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Abstract: Objectives: To evaluate the status of peritumoral pseudocapsules in renal tumors and the effects of clinicopathological factors on their formation. Methods: From January 2011 to December 2012, 258 patients with solitary clinical stage T1a renal tumors who underwent partial nephrectomy were analyzed. Status of pseudocapsule
was re-evaluated by a pathologist. Results: The mean long diameter (± SD) of the tumor and the width of the safety
margin were 2.17 (± 0.94) cm and 3.2 (± 2.4) mm, respectively. A complete pseudocapsule was identified in 152
(58.9%) tumors, an incomplete pseudocapsule was identified in 69 (26.7%) tumors, and no pseudocapsule was
identified in 37 (14.3%) tumors. Out of 152 tumors with complete pseudocapsules, 45 (29.6%) were confirmed to
directly invade the renal parenchyma. In a multivariable analysis, age (odds ratio [OR], 1.045; 95% confidence interval [CI], 1.021-1.070, P < 0.001) and histologic subtype (chromophobe type: OR, 19.455; 95% CI, 4.233-89.471, P
< 0.001; oncocytoma: OR, 11.307; 95% CI, 1.357-94.198, P = 0.025) were significant factors for an incomplete or
absent pseudocapsule. Conclusions: Peritumoral pseudocapsules are absent or incomplete in a significant portion
of renal tumors. Old age as well as chromophobe and oncocytoma histologic subtypes were significant risk factors
for an incomplete or absent peritumoral pseudocapsule.
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Introduction
Nephron sparing surgery (NSS) has been established as a gold standard for the treatment of
clinical T1 renal cell carcinoma (RCC) [1, 2].
NSS has demonstrated favorable long-term
survival results compared to radical nephrectomy with the advantage of preserving renal
function [3-6]. A tumor-free surgical margin following NSS is generally recommended to avoid
local tumor recurrence [1]. However, there has
been no consensus on the preferable range of
a safety surgical margin in NSS.
Some groups recommended excising an additional 0.5-2 cm of tissue to ensure a true negative margin [7, 8]. However, other groups reported that a tumor-free margin of resection, irrespective of the width of the margin, is sufficient
to achieve local control of RCC [9, 10]. Further-

more, certain surgical groups reported comparable long-term oncologic outcomes with tumor
enucleation (TE), which enables tumor excision
by blunt dissection using the natural plane
between the tumor and the normal parenchyma
[11, 12].
A peritumoral pseudocapsule composed of
fibrous tissue and compressed renal parenchyma is a pathological feature known to be frequent in RCC [13]. The maturation of the pseudocapsule establishes the natural cleavage
plane for TE and tumor-free status of the enucleated surface. Recently, Minervini et al.
reported that a pseudocapsule was present in
nearly all TE cases and that all were tumor-negative at the surgical margins [14]. The authors
concluded that because of this, patients can
remain recurrence-free for over 24 months
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Figure 1. Inclusion and exclusion criteria used in the current study.

