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Arabinoxylan Rice Bran (MGN-3) Enhances the Effects of
Interventional Therapies for the Treatment of Hepatocellular
Carcinoma: A Three-year Randomized Clinical Trial
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Abstract. Background and Aims: This study examined the
efficacy of arabinoxylan rice bran (MGN-3) in conjunction
with an interventional therapy (IT) for the treatment of
hepatocellular carcinoma patients. Patients and Methods: A
total of sixty-eight patients with hepatocellular carcinoma
(stages I and II) participated in the study. Patients were
randomized to receive IT (30 patients, control group) or
IT+MGN-3 (38 patients), and randomly divided into two
groups using a computer-generated randomization list.
Patients and investigators were blinded. IT included
transarterial oily chemoembolization (TOCE) or a
combination of TOCE and percutaneous ethanol injection
treatment (PEIT). Results: Patients in the IT+MGN-3 group
showed: (i) lower recurrence of the disease, 31.6% (12/38),
as compared to 46.7% (14/30) for the control; (ii) higher
survival after the second year, 35%, as compared to 6.7% for
the control; (iii) significantly lower alpha-fetoprotein level, a
38% decrease (p=0.0001), as compared to baseline value,
while the control showed no significant change; and (iv) a
significant decrease in tumor volume, in contrast to the
control, which showed no significant change. When the results
were analyzed according to each IT modality, MGN-3+IT
sub-groups displayed a greater response to treatment, in
every aspect examined, than the IT sub-groups alone.
However, the patients in the MGN-3+TOCE+PEIT sub-group
demonstrated greater reduction in AFP levels and longer
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survival time than the MGN-3+TOCE sub-group. Conclusion:
MGN-3 in conjunction with IT may be useful for the treatment
of hepatocellular carcinoma and warrants further
investigation in multiple clinical trials.

Hepatocellular carcinoma (HCC) is the sixth most common
cancer worldwide with an estimated 626,000 new cases per
year (1, 2). The prognosis for this cancer is poor, with a
median survival time of less than six months. The etiology
of HCC may be related to three major epidemiological
factors, namely hepatitis B and C infection, aflatoxin
exposure and cirrhosis (1, 3). Interventional therapies (ITs)
include transarterial oily chemoembolization (TOCE),
percutaneous  ethanol  injection therapy  (PEIT),
radiofrequency ablation (RFA) and cryoablation (4).
However, the survival of patients who undergo these
therapies is still limited to only two to three years (5).
Although it has been suggested that TOCE is an effective
treatment for inoperable HCC, an enhanced survival has not
yet been validated in randomized trials. Nonetheless, it
remains a widely used palliative treatment for HCC cases
that are not amenable to resection or ablative therapies.
Similarly, several non-randomized studies have demonstrated
a beneficial effect of transarterial chemoembolization
(TACE), though this was also not confirmed in randomized
trials (6). In addition, the side-effects and complications of
TACE treatment are severe (7). PEIT has gained wide
acceptance as a treatment for HCCs, but is applicable only
to a minority of cases.

The poor prognosis for HCC patients coupled with the low
efficacy of the available treatments highlights the necessity to
find new treatments, or to modify current modes of IT. The
present study examined whether combining IT, namely
TOCE, PEIT and RFA, with MGN-3, an arabinoxylan rice
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bran, may increase the survival rate of HCC patients. MGN-
3 has been demonstrated to be a potent biological response
modifier (BRM) (8-11) and a chemo-sensitizer that sensitizes
cancer cells to both death receptor (CD95)-induced apoptosis
(12) and to daunorubicin treatment (13). The results
demonstrated that HCC patients given IT+MGN-3 showed a
higher percent survival than the patients given IT alone.

Patients and Methods

MGN-3. MGN-3 is a denatured hemicellulose that is obtained by
reacting rice bran hemicellulose with multiple carbohydrate
hydrolyzing enzymes from Shiitake mushrooms. It is an
arabinoxylan with a xylose in its main chain and an arabinose
polymer in its side chain (8). Patients were treated with MGN-3 at
a dose of 1g per day aliquoted in packets that were taken orally with
meals for 12 months simultaneously with IT (see below). MGN-3
was provided by Daiwa Pharmaceuticals Co. Ltd., Tokyo, Japan and
is commonly known as Biobran or Lentin Plus 1000.

