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Purpose:

Preoperative assessment of T3a renal cell carcinoma (RCC) in absence of main
renal vein involvement or lymph node enlargement is challenging but has po-
tential implications for counseling and prognosis.

Materials and Methods:

A retrospective review of 1129 cT1-T3aNoMo RCC patients managed with
partial/radical nephrectomy (PN/RN) in our institution (2012-2014) was per-
formed. Exclusion criteria included radiological evidence of main renal vein
involvement or substantial lymphadenopathy. Eleven radiological findings
suggestive of aggressive tumor biology or invasive phenotype based on prior
literature were assessed for correlation with pT3a status. These included peri-
nephric findings (stranding, enhancing nodule, collateral vessels, or irregular
perinephric tumor contour), findings within the sinus (stranding, collecting
system invasion, branch vein enlargement, or irregular tumor sinus border
[ITSB]), and tumor necrosis, infiltrative features, and tumor size. Radiological
assessment was blinded to final pathology. Sensitivity/specificity and logistic
regression analyses assessed the performance of each imaging finding for de-
tecting pT3a tumors.

Results:

Median tumor size was 4.0cm and R.E.N.A.L. was 8. Median follow-up
was 53 months (IQR:28-64). pT3a tumors were found in 281 patients
(25%) and strongly correlated with local and systemic recurrence (p<0.02).
ITSB was found in 350 patients (31%) and was the strongest predictor of
pT3a status. Sensitivity/specificity/PPV/NPV/OR/C-Index for ITSB were
75%/84%/61%/91%/15.8(11.4-21.9)/0.80, for correlation with pT3a, respec-
tively. The best predictive model included ITSB (yes/no) and tumor size as
a continuous variable (C-index=0.84). Addition of other imaging findings
did not improve the model (C-index=0.84). ITSB was the strongest contrib-
utor in all multivariable models and also strongly correlated with recurrence
free survival. Inter/intra-observer correlations for assessment of ITSB were
0.89/0.98, respectively.

Conclusion:
Our data suggest that ITSB and tumor-size associate with pT3a RCC, which
could impact patient counseling.

KEYWORDS: imaging characteristics, kidney cancer, pathologic stage T3a,
renal cell carcinoma

INTRODUCTION

Pathologic T3a (pT3a) status for re-
nal cell carcinoma (RCC) is defined by
American Joint Commission on Cancer
as tumor extension into the renal vein
or its segmental branches, invasion into
the collecting system, or extension into
the perirenal and/or renal sinus fat but
limited to Gerota fascia'. Five-year re-
currence-free survival (RFS) for patients
with pT3a tumors is about 70-80%,
substantially reduced when compared
to those with organ confined tumors?2.
Some reports suggest worse outcomes
for pT3a tumors when managed with
partial nephrectomy (PN) rather than
radical nephrectomy (RN), although
most studies suggest otherwise3~7 and
both are options according to national/
international guideline®9.

Upstaging of clinical T1-2 (cT1-
2) tumors to pT3a occurs in approxi-
mately 5-15% of cases®~® and has cor-
related with reduced recurrence-free
and cancer-specific survival (CSS);
however, it is difficult to identify such
patients preoperatively'®. Pathologic
features including tumor size, clear cell
histology, higher Fuhrman grade (3-4)
and positive surgical margins have all
associated with upstaging, but much of
this information is not available until
after surgery, and it is notable that im-
aging features were not incorporated
into these analyses'''4. Traditionally,
perinephric stranding or presence of an
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Number of patients 1129
Age (years), median (IQR) 62 (54-70)
Male, n (%) 738 (65)
Caucasians n (%) 939 (83)
BMI (kg/m?), median (IQR) 30 (26-33)
9 Diabetes, n (%) 266 (24)
-5 Hypertension, n (%) 750 (66)
ag,- Cardiovascular disease, n (%) 124 (11)
g Coronary artery disease, n (%) 101 (9)
Smoking history, n (%) 644 (57)
Preoperative eGFR (ml/min/1.73m?), median (IQR) 75 (62-90)
CKD (eGFR<60 ml/min/1.73m?), n (%) 239 (21)
Symptomatic, n (%) 202 (18)
RENAL score, median (IQR)* 8(7-10)
Tumor size (cm), median (IQR) 4.0 (2.7-5.9)
pT stage, n (%)
T1a 578 (51)
T1b 218 (19)
T2a 36 (3)
T2b 16 (1)
T3a 281 (25)
é pN1 stage, n (%) 3 (<1)
= pM1 stage, n (%) 1 (<1)
g Histology, n (%)
.‘cou Clear cell carcinoma 771 (69)
S Papillary carcinoma 194 (17)
E Chromophobe carcinoma 91 (8)
Oncocytic Neoplasm 26 (2)
Unclassified 15 (1)
Other RCC 32 (3)
Sarcomatoid, n (%) 16 (1)
Rhabdoid, n (%) 36 (3)
High Tumor grade (lI/1V), n (%) 504 (45)
Positive surgical margins, n (%) 87 (8)
Nephrectomy type, n (%)
o Partial 837 (74)
© Radical 292 (26)
%— Operative Time (min), median (IQR) 286 (243-330)
E EBL (cc), median (IQR) 150 (100-300)

