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A B S T R A C T   

Background: Clear cell renal cell carcinoma (ccRCC) is corelated with tumor-associated material 
(TAM), coagulation system and adipocyte tissue, but the relationships between them have been 
inconsistent. Our study aimed to explore the cut-off intervals of variables that are non-linearly 
related to ccRCC pathological T stage for providing clues to understand these discrepancies, 
and to effectively preoperative risk stratification. 
Methods: This retrospective analysis included 218 ccRCC patients with a clear pathological T stage 
between January 1st, 2014, and November 30th, 2021. The patients were categorized into two 
cohorts based on their pathological T stage: low T stage (T1 and T2) and high T stage (T3 and T4). 
Abdominal and perirenal fat variables were measured based on preoperative CT images. Blood 
biochemical indexes from the last time before surgery were also collected. The generalized sum 
model was used to identify cut-off intervals for nonlinear variables. 
Results: In specific intervals, fibrinogen levels (FIB) (2.63–4.06 g/L) and platelet (PLT) counts 
(>200.34 × 109/L) were significantly positively correlated with T stage, while PLT counts 
(<200.34 × 109/L) were significantly negatively correlated with T stage. Additionally, tumor- 
associated material exhibited varying degrees of positive correlation with T stage at different 
cut-off intervals (cut-off value: 90.556 U/mL). 
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Conclusion: Preoperative PLT, FIB and TAM are nonlinearly related to pathological T stage. This 
study is the first to provide specific cut-off intervals for preoperative variables that are non-
linearly related to ccRCC T stage. These intervals can aid in the risk stratification of ccRCC pa-
tients before surgery, allowing for developing a more personalized treatment planning.   

1. Introduction 

Clear cell renal cell carcinoma (ccRCC) accounts for approximately 85 % of all renal cell carcinomas and its global incidence is on 
the rise [1]. The coagulation system has been implicated in cancer development, with elevated levels of fibrinogen (FIB) and platelet 
(PLT) counts observed in various cancers, including renal cell carcinoma (ccRCC) [2–6]. These elevated levels may contribute to tumor 
growth, angiogenesis, and metastasis [2–6]. Elevated pretreatment plasma FIB is significantly associated with decreased survival in 
patients with solid tumors, with the highest negative effect observed in RCC [4]. Additionally, certain genetic factors related to PLT or 
FIB receptors have been associated with an increased likelihood of metastasis in RCC [6]. Tumor-associated material (TAM) containing 
sialic acid (SA) and hydroxyproline (Hyp) also serve as important biomarkers in cancer development, as evidenced by previous reports 
[7–11]. 

Obesity has also been linked to the course and outcome of ccRCC, with abdominal fat influencing the occurrence and progression of 
the tumor [12]. Abdominal visceral fat has been identified as a reliable predictor of T stage in ccRCC [13,14]. Interaction between 
tumor cells and perirenal adipose tissue has been shown to facilitate ccRCC growth, invasion, and metastasis [15]. Therefore, accurate 
measurement of abdominal fat and perirenal fat levels is the premise for risk stratification regarding ccRCC pathological T stage. 
However, some studies have reported conflicting results regarding the association between fat-related parameters and T stage in 
different cancer types [16–19], highlighting the complex role of adipocyte tissue in cancer risk. For example, the increased retro-
peritoneal fat thickness did not appear to be associated with a higher T stage or N stage in 83 cases of non-metastatic colon cancer, 

Fig. 1. Overview of the design and patients’ enrollment. ccRCC = clear cell renal cell carcinoma.  
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based on observational studies of 83 cases [18]. Conversely, the proportion of fat around the tumor is positively associated with the 
axillary lymph node involvement demonstrated in patients with early-stage (T1 and T2) breast cancer [19]. Aside from methodological 
differences, the differences between studies may also reflect obesity’s complex role in cancer risk. Anyhow, cancer initiation and 
progression are influenced more by the tumor microenvironment [15]. To date, there has been a lack of clinical studies to explore the 
cut-off intervals of fat-related parameters obtained via CT images that are non-linearly related to the T stage of ccRCC. 