Patients. Sixty-eight patients (54 males, 14 females) with HCC,
aged 30-68 years, participated in the study. The patients were
admitted to the 108 Military Central Hospital in Hanoi, Vietnam and
were randomly divided into two groups using a computer-generated
randomization list: the IT group and the IT+MGN-3 group. Both
patients and investigators were blinded. The IT group (30 patients,
age 51x17 years: 24 males, 6 females) was treated with IT alone,
while the IT+MGN-3 group (38 patients, age 49+19 years: 30
males, 8 females) was treated with IT+MGN-3 for three years (age
values represent mean+standard deviation).

Informed consent was obtained from all participants. The study
protocol conformed to the ethical guidelines of the 1975 Declaration
of Helsinki as reflected in the a priori approval by the 108 Military
Central Hospital General Secretary of VASLD Hanoi, Vietnam and
by the Institutional Review Board at Charles Drew University of
Medicine and Science, Los Angeles, CA, USA.

Prior to treatment, clinical characteristics, tumor characteristics
and IT modalities were determined for the patients in each group.
The clinical characteristics of the HCC patients prior to treatment
were investigated for hepatitis infection and alpha-fetoprotein
(AFP) levels. The number of patients with hepatitis B and/or C
infection for the IT group was 26 and for the IT+MGN-3 group
was 35. The number of patients with AFP levels in three categories
(<20, 20-500, and >500 ng/ml) were 11, 7, and 12, respectively,
for the IT group and 12, 10 and 16, respectively, for the IT+MGN-
3 group. Further clinical findings for HCC patients prior to
treatment were examined. The numbers of patients for each
symptom in the two treatment groups (IT and IT+MGN-3,
respectively) were as follows: fatigue (19 vs. 23), right upper-
quadrant pain (22 vs. 27), fever (5 vs. 5), digestive disorder (3 vs.
5), weight loss (8 vs. 9), jaundice (2 vs. 3), hepatomegaly (11 vs.
15) and no symptoms (4 vs. 4). The tumor characteristics of the
HCC patients were documented prior to treatment with respect to
the number of tumors, tumor site, size and differentiated levels.
Table I summarizes the number of patients in the IT group and the
IT+MGN-3 group for each of the aforementioned characteristics.
Notably, the majority of patients in each group had only one
tumor, which was located in the right lobe with a tumor diameter
greater than 3 cm. The differentiation levels of the tumors were
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characterized as well, moderate and poor in each of the groups.
The number of patients in each category was not significantly
different between the two groups (p>0.05).

Interventional Therapies (IT). IT modalities for the HCC patients
included PEIT, TOCE, and RFA. The number of patients in the two
groups (IT and IT+MGN-3, respectively) for each modality was as
follows: TOCE (11 vs. 13), TOCE+PEIT (14 vs. 20), PEIT (3 vs.
3), TOCE+RFA (2 vs. 2). The number of patients in each modality
was not significantly different between the two groups (p>0.05).
The treatment protocols were dependent on tumor size, the
outcome after first treatment and the time to recurrence. For TOCE,
adriamycin (20-60 mg/treatment; mean=40 mg/treatment) was
mixed with lipiodol (5-20 ml/treatment; mean=12 ml/treatment)
and patients were treated every 1-2 months (2-5 treatments/patient;
mean=3 treatments/patient). PEIT treatment consisted of ethanol
injections (99.5%; 3-15 ml/treatment; mean=8 ml/treatment) given
twice per week (mean=6 treatments/patient). For tumors with
radius r under 2.5 cm, the total ethanol volume (V) was calculated
according to the following formula: V=4/37(r+0.5)3 (14). For RFA
treatment, the radiofrequency energy was emitted at a power setting
of 60 W for five minutes, 2-4 cycles per treatment, 1-2 times/week.
For tumors smaller than 2 cm in length, the patients were treated
once; for tumors with length 2-4 cm, the patients were treated 2-3
times, while for larger tumors, the patients were treated 3-5 times.
RF data were not included due to the small sample of patients.

