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Antibiotics for eradicating meningococcal carriages:
Network meta-analysis and investigation of evidence
inconsistency
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AS and Song F extracted data from the included trials; Song F
conducted data analyses; Abdelhamid AS, Loke YK and Song F
investigated causes of inconsistencies, and drafted the manuscript;
Abubakar I provided clinical advice on the interpretation of
results and critically commented on the manuscript; all authors Abstract
approved the manuscript. AIM

To compare different antibiotics for eradicating the
carriage of Neisseria meningitidis (V. meningitidis), and
to investigate heterogeneity and evidence inconsistency.

Supported by Partly the UK Medical Research Council, No.
G0701607.

Conflict-of-interest statement: All authors declare no conflict
of interest. The study design, data collection and interpretation METHODS
have not been influenced by the funder. From a search of PubMed and published systematic

reviews, we identified 23 trials evaluating 15 antibiotics
Data sharing statement: All available data has been presented that could be connected in a trial network. The outcome
in the manuscript. of interest is the eradication of N. meningitidis. We used
WinBUGS to conduct random-effects, mixed treatment
selected by an in-house editor and fully peer-reviewed by external comp_ansonrs. Heterogeneity and ev@ence |ncon_s Istency
reviewers. It is distributed in accordance with the Creative was I_nYeStlgated b_y .meta—re_gressu.)ry mOde”mg_ and
Commons Attribution Non Commercial (CC BY-NC 4.0) license, examining characteristics of trial participants and inter-
which permits others to distribute, remix, adapt, build upon this ventions evaluated.
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and RESULTS
the use is non-commercial. See: http://creativecommons.org/ Rifampin, ciprofloxacin, minocycline, ceftriaxone,
licenses/by-nc/4.0/ and azythromycin were statistically significantly (P <
0.05) more effective than placebo. The probability
of being the best was 67.0% for a combination of
Correspondence to: Fujian Song, PhD, Professor, Norwich ~ Ti@mpin and minocycline, 25.0% for ceftriaxone, 1.7%
Medical School, University of East Anglia, Norwich Research for azythromycin, and below 1% for the remaining

Open-Access: This article is an open-access article which was

Manuscript source: Invited manuscript

Park, Norwich NR4 7TJ, regimens. Significant inconsistency between the direct
United Kingdom. fujian.song@uea.ac.uk and indirect estimates was observed for the comparison
Telephone: +44-1603-591253 of rifampin and ciprofloxacin (P < 0.01), which may be
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caused by different types of carriers and different doses
of ciprofloxacin.

CONCLUSION

A range of prophylactic antibiotic regimens are effective
for eradicating meningococcal carriages, and treatment
choice will depend on the individual priorities of the
patients and physicians. In clinical situations where
complete eradication is considered to be of the utmost
importance, a combination of rifampin and minocycline
seems to offer the highest likelihood of success.
Ceftriaxone as a single intramuscular injection is also
likely to be more effective as compared with the other
two antibiotics (ciprofloxacin or rifampin) recommended
by the current guidelines.

Key words: Chemoprophylaxis; Antibiotics; Nersseria
meningitidis; Meningococcal infection; Network meta-
analysis

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This network meta-analysis found that a range
of prophylactic antibiotic regimens are effective for
eradicating meningococcal carriages. A combination of
rifampin and minocycline seems the most efficacious,
and ceftriaxone is also likely to be more effective than
ciprofloxacin or rifampin alone. Careful investigation of
significant inconsistency between direct and indirect
comparison of rifampin and ciprofloxacin found that
it was mainly caused by different types of carriers
(persistent or any) and the varying doses of ciprofloxacin
in the included trials. Detailed examination of chara-
cteristics of relevant studies should be conducted for
investigating causes of inconsistency in network meta-
analysis.

Abdelhamid AS, Loke YK, Abubakar I, Song F. Antibiotics for
eradicating meningococcal carriages: Network meta-analysis
and investigation of evidence inconsistency. World J Meta-Anal
2016; 4(4): 77-87 Available from: URL: http://www.wjgnet.
com/2308-3840/full/v4/i4/77.htm DOIL: http://dx.doi.org/10.13105/
wjma.v4.i4.77

INTRODUCTION

Neisseria meningitidis (N. meningitidis), a Gram-nega-
tive bacterium, is a normal inhabitant of the human
pharynx. Transmission from person to person happens
by droplets from the upper respiratory tract causing
meningococcal disease; the severest forms of which are
meningitis and septicaemia'. Meningococcal disease
occurs usually sporadically or in small clusters all over
the world as in the African “meningitis belt”, from
Ethiopia to Senegal, and also in overcrowded places or
wherever large population movements exist'”.
Prevalence of meningococcal carriage varies greatly,
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from 8% to 25% in random samples of healthy
individuals, and as high as 36% to 71% in military
recruits, and shows a massive increase in overcrowded
places'. Current public health guidelines recommend
chemoprophylaxis to be offered to close contacts of
cases irrespective of vaccination status™®. The evidence
behind these recommendations were mainly from
published systematic reviews”®), However, there is no
definite evidence from the available direct comparison
trials, as to which antibiotic is more effective in pre-
venting secondary meningococcal disease cases™.