Intraoperative complication, n (%)

15 (1)

Table1 | Demographics, tumor characteristics and perioperative outcomes.
Abbreviations: BMI=body mass index; CKD=chronic kidney disease; EBL=estimated blood
loss; eGFR=estimated glomerular filtration rate; IQR=Interquartile range; R.EN.A.L. = (K)
adius (tumor size as maximal diameter), (E)xophytic/endophytic properties of tumor, (N)
earness of tumor deepest portion to collecting system or sinus, (A)nterior(a)/ posterior (p)
descriptor, and (L)ocation relative to polar lines. *only available for 442 patients

isolated, enhancing perinephric nodule
were considered indicative of pT3a dis-
ease, but the former is non-specific and
the latter, while having high positive
predictive value, is uncommon?215-17,

In this study we provide a com-
prehensive analysis of radiological find-
ings that might correlate with pT3a
status, including potential indicators
of aggressive tumor biology (e.g. tumor
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size, infiltrative features, or presence of
necrosis or collateral vessels) or signs of
locally-invasive phenotype (e.g. involve-
ment of the collecting system or branch
veins). Recent studies with restricted
numbers of patients or other limitations,
suggest that irregular tumor contour
may correlate with advanced pathology
for RCC and we have also incorporated
this into our analysis’®~2°, Our study
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population includes a large cohort of
cT1-T3a patients excluding only those
with obvious locally-advanced tumors,
such as those clearly involving the main
renal vein or exhibiting concerning
lymphadenopathy. Our objective is to
facilitate more accurate prediction of
pT3a status and thus improve patient
counseling prior to surgery for RCC821,

2. MATERTAL AND METHODS

2.1. Study participants

After approval from our institutional re-
view board, a retrospective review was
performed of all patients who under-
went PN/RN at our institution for RCC
(2012-2014) (Supplementary Figure 1).
Availability of preoperative cross-sec-
tional, contrast-enhanced imaging
studies was required. All studies were
reviewed to identify cT1-T3aNoMo
RCC cases without main renal vein in-
volvement or substantial lymphade-
nopathy (total ipsilateral or interaor-
tocaval retroperitoneal lymph-node
burden>1.5¢cm). Demographics, tumor/
pathologic characteristics, and clinical
outcomes were obtained by retrospec-
tive chart review.

2.2 Endpoints and imaging review
Primary endpoint was correlation of ra-
diological findings with pT3a. Radiolog-
ical findings were chosen for this analy-
sis if they were suggestive of aggressive
tumor phenotype or local invasion or
were previously implicated in the lit-
erature as being correlated with pT3a
status. Preoperative imaging studies
(CT or MRI) were reviewed in both cor-
ticomedullary/nephrographic phases in
blinded fashion. Imaging findings in-
cluded perinephric features (extensive
stranding, isolated enhancing nodule in
perinephric space, collateral vessels, or
irregular perinephric tumor contour),
findings within the sinus (extensive
stranding, collecting system invasion,
branch vein enlargement or filling de-
fect, or irregular tumor sinus border
[ITSB]), tumor necrosis>>23, infiltrative
features,?425 and tumor size (Figure 1).
ITSB was defined as non-spherical or
non-elliptical contour for tumor extend-
ing into the renal sinus. Any perceived
irregularity in tumor contour within
the sinus was classified as ITSB. Figure
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2 provides examples of cases that were
negative or positive for ITSB.

After preliminary group review
of several cases to develop common
perspectives, all imaging was reviewed
by a radiology fellow (AGR), a urology
resident (DAP) and an urologist (YY)
and all equivocal findings were also re-
viewed with both EMR and SCC, staff
radiologist and urologist, respectively,
to reach consensus. Each radiological
finding was assessed as a dichotomized
parameter and evaluated for sensitiv-
ity/specificity, and C-index relative to
pT3a status. If more than one radio-
logical finding was present for a tumor,
each was independently included in the
analysis. Secondary outcomes included
total, local, and systemic RFS from the
date of surgery. Intra-observer correla-
tion for ITSB status was determined by
repeat blinded review of 50 randomly
selected cases. Inter-observer correla-
tion for ITSB-status was assessed by
independent and blinded review of 250
randomly selected cases.

