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Abstract

Introduction: Almost half of the cystic renal lesions are still
overdiagnosed and overtreated. New clinical and radiologi-
cal parameters are needed to distinguish the malignant Bos-
niak 3 lesions from the benign ones. We aimed to evaluate
the clinical and radiological parameters that may be related
to malignancy risk for Bosniak category 3 renal cysts. Materi-
als and Methods: Patients who underwent surgical resec-
tion of a histopathologically confirmed Bosniak 3 renal cyst
between March 2007 and September 2019 were evaluated.
Two experienced uro-radiologists have reevaluated the last
preoperative computed tomography and/or MRI images of
the patients and reclassified the lesions according to the
Bosniak classification. They also reported cystic features
such as nodularity, septation, focal thickening, enhance-
ment, and calcification. Clinical, pathological, and oncologi-
cal outcomes were recorded. Then patients were divided
into 2 groups as Group 1 (benign pathology) and Group 2
(malignant pathology) according to final histopathological

report. Results: A total of 79 patients were included in this
study. Mean follow-up time was 47 + 34 months. There were
30 patients in Group 1 and 49 patients in Group 2. Hyperten-
sion (p = 0.001) and smoking history (p = 0.008) were more
common in malignant group. Among the radiological find-
ings, lower tumor diameter (p = 0.024), presence of cyst wall
enhancement (p = 0.025), presence of nodularity (p = 0.002),
and presence of focal thickening (p = 0.031) were found to
be statistically significant for malignancy. Most of the tumors
were at pathological T1 stage and Fuhrmann Grade 1-2.
Only nodularity was found to be independent predictive fac-
tor for malignancy in multivariate analysis. Conclusion: Clin-
ical factors including hypertension and smoking, radiologi-
cal factors including lower lesion size, cyst wall enhance-
ment, nodularity, and focal thickening were predictors for

malignancy of Bosniak 3 cysts. ©2020S. Karger AG, Basel

Introduction
The Bosniak classification is mainly based on con-

trast-enhanced computed tomography (CCT) images.
The classification has been used widely for almost 30
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years and is considered the most effective method for
identifying cystic renal masses. However, the manage-
ment of cystic renal masses still remains challenging for
clinicians. Despite all the diagnostic methods, almost
half of the cystic renal lesions are still overdiagnosed and
overtreated. Nowadays, active surveillance is a popular
option for Bosniak 3 lesions. Active surveillance is 1st
introduced in the European Association of Urology
(EAU) guidelines in 2019 and recommended for cau-
tiously selected patients [1]. Treating Bosniak 3 cysts, like
renal cell carcinoma (RCC), results in about 49% over-
treatment [2]. New clinical and radiological parameters
are needed to distinguish the malignant Bosniak 3 lesions
from the benign ones. For this purpose, studies investi-
gating the importance of lesion size, nodularity, and cyst
ratio have been published recently [3-5]. The Bosniak
classification is an important method to predict malig-
nancy rather than a comprehensive management algo-
rithm that applies to the biological behavior of lesions,
such as aggressiveness which affects the patient’s prog-
nosis. Medical factors such as age, comorbidity, life ex-
pectancy, and preference for treatment should all be con-
sidered. It is uncertain whether the risk factors for RCC,
such as smoking, hypertension, and metabolic syndrome,
can be useful for discrimination of malignancy from be-
nign cases of cystic renal lesions. In the present study, we
aimed to study the known and possible clinical and ra-
diological parameters that may be related to malignancy
risk to discriminate malignant lesions from benign ones
for Bosniak category 3 renal cysts.

Materials and Methods

In this study, 823 patients who underwent surgical resection of
arenal mass between March 2007 and September 2019 were retro-
spectively evaluated. This study protocol was approved by the in-
stitutional review board (approval number: 2019/06).

Two experienced uro-radiologists reevaluated the last preop-
erative CT and/or MRI images of patients with histopathological-
ly confirmed cystic renal mass. They were blind to final pathology,
preoperative imaging reports, and also each other. The radiologists
reclassified the cystic lesions according to the Bosniak classifica-
tion. They also reported cystic features such as nodularity, septa-
tion, focal thickening, enhancement, and calcification. If a lesion
was assigned to different Bosniak categories by 2 radiologists, it
was assigned to the upper Bosniak category [6]. After radiological
assessment, patients with lesions other than Bosniak category 3
were excluded. In addition, patients with previous renal surgery,
patients with incomplete imaging or histopathological reports,
and patients with previous diagnostic or therapeutic interventions
for renal cysts were excluded from the study. In line with current
guidelines, there were no patients with Bosniak 3 lesions in the
follow-up protocol. All patients with Bosniak 3 lesions were treat-
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ed with surgery. Radiological images were obtained from the insti-
tutional electronic database.