With the ever increasing number of competing inter-
ventions and a shortage of direct comparison trials,
methods for indirect comparison and network meta-
analysis have been developed to compare different
treatment options!®**), Because of limited evidence
from direct comparison trials, we conducted a network
meta-analysis of randomised controlled trials that
evaluated different antibiotics for eradicating carriages
of N. meningitidis. We also reported the methodological
experience obtained from this work for appropriately
investigating causes of evidence inconsistencies in
network meta-analysis.

MATERIALS AND METHODS

Study eligibility and identification

We included randomised controlled trials that evaluated
effects of antimicrobial interventions for the prevention
of meningococcal infections. Eligible studies were
selected according to the following criteria: (1) it was a
randomised controlled study; (2) included participants
who exposed to patients with meningococcal disease or
N. meningitidis carriers; (3) evaluated chemoprophylaxis
interventions using any antibiotic regimens; and (4)
reported data on eradication of meningococcal carriage.
We checked references of previous systematic reviews
and conducted additional literature search to identify
relevant studies for this meta-analysis. Two recently
published high quality systematic reviews (with pair-
wise meta-analysis only) were identified, in which
the literature searches were updated or conducted in
June 2013"" and in December 2013 respectively.
We assessed the eligibility of studies included in these
two reviews. To identify additional eligible studies
possibly published after theses systematic reviews, one
reviewer (Song F) conducted a search of PubMed in
April 2016. The PubMed search used the following key
words: “meningococcal” or *meningitis” combined with
“chemoprevent*” or “chemoprophyl*” or antibiotic*” or
antimicrobial*”. In addition, the search was limited to
“clinical trial” and published in the last 5 years. However,
all relevant studies in the current meta-analysis could
be identified from existing systematic reviews, and no
new eligible studies were identified from the search of
PubMed. Eventually, we included 23 trials™***, in which
15 different antibiotics (or combinations of antibiotics)
could be connected in a network of trials (Figure 1).
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Data extraction

The outcome of interest in this network meta-analysis
is failure to eradicate meningococcal carriage up to one
week, although only the 2-wk outcome was reported in
one trial™*. From the included studies, two independent
reviewers (Asmaa S Abdelhamid and Fujian Song)
extracted the following data: Antibiotics evaluated, the
number of carriers, the number of carriers with failed
eradication at one week after antibiotic prophylaxis,
study population, carrier status, reported serogroup,
susceptibility of meningococci to antibiotics, study
design, adequate or inadequate allocation concealment,
and open or blinded. Disagreements between the two
reviewers were resolved by discussion.

Methods for mixed treatment comparison

In contrast to within-trial direct comparisons, adjusted
indirect comparison is a cross-trial comparison of
different treatments, based on a common treatment
(for example, placebo), so that the advantage of within-
trial randomisation could be partially preserved™.
Mixed treatment comparison refers to a combination
of evidence from direct comparison trials and evidence
based on indirect comparisons*?, The validity of indirect
and mixed treatment comparison depends on whether
some basic assumptions could be fulfilled. The basic
assumptions include homogeneity assumption for
conventional pair-wise meta-analysis, trial similarity
assumption for adjusted indirect comparison, and con-
sistency assumption for combining direct and indirect
evidence®®, Among these basic assumptions, hetero-
geneity in conventional meta-analysis and inconsis-
tency between direct and indirect evidence can be
quantitatively assessed.

Markov chain Monte Carlo methods in WinBUGS
(MRC Biostatistics Unit, Cambridge, United Kingdom)
were used to conduct the random-effects, mixed treat-
ment comparisons based on consistency assumption™”.
The WIinBUGS code for Bayesian analysis is available
from a report by Dias et al*’*®. We used non-informa-
tive or vague priors, and obtained results by 200000
iterations after a burn-in of 100000.

