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Objective: Pseudocapsule (PS) of tumor-parenchyma interface (TPI) can be detected by 
MDCT (ctPS) in renal cell carcinoma (RCC) with exceptions. We aim to study the prognostic 
implications and histological reflections of no detection of ctPS in RCC.
Patients and Methods: A total of 210 RCC patients who had MDCT examination and 
received nephrectomy in our institution were included in the analysis. Absence or presence 
of ctPS was recognized, and its associations with overall survival (OS) and progression-free 
survival (PFS), pathological PS (pPS) and vasculature were studied.
Results: A total of 172 (81.9%) patients were recognized to have a ctPS and 38 (18.1%) had 
no detection of it. They had comparable histology, stage, grade, and necrosis. Patients 
without a ctPS had significantly shortened overall survival (OS, p = 0.001) and progression- 
free survival (PFS, p <0.001), the significance of which persisted in multivariable analysis 
(OS, HR 3.104, p = 0.003; PFS, HR 3.313, p = 0.001). Nearly all tumors (34/38, 89.4%) 
without a ctPS actually had a pPS being detected and incompleteness of pPS was also 
irrelevant (p = 0.739). Compared with ctPS presence, those without a ctPS had significantly 
thinned pPS (0.36 vs 0.43 mm, p = 0.005). In clear-cell histology, those without a ctPS also 
contained increased vascular density and cross-sectional area of vessels with long diameter 
≥200 um in the pPS layer (p = 0.005 and 0.011) and increased vascular density in the 500 um 
layer outside pPS (p = 0.017).
Conclusion: Absence of ctPS on MDCT significantly increases the risk of adverse clinical 
outcome in RCC. It is the reflection of a thinner pPS and enriched vasculature of TPI rather 
than absence of pPS itself.
Keywords: renal cancer, pseudocapsule, MDCT, prognosis, histological reflection

Introduction
Encapsulation is a characteristic feature in renal cell carcinoma (RCC). It is 
commonly considered to be a result of expansive growth of tumor. In most cases, 
compressed fibers together with renal capsule form the outer part of encapsulation, 
whose relationship with tumor defines cancer stage. The inner part, pseudocapsule 
(PS) of the tumor-parenchyma interface (TPI) was more focused on the surgical 
significance since it contributes to complete resection of tumors in surgery.1 
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However, approximately 0–18% of renal tumors mani
fested without a pathological PS (pPS).2–5 They not only 
had increased risk of tumor injury during operation,6 but 
also experienced unfavorable prognosis.7 Recognizing pPS 
preoperatively could give hints to surgical modalities.

Computed tomography (CT) is the most used examina
tion in preoperative evaluation of renal cancers. It is useful 
in detecting perirenal or sinus fat extension, venous invol
vement and so on. But PS on CT (ctPS) has caused little 
attention in the literature with controversial conclusions. 
Yamasshita et al.8 in an early study found that CT was 
insufficient in detecting PS. On the contrary, Tsili et al.9 

recently found that 31% (9/29) of RCC did not have 
a ctPS, which compared with pathological PS (pPS), was 
of relatively good overall accuracy (83%), sensitivity 
(83%) and specificity (80%). The discrepancy was consid
ered to be a result of technique modality difference, in that 
multidetector CT (MDCT) applied in Tsili’s study with the 
advantage of thinner slices and efficacy of contrast med
ium utilization made ctPS easier to identify. However, 
several more issues regarding ctPS need to be further 
illustrated. First, if ctPS status is different among RCC, 
whether it is able to anticipate postoperative prognosis 
before surgery is of interest. Second, whether ctPS absence 
is a reflection of pPS absence remained unclear given the 
much higher proportion of ctPS absence than pPS absence. 
We sought to investigate these issues in the present study 
via a cohort from our institution.

Patients and Methods
Study Population
We retrospectively reviewed the clinical and pathological 
records of 264 consecutive patients who had MDCT plain 
and contrast-enhanced scans and underwent radical or 
partial nephrectomy in our institution between 
January 2009 and December 2012. They were all patholo
gically identified as clear cell, papillary or chromophobe 
RCC. No enucleation was performed in our institution. 
Patients with preoperative metastasis, multiple tumors, 
positive surgical margin, inadequate clinicopathological 
information and loss of follow-up were excluded. Finally, 
a total of 210 patients were taken into analysis. Clinical, 
electronic radiological and pathological data were col
lected. Cancer stage was redetermined by 2010 AJCC 
TNM classification10 and nuclear grade followed WHO/ 
ISUP 2016 criteria.11 The study was officially approved by 
the Ethics Committee of Zhongshan Hospital, and 

conducted in accordance with the Declaration of 
Helsinki. Written informed consent was acquired from 
each patient on the use and publication of medical data.

