W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748 / wjg.v20.i32.11384

World | Gastroenterol 2014 August 28; 20(32): 11384-11393
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

OBSERVATIONAL STUDY

Adjuvant heparanase inhibitor PI-88 therapy for
hepatocellular carcinoma recurrence

Chun-Jen Liu, Juliana Chang, Po-Huang Lee, Deng-Yn Lin, Cheng-Chung Wu, Long-Bin Jeng, Yih-Jyh Lin,
King-Tong Mok, Wei-Chen Lee, Hong-Zen Yeh, Ming-Chih Ho, Sheng-Shun Yang, Mei-Due Yang,
Ming-Chin Yu, Rey-Heng Hu, Cheng-Yuan Peng, Kuan-Lang Lai, Stanley Shi-Chung Chang, Pei-Jer Chen

Chun-Jen Liu, Juliana Chang, Po-Huang Lee, Ming-Chih
Ho, Rey-Heng Hu, Pei-Jer Chen, Graduate Institute of Clinical
Medicine, Hepatitis Research Center and Department of Internal
Medicine, National Taiwan University College of Medicine and
National Taiwan University Hospital, Taipei 10002, Taiwan
Deng-Yn Lin, Wei-Chen Lee, Ming-Chin Yu, Chang Gung Me-
morial Hospital-Linkou Medical Center and Chang Gung Univer-
sity, Taoyuan County 333, Taiwan

Cheng-Chung Wu, Hong-Zen Yeh, Sheng-Shun Yang, Tai-
chung Veterans General Hospital, Taichung 40705, Taiwan
Long-Bin Jeng, Mei-Due Yang, Cheng-Yuan Peng, China
Medical University Hospital, Taichung 40402, Taiwan

Yih-Jyh Lin, National Cheng Kung University Hospital, Tainan
704, Taiwan

King-Tong Mok, Kaohsiung Veterans General Hospital, Kaohsi-
ung 81362, Taiwan

Kuan-Lang Lai, Stanley Shi-Chung Chang, Medigen Biotech-
nology Corporation, Taipei 11560, Taiwan

Author contributions: Chen PJ, Lai KL, Chang SSC contrib-
uted to the study design; Liu CJ, Lee PH, Lin DY, Wu CC, Jeng
LB, Lin YJ, Mok KT, Lee WC, Yeh HZ, Ho MC, Yang SS, Yang
MD, Yu MC, Hu RH, Peng CY contributed to the collection of
patients and clinical information; Lai KL, Liu CJ contributed to
the statistics; Liu CJ, Chang J, Chang SC, Chen PJ contributed to
the manuscript preparation; Chen PJ Critical contributed to the
review and approval.

Supported by NIH Clinical Trial Registration, No. NCT00247728
(this trial was cosponsored by Progen Industries Limited, Bris-
bane, Australia and Medigen Biotechnology Corporation, Taipei,
Taiwan) to Chen PJ, Lai KL and Chang SSC; Taiwan Liver Dis-
ease Consortium, the National Research Program for Biopharma-
ceuticals, and the National Science Council, Taiwan, NSC100-
2325-B-002-052; NSC102-2325-B-002-079

Correspondence to: Pei-Jer Chen, MD, PhD, Distinguished
Professor, Graduate Institute of Clinical Medicine, Hepatitis
Research Center and Department of Internal Medicine, National
Taiwan University College of Medicine and National Taiwan
University Hospital, 1 Chang-Te Street, Taipei 10002,

Taiwan. peijerchen@ntu.edu.tw

Telephone: +886-2-23123456 Fax: +886-2-23825962
Received: November 16,2013 Revised: February 12,2014
Accepted: May 12,2014

Published online: August 28, 2014

Baishidenge ~ WJG | www.wjgnet.com

11384

Absitract

AIM: To demonstrate that administering heparanase
inhibitor PI-88 at 160 mg/d is safe and promising in
reducing hepatocellular carcinoma (HCC) recurrence for
up to 3 year following curative resection.

METHODS: A total of 143 patients (83.1% of the 172
participants in the phase II study) participated in the
follow-up study. Of these patients, 50 had received no
treatment, 48 had received 160 mg/d PI-88, and 45
had received 250 mg/d PI-88 during the phase II trial.
Safety parameters and the following efficacy endpoints
were investigated: (1) time to recurrence; (2) disease-
free survival; and (3) overall survival.

RESULTS: PI-88 at 160 mg/d delayed the onset and
frequency of HCC recurrence, and provided a clinically
significant survival advantage for up to 3 years after
treatment compared with those of the control group: (1)
the recurrence-free rate increased from 50% to 63%,
and (2) time to recurrence at the 36" percentile was
postponed by 78%. The efficacy of administering PI-88
at 250 mg/d was confounded by a high dropout rate (11
out of 54 patients). Additionally, subgroup analyses of
patients with (1) multiple tumors or a single tumor = 2
cm; and (2) hepatitis B or C revealed that administering
PI-88 at 160 mg/d conferred the most significant sur-
vival advantage (56.8% improvement in disease-free
survival, P = 0.045) for patients with both risk factors
for recurrence.