Investigating heterogeneity and causes of inconsistency
When different antibiotics could be compared both
directly and indirectly, we calculated the inconsistency
(4) between the direct and indirect evidence by the
following:

A =des-dos

se(4) = | Var(des) + Var(d'e)

Where dcs and d’cs are the treatment effects (e.g.,
log odds ratio) by direct and indirect comparison of
treatment C and B; se(4) is the standard error of the
estimated inconsistency; Var(dcs) and Var(d’cs) are
estimated variances of the treatments effects.

We used a statistical model suggested by Cooper et
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al® to explore treatment by covariate interactions in
the network meta-analysis. It estimates a regression
coefficient by assuming a single interaction term for the
relative effects of all the treatments vs the reference
treatment (i.e., placebo)”®. The effects of the following
study-level covariates were investigated: Persistent
carriers vs any carriers, household contacts vs other
carriers, cluster/quasi randomised controlled trials vs
randomised trials, adequate vs inadequate sequence
generation, and open vs blinded design.

We also conducted narrative investigation of causes
of inconsistency, which was focused on detailed com-
parison of rifampin and ciprofloxacin (reasons for
this will be provided later). The assessment of clinical
diversity and similarity among different sets of trials
is a process of identifying possible effect modifiers,
which was conducted by answering the following two
questions™®. First, we examined whether there were
noticeable differences in study characteristics between
different sets of trials. Then, we considered whether
any of the observed differences in study characteristics
between trials may have modified the relative treatment
effects. In this study, we examined individual trials for
effect modifiers with special attention to carriage status,
dose of antibiotic used and length of intervention.

There were 14 trials that compared antibiotics and
placebo. Using data from these placebo-controlled
trials, we produced a funnel plot to investigate risk of
publication bias. Asymmetry of the funnel plot was
statistically tested using Harbord'’s test for small-study
effects*!), All statistical analyses were conducted and
checked by the corresponding author (Fujian Song) who
has training and experience in statistical methods.

RESULTS

The main characteristics of the 23 trials are presented
in Table 1, and data used in network meta-analyses
are shown in Table 2. There are 20 two-arm trials,
one three-arm trial, and two four-arm trials. The
15 antibiotics evaluated in these trials are: Placebo,
rifampin, ciprofloxacin, minocycline, minocycline plus
rifampin, penicillin, ampicillin, ceftriaxone, sulphadiazine,
sulphadimidine, azythromycin, spectinomycin, cepha-
lexin, "Sch29482", and coumermycin Al (Figure 1).

Carriers were mainly from household contacts
of cases (six trials), military recruits (seven trials),
and students or young people (six trials). Six trials
recruited heavy or persistent carriers (defined as two
or more sequential positive cultures before antibiotic
prophylaxis). The test of susceptibility to antibiotics was
done in most of the studies. The sequence generation
was inadequate or unclear in 11 trials. Blinding was
performed in 12 trials, and allocation concealment was
adequate in only three trials (Table 1).

There were five cluster randomised trials. We could
not find empirical data on intra-cluster correlation
coefficient (ICC) for the included cluster randomised
trials, and therefore estimated the effective sample
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Figure 2 Funnel plot - estimated effects (log odds ratio) of antibiotics
in placebo-controlled studies. Funnel plot asymmetry was not statistically
significant (Harbord’s test for small study effects P = 0.600).

sizes by assuming an ICC of 0.05"*.

Funnel plot using data from 14 placebo-controlled
trials is shown in Figure 2. The funnel plot was not statis-
tically significantly asymmetric (P = 0.610), indicating
no concern about risk of small-study effects.

Comparison of antibiotics

The results of the network meta-analysis are shown in
Table 3. Rifampin, ciprofloxacin, minocycline, ceftriaxone
and azythromycin were significantly (P < 0.05) more
effective than placebo. The probability of being the
most efficacious was 67.0% for a combination of
rifampin and minocycline, 25.0% for ceftriaxone, 1.7%
for azythromycin, and less than 1% for the remaining
antibiotics. According to evidence from the full network
of trials, the combination of rifampin and minocycline
was the most efficacious intervention, and ceftriaxone
the second (Table 3).

The covariate effects in the network meta-analysis
are shown in Table 4. Trials with persistent carriers
or household contacts of cases reported significantly
greater treatment effects as compared with trials of any

Roishidenge ~ WIMA | www.wjgnet.com
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Ceftriaxone

Figure 1 Network of comparisons antibiotics for
preventing meningococcal infections. The lines that
connect antibiotics refer the direct comparison of two
antibiotics. The number beside a line is the number of
trials that directly compared the two antibiotics lined by
the line.