Although accurately determining the T stage of ccRCC before surgery is crucial for guiding treatment decisions and improving 
patient outcomes, the existing research results are inconsistent [16–19], possibly due to the non-linear relationship between preop-
erative predictive indicators and T stage. This study aims to identify and establish the specific correlated intervals of clinical and 
imaging indicators that exhibit a non-linear association with ccRCC pathological T stage. Through these findings, the study provides 
valuable insights for clinicians to accurately stratify preoperative risks and develop precise, individualized treatment plans for ccRCC 
patients. 

2. Patients and methods 

2.1. Patients and ethics 

The overview and patients’ enrollment of this study are shown in Fig. 1. A total of 218 patients who were pathologically diagnosed 
with ccRCC between January 2014 and November 2021 at Yantai Yuhuangding Hospital were included in this retrospective study. 
Patients with other tumors, preoperative distress (such as type 1 and type 2 diabetes, metabolic disorders, chronic medication use), 
those who underwent surgery within one year prior to admission, and those with no available preoperative CT data were excluded. The 
study protocol was approved by the Ethics Committee of Yantai Yuhuangding Hospital (ID: 2021-323), and informed consent was 
waived. 

2.2. Clinical data collection 

Information including site, sex, age, body mass index (BMI), and preoperative blood biochemical indicators (using data from the 
last examination before surgery if multiple tests were performed) were collected. The patients were divided into two groups based on 
their ccRCC pathological T stage: low T stage (T1 and T2) and high T stage (T3 and T4) [20]. 

Abdominal and Perirenal Fat Measurement and Evaluation. 
ImageJ 1.51 software was used to outline the area of interest along the abdominal wall muscle group at the umbilical level (yellow 

line), and the range of Hounsfield unit threshold was set from − 150Hu to − 50Hu [21]. Visceral fat area (VFA) and subcutaneous fat 
area (SFA) were measured separately (see Fig. 2A), and the total fat area (TFA) encompasses the sum of both visceral and subcutaneous 

Fig. 2. The schematic representation of multidimensional imaging parameters. (A). Quantitative measurements of abdominal fat. A yellow line 
outlined the region of interest along the abdominal wall muscle group at the level of the umbilicus. The CT value range was set from − 150 
Hounsfield units (Hu) to − 50 Hu. The red area represents the VFA, and the blue area represents the SFA. (B, C). The methods for measuring 
perinephric fat at the level of the renal vein. The abbreviation "L" stands for LPFT; "P" stands for PPFT, and "RV" represents the renal vein. d: 
Measurement of PFV. (D) Perirenal fat (yellow), normal renal tissue (red), and tumor (white) based on segmentation using the syngo via work-
station. (E-G). Grading of PFS. (E). Type 0 (none) - 0 points. The fat surrounding the kidney shows no stranding, and the tissue appears completely 
black on the CT image. (F). Type 1 (mild/moderate) - 2 points. Some image-dense stranding is present in the fat around the kidney, but there are no 
thick bars of inflammation. (G). Type 2 (severe stranding) - 3 points. The CT image shows severe stranding around the kidney with thick, image- 
dense bars of inflammation. VFA = visceral fat area; SFA = subcutaneous fat area; LPFT = Lateral perinephric fat thickness; PPFT = Posterior 
perinephric fat thickness; PFS = Perinephric fat stranding; PFV = Perirenal fat volume; PFS = perinephric fat stranding; CT =

Computed tomography. 
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fat measurements. 
Lateral perinephric fat thickness (LPFT) and posterior perinephric fat thickness (PPFT) were measured at the level of the renal vein 

from the preoperative CT images [22]. LPFT is defined as the measurement extending from the renal capsule to the sidewall in a 
parallel manner to the renal vein (see Fig. 2B). PPFT is defined as the measurement represented by a direct line drawn from the renal 
capsule to the posterior abdominal wall (see Fig. 2C). The presence of perinephric fat stranding (PFS) was observed and graded for each 
affected kidney based on CT images, characterized as a linear region of soft tissue density within the perinephric space as shown in 
Fig. 2E–F [23]. 

