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Abstract

Introduction: Real-world management of patients with he-
patocellular carcinoma (HCC) is crucially challenging in the
current rapidly evolving clinical environment which in-
cludes the need for respecting patient preferences and au-
tonomy. In this context, regional/national treatment guide-
lines nuanced to local demographics have increasing impor-
tance in guiding disease management. We report here

real-world data on clinical outcomes in HCC from a valida-
tion of the Consensus Guidelines for HCC at the National
Cancer Centre Singapore (NCCS). Method: We evaluated the
NCCS guidelines using prospectively collected real-world
data, comparing the efficacy of treatment received using
overall survival (OS) and progression-free survival (PFS).
Treatment outcomes were also independently evaluated
against 2 external sets of guidelines, the Barcelona Clinic Liv-
er Cancer (BCLC) and Hong Kong Liver Cancer (HKLC). Re-
sults: Overall treatment compliance to the NCCS guidelines
was 79.2%. Superior median OS was observed in patients
receiving treatment compliant with NCCS guidelines for ear-
ly (nonestimable vs. 23.5 months p < 0.0001), locally ad-
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vanced (28.1 vs. 22.2 months p = 0.0216) and locally ad-
vanced with macrovascular invasion (10.3 vs. 3.3 months
p = 0.0013) but not for metastatic HCC (8.1 vs. 6.8 months
p = 0.6300), but PFS was similar. Better clinical outcomes
were seen in BCLC C patients who received treatment com-
pliant with NCCS guidelines than in patients with treatment
only allowed by BCLC guidelines (median OS 14.2 vs. 7.4
months p=0.0002; median PFS 6.1 vs.4.0 months p=0.0286).
Clinical outcomes were, however, similar for patients across
all HKLC stages receiving NCCS-recommended treatment
regardless of whether their treatment was allowed by HKLC.
Conclusion: The high overall compliance rate and satisfac-
tory clinical outcomes of patients managed according to the
NCCS guidelines confirm its validity. This validation using
real-world data considers patient and treating clinician pref-
erences, thus providing a realistic analysis of the usefulness
of the NCCS guidelines when applied in the clinics.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is a highly malig-
nant cancer. It is the sixth most common cancer world-
wide, and the fourth most common cause of cancer death
[1]. Untreated, its general prognosis is poor with a me-
dian survival of 9 months [2]. More than 80% of HCC
cases in the world occur in sub-Saharan Africa and East-

ern Asia where viral hepatitis is endemic [3]. In Singa-
pore, HCC is the fourth most common cancer in men and
the third most common cause of cancer deaths. Globally,
a number of guidelines have been proposed for the man-
agement of HCC, none of which have been universally
adopted. The more widely cited guidelines are from the
West, in which Asian patient demographics are under-
represented [4].

Asian management guidelines on HCC include those
from the Japan Society of Hepatology [5], the Korean Liv-
er Cancer Study Group [6], and the Asia Pacific Associa-
tion for the Study of the Liver [7]. Notably, the Hong
Kong Liver Cancer (HKLC) guidelines have been shown
to outperform the Barcelona Clinic Liver Cancer (BCLC)
guidelines in the management of Asian patients with
HCC in several institutions [8]. Each of these guidelines
caters to patients of different demographics, with more
consideration for local disease aetiology and availability
of medical resources.

Singapore is a multiracial and multicultural country of
5.6 million in the centre of Southeast Asia. The Compre-
hensive Liver Cancer Clinic (CLCC) at the National Can-
cer Centre Singapore (NCCS) provides multidisciplinary
care to HCC patients in the country. Singapore has a
mixed public-private healthcare delivery system where
patients co-share healthcare funding with state-sanc-
tioned insurance and have significant autonomy [9]. The
NCCS consensus guidelines [10] (shown in Fig. 1, 2) was
developed in June 2014 by a group of 24 clinical special-
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Fig. 1. HCC staging system based on the NCCS consensus guidelines (retrieved from: https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC4906434/). NCCS, National Cancer Centre Singapore; HCC, hepatocellular carcinoma.
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Fig. 2. NCCS consensus guidelines (retrieved from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4906434/).

NCCS, National Cancer Centre Singapore.
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ists from multiple disciplines based on extensive review
of regional and global guidelines, and current evidence in
HCC treatment modalities. Consistent with many other
Asian guidelines, the NCCS consensus guidelines stages
patients based on tumour burden, liver function and
functional status before recommending multiple treat-
ment options. Specific provisions in the NCCS guidelines
allow a multidisciplinary tumour board (MDTB) flexibil-
ity in recommending individualized treatment for pa-
tients. Autonomy and the treatment preferences of both
patient and the treating clinician are consistently respect-
ed. The MDTB may also recommend treatment outside
ofthe consensus guidelines if such treatment were deemed
more suitable because of the unique circumstances of the
patient. Thus, whilst the majority of patients with HCC
managed at the NCCS received treatment consistent with
the guidelines, a significant minority received treatment
outside of the guidelines.

Here, we report a prospective evaluation of the NCCS
consensus guidelines for HCC, reviewing its prognostic
accuracy, efficacy of treatments recommended, and over-
all compliance to recommendation in patients treated for
HCC at the NCCS. Efficacy of treatment received was as-
sessed by patients’ clinical outcomes, specifically overall
survival (OS), and progression-free survival (PFS). Other
factors influencing treatment decision and outcomes,
such as MDTB recommendations and individual patient
and attending clinician preferences were also reviewed.

Outcomes of patients who received treatment consis-
tent with the NCCS guidelines were further validated
against 2 external staging system based on treatment
compliance to the external set of guidelines, namely the
BCLC guidelines and HKLC guidelines. Clinical out-
comes from both sets of guidelines across the different
cancer stages were then compared.

Materials and Methods

Study Design

This study was conducted at the NCCS, a tertiary care academ-
ic medical centre in Singapore and was approved by the Institu-
tional Review Board (CIRB Ref: 2017-2000).