CONCLUSION: Administering PI-88 at 160 mg/d is a
safe and well-tolerated dosage that may confer signifi-
cant clinical benefits for patients with HCC.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: A phase II clinical trial demonstrated that
heparanase inhibitor PI-88 at 160 mg/d is safe and
promising in reducing hepatocellular carcinoma (HCC)
recurrence for up to one year following curative resec-
tion. This observational follow-up study extended the
follow-up period to 3 years. A total of 143 patients par-
ticipated in the study. PI-88 at 160 mg/d delayed the
onset and frequency of HCC recurrence, and provided
a clinically significant survival advantage for up to 3
years after treatment. Subgroup analyses revealed that
administering PI-88 at 160 mg/d conferred the most
significant survival advantage for patients at high risk
of recurrence.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is currently the fifth
most common cancet and the third leading cause of
cancer related deaths worldwide'". Traditionally, HCC has
been more prevalent in Asia because of the prevalence
of hepatitis B virus (HBV) infection. However, the inci-
dence of HCC in the United States and Europe has risen
in recent years because of increases in the number of
hepatitis C virus (HCV) infections, consequently generat-
ing more interest in HCC research and treatment world-

wide?,

Surgical resection is a potentially curative therapy used
to treat early-stage HCC; however, 50% to 80% of resec-
tion patients experience recurrence within 5 years™. Al-
though numerous treatments, including oral and regional
chemotherapy, interferon ¢, and f3, preoperative chemo-
embolization, and adoptive immunotherapy, have been
investigated to reduce HCC recurrence, inconsistent and
inconclusive results have prevented the adoption of these
treatments in clinical practice®”. Hence, there remains a
dire clinical need for an adjuvant therapy to reduce the
risk of postresection HCC recurrence™,

There are 2 main types of postresection HCC recur-
rence. Intrahepatic metastatic recurrences develop from
undetectable HCC dissemination prior to resection. De
novo recurrences develop multicentrically and metachro-
nously in the background liver, usually in patients with
cirrhosis or chronic hepatitis™”. Intrahepatic metastatic
recurrence typically occurs within 2 years following re-
section, and de movo recurrence typically occurs 2 years
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following resection, Although researchers who have
conducted relevant molecular studies can differentiate
between these types of recurrences to determine appro-
priate treatment strategies, these strategies are not widely
used in clinical settings[4’8]. Currently, for convenience, re-
currence in clinical settings is categorized as eatly or late,
occurring within or after 2 years postresection, to ap-
proximate the likely mode of recurrence. Ideally, adjuvant
therapies used to decrease postresection recurrence can
inhibit both types of recurrence'.

PI-88, a heparanase inhibitor, reduces HCC recur-
rence through 3 mechanisms. By inhibiting heparin sul-
fate (HS) degradation, P1-88 (1) preserves the integrity
of the extracellular matrix (ECM) and (2) suppresses
the release of angiogenic and fibroblastic growth factors
(GFs) from the ECM. Moreover, the strong affinity of
PI-88 to GFs enables PI-88 to (3) aggregate released GFs
and block their activity. The antiangiogenic property of
PI-88 stems from its ability to antagonize GF reception,
and thereby restrict the necessaty blood supply for both
intrahepatic metastatic and de #ovo tumor proliferation.
The antimetastatic property of PI-88 may stem from its
ability to preserve ECM integrity, and thereby decrease
basement invasion to further suppress intrahepatic meta-
static recurrences” 2. Considering its ability to perform
these dual functions, PI-88 can potentially suppress both
types of HCC recurrences.

To investigate PI-88 as an adjuvant therapy for HCC
recurrence, a randomized, multicenter Simon’s 2-stage
design phase I trial was previously conducted to deter-
mine its safety, optimal dosage, and preliminary efficacy.
The study results indicated that administering 160 mg/d
for 36 wk postresection was a safe and optimal dosage
that increased recurrence-free survival at 48 wk!". This
observational follow-up study to the phase I trial was
conducted to determine whether these effects lasted lon-
ger than 48 wk and improved overall survival.

In the previous phase II study, the primary endpoint
was the recurrence-free survival rate; in this follow-up
study, its more conventional equivalent, disease-free sur-
vival (DFS), was assessed. The efficacy endpoints ana-
lyzed in this follow-up study included (1) time-to-recur-
rence (T'TR); (2) DFS; and (3) overall survival (OS). DFS
and OS were assessed because both are reliable, clinically
relevant endpointsm. This follow-up study also included
subgroup analyses and further investigation to prepare
for the design of a double-blind, randomized phase Il
confirmatory study.