Cephalexin

Ciprofloxacin
Azythromycin

Spectinomycin

carriers or non-household contacts of cases, while the
remaining regression coefficients were not statistically
significant. When the effect of persistent carrier was
incorporated into the network meta-analysis, the
between-study variation (r = 0.434) was much reduced
as compared with the between-study variation without
significant covariate adjustment (r > 0.937). Therefore,
type of carriers (persistent vs any) may be an effect
modifier®. However, the between-study variation was
not reduced when the effect of household contacts was
included in the analysis (t = 0.975).

Inconsistencies in the network meta-analysis

There is sufficient data for both direct and indirect
comparisons of four pairs of antibiotics (Table 5), and
the estimated inconsistencies between the direct and
indirect estimates are shown in Figure 3. A statistically
significant inconsistency was observed for the com-
parison of rifampin and ciprofloxacin. The indirect
comparison based on 21 trials found that rifampin
was significantly better than ciprofloxacin (OR = 0.09,
95%CI: 0.017-0.40 for failure to eradicate). In contrast,
the pooling of two direct comparison trials suggested that
rifampin therapy was less effective than ciprofloxacin,
with a greater likelihood (non-statistically significant) of
failure to eradicate (OR = 2.51, 95%CI: 0.36-15.64).

Our further investigation of causes of inconsistency
was therefore focused on the comparison of rifampin
and ciprofloxacin. These are also the antibiotics recom-
mended in the current clinical guidelines. The incon-
sistency investigation was using data from two direct
comparison trials!*®*%, six placebo-controlled trials of
rifampint!>7192%228 and three placebo-controlled trials
of ciprofloxacin®"*!, Figure 4 shows the results of the
individual trials, with the overall estimates of direct and
indirect comparisons.

While placebo controlled trials of rifampin included
mostly any carriers, three placebo controlled trials of
ciprofloxacin included heavy or persistent carriers (Table
1). Consequently, as shown in Figure 5, the proportion
of patients with failed eradication in the placebo arm
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Table 1 Main characteristics of studies included in network meta-analysis

