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Background: Preoperative locoregional treatment (LRT) for hepatocellular carcinoma (HCC) often induces intratumoral necrosis without
affecting the overall tumor size, and residual viable tumor size (VTS) on imaging is an important clinical parameter for assessing post-
treatment response. However, for surgical specimens, it is unclear whether the VTS would be more relevant to prognosis compared to
total tumor size (TTS). Methods: A total of 142 surgically resected solitary HCC cases were retrospectively reviewed. The TTS and VTS
were assessed by applying the modified Response Evaluation Criteria in Solid Tumors method to the resected specimens, and corre-
lated with the clinicopathological features and survival. Results: As applying VTS, 13/142 cases (9.2%) were down-staged to ypT1a. Al-
though the survival analysis results for overall survival according to TTS or VTS were similar, VTS was superior to predict disease-free
survival (DFS; p=.023) compared to TTS (p=.08). In addition, multivariate analysis demonstrated VTS >2 cm to be an independent pre-
dictive factor for decreased DFS (p=.001). In the subpopulation of patients with LRT (n=54), DFS in HCCs with TTS or VTS >2 cm were
significantly shorter than those with TTS or VTS <2 c¢m (p=.047 and p=.001, respectively). Interestingly, HCCs with TTS >2 cm but
down-staged to VTS <2 cm after preoperative LRT had similar survival to those with TTS <2 cm. Conclusions: Although the prognostic
impact of tumor size was similar regardless of whether TTS or VTS was applied, reporting VTS may help to increase the number of can-

didates for surgery in HCC patients with preoperative LRT.
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Hepatocellular carcinoma (HCC) is the sixth most common
cancer and the fourth leading cause of cancer-related death world-
wide [1]. Several different staging systems exist for HCC, in-
cluding the tumor-node-metastasis (TNM) staging system of
the American Joint Committee on Cancer (AJCC)/Union for
International Cancer Control (UICC) [2,3], the Barcelona Clinic
Liver Cancer (BCLC) staging system [4], Japan Integrated Staging
scoring system, the Okuda score, the Hong Kong Liver Cancer
staging system [5], and the Chinese University Prognostic Index
(CUPI) [6]. Notably, tumor size is a common parameter for all
of these staging systems, and indeed, tumor size is a well-known
prognostic factor for HCC, along with histological differentia-
tion, vascular invasion status, multiplicity, and expression of cy-
tokeratin 19 (CK19) [6-10].

Surgical resection is the treatment of choice for patients with
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solitary HCCs and well-preserved liver function [4]. For patients
with very early or early stage HCCs (BCLC stage 0-A) who are not
suitable candidates for surgery, and for those with intermediate
stage HCCs (BCLC stage B), locoregional treatment (LRT), such
as radiofrequency ablation (RFA), percutaneous ethanol injec-
tion, or trans-arterial chemoembolization (TACE), is recom-
mended [4,11,12]. These LRT modalities often induce direct tumor
necrosis, and the tumor size often remains unchanged [11,12].
This is different from some other tumors of the solid organs,
such as pancreatic ductal adenocarcinoma, in which preopera-
tive neoadjuvant treatment induces shrinkage of tumor size in
responsive cases, in addition to changes in tumor cellularity [13].
Therefore, in the case of HCCs, the tumor size after preopera-
tive LRT would not reflect the degree of tumor response to treat-
ment and the amount of tumor necrosis is reported in pathology

pISSN 2383-7837
elSSN 2383-7845


http://crossmark.crossref.org/dialog/?doi=10.4132/jptm.2021.07.26&domain=pdf&date_stamp=2021-09-15

reports, often expressed as percentages.

Tumor size assessment is an important part of macroscopic
and microscopic pathological examination for most solid organ
tumors, including HCC. However, in the case of treated HCCs
that are surgically resected or explanted, there is no definite guide-
line as to whether the tumor size including necrosis should be
measured and used for assigning post-treatment pathologic T
(ypT) categories for staging, or whether the size of the residual
viable tumor is more relevant for staging purposes. Thus, the aim
of this study was to assess whether reporting the viable tumor
size (VTS) instead of the total tumor size (TTS) would be more
useful for prognostication of HCCs.

