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Abstract

Objective: To develop and validate a nomogram for predicting renal dysfunction in patients with
simple renal cysts (SRCs).

Methods: We performed a multivariable logistic regression analysis of an in-hospital retrospec-
tive cohort of patients with SRCs in the Urology Department of the First Affiliated Hospital of
Anhui Medical University. For prognostic model development, 386 patients with SRCs were
enrolled from January 2016 to December 2018. External validation was performed in 46 patients
with SRCs from January 2019 to April 2019. The primary outcome was renal dysfunction.
Results: Patients were divided into normal or abnormal estimated glomerular filtration rate
groups (293 vs. 93) based on the cut-off value of 90 mL/minute/|.73 m?. Logistical regression
analysis determined that age, haemoglobin, globulin, and creatinine might be associated with renal
dysfunction, and a novel nomogram was established. Calibration curves showed that the true
prediction rate was 77.42%, and decision curve analysis revealed that the nomogram was more
effective with threshold probabilities ranging from 0.1 to 0.8. The area under the curves were
0.829, 0.752, and 0.888 in the overall training, internal, and external validation cohorts,
respectively.
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Conclusions: We established a nomogram to predict the probability of developing renal

dysfunction in patients with SRCs.
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Introduction

Simple renal cysts (SRCs), one of the most
frequent kidney diseases, exhibit a preva-
lence of approximately 27% in patients
over 50 years old.! The incidence, number,
and size of SRCs increase with age.
Generally, operative management, includ-
ing percutaneous aspiration with ethanol
injection, open surgery, endoscopic cyst
opening, and laparoscopic decortication, is
considered in patients with cysts >4cm in
diameter or severe complications.” SRCs
are found during routine health check-ups,
and small cysts cause symptoms and com-
plications, including dull flank pain, hyper-
tension, haematuria, infection, and urinary
tract obstruction. Furthermore, whether
SRCs are related to renal dysfunction and
hypertension has attracted researchers’
attention.” ’ An early study showed that
the presence of SRCs was related to hyper-
tension but not renal dysfunction.®
However, other studies have shown that
SRCs are associated with renal dysfunction,
and an increased cyst diameter contributed
to a more rapid decline in renal function in
patients with SRCs.>” Therefore, we aimed
to further explore the relationship between
SRCs, hypertension, and renal dysfunction.

Currently, the estimated glomerular fil-
tration rate (eGFR) is routinely used to
assess kidney function, but specific tools
for the prediction of renal function in
patients with SRCs have not been

explored.® A nomogram, which is a graphic
calculation method, can be used to deter-
mine the likelihood of a clinical event
through approximate graphical computa-
tion based on a two-dimensional diagram.
Nomograms are widely used to predict
oncological outcomes by integrating differ-
ent patient variables.” > In addition, a
nomogram has been applied to evaluate
eGFR in patients with suspected renal cell
carcinoma undergoing robot-assisted par-
tial nephrectomy.'® Therefore, we aimed
to use a nomogram to estimate eGFR in
patients with SRCs.

In the present study, clinical and haema-
tological features were collected from
in-hospital patients with SRCs who were
prepared for the decortication of renal
cysts. In addition, multivariable logistic
regression was performed to select statisti-
cally significant variables. After establish-
ing the nomogram, calibration curves and
decision curve analyses (DCA) were applied
to validate this model, and the internal and
external validation cohorts were used to
further assess the model.

Patients and methods

Participants

This study is a retrospective cohort study
and included patients with Bosniak III
and Bosniak IV cystic masses. The risks of
observing Bosniak I cystic masses and
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Bosniak II cystic masses are particularly
low; therefore, these patients were treated
conservatively.'* Consecutive patients who
underwent laparoscopic renal cyst decorti-
cation between 1 January 2016 and
31 December 2018 for SRCs in the First
Affiliated Hospital of Anhui Medical
University were enrolled in this retrospective
study. Additionally, in-hospital patients with
SRCs were collected as the external valida-
tion cohort from 1 January 2019 to 31
April 2019. Because this study is a retrospec-
tive study, it did not require patient consent.
This study was approved by the Institutional
Review Board of the First Affiliated Hospital
of Anhui Medical University on 13 January
2021 (approval number: Quick-PJ 2021-
01-10). All surgical patients used the same
antibiotic regimen after surgery, and patients
did not receive nonsteroidal anti-
inflammatory drugs after surgery. No
patients received other therapies. The exclu-
sion criteria were patients with renal cysts
other than SRCs, other renal diseases
except for kidney stones, severe systematic
disorders, or severe dysfunction of impor-
tant organs. We de-identified all patient
details to protect their identity.