after TE. However, others insisted that the
tumor may invade the kidney parenchyma
beyond the pseudocapsule [8, 15, 16].
The purpose of the current study was to confirm
the status of peritumoral pseudocapsules of
renal tumors and to identify clinicopathological
risk factors for absent or incomplete pseudocapsules. To examine these issues, a consecutive partial nephrectomy series and the associated pathology slides were reviewed retrospectively.
Materials and methods
Patient selection
This study protocol was approved by the institutional review board of Seoul National University
Hospital, Seoul, Republic of Korea. The study
population comprised 294 consecutive patients who received partial nephrectomy due to
T1a renal tumors between January 2011 and
December 2012 at our institution. Patients
with multiple tumors (N = 1, 0.3%), synchronous bilateral tumors (N = 4, 1.4%), congenital
diseases such as von Hippel-Lindau disease (N
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= 3, 1.0%), recurred tumor (N = 3, 1.0%), pathologically confirmed angiomyolipoma (N = 19,
6.5%), and unavailability of pathological specimen (N = 6, 2.0%) were excluded (Figure 1).
Ultimately, 258 patients with solitary stage T1a
renal tumors and available pathology slides
were analyzed.
Preoperative evaluation and treatments
Preoperative evaluation was performed routinely and included the following: physical
examination, routine blood laboratory tests,
chest radiography, and an abdominal computerized tomography scan. Intraoperative frozen
section margin evaluation was performed routinely except in cases of laparoscopic partial
nephrectomy (LPN) or robot-assisted partial
nephrectomy (RAPN). Lymph node dissection
was not performed if there was no visible node
on preoperative evaluations.
Pathological evaluation and review of the peritumoral pseudocapsule
All the specimens were evaluated and reviewed
by a single dedicated uropathologist (KCM).
Int J Clin Exp Pathol 2015;8(9):11323-11331
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Figure 2. Histologic analysis of peritumoral pseudocapsules in partial nephrectomy specimens. A. Presence of
pseudocapsule with complete continuity: The tumor is completely encapsulated by pseudocapsule (hematoxylin
and eosin [H&E] stain, × 40). B-D. Partial pseudocapsule formation: Pseudocapsule formation between the tumor
and renal parenchyma in the upper portion, but not in the lower portion (B; H&E stain, × 10). At higher magnification
of the upper portion in the same case, pseudocapsule is present between the tumor and renal parenchyma (C; H&E
stain, × 100); however, in the lower portion, pseudocapsule is absent (D; H&E stain, × 100). E. Absence of pseudocapsule: No PC formation (H&E stain, × 40); T, tumor; K, kidney parenchyma; PC, pseudocapsule.

Excised specimens were examined for tumor
size and processed according to standard pathological procedures. Pathological staging of the
tumor was based on the 7th revised recommendation of the American Joint Cancer
Committee 2010 [17]. Histologic subtypes and
tumor grades were assessed according to the
2004 World Health Organization classification
and the recommendations of Fuhrman et al.
[18, 19]. To identify the status of the peritumoral pseudocapsule including its existence, completeness, and tumor invasion, all previously
processed slides of all specimens were reviewed. The status of the pseudocapsule was
classified as follows: 1 present with complete
continuity (Figure 2A), present but with incomplete continuity (Figure 2B-D), and 3 absent
(Figure 2E).
Statistical analyses
The rates of pseudocapsule presence or absence were analyzed. Clinicopathological characteristics including sex, age, body mass index
(BMI), tumor size, histologic tumor subtype, and
Fuhrman nuclear grade were compared between patients with a complete pseudocapsule, incomplete pseudocapsule, and no pseu-
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docapsule. Parameters were compared using
the one-way ANOVA test (mean values), KruskalWallis test (median values), and Chi-square test
(categorical values) with a post-hoc analysis. To
identify positive factors associated with the
presence of a complete pseudocapsule, univariate and multivariate analyses were performed using binary logistic regression. The
predictive factors assessed were age, sex, BMI,
laterality, tumor size, histologic subtype, and
Fuhrman nuclear grade. All variables significant
in the univariate analysis were included in a
multivariate logistic regression model. All tests
were two-sided with a significance level of 0.05.
The statistical analysis was performed using
commercially available software (SPSS version
21.0, Chicago, IL, USA).
Results
Baseline characteristics
The descriptive characteristics of all 258
patients are shown in Table 1. The mean subject age (± SD) at operation was 54.3 (± 12.9)
years. The mean tumor diameter was 2.17 (±
0.94) cm. The median R.E.N.A.L nephrometry
score [20] was 7.0 (range: 4 to 10). Of the 258
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Table 1. Clinicopathological characteristics of the study
population
Mean (± SD),
Median (range),
or Number (%)
258