The perirenal fat volume (PFV) was automatically measured using regional growth module of the workstation (Syngo workstation, 
VB 30; Siemens Healthcare Solutions, Erlangen, Germany) as shown in Fig. 2D. The perirenal fascia contours were manually plotted on 
each layer’s image from the cranial to caudal boundaries. The cranial and caudal boundaries of PFV were determined based on the 
visible Gerota fascia in the respective CT images. An automated calculation analysis then obtained the volume of interest - PFV within 
the Hounsfield unit threshold range of − 150Hu to − 50Hu [21]. 

Two experienced senior radiologists with over ten years of experience ensured the reliability of measurements, resolving un-
certainties through consensus and consultation another senior radiologist. The schematic representation of multidimensional imaging 

Fig. 3. Nonlinearly correlated variables and their cut-off values/intervals with ccRCC T stage after adjusting for site, gender, age, BMI, and pre-
operative comorbidities. Preoperative biochemical parameters showing a significant positive correlation with ccRCC pathological T stage in the 
panel (A) PLT, (D) FIB, and (G) TAM. (B, C). Preoperative PLT counts. The plots illustrated the prevalence of T stage before and after the turning 
point (Loge 

PLT = 5.3, i.e., PLT = 200.34 × 109/L). Before the turning point, the prevalence of high T stage (T3 and T4) was lower, but after the 
turning point, the prevalence of high T stage increased significantly. (E, F). Preoperative FIB levels. The plots shown indicated a positive correlation 
between elevated FIB levels and T stage, when the preoperative FIB level fell within the specified cut-off interval (0.967 < Loge 

FIB < 1.400, i.e., 
2.63 g/L ≤ FIB <4.06 g/L). (H, I). Preoperative TAM level. The plots demonstrated that the increase in preoperative TAM level showed a positive 
correlation with T stage. This correlation holds true for TAM level both above the cut-off value (TAM >90.556 U/mL) and below the cut-off value 
(TAM <90.556 U/mL). Data in 3A and 3D are presented as median ± IQR, while data in 3G are presented as mean ± SD. Data for the remaining 
panels are presented as mean with SEM. ccRCC = clear cell renal cell carcinoma; PLT = platelet; TAM = tumor-associated material; FIB =
fibrinogen; IQR = interquartile range; SD = standard deviation; SEM = standard error of the mean. 
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parameters is shown in Fig. 2. 

2.3. Statistical analysis 

Categorical data were described using percentages and analyzed using the chi-square test. Continuous data were tested for normal 
distribution and logarithmic transformation was applied if they did not conform to normal distribution. Student’s t-tests (with normal 
distributions) and the Mann-Whitney U test (with non-normal distributions) were used to test for differences in continuous variables 
between the low and high T stage groups. A nonlinear test was conducted on relevant variables, and a generalized linear analysis was 
performed to determine the cut-off values or intervals of variables that had nonlinear correlations with the ccRCC T stage. 

All statistical analyses, including two-tailed t-tests, were conducted using R 4.03 software, and a P-value less than 0.05 was 
considered statistically significant. 

Table 1 
General characteristics of ccRCC patients in the study cohort (n = 218).  

Variable Overall (n = 218) T1-2 (n = 151) T3-4 (n = 67) Adjusted P-value 

T stage, n (%) 
T1-2 151 (69.3) 151 (100.0) 0 (0.0) <0.001a 

T3-4 67 (30.7) 0 (0.0) 67 (100.0)  
Site, n (%) 
Left 112 (51.4) 69 (45.7) 43 (64.2) 0.018a 

Right 106 (48.6) 82 (54.3) 24 (35.8)  
Gender, n (%) 
Female 66 (30.3) 51 (33.8) 15 (22.4) 0.126a 

Male 152 (69.7) 100 (66.2) 52 (77.6)  
Preoperative comorbidities, n (%) 
Without 123 (56.4) 85 (56.3) 38 (56.7) 1.000a 

