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ncreasing Detection Rate
f Benign Renal Tumors: Evaluation
f Factors Predicting for Benign Tumor
istologic Features During Past Two Decades

lana M. Murphy, Adam M. Buck, Mitchell C. Benson, and James M. McKiernan

BJECTIVES To determine whether the detection of benign renal tumors is increasing and to identity the
predictors of benign histologic features. The detection of renal cortical tumors has increased with
the increased use of abdominal imaging. Current imaging and biopsy techniques cannot predict
the renal tumor histologic features with complete accuracy, and many patients undergo surgery
for benign lesions.

ETHODS The Columbia Urologic Oncology Database was reviewed, and 1244 patients who had undergone
partial or radical nephrectomy from 1988 to 2007 were identified. A cohort of 775 patients with
a tumor diameter of �7.0 cm, nonmetastatic disease, and nonfamilial disease was selected.
Univariate and multivariate logarithmic regression analyses were used to determine the param-
eters to predict for benign histologic features.

ESULTS The proportion of renal surgery for benign tumors of �7.0 cm in diameter has increased annually.
When patients were stratified by the year of surgery, the proportion of benign tumors was 5.0%
before 1998, 15.2% from 1998 to 2003, and 21.2% from 2004 to 2007. The mean diameter of
benign and malignant tumors was 3.0 and 3.5 cm, respectively, and the mean tumor diameter
significantly decreased during the study period (P � .006). Using multivariate analysis, the year
of surgery, tumor diameter, and female sex were independent predictors of benign histologic
features (P � .05). Age, incidental diagnosis, body mass index, and race were not significant
predictors (P � .05).

ONCLUSIONS Even when controlling for tumor diameter and sex, the incidence of benign tumors detected at
renal surgery at our institution has increased significantly in the past 2 decades. UROLOGY 73:

1293–1299, 2009. © 2009 Elsevier Inc.
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he incidence of renal cortical tumors (RCTs) in
the United States has increased during the past 2
decades with the increased use of cross-sectional

bdominal imaging. In 2007, approximately 51 190 new
ases of RCT were diagnosed, a 128% increase in inci-
ence compared with the 22 500 cases diagnosed in
988.1,2 The increasing detection of small localized renal
esions is largely accountable for the increasing incidence
f RCTs. With the increasing number of lower risk
CTs, clinicians must determine the most appropriate
ethod of treating these lesions to combine adequate

ncologic control and minimal morbidity. Current imag-
ng and percutaneous biopsy techniques are unable to
redict RCT histologic features with complete accuracy.3
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lthough several series have reported a histologic accu-
acy of 92%-93% with computed tomography-guided
ore needle biopsies compared with surgical pathologic
pecimens, many surgeons and patients continue to pur-
ue extirpative therapy to eliminate any degree of histo-
ogic uncertainty.4,5 Using this rationale, many patients
ndergo renal surgery for benign lesions. Such nephron-
asting procedures are undesirable.6

The increasing incidence of RCT could also be char-
cterized by a shift in histologic distribution. Historically,
0%-15% of RCTs were found to have benign histologic
eatures7; however, more recent studies have indicated
hat benign histologic features now account for 15%-20%
f RCTs.8-10 Examination of contemporary RCT series
as demonstrated that the incidence of RCTs with be-
ign histologic features is inversely related to the size of
he renal tumor; therefore, an increase in benign histo-
ogic features would be expected with the increasing
etection rate of small RCTs.11,12 We examined patients

ho had undergone renal surgery at our institution for
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enal tumors of �7.0 cm in diameter to determine
hether the incidence of benign RCTs has increased
uring the past 2 decades and to identify parameters that
ould help predict for benign histologic features.

ATERIAL AND METHODS

e reviewed the institutional review board-approved Colum-
ia University Urologic Oncology Database for patients with
CT treated surgically at our institution from 1988 to 2007.
CTs were classified according to the 2002 TNM staging

cheme and the Heidelberg classification scheme.13 A findings
f benign histologic features was assigned to patients with
ncocytoma, angiomyolipoma, simple renal cysts, and various
ther benign RCTs. The exclusion criteria included renal tu-
ors �7.0 cm in diameter, nonsporadic disease, known or

uspected metastatic disease before surgery, and incomplete
emographic or histologic data. Linear regression analysis was
sed to determine whether the mean RCT diameter had
hanged during the study period. Pearson’s correlation coeffi-
ient was calculated to determine the relationship between
enign histologic findings and tumor diameter. Both univariate
nd multivariate analyses were performed to examine the ability
f the year of surgery, tumor diameter, sex, age, race, and
resence of symptoms at diagnosis to predict for benign histo-
ogic findings. Age and tumor diameter were considered con-
inuous variables. The tumor diameter reflected the final patho-
ogic tumor diameter and not the radiographically determined
umor diameter. The year of surgery was stratified into 3 periods:
efore 1998, 1998-2003, and 2004-2007.