Ref. Antibiotics Country and Carrier status  Serogroups Study design Sequence  Allocation Blinding
population and generation concealment
susceptibility
Blakebrough et al™  Rifampin: 4 x 75 mg for 0-2 Nigeria Any carriers Group A Cluster  Inadequate Inadequate Open
yr, 4 x 150 mg for 2-4 yr, 4 x  Household Susceptibility quasi-RCT
300 mg for 5-14 yr, 4 x 600 contacts tested
mg for > 15 yr (bid, 2 d)
Sulphadimidine: 4 x 250 mg
for 0-4 yr, 4 x 500 mg for 5-14
yr, 4 x 1 g for > 15 yr (bid, 2
d)
Borgofio et al™ Rifampin: 2 x 10 mg/kg Chile Any carriers Group RCT Unclear Unclear  Double-blind
Placebo Children unknown
Susceptibility
not tested
Cuevas et al™ Rifampin: 4 x 600 mg for > Malawi Any carriers Group A:51% Cluster RCT ~ Unclear Unclear Open
18 yr, 4 x 20 mg/kg for 2-18  Household (unknown
yr (bid, 2 d) contacts 49%)
Ciprofloxacin: 1 x 750 mg for Susceptibility
>18 yr, 1 x 15 mg/kg for 2-18 tested
yr
Deal et al'"” Rifampin: 4 x 600 mg (4 d)  United States Heavy/ Group B RCT Adequate  Adequate  Double-blind
Placebo Healthy Persistent  Susceptibility
students (3 positive tested
cultures)
Deal et al™ Cephalexin: 12 x 500 mg (tid, United States  Persistent Group B RCT Adequate  Adequate  Double-blind
4d) Students (3 positive  Susceptibility
Placebo cultures) tested
Deviatkina et al"” Rifampin: 4 x 300 mg (4 d) Russia Unknown Group RCT Unclear Unclear Open
Placebo Unclear unknown
Susceptibility
tested
Devine et al™ Rifampin: 4 x 600 mg (4 d) United States Any carriers Group Y:79% RCT Adequate Unclear ~ Double-blind
Placebo Army recruits Susceptibility
tested
Devine et al®! Coumermycin Al: 14 x 50  United States Any carriers Group RCT Adequate Unclear  Double-blind
mg (bid, 7 d) Army recruits unknown
Placebo Susceptibility
tested
Devine et al™ Minocycline: 1 x 200 mg +9 United States  Any carriers Group Y: 63% RCT Adequate Unclear  Double-blind
x 100 mg (bid, 5 d) Army recruits Susceptibility
Placebo tested
Devine et al™ Minocycline: 4 x 200 mg (bid, United States ~Any carriers Group Y: RCT Adequate Unclear Open
2d) Army recruits Most
No antibiotic Susceptibility
tested
Dowd et al™ Ampicillin: 30 x 500 mg (tid, United States Any carriers Group B and RCT Unclear Unclear  Double-blind
10d) Amy recruits sulfadiazine-
Penicillin: 30 x 462 mg (tid, resistant
10d)
Placebo
Dworzack et al® Ciprofloxacin: 1 x 750 mg ~ United States ~ Persistent ~ Group B: 41%, RCT Unclear Unclear  Double-blind
Placebo Young adults (3 positive Z:33%
cultures)  Susceptibility
tested
Girgis et al™ Rifampin: 4 x 600 mg (bid, 2 Egypt Any carriers Group A: 37%; RCT Adequate Unclear Open
d) Nursing B: 33%
Azithromycin: 1 x 500 mg students Susceptibility
tested
Guttler et al™ Rifampin: 5 x 600 mg (5d) United States Any carriers ~ Group Bor  Cluster RCT Adequate Unclear Open
Minocycline 10 x 100 mg  Army recruits C:31% (non-
(bid, 5 d) groupable
Ampicillin 10 x 500 mg (bid, 67%)
5d) Susceptibility
Placebo tested
Judson et al™ Ceftriaxone: im 1 x 125 mg  United States ~Any carriers Group RCT Unclear Unclear Outcome
Spectinomycin: im1 x 2 g Patients with unknown assessment
gonorrhoea Susceptibility blinded
tested
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Kaiser et al™ Rifampin: 4 x 600 mg for ~ United States Any carriers Group C: 35% RCT Adequate Unclear Open
weight = 661b, or4 x 300  Household Susceptibility
mg for weight < 66 1b (4 d) contacts tested
Placebo
Kaya et al® Rifampin: 4 x 600 mg (bid, 2 Turkey Any carriers Group Quasi RCT Inadequate Inadequate Open
d) Healthy unknown
Ciprofloxacin: 1 x 750 mg adults Susceptibility
not tested
Munford et al™ Rifampin: 4 x 600 mg (bid, 2 Brazil Any carriers Group C: Cluster ~ Inadequate Inadequate Open
d) Household Most quasi-RCT
Minocycline: 1 x 200 mg + 5 contacts Susceptibility
% 100 mg (bid, 3 d) tested
Rifampin + Minocycline: as
above
Sulphadiazine: 4 x 1 g (bid, 2
d)
Pugsley et al™ Sch29482: 16 x 250 mg (every United States ~ Persistent ~ Group Z: 36%; RCT Adequate Unclear  Double-blind
6 h for 4 d) carriers (2 B: 24%
Placebo positive
cultures)
Pugsley et al™! Ciprofloxacin: 10 x 500 mg  Young men Persistent  Susceptibility RCT Adequate Unclear  Double-blind
(bid, 5 d) United States (2 positive tested
Placebo cultures)  Group B: 79%
Renkonen e al™! Ciprofloxacin: 4 x 250 mg  Young adults Heavy (> 100 Susceptibility RCT Adequate  Adequate Double-blind
(bid, 2 d) Finland colonies per tested
Placebo plate) Group B: 45%
Schwartz et al™ Rifampin: 4 x 600 mg or 4 X Army recruits Any carriers Susceptibility Cluster RCT  Unclear Unclear Open
10 mg/kg (bid, 2 d) Saudi Arabia tested
Group A
Simmons et al® Ceftriaxone: im 1 x 250 mg  Household  Any carriers Susceptibility RCT Unclear Unclear Open
(or 125 mg for <15 yr) contacts tested
Rifampin: 4 x 600 mg for ~ New Zealand Group B: 53%
adults, 4 x 5 mg/kg for Household Susceptibility
children <1 mo, and 4 x 10 contacts tested

mg for children > 1 mo (bid,
2d)
Ceftriaxone: im 1 x 250 mg,
or 1 x 125 mg for <12 yr

im: Intramuscular; bid: Twice a day; tid: Three times a day; RCT: Randomized controlled trials.