Datasets

All patients were divided into two groups
based on eGFR: the normal eGFR group
(>90 mL/minute/1.73 m?) and the abnormal
eGFR group (<90 mL/minute/1.73 m?).
This dataset included patients’ demo-
graphics (age, sex, height, and weight) and
health status (hypertension, diabetes melli-
tus, cyst location, dull flank pain, kidney
stones, liver cysts, and haematological
features) obtained through the hospital
electronic medical record system by two
independent researchers. Data regarding
serum leukocytes, erythrocytes, thrombo-
cytes, haemoglobin, albumin, globulin,
blood urea nitrogen (BUN), creatinine,
uric acid (UA), eGFR, triglycerides,

high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein choles-
terol, and very-low-density lipoprotein cho-
lesterol were included as haematological
features. Body mass index (BMI) was cal-
culated by the weight (kg) divided by the
height (m) squared. All recorded variables
from patients were detected approximately
1 week before surgery. Participants were
removed because of missing relevant indica-
tors (mostly because of missing lipid-related
indicators).

In the current study, we performed a
sample size calculation. We calculate the
minimal sample size for the four factors in
the nomogram for the training cohort using
the following formulas.

The formula for categorical independent
variables:

21/22 Xﬁ(l _ﬁ)
n=—————
&

The formula for continuous independent

variables:
Za/2 * 0 2
n— _—
e

In these formulas, n is the sample size,
Zo,/2 is the critical value of the normal dis-
tribution at o/2 (e.g., for a confidence level
of 95%, a is 0.05, and the critical value is
1.96), 6” is the population variance for con-
tinuous data, p is the population proportion
for categorical data, and ¢ is the difference.
Then, we determined that the minimal
sample size for age, haemoglobin, globulin,
and creatinine is 8, 310, 237, and 163,
respectively. The training cohort contained
386 patients for the analysis; therefore, the
sample size is sufficient for the current
study. We showed the results in Table S1.

Construction of the nomogram

All patients were assigned to the training
cohort to establish the nomogram based
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on the identified variables from the logistic
regression analysis. Continuous variables
were transformed into categorical variables
based on cut-off values determined based
on the receiver operating characteristic
(ROCQ) curve through the identification of
maximum sensitivity and specificity.'> !’
The nomogram was established based on
the results of multivariate linear regression
using the RMS package in R version 3.5
(www.r-project.org). Calibration curve
analysis was performed to describe the con-
sistency of the predicted and observed risks
of renal failure. DCA was conducted to
assess the clinical utility of the nomogram
in the training cohort. The differences
between the “true” positive rate and weight-
ed false-positive rate across threshold prob-
abilities were used to determine the net
benefit of the nomogram. The predictive
discrimination of the nomogram was eval-
uated using the ROC curve and the area
under the curve (AUC).'®

Validation of the nomogram

Validation of the nomogram was achieved
by randomly allocating 100 patients into
the internal validation cohort and the
newly enrolled external in-hospital patient
cohort. The AUC values of ROC analysis
in the internal and external validation
cohorts were used to assess the predictive
discrimination of the nomogram.'"” The
greater the AUC, the better the accuracy
and stability of the established nomogram.*

Statistical analysis

All collected data were compared to assess
significant differences between the two
groups, and the patient data were excluded
from the analysis when an item was miss-
ing. The Mann—Whitney U test was used to
compare continuous variables that did not
exhibit a normal distribution, and the chi-
Square (x?) test was used to analyse

categorical variables. In addition, the for-
ward LR method of logistic regression anal-
ysis was performed to identify significant
independent predictors of renal dysfunction
by screening all variables in the study. The
Hosmer—Lemeshow test was applied to
compare the nomogram-predicted proba-
bility of an abnormal eGFR and its actual
value. All statistical analyses were per-
formed using IBM SPSS Statistics for
Windows, Version 22.0 (IBM Corp.,
Armonk, NY, USA) and the R software
package (version 3.5; http://www.r-project.
org). P<0.05 was considered statistically
significant, and the reporting of this study
conforms to TRIPOD guidelines.”'