MATERIALS AND METHODS

Patient selection and clinicopathological analysis

All HCC cases that were surgically resected HCCs between
2007 and 2011 were retrieved from the pathology database of
the Department of Pathology, Seoul National University Hos-
pital, and retrospectively reviewed. To examine the prognostic
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significance of tumor size in this study, we excluded multiple
HCGs, including those with satellite nodules or intrahepatic
metastasis at the time of surgical resection. Liver explantation
cases were also excluded from this study (Fig. 1). Only cases for
which at least one entire cross-section of the tumor could be re-
constructed with the slides (i.e., histological mapping) were in-
cluded in this study. Clinical data including age, sex, underlying
etiology, preoperative LRT details, and serum o-fetoprotein (AFP)
and prothrombin induced by vitamin K absence-II (PIVKA-II)
levels were retrieved from the electronic medical records. Patho-
logical data were analyzed by reviewing pathology reports, gross
images and glass slides, and included tumor size, gross type, his-
tologic differentiation (Edmondson-Steiner grade), presence and
extent (%) of necrosis, presence of microvascular invasion, major
vessel invasion, or underlying cirrhosis, and the pathological T
categories according to AJCC TNM staging system (8th edition).
Gross types—according to the General Rules for the Study of
Primary Liver Cancer by the Korean Liver Cancer Association
[14]—were grouped as types 1 and 2, as previously described:
type 1 HCCs consisted of expanding nodular and vaguely nodular

Fig. 1. Patient selection algorithm for this study.
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types, and type 2 HCCs consisted of multinodular confluent,
nodular with perinodular extension and infiltrative types [15].
The extent of necrosis was expressed as a percentage of the area
of tumor necrosis over the total tumor area in a representative
whole section. Major vessel invasion was defined as gross or micro-
scopic invasion of main or first-order branches of the portal vein
or hepatic vein, and microvascular invasion was defined as tumor
invasion of microscopic vessels excluding the aforementioned
major vessels. CK19 expression status was also assessed on rep-
resentative whole tissue sections, when available. Follow-up
data was obtained from the electronic medical records, including
the status at last follow-up and the occurrence of extrahepatic

metastasis or local recurrence.

Tumor size assessment

The tumor size was assessed by reviewing the primarily the
gross images of the representative section of the tumor, and the
size measurement in the pathology reports. However, especially in
HCCs with necrosis, it was often not possible to discriminate be-
tween viable and necrotic foci purely on gross morphology, and
therefore the matching glass slides were reviewed for all cases to
confirm the presence or absence of viable tumor. As previously
mentioned, only cases where a full histological mapping of an

entire cross-section was performed were included in this study.
First, the greatest dimension of tumor was measured irrespective
of the presence or absence of tumor necrosis, and this was desig-
nated as the TTS. Then, we applied the modified Response Eval-
uation Criteria in Solid Tumors (MRECIST) criteria for VTS eval-
uation, by measuring the greatest dimension of the viable tumor
(Fig. 2) [16]. When there were multifocal viable areas within a
single tumor, the greatest dimension of the largest viable focus
was assessed.

Statistical analysis

All statistical analyses were performed using SPSS ver. 25.0
(IBM Corp., Armonk, NY, USA). Continuous data were pre-
sented as median with range and were analyzed by Mann-Whitney
test, one-way analysis of variance (ANOVA) and Pearson’s corre-
lation analysis. Categorical data were evaluated by chi-square
test, Fisher exact test, and linear-by-linear association. Survival
analyses for overall survival (OS) and disease-free survival (DFS)
were carried out by the Kaplan-Meier method and log-rank test.
OS was defined as the interval between the date of operation and
the date of last hospital visit or death. DFS was defined as the
interval between the date of operation and the date of the relapse
(first post-operative recurrence ot extrahepatic metastasis). To

Fig. 2. Method of total tumor size (TTS) and viable tumor size (VTS) assessment. (A) For TTS assessment, the longest dimension of the tu-
mor, including the necrosis, was measured. (B) For VTS assessment, the longest dimension of the viable tumor was measured.
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identify factors associated with TTS or VTS, univariate and mul-
tivariate logistic regression analyses were petformed. Variables with
p-values <.05 in univariate analysis were included in the mul-
tivariate analysis. p-value <.05 was considered to be statistically
significant.