Study Population

Patients with HCC treated at the multidisciplinary CLCC at
NCCS from the period of June 1, 2014, to December 31, 2018, and
who met the study inclusion criteria were included in this study.

Inclusion criterion included (1) patients with HCC diagnosed
on biopsy or imaging based on the American Association for the
Study of Liver Diseases (AASLD) Guidelines 2011 (shown in
Fig. 1) and (2) who received treatment for HCC from the multidis-
ciplinary team at CLCC from June 1, 2014, to December 30, 2018.

Real-World Data on Clinical Outcomes of
Patients with Liver Cancer

The following patients were excluded from this study: patients
who did not receive further treatment at NCCS after initial consul-
tation and/or diagnosis (e.g., patients seeking second opinions)
and patients with other concurrent malignancy, except for ade-
quately treated basal cell or squamous cell skin cancer, in situ cer-
vical cancer, or other cancers for which the patient has been dis-
ease-free for at least 5 years.

Definitions

Date of diagnosis was defined as the date of definitive diagnosis
of HCC at NCCS by multiphasic imaging according to AASLD
criteria, or biopsy when imaging was not conclusive. Date of pro-
gression/recurrence was defined as the date of imaging showing
progressive disease according to the Response Evaluation Criteria
in Solid Tumours (RECIST) criteria.

“NCCS guidelines compliant” was defined as patients receiving
treatment for HCC that were consistent with the NCCS guidelines
for a given HCC stage. “NCCS guidelines non-compliant” was de-
fined as patients receiving treatment outside of those recommend-
ed by the NCCS guidelines.

Data Collection

Data were collected prospectively using the Sunrise Clinical
Manager® (Allscripts Health Solutions INC, Chicago, IL, USA)
electronic patient medical records at NCCS. Date of data censor-
ship was July 18, 2019. Baseline characteristics for patients namely:
gender, race, age, hepatitis status, Child-Pugh (CP) score, albu-
min-bilirubin (ALBI) score, and Eastern Cooperative Oncology
Group (ECOG) performance status were entered into an electron-
ic clinical record form (CRF). Data for date of diagnosis, first treat-
ment administered, date of last follow-up, date of demise, date of
progression, MDTB discussion status, MDTB discussion and as-
sessment outcomes, including treatment recommendations and
reasons for noncompliance to recommendations were also entered
into the clinical record form. ALBI grade was created based on
grade 1: ALBI <-2.60, grade 2: —2.60 < ALBI <-1.39, and grade 3:
>-1.39.

The patients’ HCC was staged according to the NCCS guide-
lines and the BCLC and HKLC guidelines and recorded. HCC
stage was determined based on the first CT or MRI reviewed dur-
ing the first consultation at the CLCC. The NCCS guidelines clas-
sify patients with HCC into 1 of 3 clinical stages based on tumour
burden (shown in Fig. 2).

Patients were first grouped by their HCC stage according to the
NCCS guidelines, then further subdivided into “NCCS guidelines
compliant” and “NCCS guidelines non-compliant” based on their
treatment compliance to guidelines. Treatment compliance to rec-
ommendations in the NCCS guidelines was evaluated based on the
first treatment administered and recorded using the Sunrise Clin-
ical Manager®.

Statistical Analysis

The primary objective of this study was to compare OS and PFS
between patients’ NCCS treatment compliant status — “guidelines
compliant” and “guidelines non-compliant” within each HCC
stage. The primary outcomes of this study were OS and PFS. Pa-
tient’s demographics and clinical characteristics were summarized
with respect to NCCS guidelines compliance status within each
HCC stage. Continuous and categorical characteristics were sum-
marized as mean (standard deviation) or median (minimum and
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Number of patients seen at CLCC from 1st
June 2014 to 31st December 2018: n = 2,092

Excluded (n = 1,368)
> - Diagnoses other than HCC:
n=1368

Y

Patients diagnosed with HCC and seen at CLCC:

n=724

Excluded (n = 146)

- No treatment for HCC: n = 93

»( - Other concurrent cancers: n = 45
- Incomplete patient information:
n=28

Y

Patients included in the study: n = 578

Fig. 3. Study CONSORT diagram.

maximum), whichever appropriate, and frequency (proportion),
respectively. OS was calculated from the date of diagnosis to the
date of demise or the date the patient was last seen before the date
of data censorship. PFS was calculated from the date of diagnosis
to time of disease progression or until death from any cause,
whichever was earlier. Kaplan-Meier plots were used to investigate
differences in both OS and PFS for patients with different NCCS
guidelines compliance status. Differences were tested using Wil-
coxon test. Median OS and PFS with 2-sided 95% confidence in-
terval (95% CI) were also estimated from Kaplan-Meier plot for OS
and PFS. Univariate Cox proportional hazard (CPH) regression
model was used to find prognostic association between OS and
ALBI grade and Child-Pugh. Association from CPH was expressed
as hazard ratio (HR) with 95% CI. All tests were 2 sided, and p
value <0.05 was considered as statistically significant. SAS software
version 9.4 (SAS Institute, Cary, NC, USA) was used for analysis.

Results

From June 1, 2014, to December 31, 2018, 2092 unique
patients attended the multidisciplinary CLCC at NCCS. 724
(34.6%) of these patients had a primary diagnosis of HCC.
After initial diagnosis and assessment, 93 (12.8%) patients
did not receive further treatment at NCCS and were, there-
fore, excluded from the study. Also excluded from the anal-
ysis were 45 (6.2%) patients who had other concurrent can-
cers, and 8 (1.1%) patients with incomplete information.
The remaining 578 patients met the study inclusion criteria
and were included in the study (shown in Fig. 3).

