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ABSTRACT

Objectives: Optimal enteral immunonutrition (EIN) regime for gastric cancer (GC)
patients underwent gastrectomy remains uncertainty. To assess comparative efficacy
of different EIN formulas in GC patients underwent gastrectomy, we performed
network meta-analysis.

Results: We included 11 RCTs enrolling 840 patients. Pairwise meta-analysis
indicated that EIN (RR 0.56, 95% CI 0.36-0.86; MD -0.42, 95% CI -0.74—0.10),
Arg+RNA+®-3-FAs (RR 0.37, 95% CI 0.22-0.63; MD -0.42, 95% CI -0.75—0.07),
Arg+GIn+w-3-FAs (RR 0.22, 95% CI 0.05-0.94; MD -0.69, 95% CI -1.22—1.07)
reduced ICs and LOS. Network meta-analysis confirmed the potential of Arg+RNA+®-
3-FAs for ICs (OR 0.27, 95% Crl 0.12-0.49) and Arg+GIn+mw-3-FAs for CIs (OR 0.22,
959% Crl 0.02-0.84) and LOS (SMD -0.63, 95% Crl -1.07—0.13), and indicated that
Arg+RNA+w-3-FAs was superior to Arg+RNA and Arg+GIn for ICs as well.

Materials and Methods: We performed direct and network meta-analyses for
randomized controlled trials comparing EIN formulas with each other or standard
enteral nutrition (SEN) in reducing infectious complications (ICs), noninfectious
complications (NICs) and length of hospital stay (LOS), through January 2016. The
surface under the cumulative ranking curve (SCURA) and Grading of Recommendations
Assessment, Development and Evaluation (GRADE) were used to rank regimes and
rate qualities of evidences respectively.

Conclusions: As for GC patients underwent gastrectomy, Arg+RNA+w-3-FAs and
Arg+GIn+m-3-FAs are the optimal regimes of reducing ICs and LOS.

INTRODUCTION

Gastric cancer (GC) is the one of the most common
digestive tract cancers, which is the fifth most common
type of cancer and the third most cause of cancer-death [1].
Issued data estimated that GC will annually cause 989 and
738 thousands new cases and cancer deaths respectively
around the world [2]. Surgical resection is still a promising
treatment option of curatively treating the GC patients
[3]; however, GC patients underwent gastrectomy are at

high risk of suffering a variety of complications, such as
postoperative infectious complications, non-infectious
complications and immunity suppression [4—6].

In purpose of improving the immune function,
relieving the inflammation response, and decreasing the
postoperative complications of the GC patients underwent
gastrectomy, as well as shortening the length of hospital
stay (LOS) eventually, enteral immunonutrition (EIN)
which is supplemented with at least 2 of arginine (Arg),
glutamine (GIn), omega-3 fatty acids (®-3-FAs), and
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ribonucleic acid (RNA) has been extensively investigated
in clinical practice [4, 7, 8]. Our previous meta-analysis
[4] demonstrated the potential of EIN in improving host
immunity and decreasing the inflammation response of
GC patients underwent gastrectomy compared to standard
enteral nutrition (SEN). However, the EIN support regime
includes various formulas, such as the combination of
SEN, Arg and RNA and the combination of SEN, Arg and
Gln. Hitherto, no trial has been planned to investigate the
comparative efficacy of different EIN formulas. As a result,
it is unclear which EIN formulas are the optimal nutrition
support regimes for GC patients underwent gastrectomy.

Bayesian network meta-analysis, which is the
expansion of pairwise meta-analysis, provides option
for investigators to evaluate the comparative efficacies
of multiple treatments which are not directly compared
in randomized controlled trials (RCTs) [9]. And thus,
we performed direct meta-analysis and network meta-
analysis combining multiple direct evidences to evaluate
the comparative efficacies of different EIN formulas for
the support of GC patients underwent gastrectomy in this
present study.

RESULTS

Study selection

We initially captured 138 records after searching all
target databases. One hundred and sixty-nine citations were
added through screening reference lists and electronically
searched clinicaltrial.gov and American Society of Clinical
Oncology (ASCO). One hundred and thirty-one duplicates
were omitted by using EndNote software (version X7.0).
We excluded 99 records according to following reasons:
animal research, ineligible patients, retraction note,
and unrelated to topic after screening title and abstract.
After examining full-text, 11 studies [3, 6, 10-18] were
determined to meet our inclusion criteria. The flow chart
of identification and selection of captured studies were
summarized in Figure 1.

Study characteristics

Table 1 documented the details of the characteristics
of all eligible studies. Overall, these eligible studies
were published between 2005 and 2014, and most were
performed in China. Eleven RCTs enrolled 840 patients,
and the number of patients in individual study ranged
from 42 to 231. Two studies [3, 11] reported the nutrition
status of patients. All studies [3, 6, 10—18] reported ICs, 4
[3, 6, 10, 16] reported NICs, and 9 [3, 6, 10-13, 15, 16,
18] reported the postoperative LOS.

Quality of individual study

We graphically illustrated the cumulative
percentages for each risk of bias domains in Supplementary

Figure 1 and risk of bias summary for individual
randomized controlled trials in Supplementary Figure 2.
Of 11 eligible RCTs, 5 [3, 11, 12, 14, 17] used appropriate
method (such as random number table) to generate random
sequence, 2 [3, 11] performed appropriately allocation
concealment and blinded patients and personnel, only 1
[12] blinded outcome assessor, all [3, 6, 10—18] reported
anticipated outcomes and did not selectively reported
results.

Evidence network

In the present systematic review and network meta-
analysis, we identified 4 EIN formulas: combination of
Arg and RNA, combination of Arg, RNA and »-3-FAs,
combination of Arg and Gln and combination of Arg, Gln
and ®-3-FAs. All EIN formulas were directly compared
with SEN, but no study comparing EIN formulas with
each other was identified. Evidence networks in terms of
ICs, NICs and LOS were delineated in Figure 2.

Infectious complications

All 11 eligible RCTs [3, 6, 10-18] reported the
ICs, which directly compared EIN formulas with SEN.
Compared to SEN, EIN regardless of formulas (11 RCTs,
RR 0.56, 95% CI 0.36-0.86), Arg+tRNA+®-3-FAs
(7 RCTs, RR 0.37, 95% CI 0.22-0.63), and Arg+Gln+o-
3-FAs (1 RCT, RR 0.22, 95% CI 0.05-0.94), but not
Arg+RNA (1 RCT, RR 1.05, 95% CI 0.80-1.39) or
Arg+Gln (2 RCTs, RR 0.89, 95% CI 0.53-1.49), decreased
the incidence of ICs (see Supplementary Figure 3A).