Clinical, pathological, and oncological outcomes of the patients
were recorded. Then all patients were divided into 2 groups as
Group 1 (patients with benign pathology) and Group 2 (patients
with malignant pathology) according to final histopathological re-
port. The type of the surgery was chosen according to the surgeons’
preference with taking into consideration partial indexes, cyst lo-
calization, diameter, and patient characteristics. Preoperative and
postoperative 3rd month Cr levels were recorded. ACr was de-
scribed as the difference between the postoperative 3rd month Cr
and preoperative Cr levels.

Statistical Analysis

Data were analyzed for univariate and multivariate analysis us-
ing the Statistical Package for Social Sciences, version 20.0 (SPSS,
Chicago, IL, USA) software program. In univariate analysis,
Mann-Whitney U test and x? test were performed for comparison
of clinical, radiological, and pathological findings between Groups
1 and 2. Statistical significance was defined as p < 0.05. In multi-
variate analysis, linear regression model was created, and signifi-
cant factors after univariate analysis were evaluated by the model
for detecting the predictive values of the factors. Median value was
used while performing analyses. Data were given as mean + SD.

Results

A total of 79 patients with histopathologically con-
firmed Bosniak 3 cyst were included in this study. Thirty
patients with benign pathology were included in Group
1, and 49 patients with malignant pathology were includ-
ed in Group 2. Benign pathological lesions included be-
nign multilocular cysts and multilocular cystic renal cell
neoplasm of low malignant potential. Malignant patho-
logical lesions included clear cell RCC, papillary RCC,
and chromophobe RCC. Mean follow-up time was 47 +
34 months, and mean age of all patients was 57.4 + 13.8
years. Clinical and radiological findings of the groups are
given in Table 1. No difference was found between the
groups in terms of age, gender, BMI, and presence of met-
abolic syndrome. Hypertension (p = 0.001) and smoking
history (p = 0.008) were more common in the malignant
group. Among the radiological findings, lower tumor di-
ameter (p = 0.024), presence of cyst wall enhancement
(p = 0.025), presence of nodularity (p = 0.002), and pres-
ence of focal thickening (p = 0.031) were found to be sta-
tistically significant for malignancy.

The number of patients who underwent radical ne-
phrectomy was 16 (53.3%) and 19 (38.8%) in Group 1 and
Group 2, respectively (p = 0.206). Preoperative Cr was
0.88 £+ 0.19 (0.6-1.38) mg/dL for Group 1 and 0.93 *
0.2 (0.55-1.59) mg/dL for Group 2 (p = 0.178). Postopera-
tive Cr was 1.09 + 0.33 (0.6-2.1) mg/dL for Group 1 and
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Table 1. Comparison of the patients’ characteristics, clinical, and radiological findings of the benign and malign

groups of Bosniak 3 cysts

Variable Bosniak 3 cysts (1 = 79)
group 1 group 2 p value
(benign n = 30) (malignant n = 49)

Age, years, mean * SD (range) 55.4+14.7 (27-79) 58.6+13.2 (31-87) 0.368
Follow-up, months, mean + SD (range) 44.1427.1 (3-96) 48.8+37.7 (1-143) 0912
Gender, 1 (%)

Male 16 (53.3) 33 (67.3) 0.213

Female 14 (46.7) 16 (32.7)
BMI, kg/m?, mean+SD (range) 29.245.4 (24-41) 27.9+3.9 (17-34) 0.917
Hypertension, n (%) 6 (20) 27 (55.1) 0.001
Metabolic syndrome, 7 (%) 5(16.7) 11 (22.4) 0.474
Smoking history, 7 (%) 4(25) 17 (68) 0.008
Tumor side, 1 (%)