2.3. Statistical Analysis

Tumor size was examined both as a
continuous and categorical variable. All
other parameters were evaluated as di-
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chotomized variables. For each imaging
finding the sensitivity, specificity, and
concordance-index (C-index) with pT3a
status were determined. Multivariable
predictive models combining ITSB and
other radiological findings were devel-
oped using logistic regression analysis
and in each instance the C-index and
its 95% confidence interval (CI) were
determined. Odds ratio (OR) and 95%
CI were also estimated for each vari-
able. The 95% CIs were determined by
1000 bootstrap resampling. Multiple
nomograms were created with ITSB and
tumor size as the base with inclusion
of other radiological findings based on
multivariable logistic regression mod-
els. Kaplan-Meier was used to estimate
recurrence-free survival and Log Rank
test to compare the survival curves. Sta-
tistical analyses were done using R (ww-
w.r-project.org).

3. RESULTS

3.1. Patient demographics/tumor
characteristics

A total of 1129 RCC patients managed
with PN/RN with cT1-T3aNoMo tu-
mor (excluding only those with main
renal vein involvement or substantial

Figure 1. Representative images from pre-
operative CT for patients with ¢T1-T3a
renal cell carcinoma demonstrating various
imaging findings with possible correlation
to pT3a status. Arrows point to relevant
findings, including: A) Perinephric stranding;
B) Enhancing nodule in the perinephric space;
C) Irregular tumor contour in the perinephric
space; D) Collateral vessels in perinephric
space; E) Irregular tumor sinus border (ITSB);
F) Collecting system invasion; G) Branch
vein involvement; H) Tumor necrosis; and I)
Infiltrative features. Some tumors exhibited
more than one of these features and when
this was the case all such features were
recorded as positive for analysis. Branch vein
involvement was suspected whenever there
was apparent filling defect or enlargement or
soft tissue enhancement within a branch vein
not extending into the main renal vein.

lymphadenopathy) were analyzed. De-
mographic/tumor characteristics were
representative for such a patient pop-
ulation (Table 1). Median patient age
was 62 years, 65% were male, and 83%
Caucasian. Median tumor size was 4.0
cm and median R.E.N.A.L. score was 8.
pT3a tumors were found in 281 patients
(25%), while the remaining 848 (75%)
were pT1-2. High tumor grade (3/4) was
observed in 504 patients (45%). Tumor
histology included 69% clear cell carci-
noma, 17% papillary, 8% chromophobe,
and 2% oncocytic neoplasm. Median
follow-up was 53 months (IQR:28-64
months). pT3a tumors had significant-
ly worse 5-year RFS compared to pTi1-
2, at both the local and systemic levels
(p=0.011 and p<0.001, respectively)
(Figure 3).

3.2. Correlation of imaging fea-
tures with pT3a status

ITSB was found in 350 patients (31%),
including 61% of pT3a patients, and
proved to be the strongest predic-
tor of pT3a (C-index=0.80, Table 2).
Sensitivity/specificity/positive pre-
dictive value (PPV)/negative predic-
tive value (NPV)/OR (95% CI) for
correlation of ITSB with pT3a were
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75%/84%/61%/91%/15.8(11.4-21.9), re-
spectively. ITSB also strongly correlat-
ed with RFS [hazards ratio(HR)(95%
CI):5.51(3.61-8.41)] (Figure 3D). In-
terobserver and intraobserver correla-
tions for imaging review of ITSB were
0.89/0.98, respectively. Other than
ITSB, tumor size had the next high-
est C-index of 0.76 (Table 2). All other
imaging features demonstrated high
specificity (=0.92) but relatively low
sensitivity (all <0.35) and suboptimal
concordance-indices (C-indices all 0.51-
0.63, Table 2).

3.3. Multivariable models to pre-
dict pT3a

Two-variable models were then ex-
plored with ITSB as the foundation to
determine if the predictive value could
be improved. Tumor size as a categor-
ical variable improved the C-index to
0.83, compared to a C-index of 0.80 for
ITSB alone (Supplementary Table 1). In
multivariable models using ITSB, cate-
gorical tumor size, and a third variable,
addition of the third imaging feature did
not improve the model, with the C-in-
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dex remaining at 0.83 (Supplementary
Table 2).

The best predictive nomogram
for pT3a included ITSB(yes/no) and tu-
mor size as a continuous variable (C-in-
dex=0.84, Figure 4). Addition of other
imaging features to develop an optimal
nomogram did not improve the model
(C-index remained 0.84, Supplementa-
ry Figure 2). ITSB was the most robust
contributor in all models.

4. DISCUSSION

pT3a status for RCC correlates with
worse prognosis compared to pTi-2
but is difficult to identify preopera-
tively.21%4 Previous studies analyzed
associations between demographics,
laboratory values, or pathologic factors
and pT3a; however, many of these fac-
tors are only available postoperatively
and the observed correlations have been
modest and of limited clinical utility**4.
Our analysis focuses on several imag-
ing-features that suggest aggressive or
invasive tumor biology and evaluates
their potential correlation with pT3a
status. Our study population includes all
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Figure 2. Comparison of CT images of
renal tumors illustrating absence versus
presence of irregular tumor sinus border
(ITSB), including coronal (A-C) and axial
(D-F) images. ITSB was defined based on
assessment of the tumor contour in the
renal sinus, and was considered positive if
this was non-spherical or non-elliptical. A)
Smooth, round tumor extending into the
renal sinus and negative for ITSB; B) Tumor
with irregular border in sinus, positive for
ITSB; C) Readily-evident irregular tumor
border in sinus; D) Tumor with irregular
medial border not extending to renal sinus,
so negative for ITSB; E) Tumor with irregular
tumor border in sinus, positive for ITSB; F)
Tumor with markedly irregular sinus border.
In summary, any perceived irregularity in
the contour of the tumor within the sinus was
classified as ITSB.