Number of patients
Patient characteristics
Male
177 (68.6%)
Age at operation (years)
54.3 (± 12.9)
Body mass index (Kg/m2)
24.6 (± 3.1)
Hypertension
91 (35.3%)
Diabetes mellitus
32 (12.4%)
Tumor characteristics
Right
143 (55.4%)
Long diameter of tumor (cm)
2.17 (± 0.94)
R.E.N.A.L score
7.0 (4.0 to 10.0)
Clinical N1 stage
1 (0.4%)
Clinical M1 stage
0 (0.0%)
Perioperative parameters
Operation type
Open partial nephrectomy
169 (65.5%)
Laparoscopic partial nephrectomy
17 (6.6%)
Robot-assisted partial nephrectomy
72 (27.9%)
Type of hilar control
Warm ischemia
228 (88.4%)
Cold ischemia
22 (8.5%)
Not done
8 (3.1%)
Ischemic time (min)
26.6 (± 11.9)
Pathological characteristics
Tumor involvement on resection margin
1 (0.4%)
Length of resection margin from tumor (mm) 3.16 (± 2.39)
Histologic subtype
Clear cell type
214 (82.9%)
Papillary type
12 (4.7%)
Chromophobe type
22 (8.5%)
Oncocytoma
10 (3.9%)
Other non-conventional types
0 (0.0%)
Fuhrman nuclear grade
G1
32 (12.4%)
G2
150 (58.1%)
G3
61 (23.6%)
G4
3 (1.2%)
GX (unclassified)
12 (4.7%)
Sarcomatoid differentiation
0 (0.0%)
Lymphovascular invasion
0 (0.0%)

patients, 169 (65.5%) underwent open partial
nephrectomy, 17 (6.6%) underwent LPN, and
72 (27.9%) underwent RAPN. The mean isch-
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emic time was 26.6 (± 11.9) minutes.
The confirmed histologic subtype was
clear cell type in 214 (82.9%) tumors,
papillary type in 12 (4.7%) tumors,
chromophobe type in 22 (8.5%)
tumors, and oncocytoma in 10 (3.9%)
tumors. Other non-conventional RCC
types were not detected in this series.
The status of peritumoral pseudocapsule
Table 2 shows the status of peritumoral pseudocapsule. Of all 258
renal tumors, 152 (58.9%) had a
pseudocapsule with complete continuity. However, in 49 (30.8%) of these
159 cases with a complete pseudocapsule, the tumor invaded beyond
the pseudocapsule. Peritumoral
pseudocapsules with incomplete continuity were present in 69 (26.7%)
tumors, while 37 (14.3%) of the total
258 tumors had no peritumoral
pseudocapsule.
Comparison of clinicopathological
features according to peritumoral
pseudocapsule status

Clinicopathological features were
compared according to peritumoral
pseudocapsule status (Table 3). All
subjects were divided into three
groups according to their peritumoral
pseudocapsule status as follows:
complete pseudocapsule (N = 152),
incomplete pseudocapsule (N = 69),
and no pseudocapsule (N = 37). There
were fewer male patients in the no
pseudocapsule group than in the
other two groups (P < 0.001). The
mean age of the complete pseudocapsule group was lower than that of
the other two groups (P < 0.001). The
distribution of histologic subtypes
was statistically different among all 3
groups (P < 0.001). The chromophobe
and oncocytoma subtypes occurred
more frequently in the incomplete
and no pseudocapsule groups. However, other parameters including BMI,
past medical history, laterality, long
diameter of the tumor, R.E.N.A.L nephrometric
score, and Fuhrman nuclear grade did not differ
significantly among the groups (Table 3).
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Table 2. Peritumoral pseudocapsule status in 258
consecutive renal tumors
Number of patients
Complete pseudocapsule
Without tumor invasion
With tumor invasion into renal parenchyma
Incomplete pseudocapsule
No pseudocapsule

Number (%)
258
107 (41.5%)
45 (17.4%)
69 (26.7%)
37 (14.3%)

The risk factors for incomplete peritumoral
pseudocapsule

regarding pseudocapsule status. However,
in the current study, to rule out the possibility of such a bias, consecutive partial
nephrectomy cases were reviewed. Other
researchers reported that tumor invasion
into the renal parenchyma beyond the
pseudocapsule is frequent in ex vivo TE of
partial nephrectomy specimens or in vivo
TE specimens [8, 15, 16]. They all recommended excising an additional sufficient
tissue range from the tumor to ensure a
negative margin.