RESULTS

Patient characteristics

A rtotal of 142 cases of surgically resected solitary HCC were
included in the study. The clinicopathological features of the
study population are presented in Table 1. The median age was
60 years (range, 28 to 82 years), and 77.5% (110/142) of the
patients were male. The majority of the cases (78.9%, 112/142)
were associated with chronic hepatitis B virus (HBV) infection,
and 38% (54/142) of the patients received preoperative LRT.
The median tumor size was 5.1 cm (range, 0.4 to 16.7 cm), and
34.5% (49/142) of the cases showed intratumoral necrosis of
any degree. CK19 expression was seen in 8.8% (10/142) of the
HCCs. Pathologic T stages were pTlain 12.7% (18/142), pT1b
in43.7% (62/142), pT2 in 29.6% (42/142), and pT4 in 14.1%
(20/142) of cases. As only solitary HCCs were included in this
study, there were no pT?3 cases. Surgical resection margins were
negative in 94.4% cases (134/142), positive in 4.9% cases (7/142),

and not evaluable in one case.

Relationship between the TTS and the clinicopathological
characteristics

The TTS of the HCCs were <2 cm in 19 cases (13.4%) and
>2 cm in 123 cases (86.6%) (25 cm in 51 cases [35.9%],
5-10 cm in 52 cases [36.6%], and >10 cm in 20 cases [14.1%])
(Table 2, Supplementary Table S1). HCCs with TTS >2 c¢m
wete mote frequently associated with high preoperative serum
PIVKA-II level (p=.001) and microvascular invasion (p =.009).
On further stratification with 2 cm, 5 cm and 10 cm cutoffs,
larger HCC:s wete less frequently associated with an HBV etiol-
ogy (p =.028), and were more frequently associated with high
preoperative serum AFP and PIVKA-II levels (p=.013 and p <
.001, respectively) (Supplementary Table S1). LRT was per-
formed less frequently in the larger tumors (p =.038). On micros-
copy, larger tumors more frequently demonstrated microvascular
invasion (p =.038), and major vascular invasion, although mar-
ginally significant (p =.071). Larger HCCs were less frequently
associated with cirrhosis in the background liver (p =.005).
TTS was not correlated with other clinicopathological factors, in-
cluding age, sex, gross type, the presence of necrosis, Edmond-
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Table 1. Clinicopathologic characteristics

Total (n=142)

Clinical findings

Age >60 yr 73(51.4)
Sex (male/female) 110 (77.5)/32 (22.5)
Etiology
HBV 110(77.5)
HCV 5(3.5)
Alcohol 1(0.7)
HBV +HCV 1(0.7)
HBV +alcohol 1(0.7)
Budd-Chiari syndrome 1(0.7)
Unknown 23 (16.2)
Preoperative locoregional treatment 54 (38.0)
TACE 35 (24.6)
RFA 3(@2.1)
PEI 3@2.1)
TACE +RFA 2(1.4)
TACE+PEI 10 (7.0)
TACE + RFA+PEI 1(0.7)
None 88 (62.0)
Serum AFP level > 1,000 ng/mL 36 (25.4)
Serum PIVKA-II level =200 mAU/mL (n=120) 60 (50.0)
Pathological findings
Total tumor size (cm) 5.1(0.4-16.7)
Viable tumor size (cm) 4.3(0.02-16.7)
Gross type
Type 1 (vaguely nodular, expanding nodular) 68 (47.9)
Type 2 (multinodular confluent, infiltrative, 74 (52.1)
cirrhomimetic)
Necrosis (present) 49 (34.5)
Extent of necrosis (%) (n=49) 60.0 (1-99)
Edmondson-Steiner grade
I 42 (29.6)
M1, v 100 (70.4)
Microvascular invasion (present) 53 (37.3)
Major vessel invasion (present) 20 (14.1)
Resection margin status (negative) 134 (94.4)
Underlying cirrhosis (present) 97 (68.3)
pT category
pT1a 18 (12.7)
pT1b 62 (43.7)
pT2 42 (29.6)
pT4 20 (14.1)
CK19 positivity (n=112) 10(8.8)

Values are presented as number (%) or median (range).

