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Abstract

Most hepatocellular carcinoma (HCC) patients have complications, including cirrhosis and malnutrition. The efficacy
of dietary supplementation with oral branched-chain amino acids (BCAAs) in HCC patients undergoing interventions
has not been confirmed. Relevant publications on the efficacy and safety of oral BCAA supplementation for HCC
patients undergoing anti-HCC interventions through September, 2014 were searched for identification in the
PubMed, Embase, Web of Science, and the Cochrane Library databases. The pooled risk ratio (RR) and standardized
mean difference (SMD) were used to assess the supplementation effects. A total of 11 eligible studies (974 patients
in total) were evaluated and included in our analysis. Oral BCAA supplementation helped to maintain liver reserve
with higher serum albumin (SMD = 0.234, 95 % CI: 0.033–0.435, P = 0.022), and lower rates of ascites (RR = 0.545,
95 % CI: 0.316–0.938, P = 0.029) and edema (RR = 0.494, 95 % CI: 0.257–0.952, P = 0.035) than in the control group.
BCAA supplementation seemed to be effective in improving mortality, especially in Child-Pugh class B patients, but
the efficacy was not confirmed. Apparent effects were not found in improving HCC recurrence, total bilirubin, ALT,
or AST. BCAA supplementation was relatively safe without serious adverse events. BCAA supplementation may be
clinically applied in improving liver functional reserve for HCC patients and further improving the quality of life.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most
common cancers and a major cause of mortality among
cancer patients [1]. It is particularly common in east and
southeast Asia [2]. Annually, approximately 500000 new
patients are diagnosed with HCC around the world,
while the disease causes an almost equivalent number
of deaths. The primary reasons for the poor prognosis of
HCC patients are its high rates of recurrence and result-
ing liver failure. Chronic infection with hepatitis B
(HBV) or hepatitis C virus (HCV) is considered the most
important risk factor in HCC tumorigenesis [3]. Other
factors, such as excessive alcohol consumption, cigarette
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smoking, and environmental exposure to aflatoxin, also
affect disease progression and response to treatment [4].
Thus, there is no single, effective treatment strategy
which can be applied to all HCC patients.
Currently, several methods, including surgery, radio

frequency ablation (RFA), percutaneous ethanol injection
therapy, transcatheter arterial chemoembolization
(TACE), hepatic arterial infusion chemotherapy (HAIC),
radiation therapy and sorafenib, are used to treat HCC,
depending on the physical condition of the patient [5, 6].
Liver transplantation is the ultimate treatment which,
while achieving optimal results (a 5-year survival rate of
60–70 %), is a therapeutic strategy limited by the acute
shortage of donor organs [7]. Apart from transplant-
ation, however, all the treatment modalities currently de-
ployed can cause damage to the liver as well a broader
systemic damage. In many cases, HCC treatment is also
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complicated by the frequency of cirrhosis [8]. Underlying
cirrhosis frequently leads to protein-calorie malnutrition
commonly caused by poor appetite, cacochylia, compro-
mised nutrient uptake, and disorders in protein synthesis
[9, 10]. Liver damage caused by HCC treatment can ag-
gravate malnutrition and can, on occasion, contribute to
the development of ascites and edema, which are im-
portant factors in the prognosis of HCC [11, 12]. In
addition, cancer patients often present with enhanced
protein catabolism, which can in turn make malnutrition
more acute [13].
As essential amino acids in humans, BCAAs (leucine,

isoleucine, and valine) are not only components of pro-
teins but also the source of glutamate, which detoxifies
ammonia through glutamine synthesis in skeletal muscle
[14]. In patients with hepatic encephalopathy, BCAA
supplementation is currently recommended in the
guidelines of the American Society for Parenteral and
Enteral Nutrition and the European Society for Clinical
Nutrition and Metabolism [15, 16]. In fact, recent ex-
periments and clinical trials suggest the possibility of
more expansive applications of BCAAs in liver disease.
The malnutrition associated with cirrhosis has been
shown to be alleviated by the administration of BCAAs
in both rats and humans [17, 18]. Other studies pub-
lished in recent years have emphasized the importance
of nutritional BCAA supplementation in patients
undergoing anti-HCC interventions such as surgery,
RFA, HAIC or TACE [19–28]. However, studies have
reported inconsistent results from BCAA supplementa-
tion for HCC patients even among patients receiving
the same anti-HCC therapy, and thus the efficacy of
oral BCAA supplementation for HCC patients is yet to
be fully confirmed. Up to now, very few meta-analyses
have been performed to verify this effectiveness; they
were only studied on operative oral administration of
BCAAs for patients with HCC or with small sample
sizes, even after merging for effect values [29, 30].
The purpose of our meta-analysis is to survey cur-

rently available evidence and carry out a quantitative
combination of relevant metrics to estimate the efficacy,
as well as the safety, of BCAA supplementation in pa-
tients undergoing surgical and non-surgical interven-
tions for HCC, as compared with patients receiving no
BCAA supplementation.