In network meta-analysis, Arg+RNA+wm-3-FAs
(RR 0.27, 95% CI 0.12-0.49) and Arg+Glntm-3-FAs
(RR 0.22, 95% CI 0.02—0.84), but not Arg+RNA (RR 1.18,
95% CI10.37-2.89) or Arg+GIn (RR 0.95,95% C10.31-2.26),
were superior to SEN in reducing ICs. Compared to
Arg+tRNA+®-3-FAs, Arg+RNA significantly increased the
ICs (RR 5.06, 95% CI 1.26-14.93). Arg+RNA+®-3-FAs
was also superior to Arg+Gln in reducing ICs (RR 0.36,
95% CI 0.09-0.97). Remaining comparisons did not
indicate significant differences. All estimates from direct
and network meta-analysis were summarized in Figure 3A.

We estimated SUCRA to rank all nutrition support
regimes in controlling ICs. The corresponding value of
Arg+RNA, Arg+tRNA+®-3-FAs, Arg+Gln, Arg+Glnt+w-3-
FAs, and SEN was 21.81%, 81.38%, 33.65%, 90.60%, and
22.56% respectively (see Supplementary Figure 4A). The
ranking of all treatments for ICs can be found in Figure 4.

Non-infectious complications

Ofeligible 11 RCTs, 43, 6, 10, 16] directly comparing
the EIN formulas with SEN reported the NICs. Direct
meta-analysis indicated no difference of EIN regardless
of formulas (4 RCTs, RR 1.04, 95% CI 0.52-2.10),
Arg+tRNA (1 RCT, RR 3.24, 95% CI 0.59-15.26)
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and Arg+tRNA+®-3-FAs (3 RCTs, RR 0.78, 95% CI
0.36-1.71) in reducing NICs compared to SEN (see
Supplementary Figure 3B).

We also performed network meta-analysis to
investigate comparative efficacies of EIN formulas
comparing to each other or SEN in controlling NICs, but
no significant differences were detected in all comparisons
(see Figure 3B).

The SUCRA of Arg+RNA, Arg+RNA+®-3-FAs
and SEN was 6.36%, 83.62% and 60.02% respectively
in managing NICs (see Supplementary Figure 4B). The
rankings of all nutrition support regimes were delineated
in Figure 4.

Length of hospital stay

Of all 11 eligible RCTs, 9 [3, 6, 10-13, 15, 16, 18]
investigated the postoperative LOS directly comparing

EIN formulas with SEN. Compared to SEN, EIN
regardless of formulas (9 RCTs, MD -0.42, 95% CI
-0.74—0.10), Arg+RNA+®-3-FAs (5 RCTs, MD -0.58,
95% CI -0.98—0.17) and Arg+GIn+®-3-FAs (1 RCT, MD
-0.69, 95% CI -1.22—0.17), but not Arg+RNA (1 RCT,
MD 0.08, 95% CI -0.18-0.34) or Arg+GIn (2 RCTs,
MD -0.20, 95% CI -0.85-0.46), significantly shortened the
LOS (see Supplementary Figure 3C).

Network meta-analysis was performed to analyze
the comparative efficacies of EIN formulas comparing to
each other or SEN. Result from network meta-analysis
indicated potential of Arg+RNA+®-3-FAs in shortening
LOS compared to SEN. However, remaining comparisons
were not identified to be significantly different
(see Figure 3C).

The SUCRA of Arg+RNA, Arg+RNA+®-3-FAs,
Arg+Gln, Arg+Glnt+®-3-FAs, and SEN was 18.46%,
73.86%, 48.12%, 87.01%, and 22.55% respectively

Records identified through database
searching (n = 138)

PubMed (n = 28)

CENTRAL (n = 15)

EMBASE (1 = 58)

CNKI (n = 40)

Additional records identified through
other sources
Reference lists (#2 = 2)
Clinicaltrial.gov (7 = 36)
ASCO (n =131)

(n=176)

Records after duplicates removed

A 4

(n=18)

Records screened

Records excluded (n = 99)

animal research (n = 3)

A 4

ineligible patients (n = 24)

retraction note (n = 2)

A 4

unrelated to the topic (n = 70)

Full-text articles excluded, with

(n=11)

Full-text articles assessed
for eligibility

reasons (n = 35)
lack of outcome of interest (n = 20)
duplication (7 =3)
non-RCT (n=1)
retraction (n=1)
ineligible participant (n = 4)

A 4

A 4

ineligible intervention (n = 6)

(n=11)

Studies included in
qualitative synthesis

A 4

(n=11)

Studies included in
quantitative synthesis
(meta-analysis)

Figure 1: Flow chart of identification and selection of studies. CENTRAL = Cochrane Central Register of Controlled Trials,

RCTs = randomized controlled trials.
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Table 1: Basic characteristics of each study included in this network meta-analysis

Age Number L
of of Nutrition status Intervention regimes Reported
Study ID  Country Diagnosis - .. (Malnutrition/
Participants  Participants Well nutrition) outcomes
(years) (T/C) Treatment group Control group
Early immune-enhanced ~ Patients
nutrition EN given received
F;gggii]N Spain  Gastric cancer 66§ 27 I ? 332/3 30/30 13/53 product which enriched standard EN 1Cs, LOS
’ ' with Arg, Gln and ©-3- support for the
FAs for the next 7 days next 7 days
Patients received 1000
ml/day of preopergtlve Patients
oral supplementation .
in the form of an ref:(?lVf?d regular
. . . diet without
1mmunonutr1ents—enr1chled any nutritional e NIC
Fujitani K Gastric 64 (26~78)/ enteral feed which mainly . s, s,
22)12[3] Japan adenocarcinoma 65 (30~79) 1207111 23915 composed by Arg of iupp lementation LOS
128 /100 mLand RNA 075
of 0.13 mg/mL) added Zonse;u;lve
to normal diet for 5 ays betore
consecutive days before surgery
surgery
Patients received standard Patients
EN of 500 mL received
per bottle consisting of standard EN
20.0 g total protein, 9.5 g  of 500 mL per
fat, 61.5 g carbohydrate,  bottle consisting
7.5 g fiber, 3.0 g minerals  of 20.0 g total
and 0.15 g vitamins, protein, 9.5 g
Liu H . Advanced 573+7.1/ providing 500 kcal of fat,61.5¢g
20128 China gastric cancer 58.4+6.3 28/24 Not stated total energy supplemented carbohydrate, IGs, LOS
with formula enriched 7.5 gfiber,3.0 g
with Gln (12.5 g/L) and  minerals and
Arg (9.0 g/L) for the next  0.15 g vitamins,
7 days providing 500
kcal of total
energy for the
next 7 days
Patients were
lemented with .
. isrl‘nlqrr)gune nutrition enriched Patlf?nts
LiuH China Advgnced 71.5£6.1/ 28/28 Not stated with Arg 0of 9.0 g/ and Gln received 1Cs, LOS
201116 gastric cancer 74.1+9.3 . .. standard EN for
of 12.5 g/L in addition to the next 7 days
the standard EN for the
next 7 days
Patients were
supplemented with Patients were
immunonutrients enriched received
LiuZ . Advanced 61.1+7.5/ with Arg, ®-3-FAs and standard EN
201127 China stric cancer 61,6472 2121 Notstated RNA in addition to the  for the first day '_°
standard EN for the first  after surgery
day after surgery lasted lasted for 8 days
for 8 days
Patients received immune Patlénts
s . . received
nutrition enriched with standard EN in
Marano L Ttaly Gastric 66.6(55-78)/ 54/55 63/115 Arg, ®-3-FAs and RNA in the 6h after the ICs, NICs,
2013t adenocarcinoma  65.1(49-83) the 6 h after the surgery . LOS
until the 7 postoperative surgery untll. the
day 7 postoperative
day
Patients were given 750  Patients
ml per day immune- received
enhanced formulas isoenergetic
Okamoto Y . 66.9 = 11.5/ supplemented with Arg standard ICs, NICs,
200911 Japan - Gastric cancer g, 13, 3030 Notstated 0f9.6 &, RNAof 0.96,  formulasfor  LOS,
and ©-3 FAs of 3.1 g for 7 consecutive
7 consecutive days before days before the
the operation. operation.
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Xue JB 56.6 = 8.9/