MATERIALS AND METHODS

Summary of phase II study methods
From June 2004 to December 20006, a randomized phase
II trial designed according to Simon’s 2-stage design

was conducted in 6 medical centers in Taiwan, to de-
termine the safety and optimal dosage of PI-88 in the
adjuvant setting”. In total, 215 patients were screened,
and 172 patients were randomized into 3 groups: 58
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Stage 1: original study

|9 cycles of treatment | No treatment |

Stage 2: follow-up study

No treatment ‘

Study treatment time

9 mo | 3mo | 108 wk (2 yr) \
0 wk 36 wk 48 wk 156 wk
Group A Group A
—| Control Control 21 Alive without Rec.
= 58 l n = 50 (ITT)
8 no
follow-up 20 Alive with Rec.
consent 8 Dead with Rec. Subgroup
0 Dead without Rec. analyses
1 Withdrew consent
Screened nn = 215 Group B Group B
Randomized 7 = 172 (ITT) [T 160 mg/d 160 mg/d 27 Alive without Rec.
n=>57 n =48 (ITT)
9 no
follow-up 15 Alive with Rec.
consent 4 Dead with Rec.
2 Dead without Rec.
0 Withdrew consent
Group C Group C
—> 250 mg/d 250 mg/d 21 Alive without Rec.
n=>57 n =45 (ITT)
12 no 15 Alive with Rec.
follow-up 8 Dead with Rec.
consent 1 Dead without Rec.

0 Withdrew consent

Figure 1 Graphic representation of phase II and follow-up study design, timeline and cohort relationships. ITT: Intent-to-treat; Rec.: Recovery.

patients received no treatment, 57 patients received 160
mg/d PI-88, and 57 patients received 250 mg/d PI-88.
PI-88 was provided in lyophilized powder form and
produced by Progen Pharmaceuticals Limited (Brisbane,
Queensland, Australia). As indicated in Figure 1, patients
in Groups B and C received 9 cycles of the respec-
tive PI-88 treatments. Each cycle lasted 4 wk: weeks 1
through 3 each consisted of 4 consecutive days of treat-
ment followed by 3 d without treatment; week 4 was a
no-treatment week. After 9 treatment cycles (36 wk), no
treatment was administered in the subsequent 12 wk be-
fore the final assessment in week 48. At the end of the
study, data for assessing the safety and efficacy endpoints,
including the tumor recurrence-free rate, TTR, and 1-year
survival rate, were collected'”.

Follow-up study design

During the observational follow-up study, recurrence and
survival data were collected for 2 years to examine the
long-term efficacy of PI-88. All of the participants in the
phase Il study were invited to participate in the follow-
up study. In the follow-up study, the period between week
48, when the first patient in the phase II trial completed
his or her last visit during that week, and week 156, when
the last patient completed his or her last 2-year follow-up
visit, in January 2009 was investigated (Figure 1).
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In both the clinical trial and the follow-up study, all of
the patients received follow-up care according to Taiwan-
ese standard-of-care guidelines: vital signs were checked,
alfa fetoprotein and liver enzyme tests were conducted,
and abdominal ultrasonograph and abdominal com-
puted tomography (CT) scans were taken at outpatient
clinics every 3 mo. CT scans and ultrasonographs were
alternately performed every 1.5 mo. Additional CT scans
were performed when HCC recurrence was suspected.
In patients with HCC recurrence, treatment strategy was
determined by the responsible investigator, basing on
practice guidelines of individual institute. Treatment-
related adverse events that occurred in the phase I trial
were also monitored throughout the follow-up study.

Ethical considerations

The follow-up protocol was approved by the institutional
review board at each center and conformed to the ethical
guidelines of the Declaration of Helsinki and local laws.
Written informed consent was provided by the patient di-
rectly or by family members of patients who had passed
away prior to the start of the follow-up study.

Patient demographics and baseline condition

As shown in Figure 1, 143 patients, or 83.1% of those in
the phase II study, participated in the follow-up study.
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Table 1 Intent-to-treat patient demographics and baseline characteristic in the follow-up study » (%)