Methods
Literature search
Potentially relevant studies regarding the efficacy of
BCAAs on HCC were identified by searching the PubMed,
Embase, Web of Science, and the Cochrane Libraries,
using the key words “branched-chain amino acids,” “hepa-
tocellular carcinoma,” and their abbreviations. Multiple
synonyms were also used. The search was restricted to
“human” and “English”. Reference lists of all retrieved doc-
uments were manually searched for potentially relevant
reports missed by the intelligent retrieval systems men-
tioned above. The search was carried out in September
2014, and the whole selection process was completed in-
dependently by two investigators (LC and YQC). Incon-
sistent search results were resolved with the assistance of
an arbiter (HDH), where necessary.

Inclusion and exclusion criteria
Published studies comparing the efficacy of oral BCAA
supplementation to no additional BCAA supplementa-
tion in HCC were used for our meta-analysis, if the
study was eligible and the data available. Inclusion cri-
teria were as follows: a) randomized controlled trials
(RCTs), with retrospective and prospective cohort study
designs, b) All patients were diagnosed with HCC and
underwent therapies for HCC, whether surgical or non-
surgical, c) Studies directly comparing additional oral
BCAA supplementation to usual meals with no BCAA
supplementation with a follow-up duration equal to or
more than 24 weeks and d) All patients demonstrated
good compliance in taking the supplements and were
monitored by a dietician. Studies were excluded if they
featured: a) non-comparative data or observational
methodologies, b) No available outcome measures and a
follow-up duration of less than 24 weeks, c) Patients
with serious impairment of organ function due to re-
spiratory, renal, or heart disease or d) Patients with ser-
ious hepatic disease but without HCC.

Efficacy measures
The interesting outcome measures studied were as fol-
lows: a) Mortality and HCC recurrence were used as pri-
mary efficacy measures and b) Liver biochemical and
clinical symbols were used as secondary efficacy mea-
sures. Data on mortality was studied at the time-points
of 1 and 3 years, and HCC recurrence at the time-points
of 1, 2, and 3 years. Liver biochemical data included
serum albumin, total bilirubin, alanine aminotransferase
(ALT), and aspartate aminotransferase (AST) at the
time-points of 6 and 12 months. Clinical signs included
instances of ascites and the occurrence of edema shortly
after anti-HCC therapies. The side effects caused by
BCAAs also received special attention.

Data extraction
All data were independently extracted from the included
studies by two investigators (LC and YQC), and, where
possible, calculated and confirmed. Any dispute between
investigators was resolved by discussion or by arbitration
from an arbiter (HDH), when necessary. If useful data
were presented indirectly by figures and graphs or
through different metrics, they were translated into
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correlative patterns by using get-data software or rele-
vant formulae. If mean values or standard deviation (SD)
for analysis were unavailable, they were calculated from
medians and ranges using relevant formulae [31].
Study quality
The quality of all included RCTs was assessed using
the revised Jadad quality scale, which graded the quality of
a study from 0 (lowest) to 7 (highest) by examining
randomization, blinding, allocation concealment, and
drop-out. For cohort designs, the quality of studies was
assessed by the Newcastle-Ottawa Scale (NOS) based on
several standards including selection of cohorts, compar-
ability of cohorts, and assessment of the outcomes.

