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ABSTRACT
Background: Hepatocellular carcinoma (HCC) is a primary liver
malignancy with high prevalence rate, associated primarily with the
Hepatitis B Virus. HCC is the third leading cause of death worldwide.
The prevalence in Indonesia is estimated at 100 per100,000 inhabitants.
Treatment is generally ineffective as patients are already at advanced
stages when diagnosed. Trans-arterial Chemoembolization (TACE)
is a promising treatment, and β-Glucan combined therapy is
expected to treat HCC more efficiently. This study evaluated the
treatment response of TACE in HCC combined with β-Glucan orally.
Methods: A randomized clinical trial was conducted on 63 patients with
HCC. The subjects of the study were randomly assigned into two groups:
32 administered TACE plus β-Glucan, and 31 with TACE plus placebo.

Results: In the β-Glucan group, there were four patients (12.50%)
with complete response, 16 (50%) partial response, 3 (9.38%) no
response, and 9 (28.12%) in deteriorated response. In the placebo
group, there were 0 complete response, 11(35.48%) partial, 2(6.45%)
no response, and 18 (58.07%) deteriorated response. The survival
rate of the β-Glucan group was longer (median 39 weeks) than the
placebo group (median 26 weeks). CD4, CD8 and IL-2 post-TACE
increased significantly (p<0.05). The placebo group had 4.143 times,
significantly higher hazard risk (p<0.05).
Conclusion: HCC therapy with a combination of TACE and β-Glucan is
beneficial to increase the therapeutic response, immunity and survival
rate.
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INTRODUCTION

METHODS

Subdermal contraceptive implants have been studied and used in humans for over twenty years.1,2
Contraceptive implants provide long-acting,
highly effective reversible contraception. The most
recently introduced subdermal implant, Implanon®
(N.V. Organon, Oss, the Netherlands), also referred
to as the etonogestrel (ENG) implant, is a single
rod implant that offers three years of contraceptive
efficacy.3–6 The ENG implant has been used in more
than 30 countries, including Australia, Indonesia,
and the Netherlands, and was approved by the
United States Food and Drug Administration
(FDA) in 2006. The ENG implant is an excellent
option for women with contraindications to estrogen in addition to any woman who desires long-acting reversible contraception.
The ENG implant is a single-rod implant
measuring 40 mm long, and 2 mm in diameter
with a solid core of ethylene-vinyl acetate (EVA)
impregnated with 68 mg of etonogestrel, the
biologically active metabolite of desogestrel.7,8
The EVA copolymer allows controlled release of
hormone over three years of use.9 Each implant is
provided in a disposable sterile inserter for subdermal application.

This RCT study was conducted in the radiology
department of RSUP Dr. Sardjito Yogyakarta. The
research subjects were 63 people, comprised of
32 subjects receiving additional drugs of β-Glucan
and 31 subjects not receiving β-Glucan (placebo).
The median age of the group with subjects in the
placebo group (without treatment) was 56.38 years
with a range of 26-78 years, wherein the treatment
group was 61.25 years, range 36-84 years. There
were no significant differences (p> 0.05) for the
location of the tumour, tumour size, as well as the
condition of the liver and the tumours between
both groups. Thus the state of the subject sample
validity can be justified. Likewise, the locations
of liver tumours were mostly located in the right
lobe 26 (81.25%) and 30 (96.77) while there were
only some located in the left lobe 6 (18.75%) and
1 (3.23%) in subjects with β-Glucan and subjects
with placebo, respectively. There were no significant differences in the location of HCC in the group
of subjects given or not given β-Glucan (p> 0.05).
The study involved randomized clinical trials. The
study received ethical clearance approval from the
governing institution. Before participation, patients
completed informed consent forms.
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RESULTS
The results of therapy with TACE plus β-Glucan
drug are as follows: patients who experienced
complete response were 4 (12.50%), partial
responses were 16 (50%), while no responses were
3 (9.38%), and progressive disease were 9 (28.12%)
of 32 subjects. While for the subjects without the
addition of β-Glucan, patients who experienced
complete response were 0 (0%), partial responses
were 11 (35.48%), no responses were 2 (6.45%), and
progressive disease was 18 (58.07%) of 31 subjects
(Figure 1).
Concerning the results of TACE therapy coupled
with β-Glucan drug, patients who experienced
complete response were 4 (12.50%) of 32 patients,
partial responses were 16 (50%) of 32 patients,
no response was 3 (9.38%) of 32 patients, and
9 (28.12%) with a deteriorated response. Whereas in
patients without additional β-Glucan who experienced complete response were 0 (0%) of 31 patients,