HBV, hepatitis B virus; HCV, hepatitis C virus; TACE, trans-arterial chemo-
embolization; RFA, radiofrequency ablation; PEIl, percutaneous ethanol in-
jection; AFP, a-fetoprotein; PIVKA-II, prothrombin induced by vitamin K ab-
sence-ll; CK19, cytokeratin 19.

son-Steiner grade, and CK19 positivity.

Relationship between VTS and the clinicopathological
characteristics after down-staging
When the VTS was applied for all cases, 13/142 cases (9.2%)
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Table 2. Clinicopathological characteristics according to total tumor size (TTS) and viable tumor size (VTS)

TIS <2cm TIS>2cm VTS <2cm VTS >2 cm
(=19,134%  (1=123,866%) P& (1_3a030%) (=108, 76.1%) P
Clinical findings
Age >60 yr 10 (52.6) 63 (51. .909 21(61.8) 52 (48.1) .166
Sex (male/female) 16 (84.2)/3 (15.8) 94 (76.4)/29 (23.6) 565 28 (82.4)/6 (17.6) 82 (75 9)/26 (24.1) 434
B-viral etiology 17 (89.5) 95 (77.2) .365 30 (88.2) 82 (75.9) 125
Preoperative locoregional treatment 9(47.4) 45 (36.6) .368 23 (67.6) 31(28.7) .001
Serumn AFP level 1,000 ng/mL 2(10.5) 34 (27.6) 157 4(11.8) 32 (29.6) 037
S(f]rfrfzz')vm” lovel 2200 mAUML 515 (10 5) 58/104 (55.9) 001 5/29 (17.2) 55/91 (60.4) 001
Pathological findings

Gross type 2 9(47.4) 65 (52.8) 656 9(55.9) 55 (50.9) 614
Necrosis (present) 3(15.8) 46 (37.4) .065 8(52.9) 31(28.7) 010
Extent of necrosis (%) (n=49) 30.0 (10.0-60.0) 65.0 (1.0-99.0) 200 72 5 (10.0-99.0) 50.0 (1.0-90.0) 023
Edmondson-Steiner grade lll or IV 10 (52.6) 90(73.2) .068 9(55.9) 81 (75.0) .033
Microvascular invasion (present) 2(10.5) 51(41.5) .009 7(20.6) 46 (42.6) .021
Major vessel invasion (present) 1(6.9) 9(15.4) 475 3(8.8 17 (15.7) 405
Underlying cirrhosis (present) 15(78.9) 82 (66.7) 284 29 (85.3) 68 (63.0) 015
pT category <.001 <.001

pTia 18 (94.7) 0 31(91.2) 0

pTib 0 62 (50.4 0 52 (48.1)

pT2 0 42 (34.1 0 39 (36.1)

pT4 1(5.3) 19(154 3(8.9) 17 (15.7)
CK19 positivity (n=112) 2/13 (15.4) 8/99 (8.1) 327 3/19 (15.8) 7/98 (7.5) .369

Values are presented as number (%) or median (range).

AFP, o-fetoprotein; PIVKA-II, prothrombin induced by vitamin K absence-Il; CK19, cytokeratin 19.

were down-staged according to the AJCC staging system. In
detail, 10 cases that were initially pT'1b and three cases that
were initially pT2 by TTS were down-staged to ypTla. Of the
13 cases, 12 patients (92.3%) had undergone LRT for HCC,
while the remaining one patient did not receive LRT for HCC,
but received chemotherapy for a concurrent rectal cancer. The
median extent of tumor necrosis for the down-staged 13 cases
was 90.0% with a range of 15%-99%. The median VTS for
the total 142 cases was 4.3 cm with a range of 0.02-16.7 cm,
and that for the 13 down-staged cases was 1.4 cm with a range
of 0.02-2.0 cm.