With 95 (43.6) 66 (43.7) 29 (43.3)  
Age at operation, year  

58.88 ± 10.07 57.51 ± 10.32 61.97 ± 8.79 0.002b 

BMI, kg/m2  

24.84 ± 4.04 25.16 ± 4.16 23.99 ± 3.59 0.063b 

Fibrinogen (FIB) levels, g/L  
3.04 (2.69, 3.52) 2.90 (2.60, 3.24) 3.59 (2.99, 4.19) <0.001c 

Platelet (PLT) count, × 109/L  
233.00 (196.00, 281.25) 226.00 (192.00, 266.00) 259.00 (216.00, 322.00) 0.001c 

Tumor-associated material (TAM), u/mL  
94.06 ± 15.00 90.95 ± 13.45 101.75 ± 15.96 <0.001b 

Perirenal fat volume (PFV), cm3  

230.56 (146.36, 353.28) 215.49 (139.03, 325.92) 248.31 (183.48, 415.94) 0.063c 

Posterior perinephric fat thickness (PPFT), cm  
1.00 (0.52, 1.58) 1.00 (0.60, 1.50) 1.00 (0.40, 1.60) 0.780c 

Lateral perinephric fat thickness (LPFT), cm  
1.35 (0.90, 2.10) 1.30 (0.85, 2.10) 1.50 (0.95, 2.15) 0.403c 

Perinephric fat stranding (PFS), n (%) 
0 77(35.3) 70(46.4) 7(10.4) <0.001a 

2 129(59.2) 80(53.0) 49(73.1)  
3 12(5.5) 1(0.7) 11(16.4)  
Total fat area (TFA), cm2  

324.06 ± 122.23 334.94 ± 123.53 299.54 ± 116.44 0.048b 

Visceral fat area (VFA), cm2  

130.65 (98.27, 171.86) 130.53 (95.27, 171.65) 130.68 (104.67, 177.93) 0.982c 

Subcutaneous fat area (SFA), cm2  

184.84 (84.93) 194.67 (88.02) 162.70 (73.41) 0.010c 

Total cholesterol (TC), mmol/L  
4.77 ± 1.08 4.86 ± 1.05 4.57 ± 1.14 0.069b 

Triglycerides (TG), mmol/L  
1.21 (0.81, 1.70) 1.27 (0.84, 1.81) 1.08 (0.80, 1.54) 0.065c 

HDL cholesterol (HDL-C), mmol/L  
1.21 (1.04, 1.43) 1.26 (1.07, 1.48) 1.15 (1.00, 1.30) 0.001c 

LDL cholesterol (LDL-C), mmol/L  
2.98 ± 0.86 2.99 ± 0.85 2.95 ± 0.90 0.783b 

Lipoproteins, mg/L  
171.50 (85.25, 334.75) 140.00 (73.50, 280.00) 232.00 (121.00, 424.50) 0.001c 

P < 0.05 is indicated by boldface. 
a Chi-squared test. 
b Student’s t-test. 
c Mann–Whitney U test. BMI = Body mass index. 
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3. Results 

3.1. General characteristics 

A total of 218 patients with pathologically diagnosed ccRCC (152 males and 66 females) were enrolled in the study, of which 151 
had low T stage (T1 and T2) and 67 had high T stage (T3 and T4) ccRCC. 

After adjusting for site, gender, preoperative comorbidities, age, and BMI, patients with low T stage ccRCC had greater preoperative 
TFA (334.94 vs. 299.54, P = 0.048), SFA (194.67 vs. 162.70, P = 0.01), and HDL-C (1.26 vs. 1.15, P = 0.001) compared to those with 
high T stage ccRCC. 

Conversely, patients with high T stage ccRCC showed significant increases in preoperative PLT counts (259.00 vs. 226.00, P =
0.001, see Fig. 3A), FIB levels (3.59 vs. 2.90, P < 0.001, see Fig. 3D), TAM (90.95 vs. 101.75, P < 0.001, see Fig. 3G), and lipoprotein 
levels (232.00 vs. 140.00, P = 0.001) (Table 1 and Fig. 3). 