Group A untreated  Group B 160 mg/d  Group C 250 mg/d Overall P-value®
(n = 50)' (n = 48) (n = 45) (n = 143)
Age (yr)
mean * SD 55.9+122 523+12.6 543119 542122 0.3565
Age group (yr)
Age <65 36 (72.0) 38(79.2) 37 (82.2) 111 (77.6) 0.4667
Age>65 14 (28.0) 10 (20.8) 8 (17.8) 32 (22.4)
Sex
Female 13 (26.0) 10 (20.8) 9 (20.0) 32 (22.4) 0.7445
Male 37 (74.0) 38 (79.2) 36 (80.0) 111 (77.6)
Alcohol use
Never or rarely 43 (86) 35 (72.9) 36 (80.0) 114 (79.7) 0.7547
Monthly 1(2.0) 121) 122 3(21)
Weekly 2 (4.0) 6 (12.5) 3(6.7) 11 (7.7)
Daily 4 (8.0) 6 (12.5) 5(11.1) 15 (10.5)
Clip stage
0 30 (60.0) 25 (52.1) 26 (57.8) 81 (56.6) 0.6169
1 13 (26.0) 12 (25.0) 10 (22.2) 35 (24.5)
2 4 (8.0 6 (12.5) 7 (15.6) 17 (11.9)
3 1(2.0) 5 (10.4) 2 (44) 8 (5.6)
4 2 (4.0) 0 0 2(14)
Ecog performance status score
0 42 (84.0) 40 (83.3) 40 (88.9) 122 (85.3) 0.6496
1 7 (14.0) 8 (16.7) 5(11.1) 20 (14.0)
2 1(2.0) 0 0 1(0.7)
Child-Pugh score
5/6 48 (96.0) 46 (95.8) 43 (95.6) 137 (95.8) 0.6702
7 1(2.0) 2(4.2) 2 (44) 5(3.5)
8 1(2.0) 0 0 1(0.7)
New York Heart Association classification of functional capacity class activity
Class I 48 (96.0) 47 (97.9) 44 (97.8) 139 (97.2) 0.8144
Class II 2 (4.0) 1(21) 1(2.2) 4(2.8)
Differentiation of tumor
Well differentiated 2 (4.0) 7 (14.6) 4(8.9) 13 (9.1) 0.2487
Moderately differentiated 34 (68.0) 23 (47.9) 26 (57.8) 83 (58.0)
Poorly differentiated or anaplasia 14 (28.0) 18 (37.5) 15 (33.3) 47 (32.9)
Liver cirrhosis
Absence 19 (38.0) 20 (41.7) 12 (26.7) 51 (35.7) 0.6023
Presence 28 (56.0) 24 (50.0) 29 (64.4) 81 (56.6)
Not assessed 3 (6.0) 4(8.3) 4 (8.9) 11 (7.7)
Hepatitis activity
Absence 7 (14.0) 4(8.3) 5(11.1) 16 (11.2) 0.8234
Presence 34 (68.0) 35 (72.9) 29 (64.4) 98 (68.5)
Not assessed 9 (18.0) 9(18.8) 11 (24.4) 29 (20.3)
Vein invasion (microscopic)
Absence 42 (84.0) 36 (75.0) 36 (80.0) 114 (79.7) 0.7375
Presence 8 (16.0) 11 (22.9) 8 (17.8) 27 (18.9)
Not assessed 0 (0) 1(2.1) 1(22) 2(1.4)
Macro vascular invasion
Absence 47 (94.0) 42 (87.5) 42 (93.3) 131 (91.6) 0.4493
Presence 3 (6.0) 6 (12.5) 3(6.7) 12 (8.4)

'Includes 1 patient who withdrew consent during follow-up study; *P-value on Age is by using analyses of variance, on CLIP stage by using Cochran-

Mantel-Haenszel modified ridit scores for mean scores difference, on others by using y* test. Differences in patient demographics and baseline characteristics

were not statistically significant.

Of these patients, 50 patients received no treatment
(Group A), 48 patients received 160 mg/d PI-88 (Group
B), and 45 patients received 250 mg/d PI-88 (Group C).
A logistic regression model was used to explore dispari-
ties in the baseline characteristics (1) among Groups A, B,
and C in the follow-up study; and (2) between the phase
I and follow-up study cohorts. The investigated base-
line factors included tumor features, Cancer of the Liver
Italian Program score, Eastern Cooperative Oncology

Baishidenge ~ WJG | www.wjgnet.com

Group performance score, Child-Pugh status, viral hepa-
titis activity, and vascular invasion (Table 1).

Statistical analysis

Of the participants in the phase II trial, 24 patients did
not participate in the follow-up study. These individuals
are not represented in the follow-up study data; they were
counted at the end of the phase II study (week 48) to
achieve conservative endpoint estimations for all of the
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Table 2 Other treatment or medication for recurrent hepatocellular carcinoma during the 156 wk follow-up period 7 (%)

Anti-HCC therapy

Group A untreated (7 = 58) Group B 160 mg/d (» = 56) Group C 250 mg/d (» = 54) Total (n = 168)

At least one shown below 22 (37.9)

Chemotherapy 3(.2)

(

Percutaneous ethanol injection therapy 2(34)
Radiofrequency ablation 2(34)
Radiotherapy 3(.2)
Surgical resection 5(8.6)
Transcatheter arterial 18 (31.0)
chemoembolization

Thalidomide 2(3.4)
Liver transplantation 0(0.0)
Sorafenib 1(1.7)
New clinical trial 3(5.1)

17 (30.4) 22 (40.7) 61 (36.3)
4(71) 4(74) 11 (6.5)
3(5.4) 3 (5.6) 8 (4.8)
3(5.4) 3 (5.6) 8 (4.8)
1(1.8) 1(1.9) 5 (3.0)
5(8.9) 7 (13.0) 17 (10.1)

11 (19.6) 15 (27.8) 44 (26.2)
1(18) 1(1.9) 424
1(18) 1(1.9) 2(12)
1(18) 1(1.9) 3(18)
1(18) 6(11.3) 10 (6.0)

HCC: Hepatocellular carcinoma.