Right 19 (63.3) 26 (53.1) 0.533

Left 11 (36.7) 23 (46.9)
Radiologic tumor diameter, mm, mean + SD (range)  66.9+48.2 (21-230) 48+33 (16-160) 0.024
Presence of septation, 7 (%) 28 (93.3) 43 (87.8) 0.349
Septation thickness, mm, mean + SD (range) 1.8+1 (1-5) 2.1+1.3 (0.1-6) 0.5
Septation enhancement, # (%) 21 (70) 42 (85.7) 0.092
Cyst wall thickness, mm, mean + SD (range) 1.8+1 (1-11) 1.7+1.6 (1-10) 0.849
Presence of cyst wall enhancement, 7 (%) 21 (70) 44 (89.8) 0.025
Presence of multilocular cyst, 1 (%) 23 (76.7) 38 (77.6) 0.939
Nodularity, # (%) 3 (10) 21 (42.9) 0.002
Nodule diameter, mm, mean + SD (range) 1.3+£0.8 (0.7-2.2) 1.5+0.7 (0.5-3.5) 0.661
Focal thickening, n (%) 4(13.3) 17 (34.7) 0.031
Presence of calcification, 1 (%) 5(16.7) 4(8.2) 0.213
Tumor location, 7 (%)

Endophytic 7 (23.3) 12 (24.4) 0.907

Exophytic 23 (76.7) 37 (75.6)

SD, standard deviation Mann-Whitney U test and x? test were used between benign and malign groups of

Bosniak type 3 cysts.

1.09 + 0.47 (0.55-3.56) mg/dL for Group 2 (p = 0.750).
ACr levels were 0.21 £ 0.26 (—0.2 to 0.9) for Group 1 and
0.16 + 0.34 (-0.29 to 1.97) for Group 2 (p = 0.206). For
the patients who underwent radical and partial nephrec-
tomy, ACr levels were 0.36 + 0.39 (-0.29 to 1.97) and 0.05
+ 0.14 (-0.21 to 0.4), respectively (p < 0.001). Both in
Groups 1 and 2, ACr levels were higher in patients with
radical nephrectomy compared with the patients with
partial nephrectomy (p < 0.001 for Group 1 and p = 0.016
for Group 2).

Postoperative histopathological and oncological re-
sults for the groups are given in Table 2. The most com-
mon histopathological type in the malignant group was
clear cell RCC (71.4%). Most of the tumors were at path-
ological T1 stage (87.7%) and Fuhrmann Grade 1-2
(89.8%). One patient (3.3%) in Group 1 and 1 patient
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(2%) in Group 2 were died due to cardiac morbidities.
Only one patient (2%) was died because of renal cancer.
After the creation of the linear regression model, only
nodularity was found to be an independent predictive
factor for malignancy (p = 0.004, HR: 0.442; 95% CI:
+0.152 to +0.732). Multivariate analysis results are given
in Table 3.

Discussion

Classification of renal cystic masses was completed by
Bosniak [7] in 1986. Although this classification has un-
dergone some modifications [8], there is still controversy
about Bosniak category 3 renal cysts. Nearly half of le-
sions are malignant among Bosniak category 3 renal cysts.
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Table 2. Postoperative pathologic and oncologic results of the
benign and malign groups of Bosniak 3 cysts

Table 3. Multivariate analysis results of the significant factors
predicting malignancy in Bosniak 3 cysts

Variable Group1l Group2 pvalue Variables (model p = 0.004) p HR CI
(n=30) (n=49) value
Histopathologic type (n = 49), n (%) Hypertension 0.564 0.087 -0.217/+0.392
ccRCC - 35(71.4) - Smoking history 0.071  0.259 -0.023/+0.541
pRCC 10 (20.4) Radiologic tumor diameter, mm 0.226 -0.002 —0.006/+0.002
chRCC 4(8.2) Cyst wall enhancement 0.992 0.182 -0.191/+0.555
Pathologic T stage (1 = 49), n (%) Nodularity 0.004 0.442 +0.152/+0.732
Tla - 28(57.1) - Presence of focally thickening ~ 0.776 -0.048 -0.392/+0.295
T1b 15 (30.6)
T2a 3(6.1) Regression analysis was used for determination of the predictive
T2b 2(4.1) factors to malignancy in Bosniak type 3 cysts. HU, Hounsfield unit.
T3a 1(2)
T3b 0(0)
Fuhrmann grade (n = 47), n (%)
Grade 1-2 - 44 (89.8) - reported that only 69% of patients with Bosniak 3 cysts
Grade 3-4 o 3(6.1) could be managed by partial nephrectomy and 31% un-
Surgical margin positivity, n (%) - 3(61) - derwent radical nephrectomy [10]. In that study, no data
Local recurrence, n (%) 0(0) 2(4.1) 0.262 . . .
0 . 0 were attained about renal functions of patients that had
verall mortality, 7 (%) 1(3.3) 2(4.1) 0.866 3 :
Tumor specific mortality, 1 (%) 0 (0) 1(2) 0692  undergone radical nephrectomy. In our study, radical ne-

ccRCC, clear cell renal cell carcinoma; pRCC, papillary renal
cell carcinoma; chRCC, chromophobe renal cell carcinoma.
Mann-Whitney U test and x* test were used between benign and
malign groups of Bosniak type 3 cysts.

