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BOLESNIKA SA RADIKALNOM NEFREKTOMIJOM KARCINOMA BUBREZNIH CELIJA

SiCheng Wang, HaoLong Chen, Chao Feng, Bin Jia

Department of Urology, Heping Hospital Affiliated to Changzhi Medical College, Changzhi City, China

Summary

Background: To evaluate the prognostic value of blood
urea nitrogen/creatinine ratio (BUN/SCr) and cystatin C
(Cys C) in patients with renal cell carcinoma (RCC) after
radical nephrectomy.

Methods: The study analysed 348 patients with RCC who
underwent radical nephrectomy. The optimal cut-off was
obtained based on the ROC of specific survival outcomes
and the maximum Youden index. The patients were divided
into four groups: Group 1 (low BUN/SCrlow Cys C),
Group 2 (low BUN/SCr-high Cys C), Group 3 (high
BUN/SCr-low Cys C), and Group 4 (high BUN/SCr-high
Cys C). The primary endpoint was cancer-specific survival
(CSS), and the secondary endpoint was disease-free sur-
vival (DFS).

Results: A strong positive correlation was shown between
BUN/SCr value and Cys C level. Patients with a higher
BUN/SCr ratio (17.41) and Cys C level (3.98 mg/L) had
poorer survival outcomes. Notably, patients in group 4
showed the worst CSS and DFS rates, while patients in
groups 1 and 2 had better survival outcomes with no sig-
nificant difference between the two groups. A higher
BUN/SCr ratio (17.41) and high Cys C serum level (3.98
mg/L) were independent predictors of CSS and DFS, in
addition to preoperative tumour size and pathological T
(pT) stage.

Conclusion: This study provides the first evidence of the
independent prognostic importance of BUN/SCr ratio and
Cys C in patients with RCC after radical nephrectomy.
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Kratak sadrzaj

Uvod: Cilj ovog istraZivanja je bio da se proceni progno-
sticka vrednost odnosa izmedu azota uree i kreatinina
(BUN/SCr) u krvi i cistatina C (Cys C) kod pacijenata sa kar-
cinomom bubrega (RCC) nakon radikalne nefrektomije.
Metode: U istrazivanju je analizirano 348 pacijenata sa
RCC koji su podvrgnuti radikalnoj nefrektomiji. Optimalni
prag je odreden na osnovu ROC krive za specifi¢ne ishode
prezivljavanja i maksimalnog Youden indeksa. Pacijenti su
podeljeni u &etiri grupe: Grupa 1 (nizak BUN/SCr — nizak
Cys C), Grupa 2 (nizak BUN/SCr — visok Cys C), Grupa 3
(visok BUN/SCr — nizak Cys C) i Grupa 4 (visok BUN/SCr
— visok Cys C). Primarni krajnji ishod je bio prezivljavanje
specifi¢tno za karcinom (CSS), a sekundarni krajnji ishod
bio je prezivljavanje bez bolesti (DFS).

Rezultati: Pokazana je snazna pozitivna korelacija izmedu
vrednosti BUN/SCr i nivoa Cys C. Pacijenti sa vi$§im odno-
som BUN/SCr (17,41) i nivoom Cys C (3,98 mg/L) su
imali losije ishode preZivljavanja. Primetno je da su pacijenti
u grupi 4 pokazali najlosije stope CSS i DFS, dok pacijenti
u grupama 1 i 2 imaju bolje ishode preZivljavanja bez
znalajne razlike izmedu ove dve grupe. Visi odnos
BUN/SCr (17,41) i visok nivo seruma Cys C (3,98 mg/L)
su bili nezavisni prediktori za CSS i DFS, pored veli¢ine
tumora pre operacije i patoloskog T (pT) stadijuma.
Zaklju¢ak: Ovo istrazivanje pruza prve dokaze o nezavis-
nom prognosti¢kom znadaju odnosa BUN/SCr i Cys C kod
pacijenata sa RCC nakon radikalne nefrektomije.