Table 4 shows the univariate and multivariate
models for predicting absent or incomplete peritumoral pseudocapsule in all patients after
partial nephrectomy. In the univariate analysis,
sex, age, and chromophobe or oncocytoma histologic subtype represented highly significant
predictors of an incomplete peritumoral pseudocapsule. In a multivariate analysis that included these parameters, age (odds ratio [OR],
1.045; 95% confidence interval [CI], 1.0211.070, P < 0.001) and histologic subtype (chromophobe type: OR, 19.455; 95% CI, 4.23389.471, P < 0.001; oncocytoma: OR, 11.307;
95% CI, 1.357-94.198, P = 0.025) remained
independent predictors of an incomplete peritumoral pseudocapsule. However, age did not
influence the risk of an absent or incomplete
pseudocapsule.

Moreover, there were signs of tumor penetration beyond the pseudocapsule in some cases.
However, this was considered a negative surgical margin regardless of the degree of pseudocapsule penetration because the tumor cells
were separated from the renal parenchyma
by a thin layer of inflammatory cells [14].
Nevertheless, these standards of determining
negative surgical margins are controversial. In
our series, the absence of an inflammatory cell
layer was frequent in the incomplete pseudocapsule group (Figure 2B) and the no pseudocapsule group (Figure 2C). In these cases,
tumor cells are not separated from the normal
renal parenchyma. On these grounds, the high
peritumoral pseudocapsule rate reported by
Minervini et al. is thought to be exaggerated.
Because the present study population comprised consecutive cases without selection,
the result regarding the status of peritumoral
pseudocapsule is deduced to be more reliable.

Discussion

Risk factors for incomplete pseudocapsule

Comparison with previous studies

This current study demonstrated that age (OR,
1.045; 95% CI, 1.021-1.070, P < 0.001) and
chromophobe (OR, 19.455; 95% CI, 4.23389.471, P < 0.001) or oncocytoma (OR, 11.307;
95% CI, 1.357-94.198, P = 0.025) histologic
subtypes were independent risk factors for an
absent or incomplete pseudocapsule in the
multivariate analysis (Table 4). Of the 22 chromophobe subtype tumors in our series, 9
(40.9%) and 11 tumors (50.0%) had incomplete and absent pseudocapsules, respectively.
Moreover, 9 (90.0%) of the 10 oncocytomas
were absent a pseudocapsule. The rates of
incomplete or absent pseudocapsules among
those with the chromophobe (90.9%) and oncocytoma (90.0%) subtypes were higher than the
rates among those with clear cell (73 of 214,
34.1%) and papillary (4 of 12, 33.3%)
subtypes.

Our current study found 58.9% of patients had
a complete pseudocapsule and 14.3% had no
pseudocapsule (Table 2). Our results are different from those of Minervini et al., who studied
90 RCC tumors treated by TE [14]. They reported that all tumors were surrounded by a continuous, non-fenestrated, fibrous pseudocapsule [14]. However, only 90 RCC cases out of
the 187 patient consecutive NSS series in
whom TE was possible were investigated. There
was no mention of definite selection criteria for
patients who received TE [14]. This implies that
patients who had a definite pseudocapsule on
preoperative evaluation, and therefore were
favorable candidates for TE, may have been
selected from the consecutive NSS series.
Hence, there may have been a selection bias
11327
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Table 3. Comparison of clinicopathological features according to peritumoral pseudocapsule status

Number of patients
Patient characteristics
Male
Age
Body mass index (Kg/m2)
Hypertension
Diabetes mellitus
Tumor characteristics
Right
Long diameter (cm)
R.E.N.A.L nephrometry score
Pathological characteristics
Histologic subtype
Clear cell type
Papillary type
Chromophobe type
Oncocytoma
Fuhrman grade
G1
G2
G3
G4
GX (Unclassified)

