A Point-based Histologic Scoring System for Hepatocellular
Carcinoma Can Stratify Risk of Posttransplant
Tumor Recurrence

Daniel E. Roberts, MD,* Sanjay Kakar, MD,* Neil Mehta, MD,7 and Ryan M. Gill MD, PhD*

L i A: zefousk
BSEIh: REE



= H EPrfr;

1996 £ MazzaferroSFigH K = Fr/f
BIMWEETER < 5com;
ZETE <30, BEmRKER <3cm;
T AKMEZE, THREESTINEF.

20014, University of California at San Francisco (UCSF) gt
UCSF#rifE:

BAMERER < 6.5cm;

ZNME <3NEHRKE <4.5cm (EBFERKN< 8cm

RARMERE, TMEBETAFINETS.

2009£5, KEFAB SHEAIMX—O@, EAZN2EEFZRIER
, R TR AR E
E_j(HI:PF:ﬁE'fI 5mEN A KF 7;
TEFEMERIE, MR,




= F ENTRE

ag Bk
BALMEER < 9cm;
ZEAME <3N MHREKER <5cm. £HEEHERZEM < 9cm

RRMERIE . HMESEZMATIMNER

R BB R
EEER < 9cm, EThFINERZ, EMERIE

PupFRAE:
FREMEBETERZM >5cm B < 8 cm;
FrEMBETERCHM > 8cm, {BE AFP < 400 ng/mL, HfH

40

-/ \

¥ HEAE . E L

TARMERICFAFINGETS




INTRODUCTION

o« XTEFRERIKZMRES UCSF FrfE, (NERETHERNH

SX/A, mMA, REFZEMNENKNSIBEEFRRNSFEAD
—H 1%,

BY, ZWARIAA, HENTBNBERFEEFZEAR
REANME—EREZR, miMENTLEESOANEFARE
HEXEREZE, RoUEEEERES U EREEAXBA
RETEE K

N

» AMEMWEHNERAEREIFESBERIREE A HXIK, FE&

A llm RHEK BV T RSt



MATERIALS AND METHODS

1061 liver transplants (1997 — 2014)

University of California, San Francisco Medical Center
351 contained HCC

190 had adequate follow-up and tissue

184 had available preoperative imaging reports

The median follow-up time was 6.9 years, ranging

from 52 days to 19.7 years



MATERIALS AND METHODS

* The following histologic parameters were evaluated in 109 explants:
architectural pattern
nuclear-to-cytoplasmic ratio
nuclear pleomorphism
cytoplasmic amphophilia
presence of fatty change
macronucleoli
mitotic activity
cytoplasmic granularity
CK19

» After the initial evaluation, in which Recurrence Risk Assessment
Score (RRAS) criteria were established, an additional 81 explants were
evaluated; the performance of the RRAS in predicting tumor
recurrence was compared with WHO grade in both the independent
cohort and the cumulative total of 190 explants.
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MATERIALS AND METHODS
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Supplementary Table 1: Correlation of Histologic Features with HCC Recurrence Following Liver Transplantation

Architecture
Trabecular

Acinar
Scirrhous
Solid

Nuclear-to-cytoplasmic ratio
Less than 0.5

0.5 and greater

Nuclear pleomorphism

Absent

Present
Cytoplasm

Eosinophilic

Amphophilic
Mitotic activity

<10 per 10 HPF

= 10 per 10
HPF

N O Wi

53
20
30

81

28

76
33

91
59

85

24

3.8%
15.0%
26.7%
33.3%

9.9%

25.0%

6.6%
30.3%

2.0%
23.7%

9.4%

29.2%

0.0139

0.0462

0.0010

0.0009

0.0135



Supplementary Table 1: Correlation of Histologic Features with HCC Recurrence Following Liver Transplantation

CK19 labelina
Negative
Positive
Fatty change
Present
Absent
Macronucleoli
Present
Absent

Cytoplasmic granularity
Fine
Granular

14

O O

11

107

22
87

32
44

57
52

13.1%
50.0%

13.6%
13.8%

18.8%
11.7%

19.3%
7.7%

0.1350

0.9868

0.3320

0.0803



TABLE 1. Radiologic and Pathologic Characteristics of Liver Explants With HCC

Recurrences Total Cases Percentage Significance

Total number of liver explants from 1997 to 2015 1061

With HCC 351

With available paraffin-embedded tissue 190

With tissue and preoperative radiology reports 184
Transplant criteria on imaging 0.1850
—Nteers Mitamerierr 18 161 | 87-5% 11.2

Meets UCSF criteria 1 17| 9-2% 5.9

Exceeds Milan/UCSF criteria 2 6| 3.3% 33.3
Transplant criteria on gross examination 0.0179
— MIcels Milan criteria 10 128 7.8

Meets UCSF criteria 5 35 14.3

Exceeds Milan/UCSF criteria 6 21 28.6
Disagreement between imaging and gross examination 0.4552

Upstaged from Milan to UCSF criteria by gross examination 4 26 15.4

Upstaged beyond Milan/UCSF criteria by gross examination 5 20 25.0

Downstaged by gross examination 1 12 8.3
Tumor differentiation 0.0167
— welrditferentated 2 74 2.7

Well-to-moderately differentiated 4 21 19.0

Moderately differentiated 11 81 13.6

Moderately-to-poorly differentiated 1 5 20.0

Poorly differentiated 3 9 33.3
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differentiated
Supplementary Figure 1; Comparison of HCC recurrence rates by histologic grade and radiographic criteria. Classification of fumaor
grade using WHO methodology better stratifies post-transplant HCC recurrence than Milan or UCSF imaging criteria (n=178, p=0.0082).