201161 China  Gastric cancer 582480 26/26
Xzi(e) 1%[30] China  Gastric cancer 662153 ii 1111'.97/ 2929
L;()(g;zx] China  Gastric cancer 66%61 ii5569/ 25/25
Czhgilfz}s] China  Gastric cancer 66663; i 8862/ 35/35

Early immune-enhanced  Patients
nutrition EN given received
product which enriched standard EN
Not stated with Arg, Gln and ©-3- support for the  ICs, LOS
FAs for the second day second day after
after surgery lasted for surgery lasted
7 days for 7 days
Patients were .
. Patients were
supplemented with .
. . . received
immunonutrients enriched
with Arg, ®-3-FAs and standard EN
Not Stated RNA in addition to the ag)err tilerﬁ;st day ICs
standard EN for the first ureery
lasted
day after surgery lasted for 8 davs
for 8 days Y
Patients were
supplemented with Patients were
immunonutrients enriched received
with Arg, ©-3-FAs and standard EN for
Not Stated RNA in addition to the the second day ICs, LOS
standard EN for the after surgery
second day after surgery  lasted for 7 days
lasted for 7 days
Patients were .
. Patients were
supplemented with .
. . . received
immunonutrients enriched
. standard EN
with Arg, ©-3-FAs for the seventh  ICs, NICs
Not Stated and RNA in addition day before L O’S ’
to the standard EN for Y
surgery lasted

the seventh day before
surgery lasted the seventh
days after 7 surgery

the seventh days
after 7 surgery

T = treatment group, C = control group, EN = enteral nutrition, EIN = enteral immunonutrition, Arg = arginine; Gln = glutamine, RNA = ribonucleic acid,
®-3-FA = omega-3-fatty acids, ICs = infectious complications, NICs = noninfectious complications, LOS = length of hospital stay.

(see Supplementary Figure 4C). The rankings of nutrition
support regimes were delineated in Figure 4.

Additional analysis

It’s remarkable that regional databases were
selected to identify potentially eligible citations may
cause selection bias, so we performed sensitive analyses
through excluding eligible studies retrieved from CNKI.
For direct comparisons, all results from meta-analyses
are with similar effect size and direction after performed
sensitive analyses (see Supplementary Table 2). In
network meta-analyses, the results of Arg+RNA compared
to Arg+tRNA+®-3-FAs and Arg+RNA+®-3-FAs compared
to Arg GIn in reducing infectious complications and
Arg+RNA+®-3-FAs compared to SEN in shortening
length of hospitalization were changed to be not significant
(see Supplementary Figures SA-7A).

In the present study, all eligible studies completed in
Europe and Asia, and thus we performed subgroup analysis
based on research regions (Europe and Asia). The results
revealed that EIN and Arg+RNA+m-3-FAs significantly
reduced the infectious complications in Europe and Asia
respectively as compared with SEN (see Supplementary
Table 2). The results of noninfectious complications
and length of hospitalization were not changed (see
Supplementary Table 2). In the network meta-analyses, the

results of Arg+RNA+®-3-FAs as compared with Arg+Gln
based on these studies performed in Asia and Arg+RNA+o-
3-FAs as compared with SEN based on these studies
performed in Europe in reducing infectious complications
were changed to be no significant different respectively
(see Supplementary Figure 5B and 5C). The results of
Arg+RNA+®-3-FAs as compared with SEN based on these
studies performed in Europe and Asia were all changed to
be no significant different (see Supplementary Figure 7B
and 7C). The remaining result was not significantly changed
(see Supplementary Figure 6B).

After apprising the risk of bias, no eligible studies
was valued as high risk of bias in any domains. And thus,
we performed subgroup analyses based on the number
of unclear risk of bias. In the direct meta-analyses, the
pooled results of EIN as compared with SEN in reducing
infectious complications were no significant when the
article(s) with one, two or three domain(s) of unclear
risk of bias were summarized respectively, however the
result from the studies with four domains of unclear risk
of bias was also significant different between these two
regimes (see Supplementary Table 2). The result of EIN as
compared with SEN in shortening length of hospitalization
was no significant different when we pooled the data from
the studies with one domain of unclear risk of bias (see
Supplementary Table 2). In the network meta-analyses,
the results of Arg+RNA+m-3-FAs as compared with
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Arg+Gln in reducing infectious complications based on
these studies with four domains of unclear risk of bias was
changed to be no significant different (see Supplementary
Figure 5E). The remaining results were not significantly
changed (see Supplementary Figures 5D, 7D, and 7E)

Because most researches included in our study
didn’t report any detailed information about tumor
stage, and thus we did not perform the subgroup analysis
according to two these criteria.

Investigation of inconsistency

The assessment of consistency was not performed
due to no closed-loops were constructed in our study.