Inconsistency (logROR)
-10 0

10

Rifampin vs ciprofloxacin ——

Rifampin vs minocycline ——
Rifampin vs ampicillin —
Minocycline vs ampicillin —

Figure 3 Inconsistencies (and 95%Cls) between direct and indirect esti-
mates for comparisons with closed loops. logROR: 0 indicates no difference
between the direct and indirect estimates.

trials of rifampin (83% vs 55%). If the absolute results
of antibiotic interventions were not influenced by the
proportion of participants with persistent carriage, trials
that included persistent carriers will show greater relative
treatment effects purely because of the high failure rates
in the placebo group (Figure 5). Therefore, imbalanced
distribution of types of carriers across different sets
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of trials may invalid the similarity assumption in the
network meta-analysis, which raises a question whether
the indirect comparison is valid in this case.

In addition, the use of ciprofloxacin in the direct
comparison trials*®*®! was different from its use in the
placebo-controlled trials of ciprofloxacin®>"**, A single
dose of ciprofloxacin was compared with multiple doses
of rifampin in the two direct comparison trials, while
two of the three placebo-controlled trials of ciprofloxacin
compared placebo and multiple doses of ciprofloxacin
(Table 1). Therefore, the effect of ciprofloxacin (with
multiple doses) in the placebo-controlled trials may be
enhanced as compared to the single dose in the two
direct comparison trials. The eradication failure in the
ciprofloxacin arm at one week was 10.5% in the direct
comparison trials, as compare with only 3.0% in the
placebo-controlled trials (Figure 5). The different doses
of ciprofloxacin used in the direct comparison trials and
in the placebo-controlled trials also contributed to the
significant inconsistency observed.

DISCUSSION

According to this network meta-analysis, a range of
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Table 2 Antibiotics compared and data from the included

trials for network meta-analysis

Trial Regimen n Failure to
eradicate
Guttler et al™ Placebo 18 (146) 8 (65)
Rifampin 18 (147) 2 (13)
Minocycline 18 (147) 1(12)
Ampicillin 18 (147) 3(22)
Munford et al™ Rifampin 65 (67) 6 (6)
Sulphadiazine 79 (82) 37 (38)
Minocycline 56 (58) 6 (6)
Rifampin + Minocycline 59 (61) 0 (0)
Schwartz et al™! Rifampin 34 (36) 9(9)
Ceftriaxone 65 (68) 2(2)
Dowd et al™ Placebo 47 26
Penicillin 20 9
Ampicillin 26 8
Borgofio et al™ Placebo 110 71
Rifampin 118 10
Deal et al” Placebo 15 13
Rifampin 15 2
Deviatkina et al™” Placebo 43 10
Rifampin 46 3
Devine et al™ Placebo 28 25
Rifampin 38 7
Kaiser et al™ Placebo 6 6
Rifampin 13 1
Dworzack et al™* Placebo 22 20
Ciprofloxacin 24 1
Pugsley et al® Placebo 21 14
Ciprofloxacin 21 0
Renkonen et al'™ Placebo 59 46
Ciprofloxacin 56 2
Deal et al™ Placebo 15 14
Cephalexin 15 11
Devine et al™ Placebo 48 42
Minocycline 41 14
Devine et al™ Placebo 29 27
Minocycline 58 16
Devine et al™! Placebo 39 28
Coumermycin Al 33 31
Pugsley et al™ Placebo 29 26
Sch29482 29 23
Cuevas et al™ Rifampin 84 (88) 3(3)
Ciprofloxacin 75 (79) 99
Kaya et al® Rifampin 25 1
Ciprofloxacin 26 2
Girgis et al™ Rifampin 59 3
Azythromycin 60 4
Simmons et al™ Rifampin 82 4
Ceftriaxone 100 3
Blakebrough et al™ Rifampin 46 (48) 11 (11)
Sulphadimidine 33 (34) 33 (34)
Judson et al™ Ceftriaxone 29 0
Spectinomycin 9 8

For cluster trials, ICC = 0.05 was assumed for estimating effective sample
sizes, and original sample size and events in cluster trials are shown in
brackets.

antibiotic regimens are effective for preventing meningo-
coccal infections in carriers. The simultaneous analysis of
all randomised controlled trials that could be connected
in a coherent network provided results that were
not available from the conventional pair-wise meta-
analysis'*®, The network meta-analysis revealed that
a combination of rifampin and minocycline seems the
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Odds ratio (95%CI)
0.1 10

0.001

Rifampin vs ciprofloxacin
Cueveas 1995
Kaya 1997

Direct comparison

Indirect comoarrison

Rifampin vs placebo
Borgono 1981

Deal 1969a
Devlatklna 1978
Devine 1970b
Guttler 1971

Kalser 1974

Plooled

Ciprofloxacin vs placebo
Dworzack 1988

Pugsley 1987

Renkonen 1987

Pooled

Figure 4 Rifampin vs ciprofloxacin for preventing meningococcal
infections. The outcome is the failure to eradicate at 1 wk. Pooled direct and
indirect estimates were the results of mixed treatment comparison, and other
results were from DerSimonian-Laird meta-analyses.