Results

Patient characteristics

The inclusion process for all patients is
shown in Figure 1. All variables obtained
from patients with SRCs are listed in
Table 1. Among the 386 patients with
SRCs, 293 (75.91%) patients were included
in the normal eGFR group, and 93 patients
(24.09%) were included in the abnormal
eGFR group. The following factors signifi-
cantly differed between the two groups: age
(P <0.001), cyst location (P=0.002), hyper-
tension (P =0.005), erythrocyte counts
(P=0.006), haemoglobin (P=0.033), glob-
ulin (P=0.008), BUN (P =0.004), creati-
nine (P<0.001), UA (P<0.001), and
HDL-C (P=0.037). In most patients, cyst
location, BMI, kidney stones, and hyperten-
sion were associated with renal dysfunction.
We presented the distribution of these four
variables in the normal eGFR and abnormal
eGFR groups in Figure 2. Regarding the
location of cysts, the rate of bilateral renal
cysts in the abnormal eGFR group was
62.37% but only 44.37% in the normal
eGFR group. Regarding the distribution of
BMI, the prevalence of patients with a BMI
>25kg/m? was greater in the normal eGFR
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Recorded (n=4806)

A

y

» Missing data (n=54)

Included

(n=432)

l

Training cohort (n=386)
-normal eGFR (293)
-abnormal eGFR (93)

Figure |. Flow chart of patient disposition.
eGFR, estimated glomerular filtration rate.

group (33.79%) compared with that in the
abnormal eGFR group (26.88%). Kidney
stones were not associated with abnormal
eGFR, and a similar number of patients in
the two groups had kidney stones (22.58%
vs. 19.45%). Regarding hypertension,
39.78% of patients showed increased blood
pressure in the abnormal eGFR group, and
only 24.57% of patients showed increased
blood pressure in the normal eGFR group.

Independent predictive factors and
predictive nomogram for renal
dysfunction

Logistical regression analysis was per-
formed to identify predictive variables for
renal dysfunction, and Table 2 shows that
age, haemoglobin, globulin, and creatinine
were significantly associated with renal
dysfunction in patients with SRCs (all
P <0.05). The cut-off values for haemoglo-
bin, globulin, and creatinine were 135 g/L,
27.2 g/L, and 85 umol/L, respectively, which
were identified by ROCs (Figure SI).

hd

Validation cohort (n=46)
-normal eGFR (35)
-abnormal eGFR (11)

The nomogram for predicting renal dys-
function in patients with SRCs was established
by integrating four independent predictive fac-
tors. As shown in Figure 3, age contributed
the most to renal dysfunction, followed by
creatinine and haemoglobin.

Performance and clinical utility of
the nomogram

For the calibration curve, the Hosmer—
Lemeshow test was applied to detect the
goodness of fit for the nomogram. The
bootstrap-corrected coefficient of determi-
nation (R?) value between the nomogram-
predicted probability of eGFR abnormality
and its actual value was 0.812. In addition,
the Brier score was 0.051, indicating that
the truly predicted nomogram was approx-
imately 77.42% (Figure 4a). For the DCA,
the decision curve (blue line) showed that in
a threshold probability range of 0.1 to 0.8,
which indicates that the risk generated from
the nomogram is 0.1 to 0.8, patients who
decided to interrupt clinical treatment
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Table |. Single analysis of clinical factors between the normal and abnormal eGFR groups in the training

cohort.
Parameters Normal eGFR Abnormal eGFR P-value
Sex
Men 182 66 0.121%
Women 11 27
Age 56 (48-64) 65 (54-71) <0.001%
Cyst location
Single 163 35 0.002*"
Bilateral 130 58
BMI
<18.5kg/m? [ 4 0.55%
15.5-23 kg/m? 104 33
23-25 kg/m? 79 31
>25 kg/m? 99 25
Kidney stone
No 236 72 0.513%
Yes 57 21
Liver cyst
No 218 61 0.098"
Yes 75 32
Dull flank pain
No 168 51 0.672%
Yes 125 42
Diabetes mellitus
No 279 85 0.166%
Yes 14 8
Hypertension
No 221 56 0.005*"
Yes 72 37
Leukocytes, x 10%/L 5.38 (4.675-6.325) 5.52 (4.695-5.52) 0.686%
Erythrocytes, x 10'%/L 4.57 (4.28-4.85) 442 (4.05-4.42) 0.006*"
Thrombocytes, x 10°/L 191 (155-229.5) 177 (139.5-177) 0.141%
Haemoglobin, g/L 137 (126-147) 133 (121.5-133) 0.033%"
Albumin, g/L 43.8 (41.4-45.9) 43.4 (40.9-43.4) 0.328°
Globulin, g/L 25.4 (23-27.65) 26.3 (23.3-26.3) 0.008%
BUN, mmol/L 5.37 (4.515-6.455) 5.9 (4.97-5.9) 0.004*"
Creatinine, pmol/L 67 (58-78) 88 (73-88) <0.001%"
UA, umol/L 299 (242-347.5) 329 (280-329) <0.001%"
TG, mmol/L 1.2 (0.875-1.65) 1.35 (1-1.35) 0.071°%
HDL-C, mmol/L 1.31 (1.07-1.55) 1.2 (1.03-1.2) 0.037%"
LDL-C, mmol/L 2.73 (2.21-3.3) 2.64 (2.08-2.64) 0.522%
VLDL-C, mmol/L 0.45 (0.33-0.61) 0.50 (0.37-0.63) 0.075%