EFENRK=5x UCSF frERRGIF, BiER HCC EXF N 10.7%.
miEid WHO ékfg, MRS EESHBEBELZEEEHEXME (P =0.0082) .



TABLE 1. Radiologic and Pathologic Characteristics of Liver Explants With HCC

Recurrences Total Cases Percentage Significance
Vascular invasion <0.0001
ZADSCIT 11 166 6.6
Present 10 24 41.7
Number of masses on imaging 0.0204
0 4 62 6.5
1 13 74 17.6
2 1 37 2.7
3+ 3 11 27.3
Size of largest mass on gross examination (cm) 0.0008
—=2 1 55 1.8
2-4 9 92 9.8
>4 11 43 25.6
Aggregate size of masses on gross examination (cm) 0.0408
0-2Z 0 39 0.0
2-4 6 62 9.7
4-6 6 40 15.0
>6 9 49 18.4
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TABLE 2. Multiple Logistic Regression Model for Histologic Features

Variables Coefficient (f§) SE Wald (¢%) Significance Odds Ratio 95% CI
Nuclear pleomorphism® 1.449 0.602 5.791 0.016 4.260 1.309-13.871
Cytoplasmic amphophilia 1.395 0.832 2.809 0.094 0.248 0.049-1.267
N:C = 50% 1.012 0.599 2.851 0.091 2.751 0.850-8.904
Architecture: sohd 1.304 0.939 1.926 0.165 3.683 0.584-23.225
Architecture: scirrhous 1.021 0.713 2.054 0.152 2777 0.687-11.222
Architecture: acinar 0.736 0.878 0.703 0.402 2088 0.374-11.671

1 0.570 0.622 0.841 0.359 1.768 0.523-5.979
Mitotic index 0.337 0.596 0.320 0.571 1.401 0.436-4.507
m —1.229 1.350 0.828 BLUELER 0.293 0.021-4.127
Intratumoral steatosis —0.486 0.706 0.473 0.492 0.615 0.154-2.457
Intercept —3.477 0.750

*Nuclear pleomorphism is a statistically significant independent predictor of tumor recurrence after transplant.
95% CI indicates 95% confidence interval for estimated odds ratio; intercept, mathematical constant; N:C, nuclear-to-cytoplasmic ratio; Wald, Wald test statistic.

Multiple logistic regression demonstrated strong correlation between

tumor recurrence and nuclear pleomorphism, cytoplasmic amphophilia,
solid and scirrhous architecture, and high nuclear-to-cytoplasmic ratio;

however, mitotic activity showed only weak correlation and was
excluded from our scoring system.



TABLE 3. Recurrence

Risk Assessment Score

Feature Score
Architecture

Trabecular or acinar 0

Scirrhous or sohd 1
Nuclear-to-cvtoplasmic ratio (%)

< 50 0

= 50 1
Nuclear pleomorphism

Absent 0

Present 1
Cytoplasm

Eosmophilic 0

Amphophilic 1
ERAS category

Low risk 0 points

Intermediate risk 1-3 points

High nisk 4 points
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TABLE 4. Posttransplant HCC Recurrence Stratified by RRAS

and WHO Grade

Recurrences Total Cases Percentage

REAS raw score

R ™

ERAS category
Low risk

Intermediate risk
High risk

WHO grade
Well differentiated
Moderately differentiated
Poorly ditterentiated

=] o LA O

60 0

52 5.8
43 11.6
22 27.3
13 53.9
2H1& 74
60—> 20075 TE
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74 2.7
102 14.7
14 8.6




100 ~
80 —
60 —
P
= 1
= ;
|
[
7]
40 —
Ky P =0.0061
.r’
- 7’
.r"r
20 — /
= RRAS criteria
== \WHO criteria
e e S B e can o e s a e ma e
0 20 40 60 80 100

100-Specificity

FIGURE 4. ROC curves were analyzed to assess the performance of the WHO tumor
grade and RRAS in predicting posttransplant HCC recurrence (area under curve =
0.617 and 0.841, respectively). RRAS allowed for a more accurate prediction of tumor
recurrence following transplantation (P = 0.0061, n = 190).
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Supplementary Figure 3: Validation of RRAS performance in independent

cohort. In 81 explants that were not used to establish the scoring criteria, ROC
curve analysis was used to validate the diagnostic performance of the RRAS in
predicting post-transplant HCC recurrence when compared to WHO tumor grade
(WHO criteria (dashed line, AUC=0.554), RRAS criteria (solid line, AUC=0.887),
n=81). In this independent cohort, RRAS allowed for a more accurate prediction of
tumor recurrence following transplantation (p=0.020).
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Supplementary Figure 4: Comparison of recurrence prediction by vascular
invasion and RRAS. Post-transplant recurrence prediction using vascular invasion
status and RRAS criteria was assessed by ROC curve analysis (vascular invasion
(dashed line, AUC=0.697), RRAS criteria (solid line, AUC=0.839), n=190). RRAS
more accurately predicts tumor recurrence following transplantation than vascular
invasion status alone (p=0.017).



DISCUSSION
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DISCUSSION
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CONCLUSION

RRAS #E5 &%t WHO 94y B BB IFHIFN 4 BE .

TABLE 3. Recurrence Risk Assessment Score

Feature Score
Architecture
Trabecular or acinar 0
Sciurrthous or sohd 1

Nuclear-to-cytoplasmic ratio (o)

< 50 0

> 50 1
Nuclear pleomorphism

Absent 0

Present 1
Cytoplasm

Eosinophilic 0

Amphophilic 1
RREAS category

Low nsk 0 points

Intermediate risk 1-3 points

High nisk 4 points
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