Failure to eradicate

0% 25% 50% 75% 100%

Ciprofloxacin 10.5%

Rifampin 3.5%

Ciprofloxacin D 3.0%

I, :: 3%

Placebo

Rifampin 9.6%

Placebo 54.6%

Figure 5 Proportions of failure to eradicate in individual arms of trials for
the direct and indirect comparison of rifampin and ciprofloxacin.

most efficacious, and ceftriaxone is also likely to be more
effective than the antibiotics (ciprofloxacin or rifampin)
recommended by the current guidelines™®.. The network
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Abdelhamid AS et a/. Chemoprophylaxis and meningococcal infections

" o2OHY Ueleyes-gns Ul spejuod pjoyssnoy Joj Juabe opoejAydodd e se papuswiwiodal Jou S| ) ‘eouessisal

[eUS10R( JO YSK SY3 SSILWIUILL 0] pue ‘quauwuiea) sisojndiagnsy ul Jusabe opoigiue juepiodw ue usaq sey uidwesu ‘Sjdwexs Jo4 ‘uonRedIpeld pajie) Jo ajel ayj Jsulebe yo-spely e
ul SouelsIsal |eUaleq pue AJljiqela]0) ‘edualaype ‘aousiusaAu0d 3s00 Sse Uons siopey Auew bunspisuod Aq paouanjjul Ajgeyasul aq |im Abajelis onoigiue jewido Jo aoioy)

"Ly UORBISPISUOD 03Ul UDXE) 3]

os|e p|noys sipibuiusw “p Juesisal-upexopjoldd Jo duabisws ay3 4anamoH *(s|ery pa)j0.3ucd-ogade|d Wody dUspIAS 0] Bulpiodde) siaLued jualsisiad Joj ojqesasald swass

upexopoldp Jo sesop a|diynw Jo uswibal v -uidwelu 10 upexopoldp asop ajdinw JaYylie ueyl SARDRYS SS9| 9 Aew upexoljoudp asop 3jbuls jeyy a3edipul uonebnsaaul
Adua3sIsuodul Jo s3nsad 8y} ‘uswibad asop 9|buls e se pasn AQUBIUSAUOD 3¢ Ued JI 3Snedaq upexoljoddd puswuuodal wopbury pajiun ayl ul saulpinb juauund ay3 ybnoylly

-2ouepinb siyy poddns 0] aseq S0UIPIAS JURAIJRI BU) SOPIA0Id MOU SISAjeurR-BlaW YJoM]au Jno pue

‘ SUolepuUsIWIodal DD S1LIS PaNUN BU UM Bull-Ul g pinom sdnoJb jusied asauy Jo LG Ul SUOXeHYsd Jo asn buipsapsealq 1o Jueubaud aue oym uswiom uj uidwiesu 1o

upexopoldp Jsyye ueyy uondo Axsu ss3| 9q 03 Jeadde pjnom sUOXeLYSD JO 3Sop 3JbuIs e 4aA0aUo *SI9|ge} Buel Aynowip aAey oym ualp|iyd JobunoA ur uondo snopedwys

ue 3q p|NOM SUOXBIY3D ‘Ddueisul 104 *paqguisald se Sasop |edo [euaAas xe) Aeinbad 03 s|ge buiaq jusied syl Jo pooylaXl| dU3 buipunoins suladuod aJe aJay3 usaym syusned
Joy 9|geans Apenoped 3 saxew ‘suswibal |eao 03 aduassype juaied Inoge ALIoM 03 pasu Aue INOYIM ‘BUOXeY3D Jejndsnuwieiul 3sop 9|buls JO SSaUaAIPaYD auy3 ‘Ajlenbg

"SS900NS JUDWIEa.1] JO ddURYD 1S9q dU3 9ARY 0] JopJo

Ul SaYD as4aApe asayl yum dn nd o3 asooyp Aew Ajuoud doy Jisy3 oq 03 abelied JO uoiedIpesd JI9pIsuod oym syusned ‘SSolpyHaASN uoiReuIquIoD aulpAdouiw-uidweli

ay3 Buinieoal syusied ul Apusnbauy a1ow pajou S}aYR BsiaApe dyidads alem BuniLOA Jo ‘easneu ‘ssauizzip ‘aydepesH " ;2uoje bnup Jayye 03 paledwod se S1aYd asiaApe