Statistical analysis
Data analysis was carried out with the use of Software
Stata version 12.0 (Stata Corporation, College Station,
TX, USA) and was based on an intent-to-treat principle.
Both dichotomous and continuous variables were ex-
tracted in this analysis. For dichotomous outcomes, the
results were presented as relative risk (RR) with a 95 %
confidence interval (95 % CI), while continuous results
were presented as standardized mean difference (SMD)
with a 95 % confidence interval (95 % CI). The overall
effects were measured using a z-score with a significance
set at P < 0.05. An RR of approximately 1 (p > 0.05) indi-
cated no statistical significance between BCAA and con-
trol groups while an RR value deviated from 1 (p < 0.05)
represented statistical significance. A SMD of approxi-
mately 0 (p > 0.05) indicated no statistical significance
between BCAA groups and control groups, while SMD
values with a deviation from 0 (p < 0.05) were judged to
be of statistical significance. Statistical heterogeneity was
evaluated by using chi-square and I-square (I2) tests with
a significance set at p < 0.1. P < 0.1 and I2 > 50 % were
considered to be significant heterogeneity. The random-
effect method was used to combine results if confirmed
significant heterogeneity was observed; otherwise, the
fixed-effect method was used. To assess sources of po-
tential bias, sensitivity analyses were performed where
required. Funnel plots were used to assess the publica-
tion bias of selected articles and any potential bias was
judged by Begg’s test.

Results
Search results and study characteristics
As the search strategy shows (Fig. 1), 624 records in
total were identified, and 311 records were removed as
duplicate documents retrieved from two or more data-
bases. The remaining studies received further screening
by scanning the title or abstract, which resulted in the
exclusion of a further 290 studies. As a result, 23 full-
text articles were subjected to detailed evaluation, of
which two were excluded because they analyzed the
same patient groups, and a further ten were excluded
due to lack of available data. Eventually, 11 eligible arti-
cles relating to a total of 974 subjects (450 in BCAA
groups and 524 in control groups) were chosen for this
meta-analysis. Of the 11 eligible studies, six were RCTs
[19–24] and five were cohorts (of which three were
retrospective and two prospective designs) [25–28, 32].
Out of the six RCTs, four received a Jadad score of 4 or
5 and were considered high-quality, while the other two
were deemed low quality because of scores lower than 4
(Additional file 1: Table. S1). All five cohort studies re-
ceived a NOS score of 7 or 8 (Additional file 2: Table S2).
No publication bias was found among these included
studies (Additional file 3: Figure S1). The detailed charac-
teristics of the included studies are summarized in Table 1.
All pooled results are summarized in Additional file 4:
Table S3 and the results of each study reviewed are sum-
marized in Additional file 5: Table S4.

Mortality
Information about 1-year mortality was reported in nine
studies [19, 20, 22, 24–28, 32] while 3-year mortality was
reported in five studies [19, 22, 24, 25, 27]. A fixed-effect
model was used to analyze mortality at the two time-
points since there was no significant heterogeneity
among these studies (P = 0.912, I2 = 0.0 %; P = 0.129, I2 =
43.9 %, respectively). This meta-analysis showed that
both 1-year and 3-year mortality were lower in BCAA
groups when compared with control groups (18 % vs.
21 %; 37 % vs. 44 %, respectively). 1-year mortality did
not achieve statistical significance (RR = 0.856, 95 % CI:
0.669–1.094, P = 0.214), while the difference became
statistically significant with prolonged duration up to
three years (RR = 0.797, 95 % CI: 0.667–0.952, P = 0.012)
(Fig. 2).
Kanekawa, et al. [28] reported that the mortality of the

BCAA group was significantly lower than that of control
group for Child-Pugh class B patients, but there was no
significant difference for Child-Pugh class A patients.
Another three studies [26, 27, 32], which also reported
significantly lower mortality in the BCAA groups com-
pared with the control groups, were found to include a
relatively higher proportion of Child-Pugh class B pa-
tients at baseline than that of studies [19, 20, 22, 25]
which reported no significant difference in mortality
(Table 2).

HCC recurrence
The 1-year, 2-year, and 3-year recurrence of HCC were
obtained in five [20–23, 26], three [20, 22, 23], and three
[19, 22, 23] studies respectively. No significant hetero-
geneity was found at the three time-points (p = 0.940,



Fig. 1 Flow diagram of literature selection process
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I2 = 0.0 %; p = 0.308, I2 = 15.2 %; p = 0.948, I2 = 0.0 %,
respectively). Similarly, a fixed-effect approach was
used to estimate the overall effects. The rates of HCC
recurrence were also lower in BCAA groups than
control groups (11 % vs. 18 %; 30 % vs. 34 %; 54 %
vs 56 %, respectively). However, at none of the three
time-points did HCC recurrence achieve statistical
significance (RR = 0.613, 95 % CI: 0.315–1.192, P = 0.149;
RR = 0.882, 95 % CI: 0.544–1.431, P = 0.612; RR = 0.946,
95 % CI: 0.749–1.194, P = 0.638, respectively) (Additional
file 6: Figure S2).

