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Architectural Patterns are a Relevant Morphologic
Grading System for Clear Cell Renal Cell Carcinoma
Prognosis Assessment

Comparisons With WHO/ISUP Grade and Integrated Staging Systems

HEaAIX: T8

LCRE: REE




el .

& ccRCC

& LR+: FHME{LSALE

& DFS: NFARNHEHZHEXEXR, it THME:
& CSS: WFARHEAZZEIL T ccRCC

& Fuhrmany 2% . ISUP/WHO% 2%

At

& BE57HI RS Leibovich prognosis scores SSIGN. UISS



LR+

Cerebrovasc Dis. 2013;36(4)267-72. doi: 10.1159/000353363. Epub 2013 Oct 16.

Diagnostic accuracy measures.

Eusebi P .
Author information

Abstract

BACKGROUND: An increasing number of diagnostic tests and biomarkers have been validated during the last decades, and this will still be a
prominent field of research in the future because of the need for personalized medicine. Strict evaluation is needed whenever we aim at
validating any potential diagnostic tool, and the first requirement a new testing procedure must fulfill is diagnostic accuracy.

SUMMARY: Diagnostic accuracy measures tell us about the ability of a test to discriminate between and/or predict disease and health. This
discriminative and predictive potential can be gquantified by measures of diagnostic accuracy such as sensitivity and specificity, predictive
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Abstract

Likelihood ratios are one of the best measures of diagnostic accuracy, although they are seldom used, because interpreting them requires a
calculator to convert back and forth between "probability” and "odds" of disease. This article describes a simpler method of interpreting
likelihood ratios, one that avoids calculators, nomograms, and conversions to "odds" of disease. Several examples illustrate how the clinician
can use this method to refine diagnostic decisions at the bedside.
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TABLE 2. Distinct Architectural Patterns Noted in the Principal
Cohort (n=254)

Histopathology. 2013 Dec;63(6):767-79. doi: 10.1111/his. 12239. Epub 2013 Oct 7.

Architectural Patterns N (%) Cystic partially regressed clear cell renal cell carcinoma: a potential mimic of multilocular cystic
- S /////— /7 renal cell carcinoma.
Cnmpact G'r SII'I:EIH HESI[S IJ\%% l ?5 (ﬁ'gag) Williamson SH1, Maclennan GT, Lopez-Beliran A, Monfironi B, Tan PH. Martignoni G, Grignon DJ, Eble M, ldrees MT, Scarpelli M. Cheng L.
Regressive IRTT 164 (64.6)
C}-‘S[iﬂ or lllhl]lﬂﬂ}"ﬂli[: with or without hﬁmnrrhagic 130 (5]‘2) Eur Urol. 2014 Nov;66(5):306-10. doi 10.1016/j eururo.2014.04.022. Epub 2014 May 2.
contents, thyroid-like and/or Paneth cell-like features Clear cell renal cell carcinoma (ccRCC) with hemangioblastoma-like features: a previously
Largf: nests A EIR 128 (5114) unreported pattern of ccRCC with possible clinical significance.
Rhabdoid dedifferentiation HESTRILRE S 67 (26.4) wention R', Lopez-Beitran A%, Cheng L3, Galosi AB*, Montorsi £°, Scarelii M5,
Syncytial multinucleated tumor giant r:nlefY 40 (15.7)
Intratumoral inflammatory reaction 40 (15.7) Am J Surg Pathol. 2015 Nov;39(11):1502-10. doi: 10.1097/PAS.0000000000000514.
Acinar 40 (]5 ?) Clear Cell Renal Cell Carcinoma With Borderline Features of Clear Cell Papillary Renal Cell
. " Carcinoma: Combined Morphologic, Inmunohistochemical, and Cytogenetic Analysis.
HLRCC_]II{E 3? (]4‘6) Williamson SH1, Gupta NS, Eble JN. Rogers CG, Michalowski 5, Zhang 5, Wang M, Grignon DJ, Cheng L.
Enlarged vascular spaces 34 (13.4)
Chromophobe/oncocytic cell-hke 31 (12.2)
Infiltrative growth pattern with entrapped glomeruli 29(11.4) o
Eosinophilic hyaline globules 27 (10.6) o
Papillary or micropapillary 26 (10.2) °
Sarcomatoid dedifferentiation 25(9.8)
Foamy 20 (7.9)
Alveolar | _ 15 (5.9) / j:
Clear cell papillary RCC-like 14 (5.5) 4 AR
Lymphatic invasion 11 (4.3)