A subset univariate and multivariate analysis was also per-
ormed to examine the ability of the body mass index (BMI) to
redict for benign histologic features. Only patients with the
MI documented were included in the subset analysis. Patients
ere stratified by BMI according to the World Health Organi-

ation BMI classification scheme: normal weight (BMI �25.0
g/m2), overweight (BMI 25.0-29.9 kg/m2), and obese (BMI
30.0 kg/m2).14 All analyses were performed using � � 0.05 to

etermine the statistical significance. Statistical functions were
erformed using Statistical Package for Social Sciences, version

Table 1. Histologic finding and surgical technique for patie

Histologic Finding Patients (n)

Malignant 669 (86.3)
Conventional 503(75.2)
Papillary 104 (15.6)
Chromophobe 55 (8.2)
Collecting duct 0
Miscellaneous 7 (1.0)

Benign 106 (13.7)
Oncocytoma 57 (53.8)
Angiomyolipoma 21 (19.8)
Simple cyst 16 (15.1)
Miscellaneous 12 (11.3)

Surgical technique
Open radical 437 (56.4)
Open partial 221 (28.5)
Laparoscopic radical 72 (9.3)
Laparoscopic partial 45 (5.8)

Data in parentheses are percentages.
4.0 (SPSS, Chicago, IL), and R software, version 2.5.1. i
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ESULTS
total of 1244 patients had undergone radical or partial

ephrectomy for RCTs at our institution from 1988 to
007. After all patients with metastatic or nonsporadic
isease were excluded, our final data set included 775
atients with RCTs of �7.0 cm in diameter and com-
lete demographic and histologic data. Radical or partial
ephrectomy had been performed for renal masses suspi-
ious for renal cell carcinoma in all cases. A total of 285
atients also had BMI data available for analysis. A
ignificant decrease was seen in the mean tumor diameter
or RCTs �7.0 cm treated surgically at our institution
uring the study period (P � .006).
Benign histologic features were found in 13.7% (n �

06) of the extirpated RCTs. Of theses 106 benign le-
ions, 57 (53.8%) were oncocytomas, 21 (19.8%) were
ngiomyolipoma lesions, 16 (15.1%) were simple cysts,
nd 12 (11.3%) were miscellaneous benign entities (Ta-
le 1). When the patients were stratified by year of
urgery, before 1998, 1998-2003, and 2004-2007, the
roportion of benign tumors was 5.0% (12/242), 15.2%
48/316), and 21.2% (46/217), respectively (Table 2).
his trend represented a significant increase in the pro-
ortion of renal surgery performed for benign lesions
7.0 cm during the study period (P � .001). The median

umor diameter of the benign lesions (3.0 cm) was
maller than the median tumor diameter of the malignant
esions (3.7 cm), consistent with the decrease in tumor
iameter and increase in the proportion of benign tumors
uring the study period. When patients were stratified by
umor diameter in increments of 1 cm (Table 3), a
ignificant inverse relationship was found between the
umor diameter and benign histologic findings (Pearson
orrelation coefficient �0.844, P � .017). For example,
enign lesions accounted for 37.5% of tumors �1.0 cm in
iameter compared with only 4.7% of tumors 6.1-7.0 cm

with renal tumors �7.0 cm in diameter

Year of Surgery (n)

ore 1998 1998-2003 2004-2007

230 268 171
0 (87.0) 191 (71.3) 112 (65.5)
2 (9.6) 50 (18.7) 32 (18.7)
7 (3.0) 24 (8.9) 24 (14.0)

0 0 0
1 (0.4) 3 (1.1) 3 (1.8)

12 48 46
6 (50.0) 30 (62.5) 21 (45.6)
3 (25.0) 9 (18.8) 9 (19.6)
2 (16.7) 5 (10.4) 9 (19.6)
1 (8.3) 4 (8.3) 7 (15.2)

8 (79.1) 175 (66.5) 54 (20.5)
4 (20.5) 101 (38.4) 66 (25.1)
1 (0.4) 28 (10.6) 43 (16.3)