eGFR, estimated glomerular filtration rate; BMI, body mass index; BUN, blood urea nitrogen; UA, uric acid; TG,
triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; VLDL-C, very

low-density lipoprotein cholesterol.

For continuous variables with a non-normal distribution, the median with 25% and 75% percentiles were used to describe

the distribution. For categorical variables, a two-way table was applied to describe the distribution.

# Mann—Whitney U test, *Chi-Square test, *P < 0.05.
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Figure 2. Distributions of patients with different clinical parameters in normal (n=293) and abnormal
eGFR (n=93) groups. (a) Cysts in single or bilateral kidneys, (b) different BMI groups, (c) with or without

kidney stones, and (d) with or without hypertension.

eGFR, estimated glomerular filtration rate; BMI, body mass index.

Table 2. Multivariate logistic regression analysis of
clinical factors associated with the abnormal eGFR

group.

OR 95% Cl P-value
Intercept 0.002 - 0.002*
Age 1.026 1.000-1.051 0.046*
HB 0.967 0.949-0.986 0.001*
GB 1.086 1.007-1.170 0.030*
Cr 1.078 1.055-1.101 <0.001*

eGFR, estimated glomerular filtration rate; OR, odds
ratio; Cl, confidence interval; HB, haemoglobin; GB,

globulin; Cr, creatinine.

With the logistic regression method of forward LR.

benefited more compared with those under-
going all treatment schemes (grey line) or
the nontreatment scheme (black line)
(Figure 4b).

Accuracy and stability of the nomogram
model

An additional 46 in-hospital patients with
SRCs were collected as the external valida-
tion cohort. As shown in Figure 5, the
x- and y-axes represent the false-positive
rate (1 — specificity) and true positive rate
(sensitivity), covering a range of values
from the predictive nomogram model. The
AUC was 0.829 in the overall training
cohort (Figure 5a), 0.752 in the internal val-
idation cohort (Figure 5b), and 0.888 in
the external validation cohort (Figure 5c,
Table S2). Additionally, Table S3 shows a
comparison of the difference between the
validation cohort and training cohort.
Together, these results demonstrated that
the established nomogram model exhibited
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Figure 3. The predictive nomogram of abnormal eGFR risk for patients with SRCs.
eGFR, estimated glomerular filtration rate; SRCs, simple renal cysts.
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analysis (b) of the nomogram.
eGFR, estimated glomerular filtration rate.
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Figure 5. Accuracy and stability of the nomogram model. The ROC curve and AUC values are based on
the nomogram in the training cohort (a), internal validation cohort (b), and external validation cohort (c).
ROC, receiver operating characteristic; AUC, area under the curve.

sufficient accuracy and stability and could
be applied to evaluate the renal function
status of patients with SRCs.

Discussion

In recent years, many nomogram models
have been explored to predict renal function
in the context of urinary disease. For exam-
ple, a nomogram for assessing significant
eGFR reduction in patients with renal cell
carcinoma after robotic partial nephrecto-
my was internally validated and displayed
excellent calibration.!® In addition, two
nomograms for predicting renal function 1
year after partial nephrectomy in patients
with renal tumours have been established
and internally validated by preoperative
variables.”> However, nomograms evaluat-
ing eGFR in patients with SRCs are rare.
Furthermore, whether renal cysts and renal
dysfunction exhibit a causal relationship
remains controversial. Tatar et al.*’
reported that SRCs are associated with
poor renal function outcomes in solitary
kidney patients. In Korea, Choi et al.**
revealed that eGFR is an independent
factor associated with the presence of
renal cysts and that age, BMI, and hyper-
tension represent other risk factors. Chin
et al.® demonstrated that differences in
eGFR between the control and cyst

groups and the presence of cysts were not
related to renal dysfunction, but patients
with peripheral cysts had a lower ¢eGFR
than patients in the perihilar cyst subgroup.
Therefore, investigating the association
between SRCs and renal dysfunction and
constructing a nomogram for simple renal
patients are urgently needed.