cT1-T3a patients excluding only those
with obvious locally-advanced tumors,
such as those clearly involving the main
renal vein or exhibiting substantial
lymphadenopathy, to provide as robust
of an analysis as possible. We purposely
did not classify our patient population
as c¢T1-2 versus c¢T3a, as criteria for do-
ing this are not well-established and our
main objective was to determine what
features would allow for such differen-
tiation. The recent literature suggests
that tumor contour may be a predic-
tive factor for RCC and this character-
istic was also prioritized in our analy-
Si518—20,26.

We found that pT3a was pres-
ent in 25% of ¢T1-T3a cases and strongly
associated with both local and systemic
recurrence. Irregular tumor sinus bor-
der (ITSB) was present in 31% of cases
and was the strongest predictor of pT3a
status in all models tested. Although
somewhat subjective - a limitation of
many radiologic findings - assessment
of ITSB proved to be reproducible. Tu-
mor size as a continuous variable had
the second highest predictive value and
has the benefit of being highly objective.
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When tumor size was combined with
ITSB the predictive value was strength-
ened (C-index improved to 0.84), yet
addition of other imaging characteris-
tics failed to improve the predictive ca-
pacity.

Previous studies have similarly
identified irregular tumor contour as a
potential predictor of pT3a, although
most such studies had significant lim-
itations. Bolster studied 55 RCC cases
and found that irregular tumor contour
within the sinus had 84% sensitivity for
pT3a, and the correlation was signifi-
cant (p<0.001)¥. Another study with
863 patients evaluated the ability of
multi-detector CT to predict renal sinus
fat-invasion and found four significant
predictors on multivariate analysis, in-
cluding ITSB (OR 6.83, p<0.0001), tu-
mor size greater than 5 cm (OR=7.29,
Pp<0.0001), decreased perfusion of the
diseased kidney (OR=2.31, p=0.018),
and lymph-node metastasis (OR=2.97,
P=0.016)2°. However, there were only
118 pT3a tumors in this cohort, and
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many potentially important imaging
findings, such as infiltrative features,
were not analyzed. Ni studied 60 pa-
tients with pT3a RCC and on multivar-
iate analysis, ITSB again proved to be
an independent risk factor for renal si-
nus fat invasion (p<0.001)*. Based on
these reports and our study, which is the
largest and most comprehensive to ad-
dress this topic, irregular tumor contour
appears to be a promising predictor of
local invasiveness for RCC.

Tumor size has also consistently
shown strong predictive value for pT3a
in the literature and our study supports
this'»2728, A recent meta-analysis by
Veccia that examined over 20,000 pa-
tients with ¢T1 RCC, including 1,256 up-
staged to pT3a (5.7%), found increasing
tumor size to be significantly associated
with pT3a (p<0.001)3. Another study
examining the staging accuracy of CT
for pT3a found that pT3a tumors were
significantly larger than pTi-2 tumors
(median 8.0cm vs. 4.5cm, respectively;
Pp=0.002)°. This is not surprising given

Figure 3. Kaplan-Meier curves comparing
recurrence-free survival (RFS) after renal
cancer surgery under various conditions,
including:

A) Local RFS for pT1-2 versus pT3a tumors;
B) Systemic RES for pT1-2 versus pT3a
tumors; C) Total RFS for pT1-2 versus
pI3a tumors (RFS at 5 years 94% and
70%, respectively); D) Total RES for ITSB
versus no ITSB (RFS at 5 years 94% and
74%, respectively). ITSB = irregular tumor
sinus border. Overall, a total of 41 local
recurrences were observed, with 17 in the
pI3a cohort (n=281) and 24 in the pT1-
2 cohort (n=848). Overall, a total of 79
systemic recurrences were observed, with
59 in the pT3a cohort (n=281) and 20 in the
pT1-2 cohort (n=848). Eighteen patients
had both local and systemic recurrences.
Overall, a total of 65 patients in the pT3a
cohort experienced recurrence and 37 pT1-2
patients recurred. A total of 71 ITSB positive
patients recurred (n=350) and 31 patients
without ITSB recurred (n=779). Local
recurrence was defined as recurrence in
the ipsilateral kidney or retroperitoneum
and systemic recurrence as any recurrence
outside of the ipsilateral retroperitoneum.