0 4 (1.5) 41 (15.6)
nts

Bef

20
2

20
5

n diameter.
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The distribution of preoperative characteristics is listed
n Table 2. No significant difference was found between
he median age of 65.5 years for patients with benign
asses and the median age of 63.7 years for patients with
alignant RCT (P � .705). In addition, no significant

ifference was found in race or the presence of related
ymptoms at diagnosis between patients with benign vs
alignant RCTs. A significant difference was seen in the

ex of patients with benign lesions, with 20.9% of female
atients having benign histologic findings compared with
0.3% of male patients (P � .001). Also, a significant
ifference was seen in the BMI distribution between
atients with benign or malignant RCTs (P � .010).
bese patients (BMI �30.0 kg/m2) were least likely to

Table 2. Preoperative Parameters as predictors of benign

Variable

Benign
Histologic

Features (n)

Malignant
Histologic

Features (n) P Valu

Year of surgery �.00
Before 1998 12 (5.0) 230 (95.0)
1998-2003 48 (15.2) 268 (84.8)
2004-2007 46 (21.2) 171 (78.8)

Tumor diameter (cm) .00
Median 3.0 3.7
Mean 3.0 3.5

Sex �.00
Male 55 (10.3) 477 (89.7)
Female 51 (20.9) 192 (79.1)

BMI† .01
Normal 31 (33.0) 62 (67.0)
Overweight 25 (19.0) 104 (81.0)
Obese 9 (14.0) 54 (86.0)

Age (y) .70
Median 65.5 63.7
Mean 61.7 61.7

Incidental .50
Yes 61 (14.6) 356 (85.4)
No 45 (12.6) 313 (87.4)

Race .57
White 83 (14.2) 503 (85.8)
Nonwhite 23 (12.2) 166 (87.8)

OR � odds ratio; CI � confidence interval; BMI � body mass ind
* Chi-square test, except t test for comparison of tumor diamete
† Subset analysis of 285 patients with BMI data available.

Table 3. Correlation between benign histologic findings
and renal tumor diameter

Histologic Finding (n)

Diameter (cm) Patients (n) Benign Malignant

0.0-1.0 32 12 (37.5) 20 (62.5)
1.1-2.0 179 34 (19.0) 145 (81.0)
2.1-3.0 158 17 (10.8) 141 (89.2)
3.1-4.0 161 22 (13.7) 139 (86.3)
4.1-5.0 95 9 (9.5) 86 (90.5)
5.1-6.0 107 10 (9.3) 97 (90.7)
6.1-7.0 43 2 (4.7) 41 (95.3)
Total 775 106 (13.7) 669 (86.3)

Data in parentheses are percentages.
Pearson’s correlation coefficient �0.844, P � .017.
ave benign histologic findings, and patients with a nor- s

ROLOGY 73 (6), 2009
al BMI (BMI �25.0 kg/m2) had the greatest likelihood
f having benign histologic findings.
The preoperative characteristics were then examined

o determine their ability to predict for benign histologic
eatures (Table 2). On univariate analysis, a more recent
ear of surgery, smaller tumor diameter, female sex, and
ormal BMI were significant predictors of benign histo-

ogic features (P � .05). In the multivariate model, a
ore recent year of surgery, smaller tumor diameter, and

emale sex were independent predictors of benign histo-
ogic features (P � .05). BMI, age, race, and presence of
ymptoms at diagnosis were not independent predictors
f benign histologic features on multivariate analysis
P � .05).

OMMENT
he epidemiology of RCT is changing. The increased use
f cross-sectional abdominal imaging has led to an in-
rease in the incidence of RCT during the past 2 decades,
ith the increasing detection of small localized renal
asses accounting for most new lesions. To characterize

he changing nature of small RCTs, we reviewed all
atients who had undergone radical or partial nephrec-
omy for renal masses of �7.0 cm in diameter. During the
tudy period of 1988-2007, a significant decrease occurred
n the mean tumor diameter of renal masses �7.0 cm
reated surgically at our institution (P � .006).

In addition to a shift toward smaller tumors, the in-
reasing incidence of RCTs was also characterized by a

ologic features

Univariate OR
(95% CI) P Value

Multivariate OR
(95% CI) P Value

0.85 (0.80-0.90) �.001 0.85 (0.81-0.90) �.001

1.28 (1.12-1.46) �.001 1.23 (1.07-1.41) .004

0.45 (0.30-0.68) �.001 0.42 (0.27-0.65) �.001

2.08 (1.13-3.87) .019 1.61 (0.84-3.09) .153
3.00 (1.36-7.21) .001 2.35 (1.01-5.83) .054
1.00 (0.98-1.02) .999 0.99 (0.98-1.01) .538