In the cohort, 129 (22.3%) patients had Early HCC,
266 (46.0%) patients had locally advanced HCC (which

228 Liver Cancer 2021;10:224-239
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included patients with macrovascular invasion), and 183
(31.7%) patients had Metastatic HCC as defined by the
NCCS staging system (shown in Table 1). Within the lo-
cally advanced group, 127 (21.9%) patients had macro-
vascular invasion, and 139 (24.0%) patients were without
macrovascular invasion.

Patient Demographics and Baseline Characteristics

The demographics and baseline characteristics of the
578 patients are described in Table 1. Within each HCC
stage, baseline characteristics were compared between
patients receiving guidelines compliant treatment and
patients receiving guidelines noncompliant treatment.
Amongst patients with early HCC and locally advanced
HCC, those with guidelines noncompliant treatment had
a larger proportion of patients with Child-Pugh B (p =
0.0475 and p = 0.0012, respectively) compared to patients
with guidelines compliant treatment. In the metastatic
group, patients with guidelines noncompliant treatment
had a higher median age compared to patients with guide-
lines compliant treatment (p = 0.0369) (shown in Ta-
ble 1).

Compliance with Recommendations of the National

Cancer Centre Singapore Consensus Guidelines for

Hepatocellular Carcinoma

Overall treatment compliance rate to the NCCS con-
sensus guidelines for patients seen from the period of
June 1, 2014, to December 31, 2018, was 79.2%. Treat-
ment compliance rates for the different stages were 89.9%

Chew et al.



Table 1. Baseline characteristic based on NCCS compliance status stratified by HCC stages

Baseline characteristic for early Early stage HCC

HCC patients

Locally advanced HCC

Metastatic HCC

noncompliant to compliant to NCCS  p value noncompliant to compliant to NCCS p value noncompliant to compliant to NCCS p value
NCCS guidelines  guidelines NCCS guidelines  guidelines NCCS guidelines guidelines
N=13(10.1%) N=116 (89.9%) N=57(21.4%) N =209 (78.6%) N=50(27.3%) N =133 (72.7%)
Race, n (%)
Chinese 8 (61.54) 65 (56.03) 50 (87.72) 122 (58.37) 42 (84.00) 90 (67.67)
Indian 1(7.69) 4(03.45) 0 (0.0) 8(3.83) 1 (2.00) 3(2.26)
Malay 2(1538)  7(0603) 7% 235y 1518 OB 1200 5376) 01382
Others 2 (15.38) 40 (34.48) 5(8.77) 64 (30.62) 6 (12.00) 35(26.32)
Gender, n (%)
Male 10 (76.92) 31 (26.72) 50 (87.72) 171 (81.82) 42 (84.00) 117 (87.97)
Female 32308 85(7328) 000 T7(228)  3s(isas) OO s(1600)  16(1203) 4%
Age (years)
Mean (SD) 68.9 (10.78) 64.2 (10.30) 0.1516 66.8 (12.55) 64.8(9.98) 0.2670 66.6 (11.18)  62.7 (10.30) 0.0369
Median (IQR) 69.0 (12.0) 64.0 (12.5) ’ 68.0 (18.0) 65.0 (12.0) ’ 68.5 (17.0) 64.0 (13.0) ’
Hepatitis B, n (%)
Yes 3(23.08) 58 (50.00) 25 (43.86) 101 (48.33) 29 (58.00) 77 (57.89)
No 10(7692)  58(50.00) %0822 355614) 108 (51.67) 20 21(4200)  56(a211) 10000
Hepatitis C, n (%)
Yes 5(38.46) 19 (16.38) 3 (5.26) 28 (13.40) 5(10.00) 14 (10.53)
No 8(6154) 97(83.62) 20000 540474) 181(86.60) 10 45(90.00) 119 (89.47) 10000
Child-Pugh Score, 1 (%)
A 10 (76.92) 110 (94.83) 33(57.89) 167 (79.90) 32 (64.00) 102 (76.69)
B 3(23.08) 5(4.31) 0.0475 24 (42.11) 39 (18.66) 0.0012 17 (34.00) 25(18.80) 0.0835
C 0(0.0) 1(0.86) 0 (0.0) 3(1.44) 1 (2.00) 6 (4.51)
ECOG Scores, n (%)
0-2 13 (100.0) 116 (100.0) 53(92.98) 200 (95.69) 49 (98.00) 126 (94.74)
3-4 - - 47020 9@3n O 1200 7(526) 0447

p values are based on Fisher’s exact test for categorical variables and 2 sample ¢ test for continuous variables. EOCG, Eastern
Cooperative Oncology Group; SD, standard deviation; HCC, hepatocellular carcinoma.

for early HCC, 78.6% for locally advanced HCC and
72.7% for metastatic HCC. The reasons for noncompli-
ance were reviewed for the 120 (20.8%) patients (shown
in Table 2). HCC stage was found to influence compli-
ance rates (p = 0.0019), with compliance rates decreasing
with more advanced HCC stage.

Overall Survival and Progression-Free Survival

Early Hepatocellular Carcinoma

The median OS was not reached after a median follow-
up of 25.2 (min: 0.2 and max: 60.5) months. Median OS
for patients with guidelines compliant treatment was not
reached but was 23.5 months for patients with guidelines
noncompliant treatment (p = < 0.0001) (shown in Ta-
ble 3). Median PES for all patients with early HCC was
53.4 months but was not reached for patients with guide-
lines compliant treatment. Median PFS was 10.6 months
for patients with guidelines noncompliant treatment (p <
0.0001).

Real-World Data on Clinical Outcomes of
Patients with Liver Cancer

Locally Advanced Hepatocellular Carcinoma

The median OS for locally advanced patients without
vascular invasion was 25.7 months. OS for patients with
guidelines compliant treatment was 28.1 versus 22.2
months for patients with guidelines noncompliant treat-
ment (p = 0.0216) (shown in Table 3). Median PFS was
10.3 months, and there was no significant difference ob-
served between these 2 groups (p = 0.2052).