previous reports demonstrating strong
association between tumor size and ag-
gressive tumor biology for RCC2.
Previous studies have shown
that upstaging from cT1-2 to pT3a oc-
curs in about 5-15% of cases and most
suggest that outcomes for upstaged pa-
tients are similar when managed with
PN or RN277. Weight examined 2,511
patients with ¢T1 RCC and found no
difference in overall survival or CSS
for patients upstaged to pT3a treated
with PN versus RN°. Similarly, a re-
cent multi-center analysis (n=2,573)
found upstaging from cT1-2 to pT3a in
14% of patients and reported that type
of surgery (PN vs. RN) was not associ-
ated with risk of recurrence5. Converse-
ly, Shah, et al. examined 1,250 patients
with cT1 disease of which 11% were up-
staged to pT3a and found that upstaged
cases treated with PN had worse RFS
compared to those managed with RN
(HR=5.39, p=0.001)3. Although most
recent data suggest that c¢T1-2 tumors
upstaged to pT3a can do well with PN,
the Shah study serves as a reminder that
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0.99 (0.98-0.99) 0.56 (0.54-0.58)  <0.001
1(0.99-1) 0.52 (0.51-0.54)  <0.001
0.96 (0.95-0.97) 0.63(0.6-0.66)  <0.001
0.98 (0.97-0.99) 0.6 (0.58-0.63)  <0.001
1(1-1) 0.51(0.5-052)  <0.001
0.84 (0.81-0.86) 0.80 (0.77-0.82)  <0.001
0.97 (0.95-0.98) 0.6 (0.58-0.63)  <0.001
0.99 (0.98-1) 0.59 (0.57-0.61)  <0.001
0.92 (0.9-0.93) 0.63 (0.61-0.66)  <0.001
0.99 (0.98-1) 0.57 (0.55-0.59)  <0.001

0.76 (0.73-0.79)  <0.001

Extensive perinephric stranding No 1079 836 (77) 243 (23) 0.14 (0.1-0.18)
Yes 50 12 (24) 38 (76)
Enhancing nodule, perinephric  No 1111 845 (76) 266 (24)  0.05 (0.03-0.09)
space
Yes 18 3(17) 15 (83)
Irregular shape, perinephric No 1014 816 (80) 198 (20) 0.3 (0.24-0.35)
space
Yes 115 32 (28) 83 (72)
Collateral vessels, perinephric  No 1051 833(79) 218(21) 0.22(0.18-0.28)
space
Yes 78 15 (19) 63 (81)
Sinus stranding No 1124 848 (75) 276 (25) 0.02 (0.01-0.04)
Yes 5 0 (0) 5 (100)
Irregular tumor sinus border No 779 710 (91) 69 (9) 0.75(0.7-0.8)
(ITSB)
Yes 350 138 (39) 212 (61)
Collecting system invasion No 1035 820 (79) 215(21) 0.23 (0.19-0.29)
Yes 94 28 (30) 66 (70)
Branch venous involvement No 1067 840 (79) 227 (21) 0.19(0.15-0.24)
Yes 62 8 (13) 54 (87)
Necrosis No 959 777 (81)  182(19)  0.35(0.3-0.41)
Yes 170 71 (42) 99 (58)
Infiltrative features No 1078 839(78) 239(22) 0.15(0.11-0.2)
Yes 51 9 (18) 42 (82)
Tumor size (cm) <4 575 517 (90) 58 (10)
>4<7 371 269 (73) 102 (27)
>7<10 124 47 (38) 77 (62)
>10 59 15 (25) 44 (75)

Table 2: Relationship between imaging features and pathological stage. Abbreviations: CI = confidence interval ote: Sensitivity,
specificity and C-index and their 95% Cls are based on 1000 bootstrap resampling.

this is still somewhat controversial.

Our study population differs
from those that evaluate pT3a specifi-
cally upstaged from cT1-2 in that we did
not exclude cT3a patients, except those
with obvious locally advanced disease.
This likely accounts for our substan-
tially higher incidence of pT3a tumors
(25%). Our study design allows us to
provide a more comprehensive anal-
ysis of imaging features that correlate
with pT3a, rather than solely focusing
on predictors for upstaging from cT1-2.
Studies focused on upstaging from clin-
ically confined to pT3a likely select for
patients with microscopic renal sinus or
perinephric fat invasion, as more sub-
stantial invasion would be suspicious
for cT3a and thus more likely to be ex-
cluded. In these scenarios, PN could of-
fer equivalent oncologic benefits as RN,
as most recent studies have suggested.
On the other hand, there are undoubt-
edly some pT3a patients who would be
at risk for poor oncologic outcomes with
PN and for whom preoperative identi-
fication of T3a status could be import-
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ant by tipping the balance in favor of
RN89:21, Further studies will be required
to examine the potential predictive val-
ue of ITSB, and other factors, specifical-
ly in the cT1-2 population.