3.2. Non-linear variables and the corresponding cut-off values 

Nonlinear tests showed that PLT, FIB, and TAM were non-linearly correlated with ccRCC T stage (Table 2). 
The generalized sum model was used to determine the cut-off intervals for these variables (Table 3 and Fig. 3): 
Preoperative PLT (Fig. 3B): The turning point was Loge PLT = 5.3 (PLT = 200.34 × 109/L). Before this point (PLT <200.34 × 109/ 

L), the prevalence of high T stage significantly decreased with increasing PLT count (β = − 4.989, P = 0.017; OR 0.007; 95 % CI: 
0.000–0.412), but after this point (PLT >200.34 × 109/L), it increased significantly with increasing PLT levels (β = 3.284, P = 0.001; 
OR 26.675; 95 % CI: 3.934–180.868) as shown in Fig. 3C. 

Preoperative FIB (Fig. 3D): Increased FIB level was positively correlated with high T stage when the FIB level was in the cut-off 
interval (0.967<Loge 

FIB<1.400, i.e., 2.63 g/L ≤ FIB< 4.06 g/L; β = 4.308, P = 0.026; OR 74.302; 95 % CI: 1.671–3303.505) as 
shown in Fig. 3F. 

Preoperative TAM (Fig. 3H): The increase in preoperative TAM level showed a positive correlation with T stage both above (TAM 
>90.556 U/mL; β = 0.051, P = 0.028; OR 1.052; 95 % CI: 1.005–1.102) and below (TAM <90.556 U/mL; β = 0.127, P = 0.045; OR 
1.135; 95 % CI: 1.003–1.285) the cut-off value as shown in Fig. 3I. 

Other variables, such as PFV, VFA, SFA, and lipoprotein levels, did not show significant nonlinear correlations with ccRCC T stage. 

4. Discussion 

This study identified several indexes that were significantly higher in clear cell renal cell carcinoma (ccRCC) patients with high T 
stage. These included coagulation system-related indexes (fibrinogen and platelet counts), tumor-related indicators (tumor-associated 
material - TAM), and adipose-related parameters (perirenal fat stranding - PFS, and lipoproteins). However, it’s worth noting that PFS 
showed a positive correlation with high T-stage, while other adipose-related parameters (total fat area - TFA, subcutaneous fat area - 
SFA, and high-density lipoprotein cholesterol - HDL-C) showed an inverse correlation with high T stage. 

The present study used nonlinear tests to identify the relationships between certain indexes and ccRCC T stage. Specifically, 
fibrinogen (FIB), platelet (PLT), and TAM were found to be non-linearly correlated with T stage. This study further determined specific 
cut-off intervals for these variables, indicating the points at which their correlation with T stage changed significantly. For instance, 

Table 2 
Nonlinear correlation test of indexes on pathological T stage of ccRCC.  

Variables x2 Adjusted P-value 

PFV* 0.899 0.826 
TFA 2.734 0.434 
VFA* 2.615 0.455 
SFA* 2.371 0.499 
VFA/TFA 2.836 0.418 
FIB* 24.477 <0.001 
PLT* 23.363 <0.001 
TAM 13.682 0.003 
TC 2.552 0.466 
TG 4.135 0.247 
HDL-C 7.765 0.051 
LDL-C 2.291 0.514 
Lipoproteins* 7.789 0.051 

P < 0.05 is indicated by boldface. 
*: log transformation. ccRCC = Clear cell renal cell carcinoma; PFV = Perirenal fat volume; 
TFA = Total fat area; VFA = Visceral fat area; SFA = Subcutaneous fat area; FIB = Fibrin-
ogen; PLT = Platelet; TAM = Tumor-associated material; LPFT = Lateral perinephric fat 
thickness; PPFT = Posterior perinephric fat thickness; PFS = Perinephric fat stranding; HDL- 
C = High-density lipoprotein cholesterol; LDL-C = Low-density lipoprotein cholesterol. 
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PLT showed a dual role in ccRCC progression, being positively correlated with T stage when PLT was above a cut-off value and 
negatively correlated with T stage when PLT was below the cut-off value. 