After applying the VTS, 34 patients (23.9%) had tumors of
2 cm or less and 108 (76.1%) had tumors of >2 cm (2-5 cm in
44 cases [31.0%], 5-10 cm in 50 cases [35.2%], and >10 cm in
14 cases [9.9%]) (Table 2, Supplementary Table S2). In addition
to high preoperative serum PIVKA-II level (p <.001) and mi-
crovascular invasion (p =.021), high preoperative serum AFP
level (p =.037) and poor histologic grade (p =.033) were more
frequent in tumors with VTS >2 cm. LRT was less frequently
performed in tumors with VIS >2 cm (p =.001). The presence
and extent of necrosis were also more frequent and higher in tu-
mors with VIS >2 cm (p=.010 and p=.023, respectively). On

https://jpatholtm.org/

further stratification with 2 cm, 5 cm, and 10 cm cutoffs, larger
tumors were less frequently associated underlying HBV infec-
tion (p = .020), were more frequently associated with high preop-
erative serum AFP and PIVKA-II levels (p =.016 and p <.001,
respectively), and were less frequently treated preoperatively (p <
.001) (Supplementary Table S2). Histopathologically, microvas-
cular invasion was more frequently observed in larger tumors (p =
.013), and larger HCCs were less frequently associated with cir-
thosis in the background liver (p <.001). Tumor necrosis was less
frequently seen in the larger tumors (p = .014). There was no sig-
nificant difference in age, sex, gross type, and CK19 positivity ac-
cording to VTS.

Survival analysis results

For the entire cohort of 142 patients, the median OS was 80.5
months (range, 1 to 153 months), and the S-year and 10-year
survival rates were 67.0% and 53.8%, respectively. The median
time to relapse was 14 months (range, 0 to 134 months) and
DEFS rates at 3 and 5 years were 75.3% and 59.6%, tespectively.

Univariate analysis showed that AFP level 1,000 ng/mL (p=
.017), gross type 2 (p =.013), the presence of necrosis (p = .004),
Edmondson-Steiner grade III or IV (p =.007), microvascular
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invasion (p = .014), major vessel invasion (p =.019), and CK19
expression (p =.005) were significantly associated with decreased
OS (Table 3). Although there was a tendency for lower OS for
HCCs with TTS >2 cm and VIS > 2 cm, the results were not
statistically significant (Fig. 3). For DFS, preoperative LRT (p =
.029), PIVKA-II level >200 mAU/mL (p = .044), VIS >2 cm
(p =.028), the presence of necrosis (p = .004), Edmonson-Steiner
grade Il or IV (p =.025), microvascular invasion (p = .006), and
major vessel invasion (p <.001) were significantly associated with
decreased DES (Table 3, Fig. 3). Kaplan-Meier analysis demon-
strated decreased DES in HCCs with TTS > 2 ¢m, although mar-
ginally significant (p=.051).

On multivariate analysis, AFP level >1,000 ng/mL (hazard
ratio [HR], 1.946; 95% confidence interval [CI], 1.023 to 3.701;
p=.042) and necrosis (HR, 3.044; 95% CI, 1.662 to 5.574; p <
.001) were identified as independent predictive factors for poor
08, and preoperative LRT (HR, 2.315; 95% CI, 1.456 to 3.682;
p <.001), microvascular invasion (HR, 1.583; 95% CI, 1.012
to 2.476; p = .044), major vessel invasion (HR, 1.893; 95% CI,
1.054 to 3.400; p=.033), and, notably, VTS >2 cm (HR, 2.672;
95% CI, 1.502 to 4.755; p = .001) were independent predictive
factors for decreased DFS.
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Subgroup analysis: preoperative LRT cohort