The median OS for locally advanced patients with vas-
cular invasion was 8.4 months. Patients with guidelines
compliant treatment had a median OS of 10.3 months.
Patients with guidelines noncompliant treatment had a
median OS of 3.3 months (p = 0.0013) (shown in Table 3).
Median PFS was 6.1 months and was not significantly dif-
ferent between the 2 groups (p = 0.4806).

Metastatic Hepatocellular Carcinoma
The median OS for patients with metastatic disease
was 8.0 months. Patients with guidelines compliant treat-
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Table 2. Reasons for treatment noncompliance to NCCS consensus guidelines recommendations

HCC stage Frequency, Reason for treatment noncompliance to NCCS consensus guidelines

n=120 recommendations

Early Stage HCC 13 - 5, patient or family’s decision
-3, MDTB recommended treatment outside of guidelines

- 5, individual physician decision

Locally advanced-stage 57
HCC

- 23, patient or family’s decision

- 28, individual physician’s decision

-3, MDTB recommended treatment outside of guidelines
- 1, death before treatment initiation

- 1, rapid disease progression before treatment

- 1, poor tolerance of therapy

Metastatic stage HCC 50 - 31, patient or family’s decision

- 1, MDTB recommended treatment outside of guidelines
- 13, individual physician’s decision

- 3, rapid disease progression before treatment

- 2, poor tolerance of therapy

MDTB, multidisciplinary tumour board; HCC, hepatocellular carcinoma; NCCS, National Cancer Centre
Singapore.

Table 3. Comparison of median OS and PFS between NCCS compliant groups within each HCC stage

HCC stage Status Median OS (95% CI) pvalue Median PFS (95% CI) p value
Early stage HCC Noncompliant ~ 23.52 (6.70, ne) 10.64 (3.35, 51.78)
Compliant Median OS not reached <0.0001 Median PFS not reached <0.0001
Overall Median OS not reached 53.39 (28.88, ne)
Locally advanced-stage HCC
No vascular invasion Noncompliant ~ 22.21 (7.00, ne) 23.13 (5.98, ne)
Compliant 28.09 (19.65, 40.94) 0.0216 9.43 (6.83,11.70) 0.2052
Overall 25.66 (19.61, 38.60) 10.32 (7.96, 11.99)
Vascular invasion Noncompliant ~ 3.29 (2.43, 9.20) 5.06 (2.27, ne)
Compliant 10.25 (6.74, 14.16) 0.0013 6.18 (4.34, 8.48) 0.4806
Overall 8.41 (5.45, 11.83) 6.05 (4.34, 8.48)
Metastatic stage HCC Noncompliant  6.77 (4.34, 13.50) 5.36 (3.52, 8.74)
Compliant 8.05 (7.10, 10.45) 0.6300 3.98 (3.32, 5.59) 0.1390
Overall 8.02 (6.64, 10.15) 4.57 (3.48, 5.88)

ne, not estimable; CI, confidence interval; HCC, hepatocellular carcinoma.

ment had a median OS of 8.1 months compared to 6.8
months for patients with guidelines noncompliant treat-
ment (p = 0.6300) (shown in Table 3). Median PFS was
4.6 monthsand was not significantly different between
the 2 groups (p = 0.1390) .

Prognostic Values of ALBI and Child-Pugh
Univariate CPH showed that higher ALBI grade and
Child-Pugh score significantly associated with poorer

230 Liver Cancer 2021;10:224-239
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survival. ALBI grade 2 (HR [95% CI]: 2.58 [1.96, 3.40])
or 3 (HR [95% CIJ: 5.62 [3.77, 8.39]) had poorer sur-
vival compared to grade 1. Similarly, higher Child-Pugh
score B (HR [95% CI]: 3.94 [3.01, 5.15]) or C (HR [95%
CI]: 5.08 [2.60, 9.93]) had poorer survival compared to
Child-Pugh A (shown in Table 4). Integrated time de-
pendent area under the curve was 0.47 (CP) and 0.48
(ALBI).

Chew et al.



Table 4. Prognostic values of Child-Pugh (CP) and Albumin-
Bilirubin (ALBI) score

Variables Unadjusted HR (95% CI)  p value

CP Stage (ref = A) <0.0001*
B 3.94 (3.01, 5.15) <0.0001
C 5.08 (2.60, 9.93) <0.0001

ALBI grade (ref=1) <0.0001*
2 2.58 (1.96, 3.40) <0.0001
3 5.62 (3.77, 8.39) <0.0001

CI, confidence interval. *, type -3 or overall p value.

Performance Assessment of the National Cancer

Centre Singapore Consensus Guidelines

The efficacy of the NCCS consensus guidelines was
further evaluated by comparison with 2 other external
guidelines, namely the BCLC and the HKLC guidelines.
Analysis was conducted on patients with NCCS compli-
ant treatment, who were then restaged using the external
staging system and stratified according to their treatment
compliance. OS and PFS were then compared between
compliant and noncompliant patients. The same analyti-
cal method was used for analysis with the BCLC and
HKLC guidelines.

Comparison with the Barcelona Clinic Liver Cancer

Guidelines

To provide external validation of the NCCS treatment
guidelines, further analysis was conducted on patients
with guidelines compliant treatment. Patients with com-
pliant treatment were grouped according to their BCLC
stages and treatment compliance to BCLC guidelines
(shown in Table 5). The efficacy of NCCS-recommended
treatment and specifically new treatment modalities rec-
ommended by the NCCS guidelines was evaluated by
comparing the OS of patients who received only NCCS-
recommended treatments (BCLC noncompliant treat-
ment) with those who received treatments recommended
by both guidelines (BCLC compliant) (shown in Table 5).
The type of treatment these patients received at NCCS
CLCC was tabulated across different BCLC stages, con-
trasting the different treatment modalities recommended
by the 2 guidelines (shown in Table 6). In BCLC stage A
and 0, median survival was not reached in both BCLC
noncompliant and compliant group (p = 0.8106), median
PFS was 24.9 months in BCLC noncompliant patients,
and median PFS was not reached in the BCLC compliant
group (p = 0.5282) (shown in Table 5).