0.85 (0.56-1.28) .438 0.85 (0.55-1.31) .464

1.19 (0.74-1.98) .497 1.44 (0.87-2.47) .165

age.
hist

e*

1

2

1

0

5

1

7

ex.
r and
hift in histologic distribution. Although clinicians have
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istorically counseled patients with solid renal masses
hat they have a 10%-15% chance of having a benign
esion on the final pathologic review, contemporary series
ave reported that similar patients now have a 15%-20%
hance of having a benign lesion.8-10 Overall, we found
hat 13.7% of patients who underwent renal surgery for a
enal mass �7.0 cm in diameter had benign histologic
ndings. This proportion increased to 21.2% when we
ncluded only patients who had undergone renal surgery
rom 2004 to 2007. Our rate of benign histologic findings
as consistent with the contemporary data and might
ave been greater if we had excluded patients with mul-
ifocal lesions.

A review of our data set demonstrated an inverse
elationship between tumor diameter and benign histo-
ogic features. Although Remzi et al.15 found no correla-
ion between tumor size and benign histologic features
hen they examined 287 renal tumors �4.0 cm in di-
meter, this relationship has been described in several
ontemporary series. Schachter et al.12 examined 482
atients who had undergone partial or radical nephrec-
omy for a solitary renal mass. The proportion of benign
istologic findings was 26.3% for lesions �4.0 cm, 10.9%

or lesions 4.1-7.0 cm, and 5.6% for lesions �7.0 cm.12

imilarly, Schlomer et al.9 examined 349 renal masses
hat were surgically removed secondary to a concern for
alignancy. The proportion of benign histologic features

n their data set was 27.9% for lesions �2.0 cm vs 6.3%
or lesions �7.0 cm.9 In agreement with these latter
tudies, we found that a smaller tumor diameter was an
ndependent predictor of benign histologic features on
ultivariate analysis.
In addition to tumor diameter, we found that the

etection rate of benign histologic features was linked to
he year of surgery. When our patients were stratified by
he year of surgery, a significant increase was found in the
ate of extirpative surgery for benign lesions �7.0 cm
uring the study period, from 5.0% before 1998 to 21.2%
fter 2003. On multivariate analysis controlling for age,
ace, sex, presence of symptoms at diagnosis, and tumor
iameter, we found that the year of surgery was an inde-
endent predictor of benign histologic findings. Al-
hough the year of surgery is a logical surrogate for tumor
iameter because the size of the renal masses has de-
reased during the past 2 decades, our multivariate anal-
sis controlled for tumor diameter and still indicated that
he year of surgery was an independent predictor for
enign histologic findings. Given these data, clinicians
an counsel patients with small renal masses that their
hance of having a benign lesion today is greater than it
ould have been 5 or 10 years ago if they had presented
ith the same mass.
To our knowledge, no other published study has strin-

ently evaluated the relationship among the year of sur-
ery, tumor diameter, and benign histologic findings. A
tudy conducted by Patard et al.16 examined 729 patients

ho had undergone partial or radical nephrectomy for a b

296
CT from 1984 to 2003. During the study period, the
edian tumor size decreased from 7.5 to 6.0 cm and the

ncidence of benign histologic findings for lesions �4.0
m increased from 6.3% to 15.2%. Although these trends
apture the changing nature of RCTs, their study was
rimarily descriptive in nature and did not include a
ultivariate analysis to determine the ability of the tu-
or diameter and year of surgery to predict for benign
istologic features.
In addition to the year of surgery and tumor diameter,

e also demonstrated that female sex was an independent
redictor of benign histologic findings. Although the
asis for such an association is currently unknown, sev-
ral studies have come to similar conclusions. Eggener et
l.17 examined 119 renal masses surgically removed from
oung patients who were 17-45 years old. They discov-
red that women were more likely to have benign histo-
ogic findings than were men, with a benign histologic
nding rate of 36.0% vs 9.5% (P � .01).17 A study by
nyder et al.18 reviewed 815 renal surgeries for renal
asses �7.0 cm in diameter. On multivariate analysis,

emale sex was the only significant predictor of benign
istologic findings.18 Finally, Pierorazio et al.19 also found
hat women undergoing renal surgery for a suspicious
enal mass were more likely to have benign histologic
ndings than were men, with a benign histologic finding
ate of 16.0% vs 9.1% (P � .002).