Liver biochemical parameters
Liver biochemical parameters included serum levels of
albumin, total bilirubin, ALT, and AST at the time-
points of 6 and 12 months. The eligible articles showed
no significant baseline difference among these parame-
ters, so data at 6 and 12 months were suitable for direct
comparison. Seven studies [19–22, 24–26] reported
the 6-month albumin level and an equal amount of
articles [19–21, 23–26] mentioned the 12-month al-
bumin level. Significant heterogeneity was detected at
6 months (P = 0.035, I2 = 55.7 %) but not detected at
12 months (P = 0.207, I2 = 29.0 %). A random-effect
model for 6 months and a fixed-effect model for
12 months showed that albumin levels were higher in
both models for the BCAA groups compared with
control groups (SMD= 0.515, 95 % CI: 0.217–0.812, P =
0.001; SMD = 0.234, 95 % CI: 0.033–0.435, P = 0.022,
respectively) (Fig. 3). However, there were no signifi-
cant differences between the two groups in terms of
total bilirubin, ALT, and AST at 12 months (P = 0.454,



Table 1 Characteristics of studies included in the meta-analysis

Study Region Group N Male/female Age (year) Child-Pugh grade: A/B/C TMN stage:
I/II/III/IV

Follow-up
time (month)

Supplementation
period (month)

Therapy for HCC Study type

Nagasue et al. Japan BCAA 67 54/13 <50:5 50–70:55 > 70:7 53/13/1 24/35/7/1 35.8 ± 17.9 >12 surgery RCT

1998 control 65 55/10 <50:7 50–70:45 > 70:13 50/14/1 22/36/6/1 36.0 ± 17.7

Meng et al. China BCAA 21 19/2 51.5 ± 10.8 17/4/0 NA 17 (0.2–33) 3 surgery RCT

1999 control 23 18/5 53.3 ± 12.8 20/3/0 NA 17 (2–33)

Togo et al. Japan BCAA 21 17/4 66.5 ± 4.5 15/7/0 2/14/2/3 12 12 surgery RCT

2005 control 22 17/5 64.3 ± 9.1 17/5/0 3/12/4/3 12

Okabayashi et al. Japan BCAA 40 29/11 65.7 ± 8.6 33/7/0 NA 16 (2–47) 0.5 surgery cohort

2008 control 72 55/17 68.3 ± 8.1 62/10/0 NA 23 (2–84)

Ichikawa et al. Japan BCAA 26 18/8 64.7 ± 9.8 21/5/0 NA 40 (7–48) 6.5 surgery RCT

2013 control 30 20/10 64.5 ± 11.4 25/5/0 NA 36 (6–50)

Kuroda et al. Japan BCAA 20 13/7 65.6 ± 7.0 8/11/1 6/11/3/0 12 12 RFA cohort

2010 control 15 9/6 66.0 ± 8.1 6/8/1 5/8/2/0 12

Yoshiji et al. Japan BCAA 16 10/6 63.7 ± 10.8 12/4/0 10/5/1/0 48 48 RFA RCT

2011 control 26 16/10 62.5 ± 11.5 21/5/0 18/7/1/0 48

Nishikawa et al. Japan BCAA 115 64/51 69.3 ± 9.4 83/30/2 41/58/16/0 30 (2–95) >1 RFA cohort

2013 control 141 83/58 70.9 ± 7.8 88/52/1 60/60/21/0 29 (1–84)

Poon et al. China BCAA 41 39/2 59 (24–84) NA 30/11/0/0 29 (18–44 ) 12.5 TACE RCT

2004 control 43 39/4 59 (27–80) NA 31/12/0/0 30 (18–43)

Kanekawa et al. Japan BCAA 49 43/6 66.3 ± 7.0 23/26/0 0/0/41/8 NA NA HAIC cohort

2014 control 43 34/9 68.0 ± 7.0 30/13/0 0/0/29/14 NA

Takeda et al. Japan BCAA 33 27/7 72 (55–88) 16/18/0 0/2/15/17 NA NA sorafenib cohort