Real-World Data on Clinical Outcomes of
Patients with Liver Cancer

In BCLC stage B, median OS in BCLC noncompliant
group (25.1 months) appeared to trend toward superior
outcomes compared to BCLC compliant group (14.6
months) (p =0.7216) but was not significant. Median PFS
in BCLC noncompliant group was 7.2 months versus 7.0
months in BCLC compliant group (p = 0.9054) (shown in
Table 5).

In BCLC stage C, median OS was 14.2 months in BCLC
noncompliant group, which was significantly higher
compared to 7.4 months in BCLC compliant group (p =
0.0002). Median PES in the noncompliant group was 6.1
months compared BCLC compliant group at 4.0 months
(p = 0.0286) (shown in Table 5).

In BCLC stage D, median OS for BCLC noncompliant
group was 3.5 months, whilst BCLC compliant group had
amedian OS of 2.4 months (p = 0.3000). Median PFS was
not reached in BCLC compliant group and median PFS
for BCLC noncompliant group was 8.9 months (p =
0.3681) (shown in Table 5).

Comparison with the Hong Kong Liver Cancer

Staging System

The comparison was done in the same manner as the
comparison with the BCLC guidelines. All NCCS compli-
ant patients were grouped according to their HKLC stage
and compliance to HKLC guidelines accessed. OS and
PES data were then obtained and compared between
compliant and noncompliant patients stratified by stage.

In HKLC stage 1, median OS was 61.3 months in all
patients as all patients compliant to NCCS were also com-
pliant to HKLC. Median PFS was nonestimable in all pa-
tients (shown in Table 7).

In HKLC stage 2, there was no difference in OS (36.7
vs. 40.9 months, p = 0.3289) and PFS (10.3 vs. 9.9
months, p = 0.8336) between HKLC noncompliant pa-
tients and compliant patients, respectively (shown in Ta-
ble 7).

In HKLC stage 3, there was no difference in OS (9.4
vs. 22.8 months, p = 0.0844) and PFS (9.1 and 7.4
months, p = 0.5271) between HKLC noncompliant pa-
tients and compliant patients, respectively (shown in
Table 7). In HKLC stage 4, there was no difference in
OS (21.9 vs. 8.6 months, p =0.1232) and PES (7.1 vs. 4.1
months, p = 0.2931) between HKLC noncompliant and
compliant patients, respectively (shown in Table 7). In
HKLC stage 5, there was no difference in OS (4.7 vs. 2.7
months, p = 0.2285) and PFS (12.3 months vs. nonesti-
mable, p = 0.3298) between HKLC noncompliant and
compliant patients, respectively (shown in Table 7).
The number of patients who have stage migrated in
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Table 5. Clinical outcomes for patients with treatment compliant to NCCS guidelines stratified by the BCLC system

BCLC stage Compliance status Median OS (95% CI) pvalue  Median PES (95% CI) p value
Stage 0/A, N =135 Non-BCLC compliant Median OS not reached 0.8106 24.87 (14.95, ne) 0.5282
BCLC compliant Median OS not reached ’ Median PFS not reached ’
Stage B, N = 60 Non-BCLC compliant 25.10 (14.36, 61.31) 07216 7.20 (4.80, 11.63) 0.9054
BCLC compliant 14.60 (11.57, ne) ) 7.03 (3.09, 10.84) ’
Stage C, N =239 Non-BCLC compliant 14.16 (10.25, 16.66) 0.0002 6.05 (4.67, 8.48) 0.0286
BCLC compliant 7.39 (5.09, 9.03) ’ 3.98 (3.22, 5.06) ’
Stage D, N =24 Non-BCLC compliant 3.45 (1.54, 16.79) 0.3000 8.89 (2.00, ne) 0.3681

BCLC compliant 2.40 (0.36, 9.07) Median PFS did not reach

OS and PFS refers to OS and PFES. ne, not estimable; OS, overall survival; PFS, progression-free survival; BCLC, Barcelona Clinic
Liver Cancer; CI, confidence interval; NCCS, National Cancer Centre Singapore. p values are based on Gehan-Breslow-Wilcoxon test.

Table 6. First treatment for patients compliant to NCCS guidelines staged by BCLC classification

BCLC stage First treatment at Singhealth Institutions

Resection, RFA, SIRT, Radio- TACE, Sorafenib,  Other Clinical ~ Combination Best

N=282 N=46 N=289 therapy, N=14 N=76 systemic trials, therapy, supportive

N=4 therapy, N=78 N=4 care, N =22
N=43
0/A (N=135) 71 44 17 1 1 1
B (N =60) 7 25 10 8 10
C (N=239) 4 1 47 3 3 68 42 67 4 (Y90 +
systemic)

D (N=24) 1 1 22

Italicized: number of patients undergoing BCLC compliant treatments. BCLC, Barcelona Clinic Liver Cancer; SIRT, selective internal
radiation therapy; NCCS, National Cancer Centre Singapore.

Table 7. Clinical outcomes for patients with treatment compliant to NCCS guidelines stratified by the HKLC system

HKLC stage Status Median OS (95% CI) p value Median PFS (95% CI) p value
Stage 1 (N =123) Compliant (N = 123) 61.31 (ne, ne) - ne -
Stage 2 (N =61) Noncompliant (N = 10) 36.67 (10.19, 38.60) 0.3289 10.32 (5.49, 22.67) 0.8336
Compliant (N = 51) 40.94 (25.43, ne) : 9.89 (6.57, 16.69) :
Stage 3 (N = 100) Noncompliant (N =17) 9.36 (4.86, 23.23) 0.0844 9.07 (3.71, 21.52) 0.5271
Compliant (N = 83) 22.83 (13.11, ne) ’ 7.43 (4.44, 10.02) ’
Stage 4 (N =138) Noncompliant (N = 4) 21.88 (11.83, ne) 0.1232 7.13 (3.61, 7.20) 02931
Compliant (N = 134) 8.57 (7.40, 11.17) ’ 4.14 (3.39, 5.59) ’
Stage 5 (N = 36) Noncompliant (N = 14) 4.67 (1.64, 5.52) 12.29 (1.58,12.29)
Compliant (N = 22) 2.66 (1.48, 4.50) 0.2285 ne 0.3298

ne, not estimable; HKLC, Hong Kong Liver Cancer; CI, confidence interval; NCCS, National Cancer Centre Singapore.
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Italicized: number of patients undergoing HKLC compliant treatments. TSM, treatment stage migration; HKLC, Hong Kong Liver Cancer; SIRT, selective internal

radiation therapy; NCCS, National Cancer Centre Singapore.