In the present study, we provide a pre-
dictive nomogram model to evaluate
eGFR and the probability of renal dys-
function. Moreover, the accuracy and sta-
bility of the nomogram model were
assessed. Our major findings were as fol-
lows: (1) age, haemoglobin, globulin, and
creatinine may be significant predictive
factors for renal dysfunction in patients
with SRCs, and the cut-off values for hae-
moglobin, globulin, and creatinine were
135g/L, 27.2g/L, and 85umol/L, respec-
tively, and (2) the predictable nomogram
is accurate and stable, with AUCs of
0.829, 0.752, and 0.888 in the training
cohort, internal and external validation
cohorts, respectively.

Age is an essential factor affecting eGFR
because of the loss of renal mass in ageing
people, and a proposed nomogram revealed
that age plays a vital role in predicting renal
function after partial nephrectomy.'*?* In
the current study, age was significantly
associated with renal dysfunction in
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patients with SRCs and included in the pre-
dictable nomogram.

Another study reported that the haema-
tocrit value, haemoglobin, and erythrocyte
counts were significantly elevated in
patients with SRCs and significantly
reduced after surgery,”® which implicated
potential crosstalk between blood parame-
ters, SRCs, and renal dysfunction.
Similarly, we revealed that haemoglobin
<135g/L might be a risk factor for renal
function. Previous reports demonstrated
that serum B,-microglobulin concentrations
could be used to predict neonatal renal
function and estimate GFR in infants and
adults.””*” Interestingly, we also found
that globulin (globulin, >27.2g/L) was a
predictive factor affecting renal function.
Regarding creatinine, two retrospective
cohort studies enrolled 1380 and 577 indi-
viduals and demonstrated that increased
serum creatinine may be a risk factor for
the development of SRCs.**3! Serum creat-
inine was also identified as one of the pre-
operative predictors to evaluate eGFR after
partial nephrectomy.** Consistently, serum
creatinine (>85 pumol/L) was screened as a
predictor to assess renal function in our
nomogram. Based on a previous study,
endogenous creatinine clearance overesti-
mated the GFR, and endogenous creatinine
clearance was a poor predictor of renal
function in patients with nephrotic syn-
drome.*? Therefore, we recommend serum
creatinine as a predictive factor of renal
function in  patients with  SRCs.
Collectively, our nomogram established
for predicting renal function will serve as
a valuable tool in assisting decision-
making in patients with SRCs.

Our nomogram was established by incor-
porating four variables, including age, hae-
moglobin, globulin, and creatinine, and the
calibration curve for internal validation
showed that the R? was 0.812, indicating a
preferable prognostic value of the nomo-
gram. Additionally, DCA demonstrated

that the established nomogram could pre-
dict more benefits based on the evaluation
of the abnormal eGFR status of patients
with SRCs. For further validation, the
AUC:s in the training cohort and two vali-
dation cohorts were all >0.75, which dem-
onstrated good accuracy and stability.
Therefore, internal validation demonstrated
that our nomogram was reliable for clini-
cians to identify the probability of renal
dysfunction.

This study has some limitations that
cannot be ignored. 1) The smaller number
of patients in the external validation will
restrict its widespread wuse. In future
research, we will further validate the clinical
use of the nomogram in a multicentre
study. 2) The odds ratios of these four inde-
pendent predictors were very close to 1,
potentially because the sample size was
not large enough. The relationship between
these predictors and renal function requires
further research. 3) Moreover, although
22 significant variables were analysed in
our study, other important predictive
parameters, such as cyst size and precise
location, septa in the cyst, and cyst infec-
tion, were not included in this study.®

Conclusion

We established a nomogram that incorpo-
rated four preoperative covariates, includ-
ing age, haemoglobin, globulin, and
creatinine, which may predict the probabil-
ity of renal dysfunction in patients with
SRCs. Internal validation analyses based
on a calibration curve, DCA, and AUCs
indicated that the nomogram exhibited
great accuracy and stability. This nomo-
gram might be a useful tool for clinicians
to evaluate the risk of renal dysfunction for
patients with SRCs.
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