3-year study data.

Efficacy endpoints of interest in this study included
(1) TTR; (2) DFS; and (3) OS. TTR, DFS, and OS were
respectively defined as the time until each of the follow-
ing events occurred: recurrence only, recurrence or death
(unrelated to HCC recurrence), and death only; patients
who withdrew consent were included until their drop-
out times. The DFS event time for patients whose deaths
were recurrence-related was defined as the time of recur-
rence.

The Kaplan-Meier estimator was used to determine
TTR, DES, and OS probabilities. TTR Hazard ratios were
calculated using a Log rank test [logS(4, treated)/logS(z,
untreated)]. Fishet’s exact test was used to determine
the statistical significance of the differences in the TTR,
DEFS, and OS probabilities among the 3 groups.

Subgroup analyses

Subgroup analyses were conducted to determine the effi-
cacy of PI-88 administered at 160 mg/d in reducing HCC
recurrence in patients with tumors and host factors that
influence recurrence. Patients with multiple tumors, or a
single tumor = 2 cm, were included in the intermediate-
risk subgroup. Patients with both (1) multiple tumors or
a single tumor = 2 cm; and (2) chronic hepatitis B or C
infection were included in the high-risk subgroupm. DES,
the rate of DFS improvement, and statistical significance
were calculated for both of the subgroups with respect
to the controls.

To investigate the effects of patient population het-
erogeneity as suggested by Forner and Roayaie!”, statisti-
cal analyses comparing the recurrence trends between
cohorts, including and excluding Child-Pugh class B pa-
tients, were conducted.

RESULTS

Summary of phase II study results

In addition to being safe and well-tolerated throughout
the 9 treatment cycles, PI-88 administered at 160 mg/d
demonstrated the following efficacy improvements
compared with those of the control group: (1) the recut-
rence-free rate increased from 50% to 63% and (2) TTR

Baishidenge ~ WJG | www.wjgnet.com

at the 36" percentile was postponed by 78%. The efficacy
of administering PI-88 at 250 mg/d was confounded by
a high dropout rate (11 out of 54 patients); the higher
dosage was not determined to confer additional clinical
advantages. Overall, the results supported the possible
efficacy of administering PI-88 at 160 mg/d in decreas-
ing and delaying recurrence, and prolonging disease-free
survival in the short term™>",

Patient demographics

Statistical analyses revealed that the patient baseline de-
mographics and tumor statuses among the 3 groups in
the follow-up cohort, and between the respective follow-
up and phase II study groups, were not significant.

Treatment of recurrent HCC

Overall, during the 156 wk follow-up period, 61 (36.3%)
of the 168 patients received treatment for recurrent
HCC. The details of treatment strategies among different
groups of patients are shown in Table 2.

Safety profiles

As shown in Table 3, only thrombocytopenia and el-
evated serum aminotransferase levels persisted from the
phase I study to the follow-up study. Common treat-
ment-related adverse effects (AEs), such as neutropenia,
injection site pain and hemorrhage, and the prolongation
of activated partial thromboplastin time, were not ob-
served in the follow-up study up to week 156", Higher
incidences of elevated serum aminotransferase levels in
the 250 mg/d group were detected before week 60 (3
mo of follow-up). However, in the absence of antiHBV
or anti-HCV treatment, most liver enzyme abnormalities
returned to normal by the end of the first year of the
follow-up study (week 102).

Compliance: We defined compliance in those subjects
who received = 80% of the required doses (12 doses/
cycle X 9 cycles X 80%). Rate of compliance in Groups
B and C is shown in Table 4, categorized by drop-out
status. In general, compliance was lower in Group C than
that in Group B. For those subjects remaining in the
phase II study, the rate of compliance was also lower in

11388 August 28, 2014 | Volume 20 | Issue 32 |
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Table 3 Adverse events (with > 5% incidence) possibly related to treatment observed at the end of the phase I study and in the

follow-up study 7 (%)

Timeline Week-48 Week-60 Week-102 Week-156
End of phase I study 3 mo into follow-up study 1 yr into follow-up study End of follow-up study

MedDRA system

Blood and lymphatic system disorders: Thrombocytopenia

Group B: 160 mg/d 2(4.2) 2(4.2) 2(4.2) 0(0.0)

Group C: 250 mg/d 3(6.7) 3(6.7) 3(6.7) 3(6.7)

P-value' 0.671 0.671 0.671 0.109

Investigations; elevated ALT/elevated AST

Group B: 160 mg/d 2(4.2)/3 (6.3) 2(4.2)/3 (6.3) 2(4.2)/1(2.1) 1(2.1)/0(0.0)

Group C: 250 mg/d 7 (15.6)/7 (15.6) 7 (15.6)/7 (15.6) 2(44)/1(2.2) 1(22)/1(2.2)

P-value' 0.0843/0.1893 0.0843/0.1893 1.0000/1.0000 1.0000/0.4839

'Fisher's exact test. Treatment-related adverse events that were observed only in the phase II study are excluded. All adverse events in the 160 mg/d
treatment group reverted to baseline levels by the end of the follow-up study. Adverse events were more frequently observed in the 250 mg/d treatment
group. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