partial responses were 11 (35.48%) of 31 patients, no
response was 2 (6.45%) of 31 patients and deteriorated response was 18 (58.07%) of 31 patients. This
data shows 20 (62.50%) of 32 patients had complete
and partial responses in the group receiving β-Glucan, whereas in the group without β-Glucan yields
are lower (11 of 31 patients or 35.48%). Table 1 is
clearly showing the effective role and efficiency
of β-Glucan with TACE therapy in HCC patients
which can provide almost twice as much increased
therapeutic response.
From the calculation of this study results, it is
concluded that patients with “response to treatment” were as many as 31 patients consisting of
20 (4 complete responses and 16 partial responses)
of patients with β-Glucan and 11 patients with
placebo (0 complete responses and 11 partial
responses) from the total of 63 patients, while
patients with “no response to treatment” were

Table 1 Tumour response after TACE therapy in patients with and without β-Glucan
β-Glucan
(+)
N 32 (%)

Description

(-)
N 31 (%)

P-value

The therapeutic response

0.044*

•

Full Response

4 (12.50)

0 (0.00)

•

Partial Response

16 (50.00)

11 (35.48)

•

No Response

3 (9.38)

2 (6.45)

•

Deteriorate Response

9 (28.12)

18 (58.07)

Chi-Square Statistics, * p < 0.05 = significant

Table 2 The result of therapy from patients with and without β-Glucan (placebo)
Outcomes*
Description of
treatment

YES
Response to therapy

NO
Response to therapy

Total

β-Glucan (+) (event)

20

12

32

β-Glucan (-) (Placebo=Control)

11

20

31

Total

31

32

63

* Two by two table.

Table 3 T
 able Event Rate, Relative Risk Reduction (RRR), Absolute Risk Reduction (ARR) and
Number Needed to Treat (NNT)
Event Rate =
No Response Therapy
Control Event Rate
(CER) Placebo

Experimental Event Rate
(EER)
β-Glucan

20/31 = 64.5%

12/32 = 37.5%
95% CI

32

Relative Risk
Reduction (RRR)

Absolute Risk
Reduction (ARR)

Number
Needed to
Treat (NNT)

64.5% - 37.55% = 27%
5% to 79%

3.2% to 50.8%

2 to 31
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Figure 1 CT before TACE pre-contrast the nodule is relative hypodense
(A, 41.5x38.9mm) and relatively enhanced in post-contrast
(B, 41.7x37.8mm), C-D procedure of TACE. After TACE, the
chemoembolant covered entire tumor as a full response of treatment (E= TACE1, 41.2x40.6mm; F=TACE2, after 6m from TACE1,
35.0x30.4mm; G=TACE3 after 8m from TACE2 or 14 m from
TACE2, 27.0x27.2mm

It can also be seen from the results that the incident of no response to treatment in this study was
32 out of a total of 63 patients, which are comprised
of the incidence of no response to treatment groups
with β-Glucan (12 of 32 patients) and the incidence
of no therapeutic response in the placebo group
(20 of 31 patients). Calculation of Control Event
Rate (CER) = 20/31 = 64.5% is the proportion of
no therapeutic response in the control group without β-Glucan (placebo) and Experimental Event
Rate (EER) = 12/32 = 37.5% is the proportion of
no response to treatment in the intervention group
(β-Glucan) to obtain the value of the Relative Risk
(RR) of no response to treatment in the intervention group (β-Glucan), which is = (12/32): 20/31) =
0.58 compared with the placebo group.
Table 3 shows Relative Risk Reduction (RRR) =
42% (95% CI: 5% - 79%), Absolute Risk Reduction
(ARR) = 27% (95% CI: 3.2% - 50.8%) and Number
Needed to Treat (NNT) = 4 patients (95% CI: 2-31).
Relative Risk Reduction (RRR) equal to 42% means
that the results of this study showed a relative risk
reduction of no response to therapy with β-Glucan
group compared with the placebo group at 42%,
which in other words the results of this study are
relatively useful.
The study shows survival rates were significantly
increased (p<0.05). Survival median in patients
given β-Glucan was 39.0 weeks (95% CI: 22.401 to
55.559), while those not given β-Glucan its median
survival was 26.0 weeks (95% CI: 22.410 to 29.590).
These data indicate β-Glucan administration may
clinically increase the median survival significantly.
The use of the mean value as an estimate of relative survival is limited due to the vast distribution
of survival of patients if it is censored. Calculation
log-rank (Mantel-Cox) was used to assess the
equality of survival distributions providing results
of 23.98 (Figure 2).

