Determinants of survival in patients with bladder cancer undergoing
radical cystectomy: The impact of serum creatinine level
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Abstract

Background. Bladder cancer is one of the most common cancers in Europe and is mostly found in men.
(ystectomy is the treatment for invasive tumors that infiltrate the muscle of the bladder. This procedure
is associated with a large number of complications. Eligibility for surgical treatment is important, because
surgery may shorten the patient’s life. The main prognostic factor is the severity of the disease, but less
specific factors can be very helpful in selecting the form of treatment.

Objectives. Toidentify and analyze factors affecting significantly the survival in patients undergoing radical
cystectomy (RC).

Material and methods. A retrospective analysis of a group of 129 patients treated at the Department
of Urology and Urological Oncology of University Hospital in Wroctaw (Poland) was carried out. Further-
more, information about the results of laboratory tests from the medical records (blood count, creatinine
concentration, etc.) was obtained. The follow-up was performed twice during the postoperative period.
The Kaplan—Meier method was used to determine overall survival (0S) curves and statistical significance
was assessed using log-rank test.

Results. A statistically significant correlation between preoperative serum creatinine level and 0S was found.
The 0S was significantly shorter in patients with higher serum creatinine levels (log-rank test; p = 0.002).
The patients were divided into different groups to exclude the relationship between the elevated creatinine
concentration and the local disease advancement. The analysis was performed in patients with and without
hydronephrosis. In bath groups, creatinine levels above the acceptable range were associated with a shorter
survival.

Conclusions. Due to the high perioperative mortality, mainly in patients with advanced disease, itis neces-
sary to develop the qualification process for surgical treatment. The awareness of the relationship between
elevated creatinine levels and worse prognosis seems to be helpful.
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Introduction

Bladder cancer is a major health problem in Poland; ac-
cording to European Association of Urology, it is the 7"
most commonly diagnosed cancer in male population
worldwide and 5" in Europe. Radical cystectomy (RC)
is a standard treatment for muscle-invasive bladder cancer
(MIBC); however, it is also recommended for patients with
non-muscle-invasive tumor who are at the highest risk
of progression — including high risk and recurrent non-
muscle-invasive tumours, BCG-refractory, BCG-relapsing
and BCG-unresponsive, T1G3 tumours. Although there
are number of prognostic factors affecting survival in pa-
tients undergoing RC such as tumor grade, tumor stage,
preoperative uremia, and lymph node involvement and
renal insufficiency, further reliable predictors are needed.
Serum creatinine level is one of routine serum biomarkers
commonly used in clinical practice associated with renal
function. We aimed to determine the impact of serum cre-
atinine levels and hydronephrosis on survival in patients
who underwent RC.

Material and methods

Medical records of 143 patients from the Department
of Urology and Urological Oncology of University Hos-
pital in Wroctaw (Poland), who underwent RC between
February 2011 and February 2014, were evaluated retro-
spectively. Indications for RC in the presented group were
MIBC (T2-T4), refractory superficial high-grade tumors
as well as palliative reasons. Ten patients who had incom-
plete medical data were excluded. Four other patients were
eliminated from the study since they could not be reached
during the postoperative period. The final group consisted
of 129 patients.

Table 1 describes the characteristics of 129 patients stud-
ied. The mean age was 65.5 years (range: 35—83 years, me-
dian: 65 years) and the majority (105; 82%) of patients were
male. As for the stage, we observed that 79.8% of the pa-
tients presented MIBC (T2-T4); involvement of lymph
nodes (N1-N3) was observed in 34.9% of the patients and
hydronephrosis in 44 patients (34.1%).

Our regular preoperative blood evaluation included se-
rum creatinine level. Blood samples were drawn on the 1%
day of hospitalization, 1-3 days prior to RC. The normal
range serum creatinine level in our laboratory was be-
tween 0.8 mg/dL and 1.3 mg/dL in men and between
0.7 mg/dL and 1.1 mg/dL in women. Therefore, the value
of 1.3 mg/dL in men and 1.1 mg/dL in women was chosen
as a cutoff between patients with high and low serum
creatinine level.