2014 control 44 37/7 68 (46–89) 30/14/0 0/2/11/31 NA

RFA radiofrequency ablation, TACE, transarterial chemoembolization, HAIC, hepatic arterial infusion chemotherapy; RCT, randomized controlled trial, NA, not available
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Fig. 2 Forest map of summary estimates for comparison of mortality between BCAA and control groups. a) 1-year mortality; b) 3-year mortality
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P = 0.882, P = 0.235, respectively) on the basis of no
significant heterogeneity among included studies of
ALT and AST (P = 0.769, I2 = 0.0 %; P = 0.680, I2 =
0.0 %, respectively), but significant heterogeneity was
found among the included studies in total bilirubin
(p = 0.049, I2 = 58.0 %), which was analyzed using a
random-effect model (Additional file 7: Figure S3).
Clinical signs
Five studies [19, 21, 22, 24, 25] provided data for as-
cites and three [19, 21, 24] reported the occurrences
of edema a short time after therapies for HCC. No
significant heterogeneity was found in ascites and
edema (p = 0.420, I2 = 0.0 %; p = 0.575, I2 = 0.0 %, re-
spectively). A fixed-effect analysis showed that the as-
cites rate in BCAA groups was distinctly lower when
compared with control groups (9 % vs.16 %, P = 0.029),
and a similar result was found in the edema rate (9 % vs.
16 %, P = 0.035) (Fig. 4).

Side effects of BCAAs
Nagasue, et al. [19] reported that seven patients suffered
side effects caused by BCAAs: nausea and vomiting in
four, diarrhea in one, abdominal distension in one, and
hypertension in one. Three of the reported patients
could not continue BCAA supplementation. Meng, et al.
[20] reported that two patients experienced occasional,
diffuse abdominal pain after ingestion and one suffered
from transient diarrhea, but all of these symptoms
stopped spontaneously and none of the patients ended
BCAA supplementation. Adverse reactions to BCAA
supplementation were either not observed or not men-
tioned in the remaining articles. No serious events in-
duced by BCAAs were reported in any of the included
studies (Additional file 5: Table S4).



Table 2 The proportion of Child-Pugh class B patients at
baseline in studies

Study BCAA Control Total

Nishikawa et al. 2013 30/115 26 % 52/141 37 % 82/256 32 % **

Kanekawa et al. 2014 26/49 53 % 13/43 30 % 39/92 42 % **

Takeda et al. 2014 18/33 55 % 14/44 32 % 32/77 42 % **

Kuroda et al. 2010 11/20 55 % 8/15 53 % 19/35 54 % **

Nagasue et al. 1998 13/67 19 % 14/65 22 % 27/132 20 % *

Meng et al. 1999 4/21 19 % 3/24 13 % 7/45 16 % *

Ichikawa et al. 2013 5/26 19 % 5/30 17 % 10/56 18 % *

Okabayashi et al. 2008 7/40 18 % 10/72 14 % 17/112 15 % *

**: Study that reported significantly lower mortality in the BCAA group
compared with the control group
*: Study that reported no significant difference in mortality between the
two groups
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Discussion
Most patients with HCC suffer from liver dysfunction
associated with liver cirrhosis, tumor progression and
tumor directed therapies. Because the liver is the central
organ involved in the metabolism of nutrients, malnutri-
tion occurs frequently when liver function is impaired
[33–35]. The serum ratio of branched-chain amino acids
(BCAAs) to aromatic amino acids (AAAs) stabilizes at a
low level in liver cirrhosis and low serum BCAA/AAA
ratio reduces biosynthesis and secretion of albumin in
hepatocytes, which commonly leads to the occurrence of
hypoproteinemia [36]. Hypoproteinemia or complica-
tions of hypoalbuminemia, such as ascites and edema,
can increase the risk of discontinuing anti-cancer ther-
apy [9]. BCAAs not only have a beneficial effect in meet-
ing the increased energy requirements in cirrhotic
patients, but also improve the level of albumin, thereby
decreasing the rate of therapy interruption due to hypo-
proteinemia [37, 38]. In patients with diagnosed HCC
who underwent interventions, optimal nutrition man-
agement may have benefits in terms of morbidity and
mortality [22, 39].
In our meta-analysis, no statistical significance was