Kljuéne reéi: radikalna nefrektomija, krvni urea nitrati,
kreatinin, cistatin C, prognoza
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Introduction

Renal cell carcinoma (RCC) accounts for over
90% of kidney cancers (1). According to the World
Health Organization’s new classification of kidney
tumours, clear cell RCC (ccRCC) accounts for most
RCC cases (2). Operative radical nephrectomy (ORN)
has been the gold standard for malignant renal mass-
es for decades (3). In addition, ORN is the standard
surgical procedure for T3 and T4 tumours (4). ORN
involves the entire kidney and surrounding perirenal
fat, ipsilateral adrenal glands, and regional lymph
nodes (5). The mortality rate of RCC still accounts for
a high proportion of malignant urinary system
tumours, and the course and prognosis of individual
diseases are uneven and difficult to predict (6). The
ability to accurately predict the prognosis of cancer
patients concerning death is critical to determining
treatment and monitoring strategies for patients. An
accurate understanding of disease progression and
risk of death is essential to guide patients, plan individ-
ualized surveillance protocols, and select appropriate
treatment plans. In this case, tumour size, histological
subtype, pathological stage, and nuclear grade have
been identified as prognostic factors for RCC (7).

The blood urea nitrogen (BUN)/creatinine (SCr)
ratio is associated with disease severity and survival. A
survey of 139 COVID-19 patients shows that high
BUN/SCr predicts severe disease and poor survival (8).
Epidemiological studies have found a bidirectional rela-
tionship between renal cancer and impaired renal func-
tion (9, 10). A bidirectional causal relationship has
been determined between kidney cancer and renal
function biomarkers, including BUN/SCr ratio (11).
Cystatin C (Cys C) is widely expressed in early organisms
and involved in immune-related processes under patho-
logical conditions (12). Urinary Cys C is a potential early
marker of acute kidney injury (13) and a valuable prog-
nostic indicator in malignant tumours (14, 15).

However, due to eradicating the primary tumour,
major surgery may affect the host’s immune response
and kidney function. No studies have investigated
BUN/SCr ratio and Cys C when evaluating RCC
patients’ prognosis after ORN. In this case, we inves-
tigated the prognostic significance of BUN/SCr ratio
and serum Cys C in patients undergoing ORN.

Materials and Methods
Study population

The Institutional Review Board of the Heping
Hospital, affiliated with Changzhi Medical College,
approved the current study. We reviewed the medical
records of 462 patients with RCC diagnosed and
treated in Heping Hospital, affiliated with Changzhi
Medical College, between January 2012 and January
2018. We included only 368 patients with no lymph
nodes and distant metastases and who had under-

gone ORN. Patients with the following history were
excluded: (1) prior history of any malignancy, a sec-
ond primary cancer diagnosed before treatment; (2)
Postoperative SCr, Cys C, and BUN data were incom-
plete. Finally, 348 patients were enrolled in the study.

Research design

Clinicopathologic variables included age at
surgery, gender, body mass index (BMI), tumour loca-
tion, tumour size, histological type, pT stage, and
Fuhrman nuclear grade. The eighth edition of
UICC/AJCC categorizes pathology according to the
tumour-node-metastasis (TNM) system. Postoperative
blood samples were collected within 3 months after
surgery. All patients underwent a disease history con-
sult, physical examination, routine laboratory tests,
and imaging tests such as chest X-rays and computed
tomography of the kidneys. Follow-up assessments of
all patients were conducted every 3 months for the
first 2 years and then every 6 months according to our
institution’s protocol until January 2023.

The primary endpoint was cancer-specific sur-
vival (CSS), and the secondary endpoint was disease-
free survival (DFS). Survival results were examined via
the utilization of receiver operating characteristic
(ROC) curve analysis, wherein the optimal cut-off
value is determined through ROC analysis (Table I).
We divided the patients into 4 groups based on the
threshold value: Group 1 (low BUN/SCr-low Cys C),
Group 2 (low BUN/SCr-high Cys C), Group 3 (high
BUN/SCr-low Cys C), and Group 4 (high BUN/SCr-
high Cys C).

Sample collection and measurement

The experimental participants were instructed to
collect venous blood from the elbow vein after fasting
(12), allow it to coagulate at room temperature, and
separate the serum within 4 hours of collection. The
serum was then tested at a constant temperature of 4

using a fully automated biochemical analyser
(ADVIA2400, SIEMENS AG, Berlin, Germany) to
analyse BUN, SCr, and Cys C. Shanghai Kehua

Table I Cut-off and corresponding sensitivity and specificity
based on maximum Youden Index.

Cut-off Seni/:rivity Spe(:‘)/l;:‘icity
BUN/
Canc.e.r- Scr ratio 17.41 49.62 90.91
specific
survival CsC | 398 | 4796 | 8091
(mg/L)
. BUN/Scr | 4491 | 5771 | 73.61
Disease-free ratio
survival Cys C
(mg/L) 314 59.50 72.2
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Biotechnology Co., Ltd., manufactured the Cys C kit
used in the analysis and was strictly operated in accor-
dance with the instructions provided with the kit. The
normal range for BUN was determined to be 3.8 to
7.0 mmol/L; for SCr, it was 45 to 105 pmol/L; and
for Cys C, it was 0.70 to 1.15 mg/L.