HLER.CC indicates hereditary leijomyomatosis renal cell carcinoma.
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MATERIALS AND METHODS
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RESULTS



TABLE 1. Descriptive Characteristics of 254 Patients With

ccRCC Included in the Principal Cohort

ccRCC Included in the Principal Cohort

Clinicopathologic Features

TABLE 1. Descriptive Characteristics of 254 Patients With

Age (median [range])
Sex
Male
Female
Mode of presentation
S1 (incidental)
S2 (local symptoms
S3 (systemic sympid
ECOG performance s
0
>1
Pathologic tumor size
4-tier WHO/ISUP
1
2
3

1/2
3
4

(¥)

-

>

>

|

Bo67f (26.4%) 4%
2 REIT 504 B JE H AR

F10) -

A ccRCC, =
3-tier WHO/ISUP gra

Coagulative tumor necrosis

Absent
Present

n (%) Clinicopathologic Features n (%)
61 (30-90) WHO/ISUP grade+necrosis
= e 91 (35.8)
\ 73 (28.8)
s T 42 A-EH, A EA 1Y EH 26 (10.2)
WEATEZFESRM, EFR61%5, B: &=73 64 (25.2)
93 (36.6)
%%, HA2GRsEs A £, 3561E &7 264)
45 (17.7)
160 (63.0)
49 (19.3)
=445l (17.3%) EREHEAIEET . HFR356] (13.8%) T 7D
138 (54.3)
L A 29 (11.4)
= FHI14H 87 (34.3)
””””” pNx+pN0O 242 (95.3)
" {33 ? PNI 12 (4.7)
( ) 2010 distant metastasis
MO 222 (87.4)
15 {gﬁ-;l M1 32 (12.6)
(31.9) Follow-up period (median [range]) (mo) 48 (1-216)

ECOG indicates Eastern Cooperative Oncology Group.



TABLE 3. Definition of the Architectural Grading According to the Positive Likelihood Ratios (LR+) for DFS at 50 Months in the
Principal Cohort (n=156)

Positive Likelihood

Architectural No. Cases No. Cases With Metastatic

Architectural Patterns Ratios 95% CI Grades (N |%])  Evolution at 50 mo (N [%])
Clear cell papillary RCC-like pattern 0.30 0.07-1.34 Grade 1 12 (7.7) 2 (16.7)
Acinar pattern 0.55 0.27-1.09 Grade 1 31 (19.9) 9 (29.0)
Cystic or tubulocystic pattern with or without 0.57 0.38-0.85 Grade 1 73 (46.8) 20 (27.4)
hemorrhagic contents, thyroid-like and/or
Paneth cell-like features
Regressive pattern with or without 0.64 0.46-0.88 Grade 1 88 (56.4) 26 (29.5)
hemangioblastoma-like features
Compact (or small nest) pattern 0.69 0.52-0.91 Grade 1 99 (63.5 31 (31.3
Large nest pattern 1.48 1.14-1.93 Grade 2 89 (57.0) 44 (49.4)
Alveolar pattern 1.52 0.56-4.11 Grade 2 14 (9.0) 7 (50.0)
Chromophobe/oncocytic cell-like pattern 1.67 0.75-3.69 Grade 2 21 (13.5) 11 (52.4)
Intratumoral inflammatory reaction 1.89 1.07-3.36 Grade 2 36 (23.1) 20 (55.6)
Papillary or micropapillary pattern 2.53 1.18-5.41 Grade 2 24 (15.4) 15 (62.5)
Eosinophilic hyvaline globule pattern 3.79 1.55-9.24 Grade 2 21 (13.5) 15(71.4
yncytial multinucleated tumor gilant cell pattern .0 A 2-12.39 rade - & 3.4
Rhabdoid dedifferentiation 6.06 3.40-10.81 Grade 3 55(35.2) 44 (80.0)
Enlarged vascular space pattern 7.58 3.07-18.74 Grade 3 30 (19.2) 25 (83.3)
HLRCC-like pattern 7.88 3.20-19.43 Grade 3 31 (19.9) 26 (83.9)
m
Infiltrative growth pattern with entrapped 18.95 4.65-77.17 Grade 4 27 (17.3) 25 (92.6)
glomeruli
Sarcomatoid dedifferentiation Infinity — Grade 4 23 (14.7) 23 (100.0)