In addition to tumor size and
ITSB, nine other imaging features were
examined for correlation with pT3a, with
most chosen because they had previous-
ly demonstrated correlation with pT3a
status or were indicative of local-inva-
sion or aggressive tumor biology'5-1728,
We found that all of these variables were
significantly associated with pT3a and
demonstrated high specificity; howev-
er, low sensitivity and low concordance
indices limited their utility, and none of
these factors complemented ITSB and
tumor size in multivariable models.

In a similar but much smaller
study, Sokhi and colleagues examined a
multitude of CT findings in 117 patients
with pT1-T3a RCC to determine predic-
tors of pT3a, including: tumor necrosis;
tumor edge extending to the renal sinus
or perirenal fascia; irregularity of tumor
contour; accentuated perinephric septa;
perinephric stranding; thickening of the

perirenal fascia; increased perinephric
vascularity; perinephric nodules; and
calcification?°. Most of these variables,
some of which overlap those studied in
our analysis, were significantly associat-
ed with pT3a; however, many were not
clinically useful due to poor interob-
server agreement. The most useful pre-
dictors of pT3a status appeared to be
tumor necrosis, irregular tumor con-
tour, and direct contact between tumor
and perirenal fascia or renal sinus fat
(OR=2.5-3.7; p<0.05). Another recent
study by Nocera examined 236 patients
with ¢T1 clear cell RCC and developed a
model for predicting pT3a at nephrecto-
my which included age, tumor size, rim
location, exophytic position, and polar
involvement. pT3a was present in 10.6%
of their patients and the accuracy of the
model was 81%3°. Other studies suggest
that R.E.N.A.L. nephrometry score and
hilar location may also correlate with
pT3a status'>?3.

While our analysis provides a
comprehensive and blinded evaluation
of imaging features and their correla-
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Figure 4. Nomogram for prediction of pT3a status based on pre-operative imaging characteristics. This simple algorithm provided a

C-index of 0.84.

tion with pT3a status in a substantial
cohort of patients, it is possible that
demographic features, laboratory re-
sults, or findings from renal mass biop-
sy might complement ITSB and tumor
size and provide an even more accurate
preoperative assessment'"'4. Further
studies will be needed to explore these
possibilities, and given the retrospec-
tive and single-institution nature of our
study, independent validation will also
be required. Additionally, because our
data were generated from a cohort of
cT1-cT3a patients, our results may lack
generalizability to the more restrict-
ed cT1-2 population and this will also
require further investigation. While
our analysis examined ITSB and pT3a
status, specific aspects of pT3a status,
such as renal sinus versus perinephric
fat invasion, were not assessed individ-
ually. Future studies could examine the
correlation between ITSB and various
cohorts of pT3a, which might be infor-
mative. Finally, it could be argued that
ITSB is somewhat subjective, although
this is a limitation of many other ra-
diologic findings, and our evaluation
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of this parameter demonstrated strong
intra and interobserver reproducibility.
In the future, artificial intelligence may
further improve this assessment by im-
plementing automatic contouring and
recognition.

5. CONCLUSIONS

ITSB and tumor size are readily avail-
able and reproducible preoperative im-
aging findings that can be used to more
accurately predict pT3a RCC and thus
potentially improve patient counsel-
ing. Future studies will be required to
externally validate and further explore
our findings, including associations
between ITSB and specific pathologic
findings that qualify a given tumor as

pT3a.
SUPPLEMENTAL INFORMATION

Any supplementary information
including supplementary figures, sup-
plementary tables, legends,

materials and methods can be found

online at
doi.org/10.52733/KCJ19n4-a1

DISCLOSURES

None of the authors have any disclo-
sures or conflicts of interest to report.

ABBREVIATIONS

CI=confidence interval
CSS=cancer-specific survival
HR=hazard ratio

IQR=interquartile range
ITSB=irregular tumor sinus border
NPV=negative predictive value
OR=0dds ratio

RFS=recurrence-free survival
PN=partial nephrectomy
PPV=positive predictive value
RCC=renal cell carcinoma

RENAL= (R)adius (tumor size as
maximal diameter), (E)xophytic/endo-
phytic properties of tumor, (N)earness
of tumor deepest portion to collecting
system or sinus, (A)nterior(a)/pos-
terior (p) descriptor, and (L)ocation
relative to polar lines.

RN=radical nephrectomy

kidney-cancer-journal.com




AUTHOR CONTRIBUTIONS

Ye, Yunlin: Developed concept and hy-
pothesis, contributed data collection

and analysis; performed the analyses,
helped write manuscript, review and re-
vision of manuscript;

Aguilar Palcios, Diego: Developed con-
cept and hypothesis, contributed data
collection and analysis; performed the
analyses, helped write manuscript, re-
view and revision of manuscript;
Campbell, Rebecca: Developed concept
and hypothesis, contributed data collec-
tion and analysis, performed the anal-
yses, helped write manuscript, review
and revision of manuscript;

Rizk, Alain G: Contributed to data col-
lection, review and revision of manu-
script;

Tanaka, H: Contributed to data collec-
tion, review and revision of manuscript;
Munoz-Lopez, Carlos: Contributed to
data collection, review and revision of
manuscript;

Abramczyk, Emily: Contributed to data
collection, review and revision of man-
uscript;

Roversi, Gustavo: Contributed to data
collection, review and revision of man-
uscript;

Li, Jianbo: Data and statistical analysis,
writing of manuscript, review and revi-
sion of manuscript;

Weight, Christopher J: Developed con-
cept and hypothesis, review and revision
of manuscript;

Abouasally, Robert: Developed concept
and hypothesis, review and revision of
manuscript;

Remer, Erick M, Developed concept and
hypothesis, review and revision of man-

uscript, also helped with data collection;
Campbell, Steven C.: all above activities.