To recommend a surgery that may result in total organ
loss with only 50% chance of malignancy is a somewhat
hard circumstance for both clinician and patient. Other
than radiological features, there are some known risk fac-
tors for RCC like hypertension, obesity, and smoking.
Moreover, in recent years some articles examined radio-
logical features other than known Bosniak definitions to
further stratify the patients about the risk of malignancy
in Bosniak category 3 lesions. One of the most important
articles in this field was published by Pruthi et al. [5] and
proposed the division of category 3 into 2 as 3 sand 3 n
according to the presence of nodularity. This was an ac-
tive surveillance study and they concluded that 3 s cysts
were more likely to regress and 3 n cysts were more likely
to progress. We conducted a similar study to review our
clinical results retrospectively and found similar results to
this former study (malignancy risk 54.1% for 3 s and
86.7% for 3 n) [9]. In the present study, presence of nod-
ularity was also found to be statistically significant for
malignancy.

Total organ loss is not a rare entity during surgery for
Bosniak category 3 renal lesions. In a recent study, it was
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phrectomy was performed for 44% of patients with Bos-
niak 3 cysts, and this rate was higher in the benign sub-
group (53.3 vs. 38.8%). The difference in radical nephrec-
tomy rates may be attributed to mean tumor size, which
is evidently higher in our study group, and unfavorable
partial nephrectomy indexes. Also, the ACr levels were
significantly higher in the radical nephrectomy group
which shows negative impairment of total renal functions.

In the present study, we aimed to study the known and
possible parameters that may be related to malignancy
risk to further stratify the risk of malignancy for Bosniak
category 3 renal lesions. Cigarette smoking, obesity, and
hypertension are established causal risk factors for RCC
[11]. In univariate analysis, we showed that smoking and
hypertension are significantly associated with risk of ma-
lignancy in Bosniak category 3 cysts.

There are only a few studies investigating the specific
radiological features of complex cysts beyond Bosniak clas-
sification to discriminate malignant lesions from benign
ones. In these studies, enhancement of the septa, presence
of nodular component, nodular enhancement, and nodule-
to-cyst ratio were mostly found to be associated with likeli-
hood of malignancy [12-14]. We studied extensive radio-
logical parameters that could be useful for discrimination
of malignant lesions (Table 1). Of these, radiological tumor
diameter, presence of cyst wall enhancement, presence of
nodularity, and focal thickening were found to be associ-
ated with malignancy in our study group.

Active surveillance has become an option for cystic re-
nal masses in recent years. In a recent study, Erkkila et al.
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[15] showed that active surveillance for renal masses in-
creased from 8 to 23% between 2006 and 2016. Although
it is not routinely recommended, there are several ongo-
ing and published studies about this topic [3-5, 16, 17].
In one of these studies by Shaish et al. [4], during a me-
dian of 2.7 years follow-up, 45% of <4 cm Bosniak 3 and
4 lesions were downgraded. The authors concluded that
especially <2 cm lesion size can be a consideration for ac-
tive surveillance. The lesion size was found to be lower in
patients with malignant pathology in the current study.

The ideal solution for the improvement of diagnostic
accuracy in Bosniak category 3 cysts is to create a nomo-
gram that includes Bosniak classification characteristics,
known risk factors about patient characteristics, and ra-
diological features other than Bosniak classification. We
could not create such a nomogram because of the limited
number of patients. We believe that testing of a nomo-
gram like this could be valuable in the future during a
high volume multicenter trial.

Several studies are ongoing about biomarkers and on-
cometabolites in RCC for early diagnosis and assessment
of prognosis [18]. In the future, we believe that with inclu-
sion of these biomarkers in primary evaluation of cystic
renal lesions, in addition to radiological characteristics
and clinical features, diagnostic accuracy will be im-
proved in the Bosniak category 3 lesions.

The limitations of the current study include the retro-
spective design, lack of standardized imaging method,
and relatively limited number of patients. And also our
data do not include the patients who had Bosniak 3 cyst
and followed up with active surveillance.

Conclusion
The Bosniak classification alone is not enough to as-

sess the malignancy risk in category 3 cysts. For proper
preoperative patient counseling and accurate decision-
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