HLRCC indicates hereditary leilomyomatosis renal-cell carcinoma.
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TABLE 4. Univariate and Multivariate Analysis for DFS and CSS in the Principal Cohort (n=254) FhBEE
DFS CSS
Univariate Cox Multivariate Cox Univariate Cox Multivariate Cox
PHR Model PHR Model PHR Model PHR Model
Factor HR 95% Cl1 P ¢ Index HR 95% CI P HR 95% CI P ¢ Index HR 95% CI P
Age 1.01  0.99-1.03 2.3E-01 0.53 .00 0.97-1.03 9.1E-01 0.51
Sex 0.50 0.28-0.93 2.7E-02 0.57 1.02 052200 62E-02 069 0.31-1.51 3.5E-01 0.53
Mode of 379 286-502 < l0E-16 076 1.19 0382-1.72 93E-01 351 2.40-5.15 1.2E-10 0.79 082 0.51-1.33 4.2E-01
presentation
ECOG 4.56 2.37-8.76 5.2E-D6 0.57 140 0.68-292 37E-01 822 377-1791] 1.2E-07 0.63 1.56 053455 B&.1E-01
Pathologic tuumr/‘ B S S F Ny’ SoeaE—aa S "ﬁ-ﬂ? 9.2E-01
SIZE
2010 primary 02 99E-01
tumor _
classification ﬁﬁ llg,%%
2010 regional .56  T7.3E-02
lymph node
involvement = e T e \ o = A = ——
2010 distant > B O)IFREY . FHRV4ER /3R N R R GITDFS. CSSHIFUMNEE S tso 1280
metastasis
4-tier WHO/ISU .51 1.5E-01
grading 7T = o = \ = N
3-tier WHO/ISU >§ﬁ5‘i = UEM;%ﬂ:J : R4§3g&§7 g&/%gf_tTEDFS\ CSSH"J 3ElLTﬁ/)n\IJ A %
grading \ /
Coagulative tumor
NECTosls
WHO/ISUP grade 399 294548 <« lOE-16 087 1.16 0.58-232 68E-01 441 2.68-7.23 4.6E-09 087 059 0.18-1.84 3.5E-01
+necrosis
4-tier architectural | 7.76 5.21-11.55 <« 1.0E-16 0.92 = 911 4.64-17.90 1.4E-10 0.90 =
grading system
=tier . . . < I L . . ; . J Oif=Ll ak- ) . l=11 ;
3-t1 9.92 6.64-14.84 1.0E-16 091 591 336-1040 6.7E-10 11.03 5.67-21.44 1.5E-12 090 449 1.71-11.78 2.2E-03
Architectural
grading system

¢ iIndex indicates Harrell concordance index; ECOG, Eastern Cooperative Oncology Group: ND, not determined; PHR., proportional hazards regression.

*Collinear variables not included in multivariate analysis.



TABLE 5. Univariate and Multivariate Analysis for DFS and CSS in|Localized (pT1-3N0OMO)|ccRCCs of the Principal Cohort (n=217)

DFS

Univariate Cox
PHR Model

Multivariate Cox
PHE Model

CSS

Univariate Cox
PHRE Model

Multivariate Cox
PHRE Model

Factor HR 95% C1 P ¢ Index

HR

95% CI1 P

HR 95% CI P

¢ Index HR

95% CI1 P

1.01
0.61
2.94

0.98-1.05 3.6E-01
0.26-1.43 2.6E-01
1.88-4.61 2.2E-06

0.54
0.55

Age

Sex

Mode of
presentation

ECOG

Pathologic
tumor size

2010 primary

2.26 0.54-9.51
1.02 1.01-1.04

2.6E-01
3.0E-05

0.52
0.72 1

0.66 1.