Evaluation of ctPS
Partly consistent with the literature,9 the middle layer 
(with difference of CT value over 30 Hu to adjacent 
layers) of a three-layered structure at TPI was considered 
ctPS. No detection of it in all slides was defined as ctPS 
absent. Each patient was assessed by two radiologists with 
patient information blinded.

Evaluation of pPS and Vasculature
The histological structure of fibers of the TPI was consid
ered to be pPS and was evaluated microscopically in three 
aspects: presence/absence, thickness (when PS was pre
sent) and the extent of completeness (when PS was pre
sent). The extent of completeness was classified as intact, 
merely invaded and penetrated as reported.1,7 Thickness 
was calculated as the average value of at least three ran
dom shots avoiding penetration areas. Assessment of pPS 
was only carried out when parenchyma was observed on 
the other side. In clear cell cases, we randomly selected 30 
patients with a pPS (15 without a ctPS and 15 with a ctPS) 
and evaluated the vasculature of TPI. Paraffin-embedded 
tissue slides were immunohistochemically stained (anti- 
CD34, Abcam, ab185732, diluted to 1:100). Three areas 
in and surrounding pPS were evaluated: the pPS area, the 
outer layer area (parenchyma area within 500 um outside 
pPS) and the inner layer area (tumor area within 500 um 
outside pPS). In each area, three random shots were 
assessed. The density and average cross-sectional area of 
vessels with long diameter ≥200 um were measured 
(Olympus cellSens Standard).

Statistical Analysis
Overall survival (OS) and progression-free survival (PFS) 
were the main endpoints in survival analysis. Progression 
was diagnosed according to CT or MRI during follow-up. 
The Kaplan-Meier method and Log rank test were used to 
evaluate the survival discrepancy. Cox proportional model 
were applied to estimate hazard ratio (HR) and corre
sponding 95% confidence interval (CI). With chi-square 
test and ANOVA method, we compared ctPS absence and 
ctPS presence in association with clinicopathological vari
ables. With chi-square test and Mann–Whitney test, ctPS 
was compared with pPS. P-values less than 0.05 were 
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considered to be significant. Analyses were done with 
IBM SPSS Statistics 21.

Results
Baseline Characteristics
Baseline characteristics of the 210 patients are shown in 
Table 1. Generally, most patients were in localized stage 
(74.3%) and low grade (1+2, 65.3%). The median follow- 
up was 84.7 (IQR 42.7–110.6) months. PS on MDCT was 
identified in contrast-enhanced scans rather than plain 
scans (Figure 1). 172 (81.9%) presented with a ctPS, the 
other 38 (18.1%) cases were identified as ctPS absent. 
They had comparable distribution among histology, TNM 
stage, nuclear grade, tumor size and necrosis (Table S1).

Impact of ctPS on OS and PFS
Thirty-two (15.2%) patients died and 34 (16.2%) had 
progression during follow-up. Patients without a ctPS 
had significantly shortened OS (p = 0.001) and PFS (p 
<0.001). Eight-year OS rate was 58.4% vs 85.9% and 
8-year PFS was 60.2% vs 89.5% in ctPS absent and ctPS 
present populations (Figure 2). Age (p = 0.002 and 0.917), 
TNM stage (p <0.001 and = 0.003), nuclear grade (both 
p <0.001) and necrosis (both p <0.001) were also signifi
cant in univariable analysis of OS and/or PFS. Histology 
was not associated with survival in the cohort (p = 0.699 
and 0.194), which was not taken into multivariable analy
sis. In multivariable analysis, ctPS absence resulted in 
increased risk for death (HR3.104, p = 0.003) and progres
sion (HR3.313, p = 0.001). TNM stage and nuclear grade 
were prognostic factors, as expected. Age was also sig
nificant for OS (Table 2). In clear cell histology, the impact 
of ctPS absence on OS and PFS was similar (Figure S1).