Table 4 Rate of compliance' categoried by drop-out status 7 (%)

Drop-out status Group B 160 mg/d (n = 56) Group C 250 mg/d (n = 54) P-value’
Drop-outs without recurrence B 11 0.214
<80% compliance 3 (60.0) 10 (90.9)
= 80% compliance 2 (40.0) 1(9.1)
Non-withdrawal subjects 51 43 0.171
<80% compliance 11 (21.6) 15 (34.9)
= 80% compliance 40 (78.4) 28 (65.1)
= 80% compliance denotes received = 80% of required doses (12 doses/cycle x 9 cycles x 80); *Fisher’s exact test.
0or o A-untreatel Y = 0.4811 . — o A-untreate Y = 0.4935
A 10 A d 1.0 A d
—s— B-160 mg/d A = 95.1 wk —s— B-160 mg/d A=118.9 wk
-2 C-250 mg/d B = 143.9 wk -~ C-250 mg/d B = 143.9 wk
0.8 C =94.4 wk C =129.4 wk
Z Z
3 S
8 8
o <)
s NN S Aews LA
o o 2o
= = -
8 g 04 - B8
> = ;
1S £
3 3
(o] O
= 0.2
& :
0.0 - 1 1 1 1 1 1 1 1 | 0.0 1 1 1 1 1 1 1 \D: |
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
tjwk t/wk

Figure 2 3-year probability for Groups A, B and C. A: Time-to-recurrence; B: Disease-free survival.

Group C compared with Group B although not statisti-
cally significant.

Efficacy endpoint analyses

TTR: TTR at the 48" percentile for Groups A, B, and C
occurred in weeks 95.1, 143.9, and 94.4, respectively (Fig-
ure 2A). Compared with Group A, the TTR of Group
B increased by 51.3%, which represents a hazard ratio
of 0.688. Although this hazard ratio was not statistically
significant, the TTR curve difference between Groups
A and B was more pronounced than between Groups A
and C throughout the course of the 3-year study. Table
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3 also shows that Group B demonstrated substantial,
although not statistically significant, rates of TTR im-
provement compared with those of Group A at weeks
48 (35.1%) and 156 (21.8%).

DFS: As shown in Figure 2B, the DFS trends for Group
B were more distinct compared with those of Groups
A and C throughout the 3-year study. Although the
DFS probabilities at the end of the 3-year study of both
Groups A (38.5%) and B (49.4%) were lower than the re-
spective probabilities at week 48 (54.1% and 68.4%), the
magnitude of the rate of DFS improvement observed
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Table 5 Summary of time-to-recurrence, disease-free survival probability, and overall survival results from the follow-up study » (%)

Probability Phase I study 3-yr study
Week-48 Week-156
Group A untreated Group B 160 mg/d Group A untreated Group B 160 mg/d
TTR probability" 45.9% 29.8% 61.5% 48.1%
Difference -16.1% -13.4%
95%CI -33.6-1.5 -31.5-4.7
Rate of improvement’ 35.1% 21.8%
P value’ 0.086 0.187
DFES probability4 54.1% 68.4% 38.5% 49.4%
Difference 14.3% 10.8%
95%CI -3.4-32.0 -7.3-29.0
Rate of improvement 26.4% 28.1%
P value 0.129 0.257
OS probability 90.9% 88.6% 81.0% 82.8%
Difference -2.3% 1.7%
95%CI -13.4-8.8 -12.4-15.9
Rate of improvement -2.5% 2.2%
P value 0.760 1.000

*Values from Figure 2 respectively; *Percent change in endpoint probability of treated group from untreated control; *Fisher’s exact test. Although not
statistically significant, time-to-recurrence (TTR) and disease-free survival (DFS) probabilities and rates of improvements in the 160 mg/d group indicate
substantial clinical advantages. Similarities in the two rates of DFS improvement indicate that the clinical benefits of 36 wk of treatment with 160 mg/d
PI-88 persisted for up to 3 years. Despite the clinical survival benefits indicated by DFS, overall survival (OS) benefits were inconclusive.

Table 6 Subgroup analyses comparing disease-free survival probabilities of the 160 mg/d group to their respective controls in the

phase II and follow-up studies

Subgroup analyses Phase I study 3-yr study
Week 48 Week 156
Group A untreated Group B 160 mg/d Group A untreated Group B 160 mg/d

Study cohort

DFS probability 54.1% 68.4% 38.5% 49.4%
Difference 14.3% 10.8%
95%CI -3.4-32.0 -7.3-29.0
Rate of improvement' 26.4% 28.1%
P value® 0.129 0.257

Intermediate-risk group (multiple or single tumor = 2 cm)

DFS probability 45.1% 63.8% 33.0% 48.4%
Difference 18.7% 15.4%
95%CI -0.8-38.2 -3.9-34.7
Rate of improvement 41.5% 46.6%
P value 0.104 0.150