00

10 0.62-1.96 7.4E-01

0.98-1.01 S.0E-01

1 i i

1.0O0 0.94-1.04 6.6E-01
0.75 0.10-5.89 6.6E-01
252 1.25-5.09 9.7E-03

0.55
0.50
0.66

7.39
1.03

1.49-36.66
1.01-1.06

1.4E-02
5.4E-04

0.59
0.85

1 I i TA Y KT 1 NIE_ni i s

tumor
classification
d-tier WHOQY

Petm:

ISUP PR 4% 3

grading
3-tier WHO/
ISUP
grading
Coagulative
tumor

NeCrosis
WHOISUP

il

Xt

JELkivy

>
>

X

Xt

JEE TR

:
|
8593

3R R AR G-EDFS. CSSHY I 75

R

il

Q

grade +
B 1T o5 14 - RN
d-tier 6. :

0.47

15.36

1.01

0.15-1.46 1.9E-01

1.97-120.02
0.99-1.04

9.2E-03
29E-01

2 (pT1-3NOMO)

X

B4R /3R DR B G XTDFES. CSSHIFTUIN (B &

LU

N

8.3E-01

——
—

=]

) T.BE-01

/

architectural
grading
system

3-tier
architectural
grading

system
—

8.80 5.27-14.67 1.1E-16 0.88

6.

10 3.11-11.93

1.3E-07

T=F__T2T M -

16.83 5.37-52.72 1.2E-06 0.93

20,09 4.46-90.51

9.4E-05

¢ index indicates Harrell concordance index; ECOG, Eastern Cooperative Oncology Group: PHR., proportional hazards regression.

*Collinear variables not included in multivanate analysis.
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Validation Cohorts
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TABLE 6. Comparison of Clinical and Morphologic
Characteristics of ccRCC Patients Included in the Principal and

Principal Validation
Cohort Cohort
Clinicopathologic Features (n=254) (n=252) P
Age (median [range]) (v) 61 (30-90) 63 (35-87) 1.1E-2
Sex (n [%o]) 1
Male 176 (69.3) 175 (69.4)
Female T8 (30.7) 77 (30.6)
Mode of presentation (n [%0])
S1 (incidental) 184 (73.9) 199 (79.0) 4.0E-2
52 (local symptoms) 37 (14.9) 40 (15.9)
53 (systemic symptoms) 28 (11.2) 13 (5.1)
ECOG performance status
(n [%a])
0 233 (93.2) 196 (80.7) 1.0E-5
=1 17 (6.8) 47 (19.3)
Pathologic tumor size 30 (10-180) 48 (12-160) 2.5E-1
(median [range]) (mm)
4-tnier WHO/ISUP grading
(n [Ya])
1 14 (3.5) 3(2.0) 1.0E-5
2 78 (30.7) 118 {46.8)
3 88 (34.7) 90 (35.7)
4 74 (29.1) 39 (15.5)
3-tier WHO/ISUP grading
(n [%a])
112 92 (36.2) 123 (48.8) 4.5E-4
3 88 (34.7) 90 (35.7)
4 74 (29.1) 39 (15.5)
Coagulative tumor necrosis
(n [%a])
Absent 173 (68.1) 196 (77.8) 1.6E-2
Present &1 (31.9) 56 (22.2)

WHO/ISUP grade+necrosis
(n [%a])

Groups 1/2 91 (35.8)

Groups 3/4 73 (28.8)

Groups 5/6 26 (10.2)

Groups 7/8/9 64 (25.2)
4-tier architectural grading

system (n [%a])

1 93 (36.6)

2 67 (26.4)

3 49 (19.3)

4 45 (17.7)
3-tier architectural grading system (n [%o])

112 160 (63.0)

3 49 (19.3)

4 45 (17.7)
2010 primary tumor

classification (n [%a])

pTl 138 (54.3)

pT2 29 (11.4)

pl3+pT4 87 (34.3)
2010 regional lvmph node

involvement (n [%])

pNx+pNO 242 (95.3)

pN1 12 (4.7)
2010 distant metastasis

(n [%a])

MO 222 (87.4)

M1 32(12.6)
Follow-up period {median 48 (1-216)

[range]) (mo)

118 (46.8)
76 (30.2)
26 (10.3)
32 (12.7)

86 (34.1)
93 (36.9)
37 (14.7)
36 (14.3)

179 (71.0)
37 (14.7)
36 (14.3)

148 (58.7)
26 (10.3)
78 (31.0)

246 (97.6)
6 (2.4)

235 (93.3)
17 (6.7)

52 (1-156)

24E-03

6.7E-2

1.5E-1

6.2E-1

2.3E-1

6.5E-2

34E-1

ECOG indicates Eastern Cooperative Oncology Group.