Hydronephrosis was assessed using the ultrasound
scan. In each patient, an ultrasound imaging of urinary
tract (including kidneys, ureters and urinary bladder)
was performed 1-3 days before the surgery. A visible
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Table 1. Characteristics of patients studied

Parameter | n (%)
Age [years]
Mean/median 65.5+104
Variation 35-83
Sex
Male 105 (81.4)
Female 24 (18.6)
Tumor stage
T0 4(3.1)
Ta 1(0.8)
Tis 14(10.9)
T 7 (54)
T2 24(18.6)
T3 35 (27.1)
T4 44 (34.1)
Lymph nodes involvement
NO 80 (62.0)
N1 11(8.5)
N2 32(24.8)
N3 2(1.6)
Nx 4(3.1)
Hydronephrosis

Yes 44 (34.1)
No 85 (65.9)

dilation of the renal pelvis in one or both kidneys, re-
gardless of the stage of advancement, was considered
as hydronephrosis.

The follow-up was performed twice during the postoper-
ative period. In June 2014, patients were contacted by tele-
phone. Traditional mail was sent to patients who could
not be reached by telephone. For patients who could not
be contacted neither by telephone nor by traditional mail,
the information whether the person is alive was received
from civil registry office in November 2014. In May 2016,
a 2" follow-up was performed by telephone and regular
mail. Median follow-up time was 30.3 +13.4 months (mean:
30.1 months, min. 5.2 months, max. 60.5 months). In this
study, a median follow-up is the time median between
asurgery and the time when information about the patient
was gathered.

Due to the retrospective nature of the study, it was not
possible to assess cancer-specific survival. Information
on the cause of death was obtained mainly from relatives.

The data was analyzed using STATISTICA v. 12.5
software (StatSoft Inc., Tulsa, USA). The Kaplan—Meier
method was used to determine overall survival (OS) curves
and statistical significance was assessed using log-rank
test. Univariate analysis was performed using Kaplan—
Meier method. Multivariate analysis was performed using
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the Cox proportional hazard regression model with a con-
fidence interval of 95% (95% CI). The value of p < 0.05 was
considered statistically significant.

Results

The mean preoperative serum creatinine level in studied
group was 1.29 mg/dL (0.66—2.66 mg/dL). In the univariate
analysis using Kaplan—Meier method, a statistically signifi-
cant correlation between preoperative serum creatinine
level and OS was found. The OS was significantly shorter
in patients with higher serum creatinine levels (log-rank
test; p = 0.002; Fig. 1).

Table 2 shows OS time in patients classified by serum
creatinine levels. Both 90-day overall survival (89.3%
in the high-creatinine group and 94.5% in the low-cre-
atinine group) and one-year overall survival (58.6% and
81.2%, respectively) were significantly shorter in patients
with elevated creatinine levels.

The univariate analysis was performed to identify
the factors affecting OS (Table 3). In the multivariate
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Fig. 1. Comparison of Kaplan-Meier survival curves between low and
high creatinine groups

Table 2. Overall survival (OS) in patients classified by serum creatinine
level

Survival Low-creatinine group | High-creatinine group
30-day 98.70% 96.40%
90-day 94.50% 89.30%
One-year 81.20% 58.60%
Two-year 72.30% 48.50%
Three-year 68.50% 45.60%

Table 3. Results of Cox regression to determine the association with
overall survival (OS; univariate analysis)

EIEINEG | HR | 95% Cl |

p-value
Age 1.04 [1.01-1.07] 0.005
RBC 0.29 [0.18-047] 0.000
WBC 1.02 [0.97-1.09] 0.399
PLT 1.00 [1.00-1.01] 0.003
HGB 0.63 [0.54-0.74] 0.000
Na+ 0.92 [0.83-1.01] 0.092
K+ 2.18 [1.06-4.50] 0.035
Blood loss 1.00 [1.00-1.00] 0.008
Creatinine 3.18 [1.80-5.62] 0.000
GFR 0.98 [0.97-0.99] 0.004
T 1.71 [1.22-241] 0.002
N 1.41 [1.07-1.85] 0.015
ASA 1.60 [1.00-2.54] 0.048
BMI 1.00 [0.94-1.06] 0.876
Hydronephrosis 1.65 [0.93-2.90] 0.085