Youden index is sensitivity plus specificity minus 1,
and the larger the Youden index, the higher the accu-
racy of diagnosis. The survival rate was analysed by
Kaplan-Meier and tested by logarithmic rank test. In
addition, univariate and multivariate Cox regression
models were employed to analyse the correlation
between variables and survival further. Bilateral P-val-
. ues represented statistical significance at <0.05.

Data analysis

All statistical analyses were conducted by SPSS
software 22.0. The chi-square test was used for clas-
sification parameters, and the Mann-Whitney U test
for continuous parameters. Spearman correlation
coefficient was applied to analyse the correlation
between serum factors. The AUC was calculated
using ROC analysis, and the optimal critical value was
selected based on the maximum Youden index. The

Results
Patient characteristics

This study summarized the demographics of
348 patients with RCC who underwent ORN (not
shown in the table). The median age was 56 years
(IQR, 47-66 years), and 66.7% were male. The me-

Table Il Cut-off and corresponding sensitivity and specificity based on maximum Youden Index.

Variable BUN/SCr ratio p value Cys C p value
No. of patients (%) | <17.41300(86.2) 217.4148(13.8) <3.98267(76.7) >3.9881(23.2)

Age (years)

<60 121(40.3) 26(54.2) 0.072 126(47.2) 33(40.7) 0.307
260 179(59.7) 22(45.8) 141(52.8) 48(59.3)

Gender

Female 99(33.0) 17(35.4) 0.742 189(70.8) 49(60.5) 0.081
Male 201(67.0) 31(64.6) 78(29.2) 32(39.5)

BMI (kg/m?)

<25 179(59.7) 34(70.8) 0.140 159(59.6) 61(75.3) 0.010
225 121(40.3) 14(29.2) 108(40.5) 20(24.7)

Tumour site

Left 160(53.3) 21(43.8) 0.217 140(52.4) 40(49.4) 0.630
Right 140(46.7) 27(56.2) 127(47.6) 41(50.6)

Tumour size (cm)

<7 238(79.3) 30(62.5) 0.010 210(78.6) 52(64.2) 0.008
>7 62(20.7) 18(37.5) 57(21.4) 29(35.8)

Histoloy

Clear cell 246(82.0) 41(85.4) 0.563 215(80.5) 70(86.4) 0.227
Others 54(18.0) 7(14.6) 52(19.5) 11(13.6)

pT classification

pT1-pT2 236(78.7) 32(66.7) 0.067 212(79.4) 56(69.1) 0.054
pT3-pT4 64(21.3) 16(33.3) 55(20.6) 25(30.9)

Fuhrman grades

G1-G2 91(30.3) 11(22.9) 0.295 85(31.8) 20(25.9) 0.220
G3-G4 209(69.7) 37(77.1) 182(68.2) 61(74.1)

BUN (mmol/L) 7.1[6.1~8.1] 8.8[8.0~10.1] <0.001 7.9[7.3~8.9] 9.4[8.4~10.7] <0.001
SCr (mmol/L) 135.1[107.2~138.6]| 133.1[115.4~140.2] | 0.09 | 135.3[115.3~140.8] |131.7[122.3~138.4] | 0.324
Cys C (mg/L) 2.60[1.98~3.43] 4.41[419~4.52] |<0.001| 2.54[1.95~3.24] 4.19[4.12~4.45] |<0.001
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Figure 1 Correlation analysis results.

Correlation between BUN, SCr, BUN/SCr and Cys C in patients’ serum (A); Double axis line chart (B). Spearman’s correlation coeffi-

cient is calculated, where r is the correlation coefficient. *** p<0.001; ** p<0.01; * p<0.05.
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Figure 2 ROC curves for evaluating BUN/SCr ratio and Cys C.

CSS (A); DFS (B). p<0.05.
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Figure 3 Kaplan-Meier curve analysis results.
Specific survival time (A); DFS for subgroups (B). p<0.05.

Table Il Univariate and multivariate analyses of predictors of cancer specific survival for patients with renal cell carcinoma who
underwent radical nephrectomy.

Variables

Univariate

Multivariate

HR

95% Cl

P value

HR

95% Cl

P value

Age (years)

<60
260

0.96

0.56-1.76

0.856

Gender

Male
Female

0.85

0.72-2.35

0.341

BMI (kg/m?)