Histological Reflections of ctPS Absence
As shown in Table 3, the association of ctPS with pPS was 
studied. In those without a ctPS, 89.5% (n = 34) were 
detected to have a pPS, only two (5.2%) were actually of 
no pPS microscopically and two had unqualified assess
ment. We also detected no statistical association between 
the extent of pPS completeness and ctPS (p = 0.739). 
However, those without a ctPS obviously had thinner 
pPS compared with patients with a ctPS (0.36 vs 
0.43mm, p = 0.005). We further analyzed the vasculature 
of the TPI, which may have an impact on CT demonstra
tion, in 15 patients without a ctPS and 15 patients with 
a ctPS. They all had a pPS. Venous vessels were 

significantly enriched surrounding pPS (Figure 3). In 
clear cell RCC, those without a ctPS contained increased 
density and cross-sectional area of vessels with long dia
meters ≥ 200 um in the pPS layer (2.3/mm2 vs 1.0/mm2, 
p = 0.005; 34.5 kum2 vs 16.5 kum2, p = 0.011) and 
increased density in the outer layer (5.6/mm2 vs 3.3/ 
mm2, p = 0.017) compared with ctPS-present tumors 
(Figure 4). These findings indicated that ctPS absence 
was not the reflection of pPS absence itself, but the reflec
tion of a thinner pPS and increased vasculature of TPI.

Discussion
Radiological examination is decisive in diagnosis and pre
operative assessment of renal cancer. Partly because of the 
texture and hardness difference between tumor and fat 
issues, the morphological change is noticeable when can
cer invades into perirenal fat, sinus fat and pelvis. These 

Table 1 Baseline Characteristics

Variables Value

No. gender (%)
Male 151 (71.9)

Female 59 (28.1)

Median age (IQR), years 59 (51–67)

Median tumor diameter (IQR), cm 3.6 (2.5–5.0)

No. pT stage (%)
pT1 136 (64.8)

pT2 20 (9.5)

pT3 54 (25.7)

No. nuclear grade (%)

G1 27 (12.9)
G2 110 (52.4)

G3 51 (24.3)

G4 22 (10.5)

No. histology (%)

Clear cell 185 (88.1)
Papillary 13 (6.2)

Chromophobe 12 (5.7)

No. necrosis (%)

With 52 (24.8)

Without 158 (75.2)

No. ctPS

Present 172 (81.9)
Absent 38 (18.1)

Abbreviation: IQR, interquartile range; ctPS, pseudocapsule of tumor-parenchyma 
interface on MDCT.
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interfaces are key points in radiological and pathological 
evaluation. But ctPS was not routinely evaluated because 
of poor capability of recognition in early research, and PS 
was “not visible at contrast-enhanced CT images” or had 
a low detection rate.8,12 In recent years, limited studies 
revealed an improvement of PS detection with the usage of 
MDCT. Tsili et al.9 in an article provided images of ctPS 
in lower or higher CT value in contrast to adjacent layers. 
The proportion was 69% (20/29). Blaschke et al.13 in 
hepatocellular carcinoma (HCC) detected a proportion of 
78% (21/27) with similar three-layered structure recogni
tion in provided pictures. The wide use of MDCT has 
enabled us to study pPS. In the present study, we applied 
a similar method to recognize ctPS. The proportion of ctPS 
presence was higher (172/210, 81.9%) than Tsili’s finding. 
Consistent with previous reports,9,13,14 it is hard to 

recognize ctPS in plain CT and nearly all ctPS were 
detected in contrast-enhanced slides.

Generally, ctPS has been considered to be a reflection 
of pPS. Tsili et al.9 in 2011 (n = 29) compared ctPS with 
pPS directly in renal cancer and demonstrated that CT 
examination enabled detection of pPS with 83% sensitiv
ity, 80% specificity, 95% positive predictive value, and 
50% negative predictive value. According to the data in 
the article, there is a positive association between ctPS and 
pPS. In the present study, the proportions of ctPS absence 
and pPS absence were 18.1% and 3.4%, respectively. In 
those without a ctPS, nearly all presented with a pPS. The 
sensitivity, specificity, positive predictive value, negative 
predictive value, and overall accuracy were 83%, 28%, 
97%, 5.5%, and 81%, respectively. Despite the quite 
small number of pPS absence in our study (due to the 