Arg+RNA+omega-3-FAs

u[n+3ay

Arg+Gln+omega-3-FAs

Arg+RNA+omega-3-FAs

Arg+Gln+omega-3-FAs

VNY+31y

However, in the analysis of ICs, 11 eligible RCTs were
included, and thus, we drew comparison-adjusted funnel
to test small-study effect. The funnel plot indicated
asymmetrical graph (see Supplementary Figure 8), and
thus suggested that the pooled results may be negatively
impacted by small study effects.

Rating of evidence quality

We investigated 3 outcomes of interest in this study
including ICs, NICs and LOS. The qualities of evidences
from direct and network meta-analysis were documented
in Table 2. The quality of direct evidence ranged from
very low to moderate. The potential of EIN regardless

~
~

~< Arg+RNA

Figure 2: Evidence networks of all enteral immunonutrition formulas in terms of ICs, NICs and LOS. The black solid
line indicated direct comparisons between regimes which were directly compared in original studies and red dotted line indicated indirect
comparisons of two regimes which were not directly compared in original studies. The node and edge was weighted by total sample size
and standard error respectively. Arg = arginine, Gln = glutamine, RNA = ribonucleic acid, ®-3-FA = omega-3-fatty acids, ICs = infectious
complications, NICs = noninfectious complications, LOS = length of hospital stay.
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of formulas, Arg+tRNA+®-3-FAs and Arg+Gln+m-3-FAs
in decreasing ICs compared to SEN were supported by
moderate, moderate and low quality evidence respectively.
For shortening of LOS, low, low and moderate quality
evidence supported the potential of EIN regardless of
formulas, Arg+RNA+®-3-FAs and Arg+Gln+w-3-FAs. For
overall network meta-analysis, moderate quality evidence
supported that Arg+RNA+®-3-FAs and Arg+Glnto-
3-FAs were superior to SEN and Arg+RNA+®-3-FAs
was superior to Arg+Gln in reducing ICs; moreover, the
evidence of supporting the use of ArgtRNA+®-3-FAs
rather than Arg+RNA was supported by very low quality.
Low quality of evidence supported the superiority of
Arg+RNA+®-3-FAs in shortening LOS compared to SEN.

DISCUSSION

Although the incidence has decreased substantially
over the past few decades, GC is still one of the most

common malignant cancers [1]. Appropriate nutrition
support enriched with immune nitrite plays predominant
role in promoting recovery of GC patients underwent
gastrectomy [4]. However, which EIN formulas should
be optimally adopted to support this target population is
still up for debate. To determine the best nutrition support
regime for GC patients underwent gastrectomy and then
facilitate evidence-informed decision-making in clinical
practice, we performed the present network meta-analysis.

Summary of main results

In this systematic review and network meta-
analysis, we included 11 eligible RCTs enrolling 840
patients. After completed all analyses, we obtained several
important findings: (a) direct evidences supporting EIN
regardless of formulas significantly decreased ICs and
LOS compared to SEN, with moderate and low quality
respectively; (b) the evidences from direct and network

A
Arg+RNA NA NA NA 1.05 (0.80, 1.39)
5.06 (1.26,14.93) | Arg+RNA+w-3-FAs NA NA 0.37 (0.22, 0.63)
1.62 (0.29, 5.19) 0.36 (0.09, 0.97) Arg+Gln NA 0.89 (0.353, 1.49)
15.39(0.99, 77.21) | 3.38(0.26,16.43) | 12.14(0.74,62.18) | Arg+Gln+w-3-FAs | 0.22(0.05, 0.94)
1.18 (0.37, 2.89) 0.27 (0.12, 0.49) 0.95 (0.31, 2.26) 0.22 (0.02, 0.84) SEN
B
Arg+RNA NA 3.24(0.69, 15.26)
13.2 (0.66, 72.35) Arg+RNA+w-3-FAs 0.78 (0.36, 1.71)
8.15 (0.64, 40.43) 0.84 (0.25, 2.10) SEN
C
Arg+RNA NA NA NA 0.08 (-0.18, 0.34)
0.68 (-0.28,1.64) | Arg+RNA+w-3-FAs NA NA -0.42 (-0.75, -0.07)
0.28(-0.79,1.37) | -0.40(-1.22,0.42) Arg+Gln NA -0.20 (-0.85, 0.46)
0.76 (-0.49, 2.01) 0.08 (-0.96, 1.12) 0.48 (-0.66,1.62) | Arg+Gln+w-3-FAs | -0.69 (-1.22,-1.07)
0.08 (-0.76,0.92) | -0.63 (-1.07,-0.13) | -0.20(-0.88,0.48) | -0.68 (-1.61,0.25) SEN

Treatments

Direct comparisons

Indirect comparisons

Figure 3: Summary for infectious complications (A), non-infectious complications (B) and lengths of hospital stay (C) of different
nutrition support regimes. For categorical data including infectious and non-infectious complications, the upper right area represented the
effect sizes of direct comparisons and the bottom left shown the indirect comparisons. For direct comparison, it favors the row-defining
treatment if odds ratio (OR) lower than 1, in contrast, for indirect comparison, the result favors the column-defining treatment if OR lower
than 1. For numerical data, each number in each cell represented the effect size of the treatment in upper left area minus the treatment in
bottom right area. Standard mean differences (SMDs) lower than 0 favor the column-defining treatment. The upper right area presented
the effect sizes of direct comparisons and the bottom left shown the direct comparisons. A number with bold font indicated a significant
difference between two treatments. SEN: standard enteral nutrition.
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meta-analysis indicated the potential of Arg+tRNA+®-
3-FAs and Arg+GIntw-3-FAs in decreasing ICs and
shortening LOS compared to SEN, with moderate and
low quality respectively; (¢) direct evidence with low
quality indicated that Arg+Gln+t®-3-FAs significantly
decreased ICs and this result was supported by moderate
quality evidence from network meta-analysis; (d) direct
evidence with moderate quality suggested efficacy of
Arg+GlIntm-3-FAs in shortening LOS, but this finding
was not supported by the moderate quality evidence
based on network meta-analysis; (e) the evidences from
network meta-analysis suggested that Arg+tRNA+®-3-
FAs was superior to Arg+RNA and Arg+Gln in reducing
ICs, with very low and moderate quality respectively;
(f) for reducing ICs, the ranking of all regimes was
Arg+Glnt®-3-FAs, ArgtRNA+®-3-FAs, Arg+Gln, SEN,
and Arg+RNA; (g) for reducing NICs, the ranking of all
regimes was Arg+tRNA+®-3-FAs, SEN, and Arg+RNA;
(h) for shortening LOS, the ranking of all regimes was
Arg+Glnt®-3-FAs, ArgtRNA+®-3-FAs, Arg+Gln, SEN,
and Arg+RNA.