The subgroup of HCC patients who received LRT (n = 54)
was analyzed separately, and the clinicopathological features are
presented in Supplementary Table S3. The median period be-
tween the date of the most recent LRT and the operation date
was 2 months (range, 0 to 96 months). The median tumor size
was 3.8 cm (range, 0.4 to 11.9 cm), and 75.9% (41/54) of the
cases showed intratumoral necrosis (extent of necrosis, 1%—99%).
CK19 expression was seen in 11.5% (3/26), and there was no
statistically significant difference in CK19 expression status in
the HCCs according to preoperative treatment status (p = .594).
According to TTS, nine patients (16.7%) had tumors with <2 cm,
23 patients (42.6%) had tumors 2-5 cm, 18 patients (33.3%) had
tumors with size 5-10 c¢m, and four patients (7.4%) had tumors
> 10 cm. After applying the VTS, the number of HCCs <2 ¢cm
increased to 23 cases (42.6%); 17 and 14 cases (31.5 and 25.9%)
had tumor sizes of 2-5 cm and 5-10 cm, respectively, and none of
the cases were larger than 10 cm. There was no significant corre-
lation between VTS and the time elapsed from the most recent
LRT.

Similarly to the total population, larger tumors in the LRT
cohort demonstrated worse OS and DES. OS in HCCs with TTS
or VIS >2 cm were shorter than those with TTS or VIS <2

Table 3. Univariate and multivariate analyses of clinical and histopathological features for overall and disease-free survival (total cohort

n=142)

Overall survival

Disease-free survival

. Univariate analysis
Variable i

Multivariate analysis (n=112)

Univariate analysis Multivariate analysis (n=120)

HR (95% Cl)  p-value

HR (95% Cl)  p-value HR (95% Cl) p-value

HR (95% Cl) p-value

Clinical features

Male sex 1.499 (0.844-2.664) .168
Age > 60 yr 1.221(0.731-2.039) .445
B-viral etiology 1.065 (0.565-2.008) .845
Preoperative 1.454 (0.866-2.443) .162

locoregional treatment
AFP >1,000 ng/mL

PIVKA-Il level
>200 mAU/mL (n=120)

Pathological features

1.946 (1.125-3.368) .017
1.200 (0.688-2.094) 521

Gross type 2 1.972 (1.157-3.362) .013
TTIS>2cm 1.758 (0.703-4.397) .227
VTS >2 cm 1.498 (0.778-2.887) .227
Necrosis 2.157 (1.287-3.615)
E-S grade lll or IV 2.468 (1.279-4.763) .007  2.363 (0.977-5.716)
Microvascular invasion  1.900 (1.139-3.170) .014 -
(

Major vessel invasion 2.144 (1.135-4.048) .019
Underlying cirrhosis 1.257 (0.715-2.209) .427
CK19 positivity (n=112)  3.242 (1.433-7.332) .005

1.946 (1.023-3.701)

( )
( )
- - ( )
004  3.044 (1.662-5.574) <.001 1.777(1.205-2.620)  .004
( )
( )
( )
( )

2.156 (0.941-4.940) .069 1.691(0.814-3.515)  .1569

1.460 (0.950-2.245) 084

1043 (0.719-1514) 825

1.001 (0.641-1.565)  .995
( )

1.530 (1.044-2.242 029  2.315(1.456-3.682) <.001

042 1.362(0.889-2.086)  .155
1.629 (1.012-2.309)  .044

1.407 (0.968-2.045
1.818 (0.974-3.391
1.689 (1.068-2.696

074
.060 - -
028  2.672(1.502-4.755)  .001

056 1.625 (1.064-2.484
1.692 (1.1569-2.470
2.528 (1.527-4.185

025 - -
006  1.583(1.012-2.476)  .044
<.001 1.893 (1.064-3.400)  .033

0.965 (0.648-1.437 .861

HR, hazard ratio; Cl, confidence interval; AFP, a-fetoprotein; PIVKA-II, prothrombin induced by vitamin K absence-II; TTS, total tumor size; VTS, viable tumor

size; E-S grade, Edmondson-Steiner grade; CK19, cytokeratin 19.
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Fig. 3. Kaplan-Meier curves demonstrating the differences in overall (A, B) and disease-free survivals (C, D) in the total cohort (n=142) accord-
ing to tumor size, by applying the total tumor size (TTS) and viable tumor size (VTS). The survival curves look similar regardless of whether TTS
(A, C)or VTS (B, D) is applied, although the difference in disease-free survival reached statistically significant levels only by VTS (D). ns, not sig-

nificant.