found in the 1-year mortality between the BCAA and
control groups (18 % vs. 21 %, P = 0.214). However, after
expanding the follow up time, we found that 3-year mor-
tality was statistically lower in the BCAA groups than in
the control groups (37 % vs. 44 %, P = 0.012). One rea-
son may be that, compared with patients analyzed at
1 year, patients analyzed at 3 years tended to take BCAA
supplementation for a longer time. However, the BCAA
supplementation period was just one of the many factors
associated with mortality of HCC patients. Other factors,
including age, sex, tumor stage, HCC recurrence, and
Child-Pugh Classification also affect the mortality.
Therefore, the efficacy of BCAA supplementation on
improving 3-year mortality remains uncertain. Our re-
sults indicated that oral BCAA supplementation has
more palpable effects on the mortality of Child-Pugh
class B patients than that of Child-Pugh class A patients.
A likely supposition is that Child-Pugh class B patients
tend to have lower serum albumin levels but exhibit a
stronger reaction to BCAA supplementation, with
greater and more satisfactory recovery from previous
hypoproteinemia, when compared with Child-Pugh class
A patients. However, the underlying reasons for this
phenomenon still need to be investigated and confirmed
by further research.
Several human studies have demonstrated that insulin

resistance (IR) is an HCC risk factor in patients with
chronic hepatitis C and a similar close interaction was
observed in patients with other morbidities, such as
non-alcoholic fatty liver disease [40, 41]. BCAAs were
found to suppress the incidence of hepatocarcinogen-
esis in patients with HCV-related cirrhosis and obesity
that is often associated with IR through modulating in-
sulin signaling [42]. The cumulative recurrence of HCC
in patients with obvious insulin resistance was markedly
inhibited by BCAA supplementation [43]. After mer-
ging effect values by meta-analysis, we found that the
rates of recurrence, as the results section described
above, were all lower in the BCAA groups, but with no
statistical significance at any of the three time points
(one, two, and three years). In fact, most of the included
studies that mentioned information about HCC recur-
rence had small sample sizes, which may have affected
our results through subordinate representation. On the
other hand, the baseline information of IR in HCC pa-
tients in each included study is not clear, and the effects
of BCAAs on HCC recurrence associated with IR could
not be assessed in our present meta-analysis. This as-
sessment should be conducted using larger and length-
ier clinical trials.
Studies included in this meta-analysis showed a diver-

sity of effects in improving liver function after BCAA
supplementation (Additional file 5: Table S4). The re-
sults summarized in our analysis indicate a significantly
higher level of serum albumin and significantly lower
rates of ascites and edema in BCAA groups, but no sig-
nificant differences were found in terms of total biliru-
bin, ALT, and AST. The higher serum albumin, lower
ascites and reduced edema summarized in our data ac-
cord well with the clinical situation, because the most
common reason for ascites and edema in HCC patients
complicated by cirrhosis was hypoproteinemia, which
can be greatly improved by supplementation with
BCAAs.
Several limitations in our meta-analysis should be con-

sidered. First, some studies were not RCTs, of which
three were retrospective cohort designs, and some



Fig. 3 Forest map of summary estimates for comparison of serum albumin levels between BCAA and control groups. a) 6-month albumin;
b) 12-month albumin
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reports with small sample sizes were also included. Sec-
ondly, the patients included were only from Asia, and
most of these were Japanese. Thirdly, some data were
not obtained directly; they were obtained through trans-
lation if the author did not respond to requests for
detailed data, which may have affected the accuracy of
our results. Finally, the studies were not identical in
terms of the doses, types, or courses of supplementation.
These differences in study design may explain the statis-
tical heterogeneity.



Fig. 4 Forest map of summary estimates for comparison of ascites and edema between BCAA and control groups. a) ascites; b) edema
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In conclusion, patients receiving BCAA supplementa-
tion had a stronger functional liver reserve with higher
serum albumin and lower rates of ascites and edema
than those receiving no BCAA supplementation. How-
ever, the efficacy of BCAA supplementation on mortal-
ity, especially in Child-Pugh class B patients, is still not
confirmed, even though the results of our meta-analysis
demonstrated that oral BCAA supplementation was
superior to the control group in improving 3-year
mortality. There were no significant changes in HCC
recurrence, total bilirubin, ALT, or AST. BCAA supple-
mentation was relatively safe without serious adverse
events for HCC patients. BCAA supplementation may be
clinically applied to improve liver reserve of HCC patients
and further improve their quality of life.
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Additional file 5: Table S4. The summary of results of each article
included in our meta-analysis.

Additional file 6: Figure S2. Forest map of summary estimates for
rates of HCC recurrence in BCAA and control groups. A) 1-year
recurrence; B) 2-year recurrence; C) 3-year recurrence.

Additional file 7: Figure S3. Serum total bilirubin, ALT and AST levels
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