REFERENCES

1. Amin M, Edge S, Green F, et al.
AJCC Cancer Staging Manual. 8th ed. Springer
International Publishing; 2017.

2. Campbell SC, Lane BR, Pierorazio
PM. Malignant Renal Tumors. In: Partin AW,
Dmochowksi RR, Kavoussi LR, Peters CA, eds.
12th ed. Elsevier; 2021:2133—2184.

3. Shah PH, Moreira DM, Patel VR,
et al. Partial Nephrectomy is Associated with
Higher Risk of Relapse Compared with Radical
Nephrectomy for Clinical Stage T1 Renal Cell
Carcinoma Pathologically Up Staged to T3a.
J Urol. 2017;198(2):289-296. do0i:10.1016/j.
juro.2017.03.012

4. Capitanio U, Stewart GD, Klatte
T, et al. Does the Unexpected Presence of

102 Kioney Cancer JournaL | 19 (4) | DEC 2021

Non-organ-confined Disease at Final Pathology
Undermine Cancer Control in Patients with
Clinical TINoMo Renal Cell Carcinoma Who
Underwent Partial Nephrectomy? Eur Urol Focus.
2018;4(6):972-977. doi:10.1016/j.euf.2017.02.020
. Hamilton ZA, Capitanio U, Pruthi D,
et al. Risk Factors for Upstaging, Recurrence,
and Mortality in Clinical Ti-2 Renal Cell
Carcinoma Patients Upstaged to pT3a Disease:
An International Analysis Utilizing the 8th
Edition of the Tumor-Node-Metastasis Staging
Criteria. Urology. 2020;138:60-68. d0i:10.1016/j.
urology.2019.11.036
6. Weight CJ, Lythgoe C, Unnikrishnan
R, Lane BR, Campbell SC, Fergany AF. Partial
nephrectomy does not compromise survival in
patients with pathologic upstaging to pT2/pT3 or
high-grade renal tumors compared with radical
nephrectomy. Urology. 2011;77(5):1142-1146.
doi:10.1016/j.urology.2010.11.058
7. Shvero A, Nativ O, Abu-Ghanem Y, et
al. Oncologic Outcomes of Partial Nephrectomy
for Stage T3a Renal Cell Cancer. Clin Genitourin

Cancer. 2018;16(3):e613-e617.  d0i:10.1016/j.
clge.2017.10.016
8. Campbell S, Uzzo RG, Allaf ME, et

al. Renal Mass and Localized Renal Cancer:
AUA Guideline. J Urol. 2017;198(3):520-529.
doi:10.1016/j.juro.2017.04.100

9. Ljungberg B, Albiges L, Abu-Ghanem
Y, et al. European Association of Urology
Guidelines on Renal Cell Carcinoma: The
2019 Update. Eur Urol. 2019;75(5):799-810.
doi:10.1016/j.eururo.2019.02.011

10. Russell CM, Lebastchi AH, Chipollini
J, et al. Multi-institutional Survival Analysis
of Incidental Pathologic T3a Upstaging in
Clinical T1 Renal Cell Carcinoma Following
Partial Nephrectomy. Urology. 2018;117:95-100.
doi:10.1016/j.urology.2018.04.002

11. Ramaswamy K, Kheterpal E,
Pham H, et al. Significance of Pathologic
T3a Upstaging in Clinical T1 Renal Masses
Undergoing Nephrectomy. Clin Genitourin

Cancer. 2015;13(4):344-349. doi:10.1016/j.
clge.2015.01.001
12. Mouracade P, Kara O, Dagenais J, et al.