HR - hazard ratio; 95% Cl — 95% confidence interval; RBC - red blood cells
count; WBC — white blood cells count; PLT - platelets; HGB — hemoglobin;
GFR - glomerular filtration rate; T — tumor stage; N — lymph nodes
involvement; ASA — American Society of Anesthesiologists physical status
classification system; BMI — body mass index.

Table 4. Results of Cox regression to determine the association with
overall survival (OS; multivariate analysis)

Parameter 95% CI p-value
Age 1.04 [1.01-1.07] 0014
Serum creatinine 2.16 [1.19-3.93] 0.012
Serum hemoglobin 0.66 [0.56-0.78] <0.001

HR - hazard ratio; 95% Cl — 95% confidence interval.

Table 5. Overall survival (OS) by T stage

One-year 83.0% 67.2% 58.6%
Two-year 72.3% 56.8% 44.3%
Three-year 68.0% 51.9% 39.9%
Four-year 60.5% 40.4% 35.9%

analysis (Table 4) performed with the use of Cox propor-
tional hazard regression model, which included selected
independent significant variables detected in the univari-
ate analysis (Table 3), it was found that the serum creati-
nine level was an independent variable significantly as-
sociated with OS.

Patients diagnosed with hydronephrosis had signifi-
cantly higher serum creatinine level (1.43 +0.45 mg/dL,
p = 0.003) compared to patients without hydronephrosis
(1.22 +0.35 mg/dL; Fig. 2).

Creatinine serum level was also correlated with T score
(p < 0.01; Fig. 3A). Furthermore, the overall survival was
associated with T stage (p < 0.01; Fig. 3B, Table 5).
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Fig. 2. Comparison of Kaplan—Meier survival curves between patients
with or without hydronephrosis
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Fig. 3. A. Mean serum creatinine levels grouped by T (tumor stage);
B. OS presented as Kaplan—-Meier curves grouped by T (tumor stage)
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Fig. 4. Comparison of Kaplan—-Meier survival curves between low- and
high-creatinine groups in patients with hydronephrosis
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Fig. 5. Comparison of Kaplan-Meier survival curves between low- and
high-creatinine groups in patients without hydronephrosis

The OS in patients without hydronephrosis was signifi-
cantly shorter in those with high serum creatine levels
(log-rank test; p = 0.002; Fig. 4). There was no statistically
significant difference in OS between patient groups of high
and low serum creatine level diagnosed with hydronephro-
sis (Fig. 5; p = 0.54).

The presence of hydronephrosis is related to the severity
of the disease. In the case of T3 and T4 disease, dilatation
of the renal pelvis was observed in almost half of the pa-
tients (Fig. 6).
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Fig. 6. Percentage of patients with hydronephrosis in different groups
of cancer stage

Discussion

While examining a group of patients undergoing cys-
tectomy, the objective was to find prognostic factors that
would allow us to estimate the prognosis for patients with
MIBC. The most important prognostic factor is the tu-
mor stage.! Based on the analysis of survival in the study
group, it was found that 60.5% of patients with T2 cancer
survived 4 years, compared to 40.4% of T3 patients and
35.9% of T4 patients. Patients with less advanced disease
have better results (OS).

It was also shown that preoperative hemoglobin levels
are associated with OS after CR, patients with lower hemo-
globin levels had a shorter survival time. Anemia reflects
the failure of the sick organism.? Advanced bladder cancer
often infiltrates the bladder orifices of the ureters, causing
hydronephrosis. The obstructed outflow of urine from
the kidney leads to a reduction in the filtering capacity
of the organ, which results in an increased concentration
of creatinine. In the study group, more than 1/3 of pa-
tients had hydronephrosis observed during the pre-CR
ultrasound examination. Uropathy is a negative prognostic
factor, and the probability of four-year survival in a patient
with hydronephrosis is lower than in a patient without hy-
dronephrosis (42.3% compared to 60.6%). Hydronephrosis
is the result of the advancement of the disease.’