Outcome assessment. Patients response to treatment was determined
by assessing overall response to treatment, AFP levels, tumor
volume, recurrence, and survival.

Overall response to treatment. Patients were assessed for overall
response to treatment. A positive response was defined when the
patient did not feel fatigued, had a good appetite, had no pain in the
liver area, had no fever and a weight gain of 3-5 kg. In addition, for
positive response, physical examination would reveal a decrease in
liver size and no signs of jaundice or ascites. Patients who did not
experience any significant changes in energy levels, pain, fever,
weight, jaundice or ascites were placed in the no-response group.
An adverse response was defined as a response to treatment
opposite of the aforementioned positive response. In addition, most
patients in the adverse response group experienced an increase in
tumor size or recurrence, as observed via imaging, and developed
metastasis.

AFP levels. Patient AFP levels were analyzed at six-month intervals
for 36 months using an AFP Elisa Kit.

Tumor volume. Tumor volumes were determined at six-month intervals
for 36 months using computerized tomography (CT) scanning, and the
final tumor measurements are displayed in Table IV.

Recurrence. The secondary outcome measurement was recurrence.
Patients were examined for recurrence at six-month intervals for 36
months. If patients had previously experienced disease remission,
the presence of tumors was considered recurrent disease. Data were
presented as the percentage of patients with recurrent disease.

Survival. The primary outcome measurement was survival and was
examined in 2 to 3-month intervals for 36 months.
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Table 1. Tumor characteristics of patients before treatment.

Table II1. Effect of treatment on AFP levels (sub-groups). Data represent
the mean AFP level. % change=100 x [(value after treatment) - (value
before treatment)] / (value before treatment).

Characteristics 1T IT+MGN-3
n=30 % n=38 %
Number of tumors
Number of patients with 1 tumor 23 76.7 31 81.6

Number of patients with 2 tumors 7 23.3 7 18.4

Total number of tumors 37 100 45 100
Site of tumor

Right lobe 28 75.7 32 71.1

Left lobe 5 13.5 7 15.6

Both 4 10.8 6 13.3
Size (diameter)

<3 cm 4 10.8 5 11.1

3-6 cm 20 54.1 23 51.1

> 6 cm 13 35.1 17 37.8
Differentiaton

Well 9 243 11 24.5

Moderate 22 59.5 24 533

Poor 6 16.2 10 222

Table II. Effect of treatment on AFP levels (whole groups). Data
represent the mean AFP level. % Change=100 x [(value after
treatment) — (value before treatment)] / (value before treatment).

Treatment Tumor Patients AFP level (ng/ml) % Change
volume
(cm3)  Number % Before After

treatment treatment

IT <200 17 57 292.8 316.5 +8%
>200 13 43 431.7 456.1 +6%
10-13201 30 100 353.0 37697  +7%

IT+MGN-3 <200 22 58 509.0 356.8  -30%
>200 16 42 5114 2604  —-49%
12-12001 38 100 510.0 3162  -38%

fRange of tumor volumes in group.

Statistical analysis. Descriptive statistics were used to characterize
the subjects (mean, median and standard deviation for continuous
variables, and percentages for categorical variables). The chi-square
test for categorical variables was used to test the statistical
difference between the groups. Significant differences between the
groups for the continuous variables were determined using the non
parametric median test, Mann Whitney U-test, and Wilcoxon test
for the non normally distributed data and by two-sided t-tests, and
paired z-tests for normally distributed data when appropriate. The
Kaplan-Meier procedure was used to estimate time to death. The
Kaplan-Meier method estimated the conditional probabilities at each
time point when death occurred and, by taking the product limit of
those probabilities, it estimated the survival rate at each point in
time. P-values <0.05 were considered significant. Data were
analyzed using SPSS version 15 (SPSS, Inc., Chicago, IL, USA).

Treatment Number AFP level (ng/ml) % Change
of patients
Before After
treatment  treatment
TOCE 11 4335 360.9 -16%
TOCE+MGN-3 13 726.1 506.9 -30%
TOCE+PEIT 14 2422 382.6 +58%
TOCE+PEIT+MGN-3 20 450.0 2189 -51%

Table IV. Effect of treatment on tumor volume (whole groups). Data
represent meanzstandard deviation. % Change=100 x [(value after
treatment) — (value before treatment)] / (value before treatment).