Perioperative morbidity, oncological outcomes
and predictors of pT3a upstaging for patients
undergoing partial nephrectomy for ¢T1 tumors.
World J Urol. 2017;35(9):1425-1433. doi:10.1007/
S00345-017-2004-X

13. Veccia A, Falagario U, Martini A, et
al. Upstaging to pT3a in Patients Undergoing
Partial or Radical Nephrectomy for ¢T1 Renal
Tumors: A Systematic Review and Meta-analysis
of Outcomes and Predictive Factors. Eur Urol
Focus. Published online 2020. doi:10.1016/j.
euf.2020.05.013

14. Brookman-May SD, May M, Wolff I,
et al. Evaluation of the prognostic significance
of perirenal fat invasion and tumor size in
patients with pT1-pT3a localized renal cell
carcinoma in a comprehensive multicenter
study of the CORONA project. Can we improve
prognostic discrimination for patients with stage
pT3a tumors? Eur Urol. 2015;67(5):943-951.
doi:10.1016/j.eururo.2014.11.055

15. Landman J, Park JY, Zhao C, et al.
Preoperative Computed Tomography Assessment
for Perinephric Fat Invasion: Comparison
with Pathological Staging. J Comput Assist

Tomogr. 2017;41(5):702-707. doi:10.1097/
RCT.0000000000000588
16. Bradley AJ, MacDonald L, Whiteside

S, Johnson RJ, Ramani VAC. Accuracy of
preoperative CT T staging of renal cell carcinoma:
Which features predict advanced stage? Clin

Radiol. 2015;70(8):822-829.
crad.2015.03.013

17. Tsili AC, Goussia AC, Baltogiannis D, et
al. Perirenal fat invasion on renal cell carcinoma:
Evaluation with  multidetector computed
tomography-multivariate analysis. J Comput
Assist Tomogr. 2013;37(3):450-457. doi:10.1097/
RCT.obo13e318283bc8e

18. Bolster F, Durcan L, Barrett C, Lawler
LP, Cronin CG. Renal cell carcinoma: Accuracy
of multidetector computed tomography in the
assessment of renal sinus fat invasion. J Comput
Assist Tomogr. 2016;40(6):851-855. doi:10.1097/
RCT.0000000000000448

19. Ni D, Ma X, Li HZ, et al. Factors
associated with postoperative renal sinus
invasion and perinephric fat invasion in renal
cell cancer: Treatment planning implications.
Oncotarget. 2018;9(11):10091-10099.
doi:10.18632/oncotarget.23497

20. Sokhi HK, Mok WY, Patel U. Stage T3a
renal cell carcinoma: Staging accuracy of CT for
sinus fat, perinephric fat or renal vein invasion.

doi:10.1016/j.

Br J Radiol. 2015;88(1045). doi:10.1259/
bjr.20140504
21. Motzer RJ, Jonasch E, Agarwal N, et al.

Kidney Cancer, Version 2.2017: Clinical practice
guidelines in oncology. JNCCN J Natl Compr
Cancer Netw. 2017;15(6):804-834. doi:10.6004/
jneen.2017.0100

22, Beddy P, Genega EM, Ngo L, et al.
Tumor necrosis on magnetic resonance imaging
correlates with aggressive histology and disease
progression in clear cell renal cell carcinoma.
Clin Genitourin Cancer. 2014;12(1):55-62.
doi:10.1016/j.clge.2013.07.006

23. Sengupta S, Lohse CM, Leibovich BC,
et al. Histologic coagulative tumor necrosis as
a prognostic indicator of renal cell carcinoma
aggressiveness. Cancer. 2005;104(3):511-520.
doi:10.1002/cner.21206

24. Wang Y, Tanaka H, Ye Y, et al. The
Complete Spectrum of Infiltrative Renal
Masses: Clinical Characteristics and Prognostic
Implications. Urology. 2019;130:86-92.
doi:10.1016/j.urology.2019.04.033

25. Tanaka H, Ding X, Ye Y, et al
Infiltrative Renal Masses: Clinical Significance
and Fidelity of Documentation. Eur Urol Oncol.
Published online August 2019. doi:10.1016/j.
€10.2019.07.015

26. Kim C, Choi HJ, Cho KS. Diagnostic
value of multidetector computed tomography for
renal sinus fat invasion in renal cell carcinoma
patients. Eur J Radiol. 2014;83(6):914-918.
doi:10.1016/j.ejrad.2014.02.025

27. Gorin MA, Ball MW, Pierorazio PM,
et al. Outcomes and predictors of clinical T1 to
pathological T3a tumor up-staging after robotic
partial nephrectomy: A multi-institutional
analysis. J  Urol. 2013;190(5):1907-1911.
doi:10.1016/j.juro.2013.06.014

28. de la Barra CIC, Gonzalez PG, Baeza
MA, Pérez OP, Cruzat JD. A preoperative model to
predict PT3 upstaging in clinically localized renal
cell carcinoma. Cent Eur J Urol. 2020;73(2):173-
177. doi:10.5173/ceju.2020.0005

29. Frank I, Blute ML, Cheville JC, Lohse
CM, Weaver AL, Zincke H. Solid renal tumors:
An analysis of pathological features related to
tumor size. J Urol. 2003;170(6 I):2217-2220.
doi:10.1097/01.ju.0000095475.12515.5€

30. Nocera L, Stolzenbach LF, Ruvolo
CC, et al. Predicting the risk of pT3a stage in
cT1 clear cell renal cell carcinoma. Eur J Surg
Oncol. Published online 2020. doi:10.1016/j.
€jS0.2020.10.040

kidney-cancer-journal.com