High-risk group (multiple or single tumor = 2 cm and positive HBV/HCV infection)’

DFS probability 41.4% 64.9% 29.6% 46.4%
Difference 23.5% 16.8%
95%CI 2.0-45.0 -4.4-38.1
Rate of improvement 56.8% 56.8%
P value 0.045 0.163

2 Table 3 footnote 2 and 3; ° Values from Figure 3. The clinical benefits of 160 mg/d PI-88 were more pronounced in intermediate and high-risk groups.
Statistically significant survival benefits were observed in the high-risk group at the end of the phase II study. TTR: Time-to-recurrence; DFS: Disease-free
survival; OS: Overall survival; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

at week 48 (26.4%) was maintained up to the end of the
follow-up study (28.1%).

OS: As shown in Table 5, the OS probabilities of Groups
A and B were comparable at the end of the phase II and
follow-up studies. Although the OS of Group A was
higher than that of Group B at week 48, this trend was
reversed at week 156.

Subgroup analyses

Table 6 illustrates the effects of PI-88 on patients with
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tumors and host factors that influence recurrence. Two
trends were observed: First, a correlation between DFS
improvement and the number of risk factors promoting
recurrence was determined. Numerically, this was dem-
onstrated by the increase in DFS improvement in the un-
treated subgroups from 26.4% to 56.8% at week 48 and
from 28.1% to 56.8% at week 156. Similarly, the most
significant DFS improvement rate was observed in the
high-risk subgroup. Second, the phase II cohort exhib-
ited a slightly higher rate of DFS improvement compared
with that of the respective 3-year cohorts. Overall, only
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the high-risk cohort achieved a statistically significant
DEFES improvement (56.8%) at the end of the phase II
study (P = 0.045).

The results of the Child-Pugh class A and B sub-
group analysis were inconclusive because neither a clini-
cal nor statistical difference was demonstrated (data not
shown).

DISCUSSION

The results of this follow-up study corroborated the
findings of the phase II study: PI-88 administered at 160
mg/d is well-tolerated and may be effective in reducing

HCC recurrence. Furthermore, previously observed clini-
cal benefits during the initial 36 wk of active treatment
persisted for up to 3 years with minimal AEs. Because
numerous premature withdrawals caused by treatment-re-
lated toxicities occurred, PI-88 administered at 250 mg/d
(Group C) did not confer significant clinical benefits. The
following discussion focuses on the 160 mg/d dosage.

Overall, these results suggest that PI-88 administered
at 160 mg/d may confer clinical benefits on HCC pa-
tients whose tumors have been surgically removed with
curative intent. The 36-wk 160 mg/d PI-88 treatment
delayed median TTR to over 3 years, and decreased the
3-year TTR probability by 21.8%. In addition to delaying
the onset and decreasing the frequency of recurrence,
PI-88 treatment also conferred survival advantages; the
DES rate of the 160 mg/d cohort, 49.4%, was the high-
est rate observed among the cohorts and demonstrated a
28.1% improvement compared with that of the control
group. Similar DFS improvements observed at the end
of the phase II and follow-up studies (26.4% and 28.1%)
suggest that the survival benefits of short term PI-88
treatment were maintained for 2 additional years without
implementing additional treatment. The OS results, as
expected in a small population study for adjuvant cancer
therapy, were inconclusive. Although the clinical benefits
did not reach statistical significance, active treatment was
limited to only 36 wk in the original phase II study, and
the prolonged use of 160 mg/d PI-88 may result in more
pronounced benefits; further trials are necessary to verify
this.

Patient stratification observed using subgroup analy-
ses further supported PI-88 efficacy. Because the pres-
ence of multiple tumors or a single tumor = 2 cm was
correlated with high degrees of intrahepatic tumor spread
and vascular invasion” patients with multiple tumors
or a single tumor = 2 cm, together with chronic HBV
and HCV infection, are more susceptible to recurrence
after surgery. The decreasing DFS probabilities in the
untreated cohort exemplify this trend (Table 4). More-
over, the constant DFS probabilities and increasing DFS
improvements in the treated intermediate-risk and high-
risk groups reinforce the efficacy of PI-88 in reducing
recurrence, and also suggest that its effects may be more
pronounced in patients with factors that promote HCC
recurrence.

Baishidenge ~ WJG | www.wjgnet.com

11391

Liu CJ et a/. Adjuvant PI-88 for HCC

The high-risk subgroup exhibited a DFS improve-
ment of 56.8% at the end of the phase II study (P =
0.045), and this result was statistically significant. Al-
though this rate of DFS improvement was maintained up
to the end of this follow-up study, the magnitude of this
improvement was not statistically significant (P = 0.163).
This suggests that the change in DFS improvement is
not a reflection of PI-88 treatment efficacy; instead, it is
possibly a reflection of the decrease in sample size, which
may have prevented clinically significant benefits from
reaching statistical significance. Thus, a larger patient
population is required in the phase Il study to verify the
statistical significance of the clinical efficacy of PI-88.

