp group using the Student’s t-test. The threshold of statistical significance was set at p < 0.05.




2.3. Results


A total of 106 male Caucasian patients with ccRCC were selected after the first screening according to the exclusion criteria. The two groups were composed as follows: ccRCCa (n = 48; mean age: 57.1, range: 26–78) and ccRCCp (n = 58; mean age: 59.7, range: 34–84). The descriptive data of both groups are summarized in Table 1 and Table 2. Regardless of peritumoral collateral vessels adjacent to ccRCC, a total of 23 patients had a history of previous malignancy and a total of 9 patients had received a neoadjuvant treatment.



Age was not significantly different between the ccRCCa and ccRCCp groups (p = 0.25).



Statistically significant differences between the ccRCCa group and the ccRCCp group were obtained for the SAT area (p < 0.05). No statistically significant difference was obtained for the TAT area (p = 0.09), VAT area and (p = 0.45) VAT/SAT ratio (p = 0.15). The results are listed in Table 3 and are represented in Figure 3.



Furthermore, to understand the impact of possible confounding variables on our statistically significant result we conducted two subanalyses on SAT. No significant differences in terms of SAT area were detected by comparing patients with and without previous malignancy (p = 0.23) and patients with and without previous neoadjuvant treatment (p = 0.85). Lastly, no statistically significant differences were found between ccRCC patients with low Fuhrman grade (i.e., I/II) (n = 39; 1 Fuhrman grade I and 38 Fuhrman grade II) and high Fuhrman grade (i.e., III/IV) (n = 67; 53 Fuhrman grade III and 14 Fuhrman grade IV) for TAT area (p = 0.95), VAT area (p = 0.64), SAT area (p = 0.48) and VAT/SAT ratio (p = 0.62).





3. Discussion


This cross-sectional observational study shows a significant decrease of SAT in ccRCCp patients compared to ccRCCa patients (Figure 3 and Figure 4).



In the regulation of the body composition molecular crosstalk between adipose tissue, liver, muscles, heart and brain play a fundamental role [2].



Adipose tissue secretes a series of hormones such as adipokines and chemokines which can regulate tumor behavior, tumor microenvironment and inflammation [2]. Lipotoxicity in cancer cachexia is determined by several factors such as adipokine and myokine secretion, increased lipolytic activity and chronic inflammation [19].



The systemic inflammation present in advanced cancer patients is based on the excessive release of cytokines which seem to modulate cancer cachexia, comprising interleukin-1β (IL-1β), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α) and interferon-γ (IFN-γ) [5,20,21,22].



IL-6 inhibits synthesis and increases lipid and protein catabolism in adipocytes and myocytes respectively, causing loss of body mass with reduction of the amount of adipose tissue contributing to muscle atrophy [5,23]. In fact, high concentrations of IL-6 have been correlated with high tumor growth rate [5]. This explains the lipolytic action of IL-6 in adipose tissue [2].



TNF-α released from both adipose tissue and muscle plays an important role in cancer cachexia acting on the reduction of glucose transporter 4 (GLUT4) levels and on the inhibition of glucose transport, thereby reducing substrates for lipogenesis [19,24]. In cancer cachexia TNF-α recalls monocytes in adipose tissue and consequently the infiltrating macrophages cause an increase of IL-6 and IL-1β levels [25,26]. Similar to TNF-α, IFN-γ acts on the metabolism of adipose tissue in cancer cachexia; in fact, in rodent tumor models, a relationship with weight loss and anorexia has been demonstrated [27].



Leptin increases energy expenditure and suppresses food intake [28]. Physiologically it is believed that lipogenesis inhibition and an increase of fatty acids oxidation protects the adipocytes from lipotoxicity [28]. In cancer cachexia, the adipose tissue produces leptin which, acting on the hypothalamus, regulates the amount of energy stored in the adipose tissue by influencing the appetite [29]. It also upregulates inflammatory cytokines production [30].



The presence of collateral vessels showed a specificity of 94% and a positive predictive value of 88% in predicting locally advance disease in RCC patients, considered as final histopathological staging [12]. However, there is not always overlap between histopathology and radiology, mostly due to well-known CT pitfalls which can produce disagreements between radiological locoregional staging and final histopathological staging [31,32,33,34].



According to the results of the present study, the significant decrease in the amount of SAT in ccRCCp patients compared to ccRCCa patients could be considered a clue to cancer cachexia associated with advanced ccRCC.



It is known that adipose tissue exhibits several functions in the pathogenesis and development of RCC, as well as a relationship with VHL and KDM5C ccRCC genetic mutations [35,36,37]. SAT might be a primary source of energy used by the tumor, which would explain the decrease observed in ccRCCp patients (therefore with locally advanced disease) compared to ccRCCa patients.



By international consensus, cancer cachexia has been clarified as “a multifactorial syndrome defined by an ongoing loss of skeletal muscle mass with or without loss of fat mass that cannot be fully reversed by conventional nutritional support and leads to progressive functional impairment” [38]. It has been suggested that elevated lipolysis might account for fat loss in cancer cachexia, although the precise underlying physiopathological mechanism is not fully understood [6,39]. Interestingly, fat loss seems to precede muscle loss and it has been associated to shorter survival [3,40]. Thus, abdominal fat as a novel biomarker of cancer cachexia in the present study was chosen because it has not previously been investigated in ccRCC and is potentially of great clinical importance as it might show changes earlier than muscle tissues. Moreover, this is the first study linking peritumoral collateral vessels adjacent to ccRCC, a finding that can be present in CT or MR studies, to cancer cachexia which is a clinically important diagnosis to make because it is associated to prognostic impact. Thus, the presence of peritumoral collateral vessels associated to the reduction of SAT should be further tested as potential marker of cancer cachexia with prognostic implications.