Our study had several limitations. Although we in-
luded a large number of patients in our data set, we were
onfined by the retrospective nature of our study and our
xamination of a single center’s experience. Our data set
ncluded only those patients who had undergone surgery
or a suspicious renal mass; therefore, we did not capture
atients with small localized renal masses who chose to
ndergo active surveillance. We also did not control for
obacco use, a well-established risk factor for the devel-
pment of RCTs.20 In addition, our tumor diameter val-
es were determined from the final pathologic specimens
nd not the radiographically determined tumor diameter,
hich is the only size estimation available during preop-
rative counseling. A study conducted by Schlomer et
l.21 examined 133 RCTs and determined that the radio-
raphic size of a renal mass is significantly larger than the
athologic size for tumors with a diameter of 1.0-5.0 cm.
espite these limitations, the present analysis may pro-
ide valuable information for clinicians counseling pa-
ients with small localized renal tumors.

ONCLUSIONS
he ability to predict a patient’s likelihood of having
enign histologic features has profound implications for
reoperative counseling. Because radiographic findings
nd percutaneous biopsy techniques cannot provide com-
lete histologic accuracy, clinicians and patients are of-
en confronted with the decision of whether to pursue
xtirpative therapy. This decision is made more complex

y the changing nature of RCTs. The present study

UROLOGY 73 (6), 2009
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etermined that the mean tumor diameter for RCTs
7.0 cm has significantly decreased and the detection of

enign histologic features at nephrectomy has signifi-
antly increased during the past 2 decades. When con-
rolling for age, race, and the presence of symptoms at
iagnosis, a more recent year of surgery, smaller tumor
iameter, and female sex were independent predictors of
enign histologic features. Given these data, clinicians
an counsel patients with small renal masses that their
hance of having a benign lesion today is greater than it
ould have been 5 or 10 years ago if they had presented
ith the same small renal mass.
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DITORIAL COMMENT
he authors analyze 775 patients with renal tumors of �7 cm

reated surgically, exclusive of those with hereditary and famil-
al syndromes and metastatic disease. The percentage of benign
umors and use of partial nephrectomy (open and laparoscopic)
oth increased during the 3 periods studied: before 1998 (�5%
enign, 20.5% partial), 1998-2003 (15.2% benign, 39.9% par-
ial), and 2004-2007 (21.2% benign, 41.7%% partial). On
ultivariate analysis, both the year of surgery and female sex
ere significant predictors of benign histologic features.
During the study period, several factors were likely at work to

ield these results. During the past 15 years, a well-documented
ncrease has occurred in the incidental detection rate (70%) of
enal tumors, with an associated size and stage migration (me-
ian tumor size �4 cm).1 In addition to benign kidney tumors
etected incidentally, �25% of renal tumors (ie, papillary,
hromophobe) are indolent with limited metastatic potential.
espite the precision and improved quality of modern ultra-

onography, computed tomography, and magnetic resonance
maging, none of these imaging tools can distinguish a benign
rom an indolent or malignant renal tumor. Radiology reports
ommonly include chilling phrases when describing a renal
ass such as “cannot exclude renal cell carcinoma” or “consis-

ent with hypernephroma,” which can prompt both urologists
nd patients alike to take definitive surgical action to address
he lesion in question for fear of missing a serious malignancy,
ven though the tumors are often very small (in this series, 211
atients or 27% had tumors of �2 cm). However, when data
rom large national databases such as the Surveillance, Epide-
iology, and End Results program, National Inpatient Sample,

nd Medicare are analyzed, in approximately 80% of cases, the
perative solution for the patient with a small renal mass,
enign or malignant, has been radical nephrectomy.2

Also during the study period, partial nephrectomy has been
hown to be oncologically as effective as radical nephrectomy
or malignant renal tumors of �7 cm and at the same time
reserving renal function, which helps to prevents chronic
idney disease or the worsening of pre-existing chronic kidney
isease, decreases associated cardiovascular events, and de-
reases worse overall survival.3-5 At major centers such as the
uthors’, increasing use of partial nephrectomy (open or lapa-
oscopic) has allowed for the equivalent of an “excisional bi-
psy” of a worrisome renal mass to be performed without tra-
itional radical nephrectomy and can be viewed by patient and
urgeon alike as the right solution for the suspicious small renal
ass. It is possible that partial nephrectomy has lowered the
hreshold for operative intervention on some renal masses and

1297

http://www.who.int/bmi/index.jsp?introPage=intro_3.html
http://www.who.int/bmi/index.jsp?introPage=intro_3.html

	Increasing Detection Rate of Benign Renal Tumors: Evaluation of Factors Predicting for Benign Tumor Histologic Features During Past Two Decades
	MATERIAL AND METHODS
	RESULTS
	COMMENT
	CONCLUSIONS
	References