Strengths and weaknesses

Our systematic review and network meta-analysis
has several strengths. Firstly, we designed comprehensive
and sensitive search algorithms to capture any potential
records and thus minimized the information bias. Secondly,
our study not only analyzed direct evidence, but combined
the evidences from direct and indirect comparisons, and
thus more accurate estimates were generated. Thirdly, we

Better

Worse

ranked all nutrition regimes in terms of each outcome and
rated the level of evidence, which facilitates evidence-
informed decision-making. Fourthly, we just included
RCTs stating the word of random in analysis, guaranteeing
the reliability of pooled results.

Some limitations existed in our study also needs
further discussion. Firstly, most of original RCTs
included did not report the nutrition status of patients
and thus subgroup analysis could not be performed,
which impaired the reliability of our findings. Secondly,
although subgroup analysis was designed to examine the
impact of different nutrition regimes on patients with
different tumor stages and nutrition status, however,
details on these were not available in eligible studies.
And thus, it is still unclear which patients can be benefit
from the given these nutrition regimes due to relatively
high heterogonous. Moreover, the power of our results
may be impaired by this weakness. Thirdly, we did not
perform funnel for comparisons with less than 10 RCTs
[4], and thus our results may be impaired by publication
bias. Fourthly, the comparison-adjusted funnel indicated
asymmetric, suggesting small study effect may reduce the
robustness [19]. Fifthly, the time of measuring outcomes
were varying from one to another. Sixthly, some estimates
in our study generated from individual RCT with small
number of patients. Seventhly, regional databases were
partly included to capture potential records may cause
selection bias, and thus we excluded eligible studies
retrieved from CNKI and found that the results of Arg +
RNA compared to Arg + RNA +®-3-FAs and Arg + RNA
+m-3-FAs compared to Arg + Gln in reducing infectious

Arg+RNA  Arg+RNA+w-3-FAs

+ ICs

NICs

Arg+Gln

Arg+Gln+w-3-FAs

—@— Los

SEN X

Figure 4: Ranking of all enteral immunonutrition formulas in terms of ICs, NICs and LOS. y axis represented a treatment
will become better option from bottom to top. The percentages which were presented in right vertical dotted line represented the probability
of becoming the best efficacious option and x axis lists all comparative nutrition support regimes. Arg = arginine, Gln = glutamine,
®-3-FAs = omega-3-fatty-acids, RNA = ribonucleic acid, ICs = infectious complications, LOS = length of hospital stay.
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Table 2: The quality of evidence of all comparisons

Direct estimate Indirect estimate Network meta-analysis

Comparisons Quality Quality Quality
0, 0, 0
RR (95% CI) of evidence RR (95% CI) of evidence OR (95% Crl) of evidence
Infectious complications
IEN vs. SEN 0.56 (0.36, 0.86) Moderate' - - - -
Avs. SEN 1.05 (0.80, 1.39) Very low'>* Not estimable? Not estimable? 1.18 (0.37,2.89) | Very low
Avs.B - - 5.06 (1.26, 14.93) | Very low* 5.06 (1.26,14.93) | Very low
Avs.C - - 1.62(0.29,5.19) | Low® 1.62(0.29,5.19) | Low
Avs.D - - 15.39(0.99, 77.21) | Very low* 15.39 (0.99, 77.21) | Very low*
B vs. SEN 0.37 (0.22, 0.63) Moderate' Not estimable? Not estimable? 0.27 (0.12, 0.49) Moderate
Bvs.C - - 0.36 (0.09, 0.97) | Moderate 0.36 (0.09, 0.97) Moderate
Bvs.D - - 3.38(0.26, 16.43) | Low® 3.38(0.26, 16.43) | Low®
C vs. SEN 0.89 (0.353, 1.49) Moderate! Not estimable? Not estimable? 0.95(0.31,2.26) | Moderate
Cvs.D - - 12.14 (0.74, 62.18) | Very low* 12.14 (0.74, 62.18) | Very low*
D vs. SEN 0.22 (0.05, 0.94) Low!'? Not estimable? Not estimable? 0.22 (0.02, 0.84) Moderate’
Non-infectious complications
IEN vs. SEN 1.04 (0.52,2.10) | Low's - - - -
Avs. SEN 3.24 (0.69, 15.26) Very low!>* Not estimable? Not estimable? 8.15(0.64,40.43) | Very low"?*
B vs. SEN 0.78 (0.36, 1.71) Moderate! Not estimable? Not estimable? 0.84 (0.25,2.10) | Moderate
Length of hospitalization
IEN vs. SEN -0.42 (-0.74,-0.10) | Low'® - - - -
Avs. SEN 0.08 (-0.18, 0.34) Very low!?# Not estimable? Not estimable®* | 0.08 (-0.76, 0.92) | Very low
Avs.B - - 0.68 (—0.28, 1.64) | Low 0.68 (—0.28, 1.64) | Low
Avs.C - - 0.28 (-0.79, 1.37) | Low 0.28 (-0.79, 1.37) | Low
Avs.D - - 0.76 (-0.49, 2.01) | Moderate 0.76 (—0.49,2.01) | Moderate
B vs. SEN —0.42 (-0.75,-0.07) | Low'® Not estimable? Not estimable® | —0.63 (-1.07,-0.13) | Low
Bvs.C - - —0.40 (-1.22,0.42) | Low —0.40 (-1.22,0.42) | Low
Bvs.D - - 0.08 (-0.96, 1.12) | Moderate 0.08 (—0.96, 1.12) | Moderate
C vs. SEN —0.20 (-0.85, 0.46) Low!¢ Not estimable? Not estimable® | —0.20 (-0.88, 0.48) | Low
Cvs.D - - 0.48 (-0.66, 1.62) | Moderate 0.48 (—0.66, 1.62) | Moderate
D vs. SEN —0.69 (-1.22,-1.07) | Moderate'- Not estimable? Not estimable® | —0.68 (-1.61, 0.25) | Moderate

rated down for limitation, *rated down for potential publication bias, *cannot be estimated,

complications and Arg + RNA +®-3-FAs compared to
SEN in shortening length of hospitalization were also

changed to be not significant. This is an indication that
our results may be impaired by selection bias. Moreover,

the powers of some summarized results were impaired by
research region and the degree of risk of bias, and thus
we recommend the practitioners cautiously consider our
partial findings.

4severe imprecision, *imprecision,
Sinconsistency, 'greater precision, A = Arg+RNA, B = Arg+tRNA+w®-3-FAs, C = Arg+GlIn, D = Arg+Gln+w-3-Fas, Arg = arginine, RNA =
ribonucleic acid, ®-3-Fas = omega-3-fatty-acids, Gln = glutamine, SEN = standard enteral nutrition, RR = risk ratio, OR = odds ratio, CI
= confidence interval, Crl = credible interval.