plain scan

arterial phase

venous phase

Figure 1 Pseudocapsule on MDCT. A 71-year old man with right renal cancer. ctPS is quite clear in arterial phase (black arrow), blurry but distinguishable in venous phase 
(black arrow). A simple renal cyst is also seen on the left kidney.
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low proportion), the extreme distribution could hardly 
result in any conclusions on pPS absence being the basis 
of ctPS absence. However, pPS thickness and vasculature 
of TPI were associated with ctPS that ctPS-absent tumors 
had drastically thinner pPS and enriched vessels (long 
diameter ≥ 200 um). In a recent study comparing ctPS 
and pPS, the authors found that the accuracy of ctPS is not 
satisfactory even with 64- or 320-detector MDCT,15 which 
could be explained by our results that whether there is 
a pPS is not the most important fundamental structure of 
a ctPS. The finding was interesting. On one hand, we 
could not judge pPS absence by MDCT before surgery 
because almost all those without a ctPS actually had 
a pPS. On the other hand, ctPS absence indicated 
a thinner pPS and enriched vasculature in the outer and 
pPS layers. Then enucleation may not be preferred 
because they could have increased risk of tumor injury, 
which certainly needs to be further studied.

There are studies in the literature demonstrating a close 
relationship between radiological PS and vasculature. 
Grazioli et al.16 indicated that in liver cancer early 
enhancement of PS by MRI showed a more prominent 
vasculature than those with enhancement in the equili
brium phase. Kousei et al.17 studied 15 cases with false- 
positive PS by MRI and found that prominent sinusoids at 
peritumor areas could be one of the reasons for false- 
positive detection. In a study by Ouyang et al.18 involving 

12 ctPS-present patients and 32 ctPS-absent patients, the 
authors demonstrated that tumors without a ctPS had 
increased number, area, diameter and perimeter of micro
vessels with lumen in contrast to ctPS-present tumors. 
Vessels with lumen were considered microvessels in 
Ouyang’s study, whereas we directly defined them with 
the definition of small veins and focused more on TPI.

PS has been paid little attention regarding the prognos
tic significance in RCC. Approximately 0–18% were lack 
of pPS.2–5 We previously in a large cohort (n = 1307) 
found that pPS absence significantly resulted in increased 
risk of death and progression.7 In the present study, we for 
the first time demonstrated that although ctPS absence was 
not a reflection of pPS absence itself, it was also indepen
dently and adversely associated with prognosis. Therefore, 
both pathological and radiological PS have prognostic 
implications in RCC. Given their cost-efficient feature, 
a PS-oriented model could be useful in forecasting clinical 
outcome of RCC.

Prognostic evaluation of kidney cancer has been much 
discussed. Probably because of the high heterogeneity of 
renal cancer, current classifications (such as TNM staging 
and nuclear grading systems) could not perfectly stratify 
risk level. Studies focusing on immunity and inflammation 
are notable. Selvi et al. evaluated the density of CD8+ and 
CD3+ tumor-infiltrating lymphocytes (TILs) and classified 
patients according to the immune status (immunoscore). 

all patients
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Figure 2 Kaplan-Meier OS (A) and PFS (B) curves.
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Results showed that a favorable immunoscore (I3-4) was 
associated with significantly prolonged disease-free survi
val (DFS), PFS and OS. In the metastatic subgroup ana
lysis, the immunoscore showed better estimation than the 

International Metastatic RCC Database Consortium 
(IMDC) model and the Memorial Sloan-Kettering Cancer 
Center (MSKCC) risk model for progression and OS (p < 
0.001).19,20 In another cohort involving 218 mRCC 
patients treated with sunitinib or sorafenib, the authors 
evaluated CD8, CD4, Treg, PD-1, and PD-L1 expression 
in primary tumor tissues and found that CD8, Treg, PD-1, 
and stromal PD-L1 were strongly associated with OS, by 
which immunoscore was subsequently calculated. 
Multivariate analysis identified IS as an independent prog
nostic factor for OS (p <0.001) and PFS (p = 0.002). The 
novel immunoscore model provided better prediction abil
ity for OS compared with the IMDC risk model.21 These 
studies provided examples on how immune status served 
as a prognostic tool with different definitions of immuno
score. In the present study, we focused on the radiological 
images of PS of TPI, whose prognostic value was also 
remarkable. Compared with other molecular factors, 
absence of PS is cost-effective and does not require addi
tional examination, making potential usage in clinical 
practice more promising.