This study highlighted the complex relationship between obesity, adipose-related parameters, and ccRCC progression [16,17, 
24–28]. While some adipose-related indexes like PFS and lipoproteins were positively correlated with high T stage, other indexes like 
TFA, SFA, and HDL-C were higher in low T stage ccRCC patients. The findings are in line with previous studies indicating a potential 
protective role of obesity in early-stage kidney cancer but a more detrimental role in advanced-stage cancer [17,24–28]. Obesity 
promotes tumor progression at the local level by altering the microenvironment processes in the adipose tissue [15]. Previous study 
has shown that renal cell carcinoma (RCC) patients with high PFS have a poor prognosis [27]. In addition to verifying the interactive 
communication between ccRCC tumor cells and adjacent perirenal adipose tissue, Wei et al. also demonstrated that parathyroid 
hormone-associated protein secreted by ccRCC tumor cells could promote browning of perirenal adipose tissue, and that adipose cells 
that had turned brown could promote or inhibit tumorigenesis or progression through feedback communication [15]. This may explain 
the positively relationship of higher PFS in the high T stage cohort in this study. Some scholar believes that lipoprotein is significantly 
expressed in the high T-stage in order to synthesize more cell membrane lipids to meet the rapid growth of cancer cells and their 
soaring energy requirements [28]. 

In contrast, previous reports have indicated that obesity and certain lipid metabolism-related indexes (TFA, SFA, and HDL-C) play a 
protective role in tumor progression [17,24–26], corroborating our findings where these three indexes were significantly higher in the 
low T stage cohort. Studies involving RCC patients with obesity have demonstrated significantly improved overall survival, 
cancer-specific survival, and recurrence-free survival [24,25]. Additionally, a large clinical study of US ccRCC patients treated with 
surgery revealed that obese and overweight individuals had a lower incidence of advanced-stage and advanced-grade cancers 
compared to normal-weight patients [17]. Moreover, Posch et al. unveiled a positive correlation between subcutaneous adipose tissue 
index and survival in 1473 patients with gastrointestinal cancer and 273 patients with metastatic RCC, as assessed through CT imaging 
[26]. Notably, decreased serum HDL-C levels (<30 mg/dL) in women were also linked to increased cancer-related mortality [25]. 
These valuable insights collectively suggest a potential interplay between obesity and specific lipid metabolism-related indexes that 
may contribute to the protective effect against tumor progression, supporting the notion put forth in earlier research [17,24–26]. These 
findings underscore the potential significance of these indexes as prognostic factors in ccRCC. 

This study reinforced the importance of the coagulation system and TAM in ccRCC progression. Elevated FIB and PLT levels were 
positively correlated with high T stage, and the interplay between these factors and TAM may promote tumor growth, invasion, and 
metastasis [2,29,30]. First, tumor cells produce various pro-inflammatory cytokines and chemokines, such as interleukin-6, tumor 
necrosis factor-alpha, and vascular endothelial growth factor (VEGF) [29]. Then these factors and various glycan proteins highly 
expressed on the surface of tumor cells, such as sialic acid (SA), stimulate the production of coagulation factors such as FIB and PLT [7, 
9]. Prior studies have shown that FIB, PLT, and inflammatory factors, along with VEGF, are closely related to vascular production, 
supporting tumor growth by supplying nutrients and oxygen to tumor cells [29]. Besides, FIB and PLT also interact with each other to 
enhance the migration, invasion, and metastasis of RCC cells by activating the epithelial-to-mesenchymal transition [30]. Several 
studies have shown that elevated FIB and PLT before surgery are associated with significantly increased distant metastasis and reduced 
survival in patients with solid tumors [2]. Hydroxyproline (Hyp) is an amino acid in TAM that is also an essential amino acid for 
extracellular matrix of tissues [8]. Elevated Hyp is observed in various cancers, such as epiterchiasis-associated cholangiocarcinoma 
[8]. By clumping together with tumor cells, FIB, PLT, and lymphocyte protect tumor cells of ccRCC from the immune system, and 
promote their retention in the capillaries [30]. In short, the interaction between the coagulation system and TAM in the proliferation, 
invasion, and spread of renal cancer cells has played a role in promoting the progression of RCC [8]. What was observed in our study is 
consistent with the findings mentioned above: patients with high T stage ccRCC tend to have higher coagulation factors (FIB, PLT), and 
TAM. 

