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Background
Muparfostat is a mixture of oligosaccharides mimicking heparan sulfate that antagonizes angiogenic growth factors (VEGF, FGF-1,
and FGF-2) (Fig.1) and blocks heparanase from cleaving heparan sulfate in the extracellular matrix (ECM) (Fig.2), leading to
inhibition of tumor growth and prevention of tumor cell spreading. 1,2 Previous phase II study for HCC patients after curative tumor
resection has shown muparfostat (PI-88) to be well tolerated. Administering muparfostat at 160 mg/day is safe and has
demonstrated substantial prolongation of disease free survival (DFS) for HCC patients after resection.3,4 Therefore, we conducted
this phase III trial to evaluate the efficacy of muparfostat as adjuvant therapy after HCC resection.

Fig.1 in vitro experiment demonstrates 
that muparfostat (PI-88) inhibits human 
placental blood vessel growth.

Fig.2 Inhibition of human platelet 
heparanase by muparfostat (PI-88).

Methods
This was a prospective, randomized, double-blind, placebo-
controlled, parallel-group, international multicenter phase III trial of
muparfostat conducted in the Asia-Pacific region (Taiwan, Korea,
China, and Hong-Kong) with 25 sites and more than 140
investigators’ participation from 2011 (Fig.3). A total of 520 HV-HCC
patients after surgical resection were randomized (1:1) to receive
injection of either muparfostat (160 mg/day, 4-days-on/3-days-off,
3-weeks-on/1-week-off) or placebo for 52 weeks and followed up
for 96 weeks (Fig.4). The primary endpoint was centrally assessed
disease-free survival (DFS). Secondary endpoints included overall
survival (OS), time to recurrence, and safety.

Fig.3 Participating sites and regions for PATRONFig.4 PATRON study design and 
muparfostat administration regimen

Results
Baseline patient demographics and characteristics were balanced between the treatment and
placebo arms (Table 1). After interim analysis in 2014, the trial was early concluded and data
analyzed in 2017. The final intention-to-treat analysis (N = 519) yielded a non-significant result
on DFS, not reaching the primary end point (Fig.5). However, per-protocol analysis (N = 423)
revealed a positive protective effect in a distinct subgroup. Muparfostat showed benefits in
patients with microvascular invasion on pathologic examination, which accounts for about 41%
of all trial patients (Fig.6). If early recurrence within 24 weeks after treatment initiation was
excluded from both arms, muparfostat group had a significant prolongation of the disease-free
time after completion of the 1-year treatment in patients with microvascular invasion (hazard
ratio: 0.2026, p = 0.0379) (Fig.7). Muparfostat had a good safety profile. There were five
clinically suspected cases of heparin-induced thrombocytopenia but only one was confirmed. 30
(11.6%) subjects reported a total of 34 treatment emergent SAEs but only 2 possible drug-
related in the treatment group, while 15 (5.8%) subjects with 15 treatment emergent SAEs in
the placebo group, and no newly observed safety signals were raised in the study as compared
with earlier trials.

Conclusions
Despite the fact that DFS was not improved in the overall treatment group, muparfostat could significantly prolong the DFS in
the microvascular-invasion subgroup, comprising 41% of the trial population. With recent growing knowledge of heparanase
and other growth factors that play roles in tumor microenvironment modulations, our study results suggest the potential of
muparfostat as a single therapy or in combination with other anti-cancer agents for future HCC adjuvant therapy trials.
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Table 1 Baseline patient demographics (abbreviated)

Fig.5 Results of primary endpoint analysis in ITT 
population

Fig.6 HCC tumor vascular invasion subtype 
distributions in PATRON study

Fig.7 Per-protocol subgroup analysis by central reading
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