each stage stratified by treatment received are annotat-
ed (shown in Table 8). Reasons for stage migration are
summarized in Table 9.

Discussion

Underpinning the numerous guidelines for HCC stag-
ing and management is the wide geographic variance in
tumour biology and resource availability. A universal
guideline for HCC management does not currently ap-
pear feasible or effective. Real-world practice decisions
are largely guided by local preferences and local availabil-
ity of specialist opinions and treatment options.

This is the first validation of the NCCS consensus
guidelines since its implementation in 2014, reviewing
the effectiveness of the current practice guidelines in stag-
ing, prognosticating, and recommending treatment for
the diverse patient population treated at the NCCS CLCC.

The NCCS consensus guidelines accurately stratified
patients into 3 distinct stages of disease: early, locally ad-
vanced, and metastatic; the naming system used directly
correlates the stage with disease burden. The veracity of
the NCCS guidelines is confirmed by the worsening OS
and PFS observed with increasing disease stage and/or
vascular involvement and this offer good prognostic ap-
plications.

Treatment compliance to consensus guidelines was
seen in 79.2% of patients treated at the NCCS CLCC. Of
note, HCC stage was found to influence compliance rates
(p=0.0019), with compliance rates decreasing with more
advanced HCC stages, at 89.9, 78.6, and 72.7%, respec-
tively (shown in Table 1). In more advanced-stage HCC,
treatment recommendations become increasing complex
and are associated with less favourable risk-benefit ratios.
Thus, in advanced-stage HCC, factors like patients’ per-
sonal preference and individual physician’s recommen-
dations become increasingly weighted.

Similarly, Child-Pugh (CP) score was also found to in-
fluence compliance rates in the early and locally advanced
group (p = 0.0475, 0.0012, respectively) but not in the
metastatic group (p = 0.0835). A higher compliance rate
was observed amongst all CP A patients as patients with
better basal liver function would be amendable to more
treatment options. Compliance rate amongst CP A pa-
tients was 91.7% (early), 83.5% (locally advanced), and
76.1% (metastatic). Notably, 93.0% of all early HCC pa-
tients were CP A, which could be a product of regular
follow-up and intervention for basal liver disease in pri-
mary and secondary centres leading to early detection
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Table 9. Reasons for treatment stage migration

HCC Frequency, Reason for treatment stage migration
stage n=75
1 6 -2, poor ICG
- 1, other comorbidities
- 3, progressive disease on resection
2 42 - 24, poor ICG/functional liver remnant
- 6, other comorbidities
- 10, progressive disease on previous treatment
- 2, unresectable tumour
3 27 — 14, rapidly progressive disease/worsening liver function/failed MAA

- 3, other comorbidities
- 10, progressive disease on previous treatment

HCC, hepatocellular carcinoma.

and referral to our tertiary centre. Subsequent studies in-
volving the follow-up of CP A patients could be beneficial
in ascertaining the effectiveness of the guidelines in pre-
serving hepatic function in HCC patients and prognosti-
cating guidelines compliant patients to further improve
outcomes.

Multidisciplinary Tumour Board Recommendations

and Patient and Treating Physician Autonomy

Patients who attend the CLCC are routinely assessed
by the MDTB where at least 4 clinical disciplines are rep-
resented (from surgical oncology/Hepato-pancreato-bil-
iary surgery, medical oncology, nuclear medicine, radia-
tion oncology, interventional radiology, and diagnostic
radiology), and treatment options and recommendations
are discussed. Patients with HCC are a highly complex
patient group, with multiple risk factors and comorbidi-
ties. At the CLCC, provisions in the guidelines specifi-
cally allow the MDTB the option of consensus-based rec-
ommendation of individualized treatment regime for
each patient independent of the NCCS guidelines. During
the study period, the MDTB made recommendations
outside of the CLCC treatment guidelines in 3 patients
with early stage HCC, in 3 patients with locally advanced
HCC and in 1 patient with metastatic HCC. Patient and
treating physician preferences become increasingly
weighted as the disease becomes more advanced. Patient
autonomy in treatment decisions was exercised in 5 pa-
tients with early stage HCC, in 23 patients with locally
advanced HCC, and in 31 patients with metastatic HCC.
Treating physician autonomy in treatment decisions was
exercised in 5 patients with early stage HCC, in 28 pa-
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tients with locally advanced HCC, and in 13 patients with
advanced HCC (shown in Table 2). OS and PFS in pa-
tients who received treatment compliant/noncompliant
to guidelines patients with early stage and locally ad-
vanced HCC had better OS when they received guidelines
compliant treatment. Similarly, patients with early stage
HCC had better PFS when they received guidelines com-
pliant treatment.

In patients with early stage HCC who received guide-
lines compliant treatment, median OS and progression-
free survival were not reached in this study after a median
follow-up of 25.2 months (p = <0.0001) (shown in Fig. 4,
5). The majority of patients (89.9%) in this group received
either surgical resection or RFA. Consistent with many
Asian countries, Singapore faces shortages in donor or-
gans and continues to use liver resection and RFA aggres-
sively with similar satisfactory survival outcomes seen in
other Asian countries [11]. OS and PFS were significant-
ly better in patients who received guidelines compliant
treatment versus those who did not (p < 0.0001 for OS and
p < 0.0001 for PES).