Complete
pseudocapsule
152 (58.9%)

Incomplete
pseudocapsule
69 (26.7%)

No
pseudocapsule
37 (14.3%)

117 (77.0%)
51.8 (± 13.6)†
24.6 (± 2.8)
49 (32.2%)
17 (11.2%)

48 (69.6%)
56.9 (± 11.6)
25.0 (± 3.5)
26 (37.7%)
11 (15.9%)

12 (32.4%)†
59.8 (± 9.5)
24.3 (± 3.3)
16 (43.2%)
4 (10.8%)

< 0.001
< 0.001
0.543
0.403
0.580

82 (53.9%)
2.12 (± 0.96)
7.0 (4 to 10)

41 (59.4%)
2.31 (± 0.87)
7.0 (4 to 10)

20 (54.1%)
2.04 (± 0.94)
7.5 (4 to 10)

0.738
0.273
0.848

141 (92.8%)†
8 (5.3%)†
2 (1.3%)†
1 (0.7%)†

57 (82.6%)†
3 (4.3%)†
9 (13.0%)†
0 (0.0%)†

16 (43.2%)†
1 (2.7%)†
11 (29.7%)†
9 (24.3%)†

< 0.001

18 (11.8%)
96 (63.2%)
34 (22.4%)
1 (0.7%)
3 (2.0%)

10 (14.5%)
36 (52.2%)
21 (30.4%)
2 (2.9%)
0 (0.0%)

4 (10.8%)
18 (48.6%)
6 (16.2%)
0 (0.0%)
9 (24.3%)

0.541

p-value
-

-

Mean values, compared by one-way ANOVA test; Median values, compared by Kruskal-Wallis test; Categorical values, compared by Chi-square test; †Significantly different from the other two groups according to the post-hoc analysis.

Our results are different from those of Minervini
et al., who reported that the distributions of histologic subtypes were not statistically different
between those with or without tumor involvement on pseudocapsule [14]. The reason for
these differences is postulated to be the number of chromophobe subtypes (4 of 90 tumors,
4.4%) in that study, which was too small to
obtain statistical power. However, our results
are consistent with those of Leese et al., suggesting that absent or incomplete pseudocapsules are more frequent in chromophobe and
oncocytoma subtypes than in other subtypes
[21].
In this study, there were fewer male patients in
the absent pseudocapsule group (32.4%) than
in the complete and incomplete pseudocapsule
groups (77.0% and 69.6%, P < 0.001). However,
sex was not an independent risk factor for an
incomplete or absent pseudocapsule in the
multivariate analysis (P < 0.094, Table 4). The
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female dominance among chromophobe subtype and oncocytoma (23 of 32 tumors, 71.9%)
cases in our series is postulated as the cause
of the non-independence of sex as a risk
factor.
Patient age at operation time was also identified as an independent risk factor in this study.
Age was not considered a risk factor for incomplete pseudocapsule in previous studies [14,
21]. There were no statistical differences
among histologic subtypes according to age (P
= 0.457 by one-way ANOVA test). To the best of
our knowledge, there have been no reports
regarding the correlation of age and pseudocapsule formation. Dehner et al. reported that
73% of RCCs in children (mean age = 9 years)
had peritumoral pseudocapsules, but the rate
was not compared to other age groups [22]. Old
age has been proposed as an independent risk
factor for poor prognosis in RCC by some
researchers [23-25]. The correlation between
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Table 4. Univariate and multivariate binary logistic regression analyses of risk for an absent or incomplete pseudocapsule
Univariate
OR (95% CI)
Sex
Male
Female
Age, years
Body mass index, kg/m2
Hypertension
Absent
Present
Diabetes mellitus
Absent
Present
Laterality
Right
Left
Diameter, cm
R.E.N.A.L score
Histologic subtype
Clear cell type
Papillary type
Chromophobe type
Oncocytoma
Fuhrman nuclear grade
G1, G2
G3, G4