cm, although marginally significant (Fig. 4). DFS was significantly
lower for HCCs > 2 cm for both TTS and VIS (p=.047 and p=
.001, respectively). Interestingly, when we further stratified the
23 VTS <2 cm cases into HCCs that were originally VTS <2
cm (i.e., TTS €2 cm, n=9) and those that were originally TTS
>2 cm but down-staged to VTS <2 cm after preoperative treat-
ment (n = 14), there was no difference in the DFS between the
two groups (Fig. 5).

DISCUSSION

The extent of residual viable tumor after neoadjuvant treat-
ment is a prognostic factor for various malignant neoplasms,
including esophageal, gastric, pancreatic, lung, and colorectal
cancers [17-21]. For example, for pancreatic ductal adenocarci-
noma, the maximal dimension of the residual tumor is used for
assigning the ypT stage according to the TNM system, and al-
though there is still no worldwide consensus on what grading sys-
tem should be used to evaluate response to neoadjuvant therapy,
the degree of tumor response is reported in surgical pathology
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practice along with the ypT stage [13,22].

As with tumors of most other organs, tumor size is an impot-
tant prognostic factor for HCC. It is one of the main parameters
for HCC staging, and is included in various different staging sys-
tems for HCC [6-9]. For example, in the AJCC TNM staging sys-
tem, single tumors are staged as pT'la or pT1b using a size cut-off
of 2 cm, and multiple tumors are assigned as pT2 or pT?3 using
a cutoff value of 5 cm [3,23]. In the BCLC staging system, soli-
tary HCCs < 2 cm are categorized as very early stage HCCs
(stage 0) [4,24]. However, it is still unclear how the tumor size
should be measured in the setting of HCCs after LRT, especially
if there is extensive intratumoral necrosis as a result of the LRT:
unlike many other tumors that show shrinkage in tumor size after
neoadjuvant treatment, the TTS of HCC often remains unaltered
after LRT, and therefore may not exactly reflect the actual tumor
burden [11,12].

The concept of VTS assessment in HCC after LRT by imaging
was initially proposed by a panel of HCC experts convened by
the European Association for the Study of the Liver (EASL) in
2000 [25]. This panel considered the reduction of VIS—mea-
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Fig. 4. Survival curves according to total tumor size (TTS) and viable tumor size (VTS) based on 2 ¢cm criteria in the subpopulation with pre-
operative locoregional treatment (n=>54). There is no difference in the overall (A, B) or disease-free survival (C, D) curves according to the

type of measurement used. ns, not significant.

sured by the size of the enhancing tumor on contrast-enhanced
dynamic computed tomography or magnetic resonance imaging—
to be the optimal method for assessing response to treatment.
This concept was further endorsed by the American Association
for the Study of Liver Diseases (AASLD) in 2005, and subse-
quently, the AASLD and Journal of the National Cancer Insti-
tute (AASLD-JNCI) guidelines formally modified the RECIST
(sum of diameters of target lesions) criteria so that VTS (en-
hancing tumor size by imaging), rather than TTS, is used to assess
treatment response in HCCs [26]. Objective tumor response to
treatment as measured by the mRECIST criteria was found to be
a good predictor of survival in HCC patients treated by LRT or
systemic targeted therapy [11,27-29)]. In addition, the mRECIST
assessment has been shown to have prognostic value even after liver
transplantation; one recent study demonstrated that incorporat-
ing the mRECIST assessment into the Metroticket 2.0 model for
post-liver transplantation HCC-related death prediction could
improve its predictive ability [30]. However, there is no study
to date on the significance of VTS evaluation by pathology on
HCGs. Therefore, we postulated that a measurement of the resid-
ual (viable) tumor size (VIS) may be more relevant for prognosti-
cation purposes, and questioned whether applying the VTS had

https://doi.org/10.4132/jptm.2021.07.26

any effect on the clinicopathological features and/or prognosis of
HCC patients.