Agreements and disagreements in the current
literature

The present systematic review and network meta-
analysis firstly investigated the comparative efficacies of
various EIN formulas in supporting GC patients underwent
gastrectomy. Of previous RCTs, most were performed to

directly compare EIN regime with SEN and remaining
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studies investigated the comparative effectiveness of
various routes of administration. Consequently, it is not
possible to determine the efficacies of different EIN
formulas in treating a certain target population [3].

Nevertheless, some investigators comprehensively
evaluated the comparative efficacies of EIN in treating
several types of patients compared to SEN regimes by
using meta-analysis technique. Of these studies, three
previous pairwise meta-analyses were performed to
investigate the comparative efficacies of EIN regardless
of formulas compared to SEN for the treatment of
gastrointestinal malignant cancers, and indicated that
EIN regimes reduced postoperative ICs [20, 21], NICs
[20] and LOS [20-22]. Our study indicated EIN was
effective in reducing ICs and LOS, which are consistent
with the findings from previous meta-analyses enrolled
gastrointestinal patients [20-22]. Moreover, two
[4, 23] pairwise meta-analyses enrolled the GC patients
underwent surgical resection to be as the target population,
and only one [4] suggested EIN did not improve the
clinical outcomes including surgical site infections
(SSIs), other infectious complications (OICs) and LOS,
which were contrary to our findings. Must be noted is
that previous meta-analysis [4] divided the ICs into SSIs
and OICs and separately analyzed these two indices.
However, in the present study, the ICs were regarded as
the individual outcome. So, these different analytic units
may cause generation of difference results. Moreover, for
shortening LOS, only 2 eligible RCTs with 291 patients
were included, whereas 9 eligible RCTs enrolling 730
patients were incorporated in the present study. Pooled
results generated from small numbers and small sample
sizes are more vulnerable to errors. Consequently, the
conclusion of EIN can shorten LOS may be more reliable.
In addition, the present network meta-analysis firstly makes
hierarchies of different EIN formulas including Arg+RNA,
Arg+RNA+®-3-FAs, Arg+Gln and Arg+Gln+to-3-FAs
which were not reported in previous studies.

MATERIALS AND METHODS

We performed and reported this systematic review
and network meta-analysis in accordance with the Cochrane
Handbook for Systematic Reviews of Interventions
[24] and preferred reporting items for systematic review
and meta-analysis (PRISMA) [25] respectively. Ethical
approval and patients written inform consent was not
required due to the data in our study from published trials.

Selection criteria

In present systematic review and network meta-
analysis, we included the RCTs meeting following
eligibility criteria: (a) Patients: all adults with
histologically diagnosed GC who were scheduled for
gastrectomy; (b) Intervention: all EIN formulas, regardless
of administration time; (c) Comparison: other active EIN

formulas or SEN; (d) Outcomes: postoperative infectious
complications (ICs), postoperative non-infectious
complications (NICs) and LOS.

We excluded the references meeting following one
of the items: (a) patients with unresectable neoplasm,
administration of corticosteroids or immunosuppressive
agents, previous abdominal radiotherapy, active
preoperative  infection, underlying cardiovascular
pathology, and renal or hepatic function impairment were
defined as target population; (b) essential information
cannot be extracted; (c) duplication with poor methodology
and insufficient data; (d) nonoriginal research, such as
review, letter and specialist comments.

Identification of citations

We designed all sensitive search strategies by using
Boolean logic operator at the basis of medical subject
heading and free text. And then, these strategies were used
to capture potential records that compared EIN formulas
with each other or SEN in PubMed, Cochrane Central
Register of Controlled Trials (CENTRAL), EMBASE, and
China National Knowledge Infrastructure (CNKI), through
January 2016. We also manually checked the reference
lists of all eligible studies and retrieved electronically
Clinicaltrial.gov, and American Society of Clinical
Oncology (ASCO) to include any eligible trial. The articles
published in English or Chinese language were incorporated
in our systematic review and network meta-analysis. Those
search strategies that were used to identify articles in
English language were sorted in Supplementary Table 1.

Data extraction

Two reviewers used the pre-designed data extraction
form [19] to abstract the basic information and essential
continuous and dichotomous data for specific outcome from
eligible study, such as first author, publication year, age
of participants, sample size, nutrition status, intervention
regimes, and outcomes of interest. We contacted the
corresponding author to acquire the sufficient data.
Consensus principle was used as the method to resolve
divergences between reviewers.

Quality assessment of individual study

Two reviewers cautiously appraised the risk of bias
of each eligible individual study by using the Cochrane risk
of bias assessment tool [24, 26]. Seven domains including
randomization sequence generation, allocation concealment,
blinding of participants and study personnel, blinding of
outcome assessors, incomplete outcome data, selective
reporting and other bias were assessed accordingly, and then
a study will be rated to be ‘high risk of bias’, ‘unclear risk
of bias’ or ‘low risk of bias’ according to the match level
between actual information in eligible study and evaluation
criteria [24].
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Quality of evidence

We used the grading of recommendations
assessment, development and evaluation (GRADE)
method to rate the quality of evidence [27]. In this
method, the quality of direct evidence was firstly rated to
be high and five factors, which includes limitation (that
is risk of bias), imprecision which can be evaluated using
confidence intervals, indirectness, inconsistency which
can be evaluated using heterogeneity, and publication
bias which can be tested using funnel plot, can reduce the
level to moderate, low and very low [27, 28]. The quality
of indirect evidence was rated to be consistent with the
lowest level of treatments which contribute as first-order
loops to the indirect evidence [27, 28] and the imprecision
and intransitivity can further reduce the level [27, 28]. If
the assumption of agreement of estimates between direct
and indirect comparisons was established, the quality of
evidence from network meta-analysis would be rated by
using the higher of their level [27, 28].

Statistical analysis

We firstly performed pairwise meta-analysis
based on random effect model, which incorporates
within- and between-studies heterogeneity, to estimate
the summarized risk ratio (RR), mean difference (MD)
and 95% confidence intervals (Cls) [29]. We adopted
Chi? method to test the heterogeneity [30] and used 12
statistic to estimate the proportion of the overall variation
that is attributable to between-study heterogeneity [31].
The value of I? statistic was larger than 50% indicating
substantial heterogeneity [31]. We also drew the funnel
plot to identify publication bias when the number of
studies analyzed was more than 10 [32].