TABLE 7. Univariate and Multivariate Analysis for DFS and CSS in the Validation Cohort (n=252)

DFS CsSs
Univariate Cox Multivariate Cox Univariate Cox Multivariate Cox
PHR Model PHR Model PHR Model PHR Model
Factor HR 95% CI P ¢ Index HR 95% CI P HR 95% CI1 P ¢ Index HRER 95% CI P
Age 1.02 1.00-1.05 8.5E-02 0.56 1.06 1.01-1.11 1.2E-02 0.65 1.10 1.03-1.17 3.4E-03
Sex 060 0.32-1.14 1.2E-01 0.54 0.78 0.31-198 6.0E-01 050
Mode of 243 1.66 -3.54 4 4E-06 0.61 1.24 0.80-1.92 3 3E-01 375 2.24-6.25 43E-07 0.68 228 1.22-426 98E-03
presentation
ECOG 1.39 0.78-2.45 2.6E-01 0.55 239 112512 2 4E-02 0.61 -
Pathologic tumor 1.03  1.02-1.04 1.1E-16 0.80 1.01 1.00-1.02 60E-02 103 1.02-1.04 3.8E-07 0_80 1.02 1.00-1.03 9.1E-02
sizZe
2010 primary ST = S e B -4 89 1.2E-01
tumor
classification
2010 regional : 09 6.2E-02
lymph node ﬁﬁ 45 =
involvement
2010 distant .74 T7.7E-04
metastasis
- 7k E = F kv AN /N = :
wuerwhor | > ERFSEIARE: FHAR SR TRRENDFS, CSSHFUNMERS o3 swo
3-tier WHO
ISUP grading e = 7] 5 2 \2 2‘ = s 2 3
- 1S — ) N 7 N
Coagulative 1 >_§x§ = 931;%:I: . /\453,&§j —&/%aj_tZEDFS\ CSSE@?ELLTEI)\IJ X %
Tumor necrosis
WHO/ISUP k /344 909E-01
grade +
Necrosis
d-t1er 4.19 3.10-5.67 < 1.0E-16 0.89 - 4.19 2.56-6.85 1.2E-08 088 -
architectural
grading system
3-tier 4. 78 3.48-6.57 < 1.0E-16 0.87 3.55 2.31-543 6.0E-09 467 280-7.78 3 4E-09 0.87 258 1.14-586 23E-02
architectural

grading system

¢ index indicates Harrell concordance index; ECOG indicates Eastern Cooperative Oncology Group: ND, not determined; PHR, proportional hazards regression.
*Collinear variables not included in multivariate analysis.




DFS CSS

Univariate Cox Multivariate Cox Univariate Cox Multivariate Cox

PHE Model PHE Model PHE Model PHR Model
Factor HR 95%CI P clndex HR 95%CI P HR 95%CI P cIndex HR 95%Cl P
Age 1.03 1.00-1.07 7.9E-01 0.59 1.0 1.02-1.17 1.2E-02 0.74 1.10 1.01-1.20 23E-02
Sex 0.60 0.27-1.32 2.0E-01 0.54 0.71 0.19-2.62 6.0E-01 0.50
Mode of 1.94 1.12-3.35 1.7E-02 0.58 0.87 045-1.68 6.8E-01 261 1.15-593 2.1E-02 0.61 1.61 0.62-4.18 32E-01
presentay
ECOG \
Patholo )2
siZe
2010 p BEIRMEZE (pT1-3NOMO) y
tumo
classi
4-11 . = = JF kv /N = ]
sop| » R SEVIREL: FHYAR/IR TR RGIIDFS, CSSHIFUNMES S
3-tier 'W
ISUP

= + 7

coagult > W EEIIRE . IBFIR R FR G EDFS. CSSHIIH 7 TN [E =

tumor
WHO/IS -01
grade +necross

“d-tler 384 272-542 20E-14 088 * 340 1.87-6.18 39E-05 086 *
architectural
grading system

3-tier 4.35 3.00-6.30 68E-15 086 277 1.67-459 T74E-05 365 191-695 B3E-05 085 371 1.12-12.24 32E-02
architectural
grading system

¢ Index indicates Harrell concordance index; ECOG indicates Eastern Cooperative Oncology Group; PHR, proportional hazards regression.
*Collinear variables not included in multivaniate analysis.