Treatment  Tumor Patients Treatment %
volume Change
(cm3)  Number %  Before After

1T <200 17 57 92.7+12.3 97.6+£35 +5%
>200 13 43 4604+76.1 4549+106.7 -1%
10-13207 30 100 252.0+258.7 252.5+3243 +0.2%

IT+MGN-3 <200 22 58 1259+13.6 94.1+223 -25%
>200 16 42 481.7+56.6 288.3+479 -40%
12-12007 38 100 275.7+234.1 175.8+174.9 —36%

fRange of tumor volumes in group.

Results

Response to IT treatment. Figure 1 shows that 89% of
patients in the IT+MGN-3 group and 80% of patients in the
IT group demonstrated a positive response to treatment. In
contrast, 5% of patients in the IT+MGN-3 group experienced
adverse side-effects compared to 13% for the IT group
(»<0.05).

AFP levels. AFP levels in HCC patients were examined
before and after treatment according to the total tumor
volume, and the patients were clustered into sub-groups with
tumor volume <200 cm? or >200 cm? in the IT group and
the IT+MGN-3 group, and the final AFP level measurements
are displayed in Table II. Using the non-parametric Mann
Whitney U-test, the IT group as a whole showed an increase
in APF levels of 7% (p=0.2), relative to the before treatment
value of APF. Specifically, an increase in APF levels ranging
from 6 to 8% was noted in patients with a total tumor
volume <200 cm? or >200 c¢cm®. In contrast, the IT+MGN-3
group showed a significant decrease of APF levels with a
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Figure 1. Overall response to treatment. The patients in IT and IT+
MGN-3 groups were examined for an overall positive response, no
response or adverse response to treatment. Parameters measured
included patient fatigue, appetite, liver pain, liver size, fever, weight
gain or loss, jaundice and ascites. Response classification is described
under Patients and Methods. *p<0.05 and **p<0.01, as compared to the
IT group.

Figure 2. Multi-slice CT scans of an IT+MGN-3 patient. A: Before
treatment, the patient had a large tumor in right liver measuring 12x10
em? in plane. B: At three months after treatment, the tumor size
decreased to 7x8 cm? in plane and had a very high lipiodol marking
(arrows). C: At six months after treatment, the tumor size had
decreased further to 6x7 cm? in plane with lower lipiodol marking,
showing liver regeneration.

change of 38% relative to values before treatment (p<0.001).
In particular, a significant decrease of APF levels ranging
from 30 to 49% (p<0.05) was observed in patients with
tumor volumes <200 cm? and >200 cm? (Table II).

The patients were also sub-grouped according to the IT
modality and the changes in AFP levels post-treatment are
illustrated in Table III. Patients in the TOCE sub-group
demonstrated a 16% decrease in AFP, while patients in the
TOCE+MGN-3 sub-group experienced a 30% decrease in AFP.
Furthermore, patients in the TOCE+PEIT group had a 58%
increase in AFP, while those in the TOCE+PEIT+MGN-3 sub-
group demonstrated a 51% decrease in AFP (p<0.01).

Tumor volume. Tumor volumes were examined in HCC patients
post-treatment and the results were categorized into two sub-
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Figure 3. Spinal multi-slice CT scan and angiograms of a IT+ MGN-3
patient. A: A multi-slice CT scan before treatment showed that the
patient had a large tumor in right liver measuring 14x13 cm? in plane.
B: After six months of treatment the CT scan showed a decrease in
tumor size to 5x6 cm? in plane. C: Angiography of the same patient
before treatment showed liver artery and portal angiography. D: The
angiography taken just after treatment with TOCE showed that the right
liver artery had complete embolization.

Table V. Effect of IT modality on tumor volume (sub-groups).
% Change=100 x [(value after treatment) — (value before treatment)] /
(value before treatment).