DISCUSSION

Figure 2 Graphs of Kaplan-Meier survival in patients with β-Glucan (dotted
line) and without β-Glucan (continuous line). It appears the patient
with β-Glucan can extend his life (> 125 weeks) with a median of
39 weeks compared to patients without β-Glucan (placebo) (survival < 50 weeks, median 26 weeks).
32 patients consisting of patients with β-Glucan
as many as 12 patients (3 patients no response and
9 patients with deteriorated responses) and placebo
as many as 20 patients (2 no response and 18 deteriorated responses) (Table 2).
Published by DiscoverSys | Bali Med J 2020; 9(1): 31-35 | doi: 10.15562/bmj.v9i1.1610

From the result of the study, as seen in Figure 1, it
can be seen that there were no significant differences (p>0.05) in tumour size before TACE therapy
in both groups. Still, after TACE, there was a significant difference in HCC tumour size between both
groups (p<0.05). Thus, it can be concluded that the
addition of β-Glucan medication extracted from
GLPP can increase the effects of TACE therapy on
HCC.
Number Needed to Treat (NNT) is equal to 4.
NNT equal to 4 means that it takes four patients
who need to be given HCC medication of β-Glucan
to prevent one patient further with no response
to treatment in patients who underwent TACE.
33

ORIGINAL ARTICLE

Interpretation of NNT is very dependent on what
the outcome is used for and on the condition or
disease. For patients with severe outcomes, the
NNT can have a reasonably wide range because
the positive effects of this therapy are expected. In
patients who underwent TACE for HCC with no
response to treatment outcome, with NNT equal to
4 it is very rational to be accepted as an essential
result so it should be considered to be applied to
the patient pool.
If it is determined that the patient has a doubled
risk of “no response to therapy” if he/she does not
get additional medication such as β-Glucan in the
control group, then ft = 2 and NNT / ft ≈ 2. This
result means that it is needed to provide additional
β-Glucan medication in two high-risk patients
to prevent one event of no additional therapeutic
response.
There was no significant difference in tumour
size before TACE therapy (p>0.05). Still, after
TACE, there were significant differences in tumour
size (p<0.05) between the groups of patients receiving β-Glucan and without β-Glucan. The number
of patients who had tumours shrink (<50 cm2)
increased from 4 patients (12.50%) before therapy to
8 patients (25.00%) following treatment in patients
with β-Glucan administration group. While the
patients in the group without β-Glucan, there was
an increase in tumour size from 21 (67.74%) to
23 (74.19%) patients after therapy. These findings
support the conclusion that the addition of β-Glucan drugs can increase the effects of TACE therapy
on HCC.
It has been proposed by Zhou and Gao in 2002 19
that β-glucan administered will bind to the surface
of leukocytes or in specific serum proteins which
then can activate macrophages, T-helper lymphocytes, Natural Killer (NK) cells, and other effector
cells. All of these will increase the production of
cytokines by activating effector cells, for example,
Tumor Necrosis Factor Alpha (TNF-α), Interleukins
(IL), Interferons (IFN), Nitric Oxide (NO) and
antibodies. Cao and Lin in 2004 20 also proposed in
addition to the anti-tumour effects of Glucan, it also
has an anti-angiogenic effect on tumours in vivo,
which consists of “direct and indirect” angiogenesis
inhibitors. Direct angiogenesis inhibitors prevent
proliferation, migration or eliminate the cell’s
response to a spectrum of pro-angiogenic protein
vascular endothelial cells, while indirect angiogenesis inhibitors generally prevent the expression or
block the activity of tumour proteins which activate
tumour angiogenesis. Thus, as a result, no tumour
angiogenesis occurs after Glucan treatment.
According to Cao and Lin20 β-Glucan has
the effect of anti-tumour and anti-angiogenesis,
whereas according to Zhou and Gao19 β-Glucan
34