We found that the VTS was not superior to TTS in predicting
survival of HCC patients; there was no significant prognostic
difference between TTS and VTS in both total population and
the LRT subgroup. However, we found that VTS exceeding 2 cm
was significantly predictive of a poor DES on both univariate
and multivariate analyses, and that among the group of patients
who received preoperative LRT, HCCs with VIS <2 cm dem-
onstrated significantly longer DFS compared to HCCs with VTS
>2 cm. Moreover, HCCs that were originally larger than 2 cm
(TTS > 2 cm) but down-staged to VIS <2 cm after LRT showed
significantly longer DFS compared to HCCs with VIS > 2 cm,
and the DFS of the down-staged tumors were similar to that of
HCCs that were originally (TTS) <2 c¢m. This suggests that
VTS <2 ¢m could be considered ypT1a regardless of the original
TTS before LRT. This may have important clinical implications,
as patients with HCCs that are down-staged to ypT1a based on
the VTS could become potential candidates for surgical resection
or transplantation, providing a chance for curative therapy for pa-
tients who were originally deemed as being ineligible for surgery.

From the practical point of view, measuring tumor size may
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be difficult when there are multifocally scattered residual tumors
in treated HCCs. In this study, we adapted the mRECIST method
(maximum diameter of enhancing tumor by imaging) to the
surgical specimens (maximum diameter of the viable tumor by
macroscopic and microscopic evaluation) [16]; therefore, the size
of the largest viable tumor was measured in the case of multifo-
cally scattered viable tumors. However, we did experience diffi-
culties with accurately measuring the VTS in some of our cases,
especially when there was an irregular geographic distribution of
intratumoral necrosis. For example, in one case, the VIS (1.2 cm)
was considerably lower than the TTS (8.5 cm), although the per-
centage of tumor necrosis was only 30%. On the other hand, in
another case with 95% necrosis, there was only a small decrease
in tumor size, from 3.5 cm (TTS) to 1.9 cm (VTS). Nevertheless,
measurement of the VIS was feasible for the majority of cases,
and actually easier to assess compared to estimating the extent
of intratumoral necrosis, especially for tumors with near total ne-
crosis. Another problem with the TTS is that the TTS may not
accurately measure the actual tumor size, as the peritumoral he-
patic parenchyme is often infarcted as a result of TACE or RFA,
and the infarcted non-neoplastic parenchyme may be misinter-
preted as being part of the HCC, potentially resulting in an over-
estimation of the tumor size.

The VTS measurement used in this study could by no means
be an accurate surrogate of the actual viable tumor volume. Mea-
suring the tumor volume and the change in tumor volume after
LRT could theoretically reflect the tumor response and prognosis
better than this simple one-dimensional VTS measurement. In
this aspect, digital pathology may potentially play a role in accu-
rate tumor size or volume assessment in the near future.

This study has its limitations. It is a retrospective cohort study
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of archival cases, and therefore the gross photographs taken at
the time of accession (and their corresponding slides) were reviewed
for TTS and VTS measurement. Therefore, it is possible that
the representative cross sections in the photographs did not reflect
the exact tumor size. However, we selected only those cases in
which histological mapping was performed for at least one whole
Cross section to ensure an accurate size measurement in the avail-
able cross section. This resulted in the smaller number of HCC
cases enrolled, which is another limitation of this study.

In conclusion, although the impact on patient survival accord-
ing to VIS or TTS measurement was not significantly different,
HCCs that were down-staged to VIS <2 cm after preoperative
LRT had similar outcomes to HCCs that were originally smaller
than 2 cm, suggesting that such tumors may be assigned as ypT1a
by the AJCC TNM system and that reporting the VTS may help
to increase the number of HCC patients that are eligible for sur-
gery after LRT.
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