P-value

Reference
2.563 (1.496-4.392)
1.041 (1.019-1.063)
1.014 (0.935-1.100)

0.001
< 0.001
0.732

Reference
1.379 (0.823-2.313)

0.223

Reference
1.309 (0.622-2.753)

0.478

Reference
0.864 (0.524-1.425)
1.119 (0.856-1.462)
1.040 (0.892-1.212)

0.567
0.411
0.617

Reference
0.966 (0.281-3.314)
19.315 (4.393-84.915)
17.384 (2.160-139.875)

0.956
< 0.001
0.007

Reference
1.389 (0.780-2.472)

0.264

Multivariate
OR (95% CI)

P-value

Reference
1.703 (0.913-3.174)
1.045 (1.021-1.070)

0.094
< 0.001

Reference
1.053 (0.284-3.903)
19.455 (4.233-89.471)
11.307 (1.357-94.198)

0.939
< 0.001
0.025

OR, odds ratio; CI, confidence interval.

age and pseudocapsule formation in our current study can serve as a possible reason for
those results.
Tumor size and Fuhrman nuclear grade were
proposed as risk factors for an incomplete
pseudocapsule in a previous study by Minervini
et al. [14]. However, tumor size (P = 0.411) and
Fuhrman nuclear grade (P = 0.264) were not
found to be significant in a univariate analysis
of our data (Table 4). The reason for this difference is postulated to be our inclusion of clinical
stage T1a cases only, as opposed to the previous study that included patients up to clinical
stage T3a [14]. Some results of other studies
imply that tumor size or Fuhrman nuclear grade
may affect peritumoral pseudocapsule status
and the permeability of TE [26, 27]. To draw a
more definitive conclusion regarding these issues, more well-designed studies are needed.
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Clinical implications of the current study
Unlike previous reports, a substantial portion
(41.0%) of renal tumors in our series demonstrated an incomplete or absent peritumoral
pseudocapsule. In the current study, chromophobe and oncocytoma histologic subtypes
were identified as independent risk factors.
These two subtypes of renal tumor comprised
12.4% (32 of 258 tumors) of our consecutive
series. However, these two types of tumors are
known to be difficult to distinguish form other
subtypes of renal tumors by preoperative imaging studies [28, 29]. Moreover, old age was also
a risk factor for incomplete pseudocapsule.
The cut-off age of 47.5 years demonstrated the
highest accuracy at a level of 89.6% sensitivity
and 35.5% specificity in a receiver operating
curve analysis of our subjects (figures are not
presented). On these grounds, the application
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of TE as a treatment modality for renal tumors
should be considered with caution.
Limitations of this study
Our study was limited by the retrospective
nature of the analysis and the relatively small
number of patients. In addition, because we
performed reviews of pathology slides, only
representative sections could be reviewed. So,
the completeness of tumor sampling might not
be archieved. However, with only these representative sections, substantial portions of
incomplete pseudocapsule continuity, tumor
involvement into the renal parenchyma, or
pseudocapsule absence can be identified. Our
pathologic slide re-evaluations were performed
by an experienced urologic pathologist (KCM)
rather than relying on reports from potentially
multiple sources. Moreover, only clinical T1a
renal tumors were included in this study. The
low stage of renal tumor in patients with partial
nephrectomy might lead to an undefined bias
regarding pathological outcomes. Lastly, oncologic outcome could not be analyzed due to the
relatively short period of follow up. To draw a
clearer conclusion regarding pseudocapsules
in patients with RCC, more well-designed prospective studies that ensure an in-depth review
of whole tumor sections are needed.
Conclusions
Significant portions of renal tumors were identified as having absent or incomplete peritumoral pseudocapsules. Moreover, tumor invasion
into the renal parenchyma was confirmed in a
substantial portion of complete pseudocapsules. Old age and chromophobe and oncocytoma histologic subtypes were significant factors for incomplete or absent peritumoral
pseudocapsule.
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