<25
225

0.48

0.35-0.84

0.024

0.89

0.45-2.23

0.145

Tumour size
(cm)

<7

>7

4.652

2.45-7.68

<0.001

3.561

1.89-6.99

<0.001

pT classification

pT1-pT2
pT3-pT4

212

1.13-3.58

0.001

1.96

1.03-3.41

0.015

Fuhrman grades

G1-G2
G3-G4

1.68

0.98-3.25

0.096

BUN/SCr ratio

<17.41
217.41

2.32

1.84-5.62

0.005

2.01

1.76-5.30

0.023

Cys C (mg/L)

<3.98
2398

2.85

2.03-5.76

<0.001

2.59

1.88-5.60

0.001
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Table IV Univariate and multivariate analyses of predictors of Disease free survival for patients with renal cell carcinoma who

underwent radical nephrectomy

Univariate
Variables

Multivariate

HR 95% Cl

P value HR 95% Cl P value

Age (years)

<60 1.22
260

0.75-2.38

0.352

Gender

Male 1.32
Female

0.62-2.45

0.385

BMI (kg/m?)

<25225 0.59 0.35-0.84

0.024 0.82 0.45-2.03 0.526

Tumour size (cm) 3.89 2.02-6.78
<7

=7

<0.001 3.26 1.59-6.09 <0.001

pT classification

pT1-pT2 2.01
pT3-pT4

1.06-3.38

0.001 2.06 1.14-3.01 0.012

Fuhrman grades

G1-G2G3-G4 1.56 0.92-3.13

0.079

BUN/SCr ratio

<17.41 1.89
217.41

1.46-4.23

0.010 1.56 1.26-3.39 0.033

Cys C (mg/L)

<3.98 176
23.98

1.23-3.02

0.001 1.42 1.19-3.01 0.016

dian BUN was 7.8 mmol/L (IQR, 7.0~9.1 mmol/L),
SCr was 131.6 umol/L (IQR, 114.1~140.3 umol/L),
BUN/SCr ratio was 14.80 (IQR, 13.83-16.58 mg/L),
and Crs C was 3.06 mg/L (IQR, 2.02-3.98 mg/L).
The median BMI was 23.3 kg/m? (IQR, 21.2-26.7
kg/m?).

Table Il shows the baseline characteristics of
patients according to BUN/SCr values and serum Cys
C cut-off. The number (proportion) of patients in each
classification is as follows: There were 300 cases
(15.41%) (BUN/SCr ratio<17.41), 48 cases (13.8%)
(BUN/SCr ratio217.41), 267 cases (76.7%) (Cys
C<3.98 mg/L), and 81 cases (23.2%) (Cys C=3.98
mg/L). We observed that patients with higher
BUN/SCr ratio (>17.41) and high Cys C level
(>3.98 mg/L) had a higher proportion of tumour size
over 7 cm than patients with lower BUN/SCr ratio and
Cys C (P=0.010, P=0.008).

For other clinicopathological variables, no signif-
icant differences were observed. It was worth noting
that serum Cys C significantly differed between the

group with high BUN/SCr and low BUN/SCr
(P<0.001). Serum BUN significantly differed
between the groups with high and low Cys C levels
(P<0.001). This suggests that there seems to be a
correlation between serum BUN and Cys C, which
was confirmed by Spearman correlation analysis
(r=0.764, P<0.001) in Figure 1A. We also found a
stronger positive correlation between BUN/SCr ratio
and Cys C (r=0.978, P<0.001) (Figure 1A, B).

Correlation between BUN/SCr ratio, serum Cys
C, and prognosis

During a mean follow-up of 75.9 months, dis-
ease-specific mortality was 11.2% (n = 39), and all-
cause mortality was 12.6% (n=44). Twenty-eight
patients (8.05%) experienced cancer recurrence. The
AUC for specific survival results based on BUN/SCr
ratio or serum Cys C level was 0.771 (95%Cl=
0.694-0.847, P<0.001) and 0.780 (95%Cl=
0.714-0.844, P<0.001), respectively (Figure Z2A).
The AUC for DFS was 0.688 (95%Cl=0.624-0.752,
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P<0.001) and 0.660 (95%Cl=0.599-0.721,
P<0.001), respectively (Figure 2B). The critical value,
sensitivity, and specificity of each ROC curve are
shown in Table I.