In patients with locally advanced HCC, median OS
was significantly better in patients with treatment com-
pliant to the NCCS guidelines than in patients who re-
ceived guidelines noncompliant treatments (shown in
Fig. 4). PFS was not significantly different between the 2
groups (shown in Fig. 5). That significantly better OS was
seen although there was no difference in PFS may be be-
cause many patients at the CLCC receive multiple se-
quential treatment modalities as the disease progresses in
their treatment journey. Patients are closely followed up
for early detection of disease progression at which point

Chew et al.
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Fig. 4. KM plot comparing OS between NCCS treatment compliant groups within each HCC stage. OS, overall
survival; KM, Kaplan-Meier; HCC, hepatocellular carcinoma; VI, vascular invasion.

additional therapy modalities would be offered. With fre-
quent follow-up, multiple modalities of therapy and mul-
tiple treatment points, improved OS can be achieved even
in patients with locally advanced HCC with macrovascu-
lar invasion.

Median OS and median PES in metastatic HCC pa-
tients showed no significant difference in patients treated
within or outside of guidelines (shown in Fig. 4, 5). This
was not unexpected since therapy for patients with extra-
hepatic metastatic HCC remains largely unsatisfactory;
with first-line therapy sorafenib prolonging survival by
only 2.8 months in clinical trial [12]. Coupled with wide-
ly varying tumour sensitivity to sorafenib, only 30% of
patients can expect to derive survival benefits from the
drug [13]. Many centres, such as our own have applied a

Real-World Data on Clinical Outcomes of
Patients with Liver Cancer

multidisciplinary approach to treat these patients with
advanced disease. Whilst such multidisciplinary ap-
proach has been reported to yield superior survival out-
comes, especially for patients with more advanced disease
[14], we have not been able to demonstrate this in our
cohort. For metastatic HCC patients compliant to NCCS
consensus guidelines, median OS was 8.1 months, which
is comparable with other Asian cohorts [15].

Performance Assessment Outcomes of the National

Cancer Centre Singapore Consensus Guidelines

Takeaways from the Barcelona Clinic Liver Cancer

Guidelines

Similar to other Asian guidelines like the HKLC,
which has been internally and externally validated to out-
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cinoma; V1, vascular invasion.

perform the BCLC, the NCCS consensus guidelines stag-
es a patient first based on their tumour burden, with con-
sideration for liver function (CP score) and functional
status during treatment selection. This is unlike the
BCLC guidelines which consider a patient’s functional
status, liver function and tumour burden simultaneously
during staging. Therefore, some patients categorized in
the NCCS system as having early or locally advanced
HCC would be categorized as advanced HCC in the
BCLC system because of poorer ECOG status or liver
function although the tumour burden might be low.
Such patients will receive more aggressive therapies
(shown in Table 6) as recommended in the NCCS con-
sensus guidelines.
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By comparing the clinical outcomes of patients who
received treatment compliant to both NCCS and BCLC
guidelines with clinical outcomes of patients who re-
ceived treatment compliant to only the NCCS guidelines,
the efficacy of the additional treatment modalities recom-
mended by the NCCS guidelines can be assessed as both
these groups were treated at the same tertiary centre.

From the perspective of the BCLC guidelines, patients
in BCLC C who received treatment compliant to NCCS
guidelines but outside of the BCLC guidelines have a sig-
nificantly better OS (14.2 vs. 7.4 months, p = 0.0002) and
PES (6.1 vs. 4.0 months, p = 0.0286) compared to patients
who received treatment that is only compliant to be BCLC
guidelines. This was not seen in patients with BCLC stage

Chew et al.
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Fig. 6. Performance assessment of the NCCS consensus guidelines
(locally advanced HCC). NCCS, National Cancer Centre Singa-
pore; HCC, hepatocellular carcinoma.

0, A, B or D, where patients who received treatment com-
pliant to NCCS guidelines and BCLC guidelines have
similar OS and PFS compared to patients who received
treatment that is only compliant to the NCCS guidelines.

From the perspective of the NCCS guidelines, patients
with locally advanced HCC treated according to the
NCCS guidelines had significant better OS than those
with treatment compliant to both BCLC and NCCS
guidelines (p =0.0030) (shown in Fig. 6). The BCLC treat-
ment guidelines recommend only sorafenib for patients
with vascular invasion whereas the NCCS consensus
guidelines allow for more aggressive treatment after
MDTB discussion such as resection or selective internal
radiation therapy (SIRT) in addition to sorafenib. The
median survival of 14.2 months in BCLC C patients in our
cohort outperforms cohorts from other institutions pri-
marily using SIRT for BCLC C patients [16]. Favourable
treatment outcomes could be result of multimodal thera-
py and multidisciplinary management facilitating opti-
mal treatment selection.

Takeaways from the Hong Kong Liver Cancer

Staging System

The HKLC staging system has been internally and ex-
ternally validated and shown to outperform the BCLC in
the management of HCC in Asian cohorts. The geo-
graphical proximity between the 2 countries allows the
comparison of guidelines management of HCC of similar
aetiologies (mainly hepatitis B) [17].

From the perspective of HKLC guidelines, all stage 1
patients are compliant with both guidelines, with median
OS 61.3 months. PFS was nonestimable in our small co-

Real-World Data on Clinical Outcomes of
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hort analysis. Overall, the overlap in treatment of early
HCC is reflective of international consensus supporting
resection in early HCC.

Both the NCCS and HKLC guidelines are less conser-
vative in their approach to HCC management. However,
the main difference in the 2 guidelines involves patients
with tumours beyond the Milan criteria, and tumours
with vascular involvement.