After completed the pairwise meta-analysis, we
performed random-effects network meta-analysis using
the Markov chain Monte Carlo (MCMC) simulation
from the posterior distribution to calculate the estimates
of relative effects and all model parameters following
methods described by Chaimani and colleagues [33]. We
used starting value which automatically generated from
software to fit the model [34]. To gain convergence, we
performed each MCMC chain with 70000 iterations and
30000 burn-in. We have drawn the comparison-adjusted
funnel plot to assess the small-study effects when the
number of studies included in one pair of comparison
was more than 10 [35]. We calculated the surface under
the cumulative ranking curve (SUCRA) to rank all EIN
formulas and the higher SUCRA value was correspond
to better results for respective treatment [36]. We did
not assess the consistency between direct and indirect
estimates due to no loop was constructed in our study
[33]. We will perform sensitive analysis through excluding
eligible studies retrieved from regional database such as
CNKI to examine selection bias. Subgroup analysis will
be also designed according to the nutritional status and

tumor stage when details can be extracted from eligible
studies because tumor stage is a significant factor causing
and deteriorating malnutrition. Moreover, we will also
perform subgroup analysis according to the research
regions and degree of risk of bias of all eligible studies.

All analyses were conducted by using the RevMan
5.3 (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2013), Stata 12 (StataCorp,
Texas) and WinBUGS 1.4 (imperial College School of
Medicine at St Mary’s, London).

CONCLUSIONS

In summary, we identified several important
conclusions with significant implications for clinical
practice and further research by performing this systematic
review and network meta-analysis. Firstly, EIN is an
effective nutrition support regime of promoting recovery
of GC patients underwent gastrectomy. Secondly,
Arg+GlIntw®-3-FAs and Arg+RNA+®-3-FAs are the
optimal regimes of reducing ICs and LOS; it must be
noted is that, however, the use of Arg+RNA in controlling
ICs, NICs and LOS are not preferentially recommended
compared to SEN. Moreover, most findings in our study
generated from small numbers with small sample sizes,
and most importantly, the administration time of nutrition
support, time of measuring outcomes and nutrition status
of patients are different among eligible studies, so these
findings in our study should be cautiously interpreted and
on the other hand, more multicenter RCTs with larger
scale, targeted patients with comparative characteristics
and good design are urgently required. Moreover, because
regional database was included in our manuscript and
sensitive analysis found possible selection bias, and thus
a systematic review with more comprehensive literature
retrieval and international original studies should be
designed in order to avoid selection bias. We also did
not capture RCTs directly comparing EIN formulas with
each other, and thus larger studies with good design are
warranted.

Abbreviations

EIN = enteral immunonutrition; SEN = standard
enteral nutrition; GC = gastric cancer; ICs = infectious
complications; NICs = noninfectious complications;
LOS = length of hospital stay; SUCRA = surface under
the cumulative ranking curve; GRADE = Grading
of Recommendations Assessment, Development and
Evaluation; CI = confidence interval; RR = risk ratio;
MD = mean difference; OR = odds ratio; Crl = credibility
interval; SMD = standard mean difference; Arg = arginine;
Gln = glutamine; ®-3-Fas = omega-3 fatty acids; RNA =
ribonucleic acid; RCTs = randomized controlled trials;
PRISMA = Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.

www.impactjournals.com/oncotarget

Oncotarget



ACKNOWLEDGMENTS

We would like to appreciate the editor and
anonymous referees for their helps. We also appreciate
Ms. L.Z., a translator working in Sichuan International
Studies University (SISU), to critically edit the language.

CONFLICTS OF INTEREST

The authors report no declarations of interest.

Authors’” contributions

G.-M.S. and X.T. conceived and designed this
study; X.-L.L. and X.T. searched and selected studies;
J.W. and X.T. extracted essential information; W.B. and
X.T. assessed the risk of bias; G.-M.S., H.Z. and X.T.
performed statistical analyses; Y.-H.D and X.T. interpreted
the pooled results; G.-M.S., W.B. and X.T. drafted
manuscript; G.-M.S., X.-L.L., W.B. and X.T. prepared the
revised manuscript; All authors approved this manuscript
to be considered for publication.

REFERENCES

1. Fock KM. Review article: the epidemiology and prevention
of gastric cancer. Aliment Pharmacol Ther. 2014;
40:250-260.

2. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin
DM. Estimates of worldwide burden of cancer in 2008:
GLOBOCAN 2008. Int J Cancer. 2010; 127:2893-2917.

3. Fujitani K, Tsujinaka T, Fujita J, Miyashiro I, Imamura H,
Kimura Y, Kobayashi K, Kurokawa Y, Shimokawa T,
Furukawa H, Osaka Gastrointestinal Cancer Chemotherapy
Study G. Prospective randomized trial of preoperative
enteral immunonutrition followed by elective total
gastrectomy for gastric cancer. Br J Surg. 2012; 99:621-629.

4.  Song GM, Tian X, Liang H, Yi LJ, Zhou JG, Zeng Z,
Shuai T, Ou YX, Zhang L, Wang Y. Role of Enteral
Immunonutrition in Patients Undergoing Surgery for
Gastric Cancer: A Systematic Review and Meta-Analysis
of Randomized Controlled Trials. Medicine (Baltimore).
2015; 94:e1311.

5. Giger U, Buchler M, Farhadi J, Berger D, Husler J,
Schneider H, Krahenbuhl S, Krahenbuhl L. Preoperative
immunonutrition suppresses perioperative inflammatory
response in patients with major abdominal surgery-a
randomized controlled pilot study. Ann Surg Oncol. 2007,
14:2798-2806.

6. Marano L, Porfidia R, Pezzella M, Grassia M, Petrillo M,
Esposito G, Braccio B, Gallo P, Boccardi V, Cosenza A,
Izzo G, Di Martino N. Clinical and immunological impact
of early postoperative enteral immunonutrition after total
gastrectomy in gastric cancer patients: a prospective
randomized study. Ann Surg Oncol. 2013; 20:3912-3918.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Daly JM, Weintraub FN, Shou J, Rosato EF, Lucia M.
Enteral nutrition during multimodality therapy in
upper gastrointestinal cancer patients. Ann Surg. 1995;
221:327-338.

Braga M, Vignali A, Gianotti L, Cestari A, Profili M,
Carlo VD. Immune and nutritional effects of early enteral
nutrition after major abdominal operations. Eur J Surg.
1996; 162:105-112.

Mills EJ, loannidis JP, Thorlund K, Schunemann HIJ,
Puhan MA, Guyatt GH. How to use an article reporting a
multiple treatment comparison meta-analysis. Jama. 2012;
308:1246-1253.

Chen BS. The application significance of perioperative
enteral immune nutrition for patients with malignant gastric
tumour Fujian Medical University. (Fujian: Fujian Medical
University). 2014; 2-29.