Treatment Number of Treatment % Change
patients
Before After
TOCE 11 272.8 262.5 —4%
TOCE+MGN-3 13 301.5 1755 —42%
TOCE+PEIT 14 3034 3134 +3%
TOCE+PEIT+MGN-3 20 349.5 2224 -36%

groups according to the whole tumor volume, <200 em? or
>200 cm?. Surprisingly, the IT group had almost no change in
tumor volume (0.2%). In contrast, the IT+ MGN-3 group had
an overall reduction of tumor volume by 36% (Table IV).
Specifically, patients in the IT+MGN-3 group with tumor
volumes <200 cm? and >200 cm? experienced a significant
decrease in average tumor volume by 25% (p<0.05) and 40%
(p<0.05), respectively. However, the patients in the
corresponding IT groups showed no significant change in tumor



Bang et al: MGN-3 to Enhance Treatment of HCC

50 4
45
40
35 4
30 -
25 4
20
15 4
10 -

——IT
—8-1T+MGN-3

Percent of Patients Having
Recurrent Diveare

0 T T T ]
12 18 24 30 36

Time Post-Treatment (Months)

Figure 4. Recurrence of tumors in HCC patients post-treatment for the
two groups compared as a whole (IT and IT+MGN-3).

volume. Using the Mann Whitney U-test, patients in the
IT+MGN-3 group also showed a significant change in tumor
volume compared with the control group (z=2.5 and p=0.01).

The patients were also sub-grouped according to the IT
modality and the changes in tumor volume post-treatment
are illustrated in Table V. The patients in the TOCE sub-
group demonstrated a 4% decrease in tumor volume,
while those in the TOCE+MGN-3 sub-group experienced
a 42% decrease in tumor volume (p=0.01). In addition,
patients treated with TOCE+PEIT showed a 3% increase
in tumor volume, while those in the TOCE+PEIT+MGN-
3 sub-group demonstrated a 36% decrease in the tumor
volume (p<0.01).

Imaging studies. HCC tumors were analyzed using multi-
slice CT and angiography. Imaging results from repre-
sentative patients of the IT+MGN-3 group are shown in
Figures 2 and 3. The multi-slice CT scan in Figure 2 clearly
demonstrates that the tumor mass steadily decreased from a
size of 12x10 cm? to 6x7 cm? within a period of six months.
The angiogram in Figure 3 shows a decrease in tumor size,
from 14x13 cm? to 4x5 cm? in a period of six months.

Recurrence. Tumor recurrence in the IT and IT+MGN-3
groups was examined every six months for three years. As
shown in Figure 4, the recurrence in the IT+MGN-3 group
was decreased and maximized at 30 months post-treatment
(32%) compared to the IT group (47%) at the same time
point. When the patients were sub-grouped according to the
IT modality, the statistical analysis demonstrated an
insignificant difference in tumor recurrence between the
TOCE and TOCE+MGN-3 sub-groups. However, 43% of
patients in the TOCE+PEIT sub-group experienced
recurrence, compared to 20% in the TOCE+PEIT+MGN-3
sub-group.
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Figure 5. Percent survival in HCC patients post-treatment for the two
groups compared as a whole (IT and IT+MGN-3).

Survival. Percentage survival was assessed every 2-3 months
in the HCC patients. As shown in Figure 5, patients in the IT
group demonstrated a sharp decline in survival. While 63% had
survived at the end of the first year, this number dropped
significantly to 6.7% by the end of the second year and at 30
months no patients remained alive. In contrast, the IT+MGN-3
group maintained significantly higher survival rates, being 76%
at the end of the first year, 35% at the end of the second year,
and 11% at the end of the third year. Half of the IT+MGN-3
group survived at 20 months compared with 15 months for the
IT group. When the patients were sub-grouped according to the
IT modality, the patients in the TOCE sub-group survived for
an average of 14.8 months as compared to 16.5 months for the
TOCE+MGN-3 sub-group. Notably, patients treated with
TOCE+PEIT survived an average of 14.0 months as compared
to 23.8 months for the TOCE+PEIT+MGN-3, showing,
therefore, an increase in survival time by 10 months.