Survival probability analysis was performed for 2 groups:
patients with and without hydronephrosis. In both groups,
creatinine levels above the acceptable range were associ-
ated with a shorter OS. However, in the case of patients
without hydronephrosis, the difference was greater and
statistically significant (Fig. 4,5).

Creatinine is a product of creatine metabolism, which
is produced in the liver. Creatine is transported to the or-
gans that use the most energy, mainly muscles. Creatine
occurs mainly in a form of phosphocreatine (75%), a high-
energy compound that supplies adenosine triphosphate
(ATP). About 2% of the creatine stored in the human body
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is converted into creatinine every day. Creatinine is the fi-
nal product excreted in the urine. Elevated blood creati-
nine levels indicate renal failure. Creatinine concentration
depends on the muscle mass, hence the norm for men
is higher than for women. In the elderly, decrease in muscle
mass is observed, hence a reduced concentration of cre-
atinine. In the case of musculoskeletal dysfunction, a de-
creased serum creatinine concentration is also observed.**
Increased creatinine concentration is also observed during
intense exercise (that is, during high energy demand).®
The correlation between elevated serum creatinine and
increased mortality is unclear. Several hypotheses have
emerged.

Elevated creatinine levels indicate renal failure, which
has a negative effect on the body.” There is evidence of in-
creased mortality in patients with cardiovascular disease
(CVD) and renal failure. There are reports of increased
mortality in patients with chronic kidney disease (CKD),
suffering from diseases other than cardiovascular.®

At the end of 20" century, an association of OS with cre-
atinine levels in patients after CR was observed. The serum
concentration of 1.5 mg/dL was adopted as the borderline
value. In patients with elevated creatinine levels, the mean
OS was 3 years, and in patients with levels below 1.5 mg/dL,
it was 8.6 years.’

Initially, when looking for a relationship between renal
failure and increased mortality, the borderline value of glo-
merular filtration rate (GFR) was 30 mL/min, then the limit
was shifted to 60 mL/min. About 37% of patients are di-
agnosed with CKD before CR.1? Cao et al. observed that
renal failure is associated with more frequent recurrences
of urothelial carcinoma.!* In cancer patients, the presence
of CDK may be due to long-term inflammation that leads
to oxidative stress. As a result, renal vessels are damaged.'?

Yang et al. conducted a study on 9,465 patients with
newly diagnosed cancer. A significant relationship between
renal failure and OS was found in gynecological and he-
matological neoplasms.

Vulvar cancer is one of the cancers with proven increased
mortality in patients with elevated creatinine levels. One
of the hypotheses is that the increased energy demand
of aggressive tumors leads to energy being obtained from
phosphocreatine. Consequently, this increases the concen-
tration of creatinine in the blood serum.'* Neither of these
hypotheses explains unambiguously the mechanism
of correlating CKD with mortality in patients after RC.

The main limitation of the work was its retrospective
nature. The main problem was inconsistent medical docu-
mentation and difficult contact with the patients or their
families. For this reason, the study group was significantly
reduced. A prospective study would help to standardize
the collected data. Due to the number of cystectomies
performed in 1 hospital, a multicenter study should be
performed to increase the study group and thereby the ac-
curacy of the analysis.
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Conclusions

High mortality after cystectomy prompts the search for
prognostic factors. According to the results of our study,
serum creatinine has a statistically significant correlation
with OS. Creatinine level seems to be a promising param-
eter. The prognostic value of elevated serum creatinine
could be implemented in the nomograms to improve its
accuracy. A prospective, multicenter, large cohort study
should be conducted, which will allow us to assess cancer-
specific survival. Patients with elevated serum creatinine
level should be treated with caution. Simple urinary diver-
sion should be considered to minimize the trauma associ-
ated with the surgery.
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