For patients beyond Milan criteria and no vascular in-
volvement, the NCCS guidelines classify these patients as
locally advanced without vascular invasion. NCCS guide-
lines recommend resection by MDT consensus, clinical
trials, locoregional therapy, or systemic therapy (shown
in Fig. 2). From the perspective of the HKLC, these pa-
tients are intermediate stage (Stage 2), and recommended
treatment is resection. However, there was no difference
in median OS (36.7 vs. 40.9 months, p = 0.3289) and PFS
(10.3 vs. 9.9 months, p = 0.8336) between patients only
compliant to NCCS guidelines or compliant to both
guidelines, respectively.

The HKLC guidelines further subdivide vascular inva-
sion into intrahepatic and extrahepatic. The NCCS guide-
lines do not make this distinction and patients with vas-
cular invasion receive resection by MDT consensus, clin-
ical trials, locoregional therapy, systemic therapy, or
transplantation (shown in Fig. 2). Intravascular invasions
fall into HKLC stage 2 or 3 depending on number and size
of tumour. Treatment recommended under HKLC would
be resection for stage 2, and resection or locoregional
therapy for stage 3. However, again there was no differ-
ence in median OS (9.4 vs. 22.8 months, p = 0.0844) and
PFS (9.1 and 7.4 months, p = 0.5271) between HKLC non-
compliant patients and HKLC compliant in stages 3 and
2 (as discussed above). A significant number of patients
treated at NCCS who were HKLC stages 3 received lo-
coregional therapy in the form of SIRT.

Extrahepatic invasion in HKLC is stage 4 where the only
recommended treatment is systemic therapy, whilst the
NCCS guidelines recommend a wide range of treatment
modalities (shown in Fig. 2). However, again there was no
difference in median OS (21.9 vs. 8.6 months, p = 0.1232)
and PFS (7.1 vs. 4.1 months, p = 0.2931) in HKLC noncom-
pliant and HKLC compliant patients, respectively.

In our analysis cohort, none of the patients in stage 5
was amendable for transplant (12 MV, 12 EHS, 4 PVT
and EHS, and 8 beyond up-to-seven criteria). The median
OS of 2.7 months in HKLC compliant patients and 4.7
months in HKLC noncompliant patients and is compa-
rable to median OS of 1.6 months reported in the Hong
Kong paper.
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In terms of treatment recommendation, the NCCS
guidelines cover a wider range of treatment options for
each stage compared to the HKLC guidelines. The over-
lap in treatment recommendation across all stages and
the lack of significant differences in median OS and PFS
between patients compliant to both guidelines and pa-
tients only compliant to NCCS guidelines highlights the
comparability in all NCCS-recommended treatment
across all HKLC stages 1,2,3,4, and 5.

Treatment Stage Migration

The NCCS consensus guideline deviates from the tra-
ditional “stage hierarchy” approach [18] adopted by some
western guidelines. Instead, by (1) incorporating alterna-
tive treatment modalities or (2) treatment stage migra-
tion, our guidelines delink disease stage and its specific
treatment, providing flexibility based on expert consen-
sus to improve patient outcomes.

In clinical practice, some patients will receive treat-
ment recommended for later stage patients when first-
line therapy recommended for that stage is not feasible, a
concept known as treatment stage migration [19].

In this study, when assessed using the BCLC guide-
lines, 20 BCLC stage 0/A patients had treatment stage mi-
gration. Analysis of these 20 patients showed that they are
not suitable for liver resection due to poor liver function
(as measured by the indocyanine green retention test) or
inadequate future liver remnant or both (13 patients) or
were in poor clinical health and not fit for surgery (7 pa-
tients). Of these 20 patients, 1 received TACE and 17 re-
ceived SIRT (shown in Table 6). Under the guidelines of
the European Association for the Study of the Liver
(EASL), these patients would be migrated to BCLC Stage
B and receive TACE [20].

In the perspective of the NCCS guidelines, however,
these patients are staged as locally advanced HCC with-
out vascular invasion where recommended therapy for
unresectable cases is SIRT, TACE, external beam radio-
therapy, or sorafenib (shown in Fig. 2). The wide range of
therapeutic alternatives under NCCS guidelines for the
unresectable patient is a key distinguishing point from
other HCC treatment guidelines. This approach has been
associated with better survival outcomes as seen in BCLC
stage C patients (shown in Table 6), as sequential treat-
ment opportunities on progression is associated with sur-
vival benefits [21].

In our comparison with the HKLC guidelines, many
patients across HKLC stages 1, 2, 3, and 4 have undergone
the usual left-to-right treatment stage migration (shown
in Table 8). The aggressive and selective nature of the
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HKLC guidelines is not unlike ours and treatment stage
migration is the norm in real-world practice. Reasons for
stage migration was summarized in Table 9, and all in-
volved factors related to patients’ physiological reserve.
Consequently, comparison of survival outcomes between
patients with and without stage migration poses a dilem-
ma of comparability given the intrinsic differences in
physiological reserve in the 2 groups. In some centres,
select patient groups have benefited from treatment stage
migration possibly driven by exposure to multiple lines of
treatment [21].

Conclusion

In the context of the Singapore population, the NCCS
guidelines for HCC successfully prognosticate patients
and treatments compliant with the NCCS guidelines con-
fer superior clinical outcomes compared with treatments
not compliant with the NCCS guidelines. When validated
against external set of guidelines namely the BCLC guide-
lines, in advanced HCC patients (BCLC C), treatment
compliant with the NCCS guidelines conferred better
clinical outcomes than treatment compliant only with the
BCLC guidelines. Further comparison with the HKLC
guidelines showed similar survival outcomes for patients
compliant to both guidelines and patients compliant to
only NCCS guidelines, highlighting the utility of the wide
range of treatments recommended by the NCCS guide-
lines. In real-world clinical practice, considerable patient
and treating physician autonomy will be exercised in
treatment decisions in HCC especially when the disease is
more advanced. Multidisciplinary management alongside
treatment guidelines is shown to enhance patient selection
and optimizes treatment outcomes for individual patient.
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