Discussion

The inability of IT to cause significant necrosis of cancer
cells and the low survival rates among HCC patients (3-5%)
reflects the inadequacy of ITs in treating this disease (15-17).
Therefore, many attempts have been made to improve the
efficacy of IT. For example, the use of interferon-alpha (IFN-
a) in combination with IT was a focus of many studies,
however the results were contradicting. While some studies
reported that treatment with 5-FU+IFN-o enhances the
survival of patients with advanced HCC (18-20), other studies
reported that such treatment is not beneficial for advanced
HCC (21, 22). Additionally, other BRMs such as PSK,
lentinan, and OK-432, have been shown to have no effect
when combined with 5-FU for the treatment of HCC (23).
Realizing the need for further studying on the potential of
combination BRM treatments for HCC, the present study
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investigated IT in combination with MGN-3. MGN-3 has
been previously demonstrated to be a potent BRM (8-11),
and may inhibit the production of T regulatory (T reg) cells
responsible for cancer-related immunosuppression (24).
Furthermore, MGN-3 has demonstrated anticancer activity
(11, 25) and improved the survival in cancer patients treated
simultaneously with MGN-3 and anticancer drugs (26).

In the current study, the overall results showed that the
addition of MGN-3 to IT enhances its anti-neoplastic effect
to cause necrosis, and causes a beneficial effect in terms of
tumor response rates, recurrence and survival. When the
results were analyzed for each IT modality separately, the
IT+MGN-3 sub-groups displayed a greater response to
treatment, in all aspects compared to the respective IT sub-
groups. Notably, the patients in the MGN-3+TOCE+PEIT
sub-group demonstrated a greater reduction in AFP levels
and longer survival times than those in the MGN-3+TOCE
sub-group. However, recurrence, survival, and tumor volume
did not significantly differ between the TOCE and
TOCE+PEIT sub-groups, suggesting that the combination of
the two IT modalities did not increase anticancer efficacy.
The exact mechanism underlying the potent anticancer effect
of the IT+MGN-3 combinations are not yet fully understood.

Possible mechanisms of MGN-3 action on HCC may be
attributed to its immune-modulatory effects. There is much
evidence suggesting a major role of the natural killer (NK)
cells and dendritic cells in the immune surveillance of
neoplastic disease including HCC (27-29). The role of
MGN-3 in the potent activation of NK cell activity in cancer
patients (30), healthy humans (9, 31) and mice (10) is well
documented and was associated with growth suppression of
different murine and human malignancies, including HCC
(11, 25, 26). MGN-3-induced NK cell activation was
mediated through an increase in the NK cell granular
content (10) and the expression of key NK cell surface
receptors, including CD69, CD25 and ICAM-1 (CD54) (31).
Recent studies also showed that MGN-3 is a potent
enhancer of human dendritic cell maturation in vitro (32)
and can suppress T reg lymphocytes in patients with locally
limited and metastatic solid tumors including those in the
liver (24).

The earlier studies carried out by Suto et al. (23) showed
no change in survival time or tumor diameter when using the
various BRMs with 5-FU. Our contrasting results show
changes in survival and tumor growth when treated with
MGN-3 +IT. This suggests that the immune modulatory
effect by MGN-3 is more potent than previously studied
BRMs. In addition, MGN-3 may exert its effect on HCC via
sensitizing the cancer cells to TOCE and PEIT. Earlier
studies showed that MGN-3 has the ability to sensitize
human leukemia cells to both death receptor (CD95)-induced
apoptosis (12) and human breast cancer cells to the
chemotherapeutic agent daunorubicin (13).
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Treatment with MGN-3 may reduce the side-effects of
TOCE. Earlier studies showed a potential for MGN-3 in
reducing chemotoxic effects. These include the protection of
animals against gross pathological changes and weight loss
produced by chemotherapy (33, 34). Additionally, studies in
humans with progressive cancer showed that MGN-3
prolongs life span and improves the quality of life (26).
MGN-3 has been shown to be a nontoxic agent and is safe
for human consumption (9, 35).

In conclusion, HCC therapy that includes MGN-3 represents
a new approach with great clinical potential that could be used
in conjunction with other IT modalities to enhance treatment
efficacy. The present study provided a rationale for further
future clinical studies of this combination of therapies.
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