This study highlighted the clinical relevance of the identified cut-off intervals for FIB, PLT, and TAM, which can help in accurately 
stratifying ccRCC patients before surgery. These routine blood tests are convenient, reproducible, cost-effective, and clinically prac-
tical [31]. Accurate risk stratification can aid clinicians in developing personalized treatment plans for patients. 

Table 3 
Threshold effect of nonlinear correlation variables on ccRCC pathological T stage.   

Crude *Adjusted  

ß OR (95 % CI) P ß OR (95 % CI) P 
FIB*, g/L 
FIB <0.967 − 0.589 0.555(0.000,126119.642) 0.925 − 1.377 0.252(0.000,181688.579) 0.841 
0.967 ≤ FIB <1.4 4.886 132.419(4.564,3842.263) 0.004 4.308 74.302(1.671,3303.505) 0.026 
FIB ≥1.4 − 2.554 0.078(0.001,4.830) 0.225 − 6.254 0.002(0.000,3.179) 0.098 
PLT*, × 109/L 
PLT <5.3 − 3.431 0.032(0.001,0.710) 0.029 − 4.989 0.007(0.000,0.412) 0.017 
PLT ≥5.3 2.771 15.968(2.874,88.727) 0.002 3.284 26.675(3.934,180.868) 0.001 
TAM, U/mL 
TAM <90.556 1.053 (0.965,1.150) 0.247 1.135 (1.003,1.285) 0.045 
TAM >90.556 1.070 (1.025,1.116) 0.002 1.052 (1.005,1.102) 0.028 

P < 0.05 is indicated by boldface. 
a: log transformation. ccRCC = clear cell renal cell carcinoma; FIB = fibrinogen; PLT = platelet; TAM = tumor-associated material. 
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However, a notable limitation is the study’s single-center design, which may have selection bias. Additionally, only patients with 
preoperative CT images were included, potentially limiting the generalizability of the findings. These issues require further multicenter 
prospective studies to validate the results. 

5. Conclusion 

In this retrospective study, we investigated the nonlinear relationship between preoperative clinically available indicators and 
pathological T stage in patients with ccRCC. Within specific intervals, we found significant positive correlations of FIB levels 
(2.63–4.06 g/L) and PLT counts (>200.34 × 109/L) with pathological T stage, while PLT counts (<200.34 × 109/L) showed a sig-
nificant negative correlation with pathological T stage. Moreover, TAM exhibited varying degrees of positive correlation with path-
ological T stage at different cut-off intervals (cut-off value: 90.556 U/mL). Notably, to the best of our knowledge, this is the first study 
to confirm these specific intervals. These findings are valuable for risk stratification of ccRCC patients prior to surgery, enabling more 
personalized treatment plan making. 
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BMI Body mass index 
CT Computed tomography 
VFA Visceral fat area 
SFA Subcutaneous fat area 
TFA Total fat area 
LPFT Lateral perinephric fat thickness 
PPFT Posterior perinephric fat thickness 
PFS Perinephric fat stranding 
PFV Perirenal fat volume 
PACS Picture Archiving and Communication System 
HDL-C High-density lipoprotein cholesterol 
LDL-C Low-density lipoprotein cholesterol 
SA Sialic acid 
Hyp Hydroxyproline 
VEGF Vascular endothelial growth factor 
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SD Standard deviation 
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