As per expert suggestion[g’ls], the TTR and OS end-
points were also assessed in this follow-up study. The
TTR endpoint effectively revealed the efficacy of PI-88
in delaying recurrence. Although certain regulatory agen-
cies prefer using OS as a measure of efficacy, properly
powering OS as an early-stage cancer adjuvant therapy
may be difficult for multiple reasons. One reason is that
other therapeutic modalities, such as alternative medicine,
may confound the efficacy and survival advantages of the
treatment under study. Another teason is that, because
resection is potentially curative, the extended observation
time may have allowed deaths unrelated to the treatment
or HCC recurrence to confound the study data. Finally,
compliance to PI-88 and access to other therapy or medi-
cine for the treatment of recurrent HCC may also con-
found the OS. In this observation study, treatment strat-
egy for the recurrent tumor was determined individually
by the investigator. Selection bias may significantly influ-
ence the overall outcomes of HCC recurrence, which
however could not be controlled. Thus, the inconsistent
OS probabilities observed in this study may be attributed
to these reasons or to the limited sample size.

To investigate the implications of patient heteroge-
neity, as suggested by Forner and Roayaie!'”, subgroup
analysis excluding the 4 (2 patients each from Groups A
and B) borderline Child-Pugh B patients was performed.
Unfortunately, because of the small sample size, the re-
sults were inconclusive (Figure 3).

The results of this study were consistent with the
known mechanisms of PI-88. As a heparanase inhibitor,
PI-88 (1) antagonizes interactions between angiogenic
GFs and their receptors; (2) inhibits the release of HS-
bound angiogenic and fibroblastic GFs; and (3) inhibits
the heparanase degradation of ECMY. Collectively, these
mechanisms produce the antiangiogenic and antimeta-
static effects of PI-88, enabling it to simultaneously re-
duce intrahepatic metastatic and de #ovo HCC recurrences.
However, because the causes of de novo recurrences are
multifactorial, administering combinational therapy us-
ing agents with various mechanisms, such as antiviral or
other molecular target agents, may confer even greater
clinical benefits"*"".

In addition to limitations in sample size, additional
factors may have precluded the attainment of more sta-
tistically significant outcomes in this study. Because active
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Figure 3 Subgroup analysis of 3-year disease-free survival probability for
high-risk subgroups in Groups A, B and C.

cancer treatments are typically administered until either
progression or recurrence occurs, prolonged active PI-88
treatment may have conferred even more favorable sur-
vival benefits than those observed. Moreover, because re-
section is potentially curative, extrapolating the length of
time requited to achieve statistically significant outcomes
is difficult, especially because resection and death rates
are declining because of technological advances'”™.

Overall, the findings of this follow-up study are con-
sistent with the findings of the original study, and provide
insights that can be used to aid the design of a more con-
clusive phase Il trial for the approval of adjuvant PI-88.
High tumor recurrence rates and the lack of a standard
of care following resection have created a dire need for
adjuvant HCC agents; based on the results of the current
study, PI-88 is a promising candidate for fulfilling that
need.
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COMMENTS

Background

Hepatocellular carcinoma (HCC) recurrence is common after curative resection.
There remains a dire clinical need for an adjuvant therapy to reduce the risk
of postresection HCC recurrence. A phase II clinical trial demonstrated that
heparanase inhibitor PI-88 at 160 mg/d is safe and promising in reducing HCC
recurrence for up to one year following curative resection.

Research frontiers

Considering the ability of PI-88 to perform these dual functions (antiangiogenesis
and antimetastasis), PI-88 can potentially suppress HCC recurrences. This ob-
servation study aims to investigate the longterm benefit of PI-88 as an adjuvant

Baishidenge ~ WJG | www.wjgnet.com

therapy for HCC recurrence.

Innovations and breakthroughs

This observational follow-up study extended the follow-up period to 3 years.
PI-88 at 160 mg/d delayed the onset and frequency of HCC recurrence, and
provided a clinically significant survival advantage for up to 3 years after
treatment. Subgroup analyses revealed that administering PI-88 at 160 mg/d
conferred the most significant survival advantage for patients at high risk of
recurrence.

Applications

The findings of this follow-up study provide insights that can be used to aid the
design of a more conclusive phase I trial for the approval of adjuvant PI-88.
Terminology

As a heparanase inhibitor, PI-88 (1) antagonizes interactions between angio-
genic growth factors and their receptors, (2) inhibits the release of heparin
sulfate-bound angiogenic and fibroblastic growth factors, and (3) inhibits the
heparanase degradation of extracellular matrix. Collectively, these mechanisms
produce the antiangiogenic and antimetastatic effects of PI-88, enabling it to
simultaneously reduce intrahepatic metastatic and de novo HCC recurrences.
Peer review

The authors present an important follow-up study of outcomes following PI-88
treatment as adjuvant therapy for hepatocellular carcinoma. This study was well
done and well-presented.
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