DFS

CSS

TABLE 9. Univariate and Multivariate Analysis of Integrated Staging and Architectural Grading Systems for DFS and CSS in All
(n=506) and/or Localized (n=448) ccRCC Patients of the 2 Cohorts

Factor

Localized ccRCCs Patients (n = 448)

Univariate Cox
PHE Model

Moultivariate Cox
PHRE Model

HR 95% (I P

¢ Index HR 95% CI P

Leibovich score
4-tier architectural
grading system
3-tier architectural
grading system

497 343.7.19 <1.0E-16
4.64 3.52-6.11 <I1.0E-16

5.60 423758 <1.0E-16

0.82
(.88

0.87

2.28

1.52-3.42 7.2E-05

4.27 3.03-6.03 1.1E-16

All ccRCC Patients (n=506)

Localized ccRCCs Patients (n= 448)

Univariate Cox Multivariate Cox Univariate Cox Moultivariate Cox
PHR Model PHR Model PHR Model PHR Model
Factor HR 95% CI P ¢ Index HR 95% CI P HR 95% ClI P ¢ Index HR 95% CI P
SSIGN 426 3.14-578 <1.0E-16 092 198 1.30-3.02 1.5E-03 312 207470 48E-08 0387 189 1.11-3.24 2.0E-02
LUISS 427 337-541 <1.0E-16 087 1.77 1.28-2.45 55E-04 6.01 2.58-1398 31E-05 0.71 35 1.09-11.65 3.6E-02
4-tier architectural 5.57 382-8.14 <1.0E-16 0.89 . 479 291-7.87 6.3E-10 0.89 -
grading system
3-tier architectural 6.66 453978 <l10E-16 089 260 148-458 9.1E-04 573 342959 3.1E-11 088 438 222.863 20E-05

grading system

¢ Index indicates Harrell concordance index; PHR, proportional hazards regression.
*Collinear variable not included in multivariate analysis.
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FIGURE 7. Predicted survival and ROC curves in the 2 (principal and validation) cohorts. Kaplan-Meier estimates of CSS according
to the architectural score in all patients (A), and in the localized (pT1-3NOMO) ccRCC subgroup (C). AUC for the architectural score
and the SSIGN and UISS model groups in predicting 5-year CSS in all patients (B), and in the localized ccRCC subgroup (D). E,
Kaplan-Meier estimates of DFS according to the architectural score in the localized ccRCC subgroup. F, AUC for the architectural
score and the Leibovich model groups in predicting 5-year DFS in the localized ccRCC subgroup.



TABLE 10. Interobserver Agreement in 3-Tier and 4-Tier Architectural and WHO/ISUP Gradings Between 3 Categories of

Pathologists
3-Tier Architectural Grading 3-Tier WHO/ISUP 2016 Grading
General Pathologist Trainee General Pathologist Trainee
Kappa* Kappa* Kappa* Kappa*
"o Agr o o o o o % Agreement (95% CI)
Uropathologist 9/ \ 82 0.87 (78-0.95)
General 74 0.76 (0.61-0.91)
pathologist

Weighted Cohen kapp.

Overall interobserver a3 g&ﬁj\ gé : %ﬁ EI,‘J ﬁj\g& ?igj—t tt WHO /ISUPEJ' EEE:I\E E _I%.l_ for the WHO/ISUP grading

(weighted Fleiss kapy

— PARH A FHNSRRGELEWHOASUPAIEE M ES © Cradine

G Trainee
Kappa®
Yo Agr reement (95% CI)
Umpﬂﬂ'lﬂ]l}gist 9.2- — LT P L e h iy DT (- T 0] | LT P R g ¥ e g | — E[' :]-E[J [EE-‘D-E‘E}
General 76 0.79 (0.68-0.89) 68 0.64 (0.49-0.79)

pathologist

Owverall interobserver agreement was of (.78 (93% CI, 0.69-0.88) for the architectural score and 0.65 (95% CI, 0.55-0.76) for the WHO/ISUP grading (weighted Fleiss kappa).
*Weighted Cohen kappa.
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