Next, groups were set according to the critical
value, and Group 3 (high BUN/SCr-low Cys C) had
only one patient, so this group was not analysed.
Kaplan-Meier survival analysis showed (Figure 3) that
patients in Group 4 (high BUN/SCr-high Cys C) had
poorer CSS and DFS than those in Group 1 (low
BUN/SCr-low Cys C) and Group 2 (low BUN/SCr-low
Cys C). No significant difference in survival outcomes
was observed between Groups 1 and 2. After adjust-
ing for various clinicopathological factors, we finally
determined that BUN/SCr ratio and serum Cys C
were predictors of CSS and DFS in multivariate Cox
analysis, in addition to tumour size and pT stage
(Tables Il and V).

Discussion

This was the first study to show that survival out-
comes in RCC patients undergoing ORN were signif-
icantly associated with BUN/SCr and Cys C. In partic-
ular, patients with higher BUN/SCr and Cys C had
worse CSS and DFS results than patients with lower
BUN/SCr and Cys C. More importantly, among
patients with high BUN/SCr and Cys C, 19 deaths
occurred, all of which were cancer-specific, account-
ing for 40.4%. However, no significant differences
were found in CSS and DFS results between group
(low BUN/SCr and low Cys C) and group 2 (low
BUN/SCr and high Cys C). BUN/SCr and Cys C were
predictors of survival outcomes.

Patients with RCC have decreased renal function
after surgery (16, 17). Although the mechanism is
unclear, ORN is potentially associated with chronic
kidney disease in patients with renal cancer (18). In a
follow-up of 500 patients with ORN, the cumulative
5-year incidence of chronic kidney disease was 43.4%
(19). Chronic kidney disease can develop into end-
stage renal disease, and patients have an increased
risk of death (20). After ORN, the glomerular filtra-
tion rate is significantly reduced, suggesting impaired
renal function (21). BUN/SCr is associated with the
prognosis of patients with heart failure or renal
impairment caused by acute infarction. For example,
BUN/Cr exceeding the optimal threshold could pre-
dict the disease condition and poor survival of more
severe COVID-19 patients (8). Moreover, BUN/Cr is
associated with long-term mortality from heart failure
(22).

Cys C has been determined as a marker of renal
insufficiency or kidney injury (23). The use of Cys C
avoids limitations related to diet, nutrition, and mus-
cle mass that affect BUN and SCr (24). In addition,
Cys C can provide reliable prognostic information for
diseases after treatment, such as kidney transplanta-

tion (25), heart transplantation (26), and percuta-
neous coronary intervention for acute myocardial
infarction (27).

Our results showed that BUN/SCr had a strong
positive correlation with Cys C. The combination of
low BUN/SCr and low Cys C accounted for 76.4%,
high BUN/SCr and high Cys C 13.5%, low BUN/SCr
and high Cys C 9.8%, and high BUN/SCr and low Cys
C 1 case. This suggests that combining the two may
have strong prognostic information for patients after
surgery. In our study, some patients below the thresh-
old survived, while some above it died, and vice versa.
Nevertheless, the patient-specific mortality in Group 4
(high BUN/SCr with high Cys C) was 40.4%, com-
pared to 7.1% in Group 1. This is similar to some pre-
vious reports that the detection of BUN/SCr or Cys C
is associated with a relatively poor prognosis (15, 28).
High BUN/SCr values and high Cys C serum levels
after ORN were also highly predictive and indepen-
dent predictors of mortality risk. Our analysis showed
that the threshold of 17.41 (BUN/SCr), 3.89 mg/L
(Cys C) is the most appropriate level to distinguish
between specific survival and death. When this
threshold is exceeded, the specific mortality of the
population increases by 1.8 to more than 5 times.
Similarly, exceeding the threshold is a risk factor for
DFS. Although we did not analyse whether BUN/SCr
combined serum Cys C was an independent risk fac-
tor for death, these data suggest that high BUN/SCr
values and high serum Cys C levels may strongly pre-
dict patient outcomes even after surgery.

The current study has some potential limitations.
First, this is a retrospective study and has inevitable
limitations, including the lack of consistent data collec-
tion, relatively small sample size, and high percentage
of missing data in some groups. Second, our data are
based on single-centre trials. Therefore, external vali-
dation is needed to substantiate the results of the cur-
rent study further. Finally, we could not provide mech-
anistic clues to support our new findings on the
prognostic effects of postoperative BUN/SCr values
and Cys C levels on survival outcomes in patients with
RCC. Nevertheless, we demonstrated independence
from established prognostic factors, including tumour
size and pathological T stage. We reported that high
BUN/SCr values combined with high Cys C levels were
associated with a risk of poor prognosis in patients with
RCC undergoing ORN.
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