Differently from pPS, the classification of ctPS was 
simple in the study. From the distribution of pPS absence 
and different extent of completeness as well as the prog
nostic implications, we spontaneously regarded pPS 
absence as the upgrading of penetration.7 However, the 
classification was not suitable for ctPS. On one hand, as 

Table 2 Multivariable Cox Proportional Hazards Regression Analysis for OS and PFS

Variable OS PFS

HR 95% CI p HR 95% CI p

Age* 1.055 1.018–1.093 0.003 – – –

TNM stage

I 1.000 1.000

II 3.727 1.155–12.0231 0.028 6.560 1.729–24.880 0.006
III 2.682 1.168–6.157 0.020 2.216 0.972–5.053 0.059

Nuclear grade
G1+2 1.000 1.000

G3+4 2.822 1.320–6.033 0.007 3.450 1.536–7.749 0.003

Necrosis

Without 1.000 1.000

With 2.675 1.227–5.833 0.013 1.894 0.855–4.197 0.116

ctPS

Present 1.000 1.000
Absent 3.104 1.474–6.535 0.003 3.313 1.627–6.744 0.001

Note: *Continuous. 
Abbreviations: OS, overall survival; PFS, progression-free survival; ctPS, pseudocapsule of tumor-parenchyma interface on MDCT.

Table 3 Association Between ctPS and pPS

ctPS Absent 
(n = 36)

ctPS Present 
(n = 169)

P

pPS 0.465

pPS absent 2/36 (5.6%) 5/169 (3.0%)
pPS present 34/36 (94.4%) 164/169 (97.0%)

Extent of 
completeness

0.739

Intact 7/34 (20.6%) 38/164 (23.2%)

Merely invaded 17/34 (50.0%) 88/164 (53.7%)
Penetrated 10/34 (29.4%) 38/164 (23.2%)

Average thickness 
of pPS±SD

0.36±0.43mm 0.43±0.28mm 0.005

Thickness group of 
pPS

0.027

0–0.2 mm 9/34 (26.5%) 31/164 (18.9%)

0.2–0.4 mm 19/34 (55.9%) 61/164 (37.2%)
0.4–0.6 mm 3/34 (8.8%) 43/164 (26.2%)

>0.6 mm 3/34 (8.8%) 29/164 (17.7%)

Note: Five cases were excluded due to unqualified assessment of pPS. 
Abbreviations: ctPS, pseudocapsule of tumor-parenchyma interface on MDCT; 
pPS, pathological pseudocapsule of tumor-parenchyma interface; SD, standard 
deviation.
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we mentioned before, ctPS absence was not the reflection 
of pPS absence but the reflection of thickness of pPS and 
the vasculature of TPI. Thus it is hard to simply regard 
ctPS absence as an elevated step after ctPS penetration. On 
the other hand, determining whether there was ctPS pene
tration was somewhat blurry. We initially tried to further 
classify those with a ctPS into penetrated and non- 

penetrated ones, which could be consistent to pPS. 
However, there is a big assessment discrepancy among 
doctors. Therefore, the classification of ctPS was a result 
of realistic conditions as well as logical restrictions.

MRI, especially T2-weighted MRI, is superior to CT in 
detecting PS.8,22 Papalia et al.23 further carefully classified PS 
on MRI (mriPS) into four categories: presence of PS (MRI- 

Figure 3 An example of vasculature at TPI.

0.017

0.005 0.377

0.072

0.334

0.011

A B

Figure 4 Density and cross-sectional area of vessels with long diameter ≥ 200 um in pPS layer, outer layer and inner layer. In comparison of density, p-values are indicated.
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Cap 0), presence of a clearly identifiable PS (MRI-Cap 1), 
focally interrupted PS (MRI-Cap 2), and clearly interrupted 
and infiltrated PS (MRI-Cap 3), and compared them with pPS 
classifications (i-Cap). A concordance between MRI-Cap and 
i-Cap was found in 50/58 (86%) cases, and only 8/58 (14%) 
lesions were misevaluated by MRI. Therefore, studying the 
associations of mriPS with pPS, surgical events (e.g. positive 
margin) and prognosis is of potential application.

Limitations of this study include the retrospective and 
single institution design with limited sample size. 
Patients in our institution come from all over the nation. 
Many were diagnosed by CT in other hospitals and came 
with printed CT films. They did not have preoperative 
electronic CT scans archived in our institution. It 
restricted the number of enrolled patients, although the 
annual operation volume in our hospital was large. In 
addition, we did not study the vasculature of TPI in non- 
clear cell RCC because of limited cases in ctPS present 
and ctPS absent patients.

In conclusion, the present study demonstrated that ctPS 
absence significantly increases the risk of adverse clinical 
outcome in RCC. It is the reflection of a thinner pPS and 
enriched vasculature of TPI rather than pPS absence itself.

Conclusions
Absence of ctPS significantly increases the risk of adverse 
clinical outcome in RCC. It is the reflection of a thinner pPS 
and enriched vasculature of TPI rather than absence of pPS 
itself.
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