has the ability to attack cancer cells by activating
the immune cells, either cellular or humoral, and
inhibit the growth of cancer cells. CD4 cells in
subjects who received β-Glucan in post-TACE
appear higher (486.022) significantly (p<0.05) than
in subjects who did not receive the drug Glucan
(354.977). Cytotoxic CD8 cells appear higher on
a post-TACE in patients who receive β-Glucan
(320.922) compared to subjects who did not receive
β-Glucan (243.694) significantly (p<0.05). The
CD4/CD8 ratio in post-TACE subjects appears
higher in subjects with β-Glucan (1.608) compared
to subjects without β-Glucan (1.535) even though it
was not statistically significant (p>0.05).
The IL-2 in subjects with β-Glucan is higher
(17.662) than subjects without β-Glucan (9.753)
significantly (p<0.05). This finding suggests that
there is an influence of β-Glucan to trigger the
production of cytokine, Interleukin (IL)-2. IL-2 is
a pleomorphic cytokine that controls the growth
of T-cells, induces differentiation of regulatory
T-cells (T-regs) and mediates activation-induced
cell death. β-Glucan has a role against cancer, by
activating not only macrophages, but also NK-cell,
Killer T-cells, lymphokines and IL-1 and -2 cells.21
From this study, it can be concluded that the
addition of β-Glucan medication for HCC therapy
with TACE method can provide better HCC therapeutic response significantly (p<0.05) and also
increase the survival rate of patients significantly
(p<0.05). The addition of β-Glucan extract enhances
the body’s immune cells, including CD4, CD8 and
IL-2 against hepatocellular carcinoma significantly
(p<0.05), which can increase the success of HCC
therapy with TACE.
Subjects who were given β-Glucan had
increased survival rate significantly (p<0.05). For
further the success of HCC therapy, in addition
to TACE, it needs to be coupled with β-Glucan
drugs to improve the therapeutic response of HCC.
Univariate Cox Hazard Risk Analysis revealed that
patients without β-Glucan have a hazard risk (risk
of death) 4.143 times greater than patients given
β-Glucan before TACE therapy. Based on the above
results, we recommend for the addition of β-Glucan drugs to improve the effectiveness of treatment
in HCC patients who undergo the TACE method
to improve patient survival. We concluded that
subjects with TACE therapy supplemented with
β-Glucan drugs have a more prolonged survival
(> 125 weeks) while those not given β-Glucan have
a survival of fewer than 50 weeks.

CONCLUSION
From the description of the research and discussion above, it can be concluded that transarterial
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chemoembolisation (TACE) by giving the chemoembolant drug selectively through catheterization
on the feeding artery of HCC tumour, coupled
with β-Glucan drug therapy is a potent method,
has a high success rate and is very useful in HCC
therapy providing a positive and significant therapeutic response (p<0.05). This study demonstrated the addition of β-Glucan before TACE
therapy method successfully increased complete
and partial response to treatment in 62.50% of
patients, while doubly increasing the number
of patients with shrinkage of tumor the size to
<50cm2 (from 12% to 25%), increasing CD4, CD8
and IL-2 cells, improving the mean survival rate,
and having a lower hazard risk of death. The result
in patients without β-Glucan showed the contrary
result.

3.
4.

5.

6.
7.
8.

9.

10.

ACKNOWLEDGEMENTS
The authors want to express high gratitude to the
Department of Radiology, and Department of
Internal Medicine in RSUP Dr. Sardjito, FKKMK
Universitas Gadjahmada, Yogyakarta, Indonesia
towards their support in the process of this study.

ETHICAL CLEARANCE
This study has obtained ethics approval from
the Ethics Committee of FKKMK Universitas
Gadjahmada, prior to the study conducted.

11.
12.

13.
14.
15.
16.

CONFLICT OF INTERESTS
The authors declare that there were no conflicts of
interest in the process of this study.

FUNDING
The authors are responsible for the study funding
without the involvement of grant, scholarship, or
any other resources of funding.

AUTHOR CONTRIBUTION
All of the authors are equally contributed to the
study from the study framework, data gathering,
data analysis, until reporting the result of the study.

17.
18.
19.

20.
21.

Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J Clin. 2005; 55:74–108.
Montalto G, Cervello M, Giannitrapani L, Dantona F,
Terranova A, Castagnetta LA. Epidemiology, risk factors,
and natural history of hepatocellular carcinoma. Ann N Y
Acad Sci. 2002; 963:13-20.
Badan Penelitian dan Pengembangan Kesehatan
Departemen Kesehatan RI. Laporan Nasional Riset
Kesehatan Dasar (RISKESDAS) 2007. 2008. Available
from: https://www.k4health.org/sites/default/files/laporanNasional%20Riskesdas%202007.pdf
YKI. YKI-Jakarta Race, September,12. 2012.
Kao JH, Chen DS. Changing disease burden of hepatocellular carcinoma in the Far East and Southeast Asia. Liver
Diseases. 2005;5(2):479-507.
Nguyen, V.T., Law, M.G., Dore, G.J. (2009) Hepatitis-B
related hepatocellular carcinoma: epidemiological characteristics and disease burden. J Viral Hepat. 2009; 16(7):
453-463.
Colombo M. Malignant neoplasm of the liver. In: Schiff
ER, Sorrel MF, Maddrey WC, editors. Schiff ’s Diseases
of the Liver, 9th ed, volume 2. Philadelphia: Lippincort
Williams & Wilkins; 2003. p. 1377-1403.
Block TM, Mehta AS, Fimmel CL. Molecular viral oncology of hepatocellular carcinoma. Oncogene. 2003; 22(33):
5093-5107.
Anthony PP. Hepatocellular carcinoma: An overview.
Histopathology. 2001; 39(2):109-118.
Venook AP, Papandreou C, Furuse J, de Guevara LL. The
incidence and epidemiology of hepatocellular carcinoma:
a global and regional perspective. The Oncologist. 2010;
15(suppl 4): 5-13.
Yaqi Z, Minshan C. Karsinoma Hati Primer. In: Buku
Ajar Onkologi Klinis. Edisi 2. Editor Utama: Desen W.
Translator: Japaries W. Jakarta: FKUI; 2008. p. 408-423.
Yeung YP, Lo CM, Liu CL. Natural history of untreated
nonsurgical hepatocellular carcinoma. Am J Gastroenterol.
2005; 100(9):1995-2004.
Hennedige T, Venkatesh SK. Imaging of hepatocellular
carcinoma: diagnosis, staging, and treatment monitoring.
Cancer Imaging. 2012; 12(3): 530-547.
Ursino S, Greco C, Cartei F, Colosimo C, Stefanelli A,
Cacopardo B, Berretta M, Fiorica F. Radiotherapy and
hepatocellular carcinoma: update and review of the literature. Eur Rev Med Pharmacol Sci. 2012; 16:1599-1604.
Tatli S, Tapan U, Morrison PR, Silverman SG.
Radiofrequency ablation: technique and clinical applications. Diagn Interv Radiol. 2012; 18: 508-516.
Chan GC, Chan WK, Sze DM. The effect of β-Glucan on
human immune and cancer cells. J Hematol Oncol. 2009;
2(25): 1-11.
Zhou S, Gao Y. The immunomodulating effect of
Ganoderma lucidum (Curt.: Fr.) P. Karst. (Ling Zhi, Reishi
Mushroom) (Aphyllophoromycetidese). International
Journal of Medical Mushrooms. 2002; 4:1-11.
Cao QZ, Lin ZB. Antitumor and antiangiogenic activity
of Ganoderma lucidum polysaccharides peptide. Acta
Pharmacogical Sinica. 2004; 25(6):833-838.
Mason R. What is Beta-Glucan? A Concise Guide to the
Benefits and Uses of the Most Powerful Natural Immune
Enhancer Known to Science. Printed in the USA. Fall 2011
Revision. 561 Shunpike Road Sheffield, MA 01257. 2001;
6-9.

REFERENCES
1.

2.

World Health Organization. Mortality Database. Available
from: GAR Hepatitis.2002. http://www.who.int/csr/
disease/hepatitis/whocdscsrlyo20022/en/index3.html
(accessed: 13 February 2012)
Behboudi S, Pereira SP. Alpha-fetoprotein specific CD4
and CD8 T cell responses in patients with hepatocellular
carcinoma. World J Hepatol. 2010; 2(7):256-260.

Published by DiscoverSys | Bali Med J 2020; 9(1): 31-35 | doi: 10.15562/bmj.v9i1.1610

This work is licensed under a Creative Commons Attribution

35