Our results are not likely to be influenced by the age of the patients since no statistically significant difference between groups was present in terms of age. Moreover, by subgrouping the patients according to the history of previous malignancy or neoadjuvant treatment, we found no statistically significant differences suggesting no significant impact of these potentially confounding variables on our results. Of note, only 4 out of 54 ccRCCp patients received neoadjuvant therapy, making it highly unlikely as a bias for the evaluation of collateral vessels. Finally, no difference in TAT, VAT and SAT areas and VAT/SAT ratio between low and high Fuhrman grade groups was found, suggesting a lack of association between histopathological signs of aggressive disease and abdominal fat distribution. However, a high Fuhrman grade has been recently reported as significantly more prevalent in patients with ccRCC and peritumoral collateral vessels [13].



The retrospective design of this study was associated with limitations such as a lack of some clinical data including BMI, hormonal status, histological data related to staging, progression-free survival (PFS) or overall survival (OS). PFS and OS data would have been important to show the impact of SAT reduction on the prognosis of ccRCC patients as well as the impact on surgery or neoadjuvant medical treatments.



Further studies, including larger samples more representative of the whole society, will evaluate SAT loss in ccRCC patients to clearly validate this potential biomarker for cancer cachexia.




4. Conclusions


This study demonstrates a reduction of SAT in ccRCC patients with peritumoral collateral vessels. The presence of peritumoral collateral vessels adjacent to ccRCC might be a subtle and novel diagnostic clue to kidney cancer cachexia.
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Figure 1. Axial CT image with maximum intensity projection (MIP) reconstruction showing ccRCC with T1a of locoregional staging (yellow arrow) and peritumoral collateral vessels (red arrows). Note that peritumoral collateral vessels can be present also in patients with early disease stages. 
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Figure 2. Axial CT images showing a single slice located 3 cm above the lower margin of L3 without ROIs (a) and the same slice with superimposed colored ROIs of VAT area (red ROI) and of SAT area (cyan ROI) (b). The sagittal plane, depicted in the middle, has been used as a reference to drive the correct ROI drawing for each subject. 






Figure 2. Axial CT images showing a single slice located 3 cm above the lower margin of L3 without ROIs (a) and the same slice with superimposed colored ROIs of VAT area (red ROI) and of SAT area (cyan ROI) (b). The sagittal plane, depicted in the middle, has been used as a reference to drive the correct ROI drawing for each subject.



[image: Applsci 11 06076 g002]







[image: Applsci 11 06076 g003 550] 





Figure 3. Bar chart showing mean values with error bars of SAT areas in ccRCCa and ccRCCp groups. 
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Figure 4. Axial CT images showing the orange ROIs of SAT areas in ccRCCa patients (a–c) and ccRCCp patients (d–f), the tumors in ccRCCa patients (yellow arrows in a–c) and ccRCCp patients (yellow arrows in d–f) and peritumoral collateral vessels in ccRCCp patients (red arrows in d–f). Note that there is a clear reduction of SAT in ccRCCp patients (d–f). 
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Table 1. Descriptive data of ccRCCa group.






Table 1. Descriptive data of ccRCCa group.





	Gender
	Male (48)



	Age (Mean)
	57.1; 26–78 (48)



	Ethnicity
	Caucasian (48)



	Previous malignancy
	No (34)

Yes (14)



	Previous neoadjuvant treatment
	No (43)

Yes (5)



	Stage
	T1aN0M0 (9)

T1aNXM0 (19)

T1bN0M0 (5)

T1bNXM0 (6)

T2N0M0 (3)

T2NXM0 (1)

T3aN0M0 (2)

T3aN0M1 (2)

T3bNXM0 (1)
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Table 2. Descriptive data of ccRCCp group.






Table 2. Descriptive data of ccRCCp group.





	Gender
	Male (58)



	Age (Mean)
	59.7; 34–84 (58)



	Ethnicity
	Caucasian (58)



	Previous malignancy
	No (49)

Yes (9)



	Previous neoadjuvant treatment
	No (54)

Yes (4)



	Stage
	T1aNXM0 (10)

T1bN0M0 (2)

T1bNXM0 (7)

T2N0M0 (5)

T2N0M1 (1)

T2NXM0 (2)

T2aNXM0 (2)

T3aN0M0 (9)

T3aNXM0 (4)

T3aNXM1 (5)

T3aN1M1 (1)

T3bN0M0 (3)

T3bNXM0 (4)

T3bNXM1 (1)

T4N1M1 (1)

T4NXM0 (1)
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Table 3. Mean, range and standard deviation of the ccRCCa group and ccRCCp group and Student’s t-test results.






Table 3. Mean, range and standard deviation of the ccRCCa group and ccRCCp group and Student’s t-test results.












	
	TAT Area (cm2)
	VAT Area (cm2)
	SAT Area (cm2)
	VAT/SAT Ratio





	ccRCCa group

(mean, range and standard deviation)
	468.9

97.3–914.7

205.06
	239.63

18–434.3

112.07
	228.45

64.6–632.1

121.23
	1.16

0.22–2.91

0.61



	ccRCCp group

(mean, range and standard deviation)
	408.31

108.2–903.8

162.72
	224.27

39.2–505.1

100.33
	184.03

69–596.8

92.21
	1.36

0.32–5.3

0.76



	p
	0.09
	0.45
	0.03
	0.15







TAT: total adipose tissue; VAT: visceral adipose tissue; SAT subcutaneous adipose tissue.
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