Farreras N, Artigas V, Cardona D, Rius X, Trias M,
Gonzalez JA. Effect of early postoperative enteral
immunonutrition on wound healing in patients undergoing
surgery for gastric cancer. Clin Nutr. 2005; 24:55-65.

Liu H, Ling W, Shen ZY, Jin X, Cao H. Clinical application
of immune-enhanced enteral nutrition in patients with
advanced gastric cancer after total gastrectomy. Journal of
Digestive Diseases. 2012; 13:401-406.

Liu H, Ling W, Cao H. Effects of immune-enhanced enteral
nutrition and parenteral nutrition on immune and nutritional
function in elderly patients with gastric cancer after total
gastrectomy. Journal of Shanghai Jiaotong University. 2011;
31:1000-1004.

Liu Z. Effect of immune enhanced enteral nutrition on
postoperative immune function and inflammatory responses
in gastric cancer patients with radical gastrectomy. Chinese
Journal of Cancer Prevention & Treatment. 2011.

LuQC, YinY, Xu J, Wang HT, Wang Q, Wang RC, Li DC.
Effects of perioperative enteral immunonutrition in elder
patients underwent radical operation for gastric cancer.
Jiangsu Medical Journal. 2009; 35:402-404.

Okamoto Y, Kizuishi O. Attenuation of the systemic
inflammatory response and infectious complications after
gastrectomy with preoperative oral arginine and omega-3
fatty acids supplemented immunonutrition. World Journal
of Surgery. 2009; 33:1815-1821.

Xie Q. Clinic effieacy of early enteral immunonutrition for
the patient with total gastreetomy. Zhejiang University.
(Zheliang: Zhengjiang University). 2010; 1-41.

Xue JB, Zhao Y, Wang YL. Effect of postoperative
immunonutrition in patients with gastric cancer. National
Medical Frontiers of China. 2011; 6:58-59.

Song GM, Tian X, Zhang L, Ou YX, Yi LJ, Shuai T,
Zhou JG, Zeng Z, Yang HL. Immunonutrition Support
for Patients Undergoing Surgery for Gastrointestinal
Malignancy: Preoperative, Postoperative, or Perioperative?
A Bayesian Network Meta-Analysis of Randomized
Controlled Trials. Medicine (Baltimore). 2015; 94:¢1225.

www.impactjournals.com/oncotarget 23387

Oncotarget



20.

21.

22.

23.

24.

25.

26.

27.

Zhang Y, Gu Y, Guo T, Li Y, Cai H. Perioperative
immunonutrition for gastrointestinal cancer: a systematic
review of randomized controlled trials. Surgical oncology.
2012; 21:e87-95.

Cao W, Zhang CL. Enteral Immunonutrition for Malignant
Gastrointestinal Tumor during Perioperative Period:A Meta-
Analysis. Chinese Journal of Evidence-Based Medicine.
2013; 35:15-23.

Zheng Y, Li F, Qi B, Luo B, Sun H, Liu S, Wu X.
Application of perioperative immunonutrition for
gastrointestinal surgery: a meta-analysis of randomized
controlled trials. Asia Pacific Journal of Clinical Nutrition.
2007; 16:253-257.

Wu J, Zhang YL, Zhang L, Han W, Wang Q, Zhang YW,
Zhang YC. Postoperative Enteral Immunonutrition for
Patients Undergoing Surgery for Gastric Cancer:A Meta
Analysis (in Chinese). The Journal of Evidence-Based

Medicine. 2012.

Higgins JP, Green S. Cochrane Handbook For Systematic
Of Interventions Version 5.0.0. Naunyn-
Schmiedebergs Archiv fiir experimentelle Pathologie und
Pharmakologie. 2009; 210:S38.

Mark V. Preferred Reporting Items for Systematic Reviews

Reviews

and Meta-Analyses. Oncology nursing forum. 2015; 552-554.
Zeng X, Zhang Y, Kwong JS, Zhang C, Li S, Sun F, Niu Y,
Du L. The methodological quality assessment tools for
preclinical and clinical studies, systematic review and
meta-analysis, and clinical practice guideline: a systematic
review. J Evid Based Med. 2015; 8:2-10.

Puhan MA, Schunemann HJ, Murad MH, Li T, Brignardello-
Petersen R, Singh JA, Kessels AG, Guyatt GH. A GRADE
Working Group approach for rating the quality of treatment
effect estimates from network meta-analysis. BMJ. 2014;
349:¢5630.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Singh S, Murad MH, Chandar AK, Bongiorno CM,
Singal AK, Atkinson SR, Thursz MR, Loomba R,
Shah VH. Comparative Effectiveness of Pharmacological
Interventions for Severe Alcoholic Hepatitis: A Systematic
Review and Network Meta-analysis. Gastroenterology.
2015; 149:958-970.¢912.

DerSimonian R, Laird N. Meta-analysis in clinical trials.
Controlled clinical trials. 1986; 7:177—188.

Bowden J, Tierney JF, Copas AJ, Burdett S. Quantifying,
displaying and accounting for heterogeneity in the meta-
analysis of RCTs using standard and generalised Q
statistics. BMC medical research methodology. 2011; 11:41.
Higgins JPT, Thompson SG. Quantifying heterogeneity in a
meta-analysis. Statistics in Medicine. 2002; 21:1539-1558.
Tian X, Zhou JG, Zeng Z, T. S, Yi LJ, Ma L, Wang Y, Cao H,
Song GM. Cetuximab in patients with esophageal cancer:
a systematic review and meta-analysis of randomized
controlled trials. Medical Oncology. 2015; 32:1-10.

Chaimani A, Higgins JPT, Mavridis D, Spyridonos P,
Salanti G. Graphical Tools for Network Meta-Analysis in
STATA. Plos One. 2013; 8:76654—¢76654.

Sutton DA, Ades AE, Cooper N, Abrams K. Use of Indirect
and Mixed Treatment Comparisons for Technology
Assessment. Pharmacoeconomics. 2008; 26:753-767.
Chen LX, Zhou ZR, Li YL, Ning GZ, Zhang TS, Zhang D,
Feng SQ. Comparison of Bone Mineral Density in Lumbar
Spine and Fracture Rate among Eight Drugs in Treatments
of Osteoporosis in Men: A Network Meta-Analysis. Plos
One. 2015; 10.

Georgia S, Ades AE, loannidis JPA. Graphical methods and
numerical summaries for presenting results from multiple-

treatment meta-analysis: an overview and tutorial. Journal
of Clinical Epidemiology. 2011; 64:163-171.

www.impactjournals.com/oncotarget

23388

Oncotarget