4O su paseaunul Apuedyiubis e aaey 03 papodas sem (ulpAdouiw pue uidwelu) uswibad SNoPedLS 31SOW By *|eRUSSSD 9 03 paJopISud aJde uonedipess Jo sajel ybiy ausym
sjuaned jo sdnoub ur o ‘syusbe Jayjo 03 souessisal Jo aaubap ybiy Si ausyl a4oym seale J0) paJsapIsuod ag pinoYs 3 sueaw aulpAdoulll pue uidwielu Jo Adeows Jouadns ay |

‘upexoyjoldid Jo sasop buiiuen sy pue ‘(Aue sa juaisisiad) suslued Jo sadA| :siauipow 10943 0M3 BuiMO||0) BU3 03 SNp AX1| Sem 1 3Byl punoj pue AdU3SISUODUl PIAISSO

3U3 Jo sasned pajebnsanul 9\ “upexopjoldp pue uidweju Jo uosHedwod S43 104 S91eWIISD 1024IpuUl pue 10aJIp usamlaq Adualsisuodul Juedyiubis pajeanal os|e SisAjeue-elaw

‘0197 UTeJU0D J0U PIP S[D%GS6,

1444 aurzerpeyding $1
GL'8¥ 660 T8Y6CURS €1
°LET 880°0 6800 1V unAurLwno)) g1
(4304 ¥80°0 800 7260 uAwounoadg 11
VEE L €02 6'8L F9°€8 upAWoNPAZY 01
8804 LTEL raigs V83T 9LLT ST0C aurpAdourw + urduresry 6
£6VC F6°CS AR oL6S 029 999°L G8¢c'0 SUOXELIYaD) §
60'6€ 80 18°0 8CL'6 808'6 9110 29000 .S10°0 BU IR/
988 81 ¥98°1 :58'0C ¥ace 99C°0 V100 .9€0°0 16TC ureidury 9
96€ V'8 €98 £9'96 €701 [qras ¥90°0 191°0 [4=y)" LIS aurPASouTN 6
L'T6 S8l 98T 9'0¢ e 290 .£10°0 .5€0°0 9TT 0860 Y10 unxareyda) ¥
VLT FVC L8FT [0'84C 010 yae ¥81°0 L9%'0 L9°0€ HCEL 116C Lel upexopordr) ¢
109 88°CL SLEL L VL 99T 681 8600 L¥yT0 0291 800 9¢eq'l 10T°L €90 urdwreyry ¢
LT'€C L8V'0 8670 yess 126'S 12070 7000 6000 119°0 1920 8500 ¥4T0 20200 .8€0°0 0go0¥[d T
v
auipiupeyding  auizeipeyding ZgL4ZYPS UPAULIBWNGY upAwoundad§ upAwoIIAzZy  dulpAdoulu  AUOXeMIyR) ulpIudg ulpidwy aulplooulyy uixajeyda) upexopoidr) urdwejry
Sl 14! £l cl L o} + udwejry 4 8 L 9 S 14 £ [4

(3IeDIpERId 03 dINjIR) JO ORI SPPO) SUOIIDAJUI [ed0d0SufUdW SunuAAId 10) SI1IOIGIIUE JO SISA[EUE-BIBU HIOMIDU JO SINSAY § d[qel

August 26, 2016 | Volume 4 | Issue 4 |

84

WIMA | www.wjgnet.com

JRaishideng®



Abdelhamid AS et a/. Chemoprophylaxis and meningococcal infections

Table 4 Results of covariate effects in network meta-analysis: Regression coefficient and between study variation

Covariate

Regression coefficient, B (95%CI)

Between-study variation (t)

Persistent carrier (1) vs any carriers (0)

Household (1) vs other (0)

Cluster/quasi RCT (1) vs RCT (0)

Sequence generation inadequate (1) vs adequate (0)
Open design (1) vs blinded (0)

-2.904 (-4.695 to -1.186) 0.434
-6.178 (-16.79 to -0.069) 0.975
0.405 (-2.235 to 2.881) 1.082
0.461 (-1.301 to 2.014) 1.025
0.055 (-1.877 to 1.662) 1.087

B > 0 indicating that treatment effect is smaller when the covariate exists. RCT: Randomized controlled trial.

Table 5 Results of different methods for four comparisons that provided sufficient trials for both direct and indirect comparisons

MTC estimate

Direct estimate Indirect estimate

Comparison No. of trials OR (95%Crl)

Rifampin vs ciprofloxacin 23 0.52 (0.13, 1.89)
Rifampin vs minocycline 23 1.55 (0.40, 6.07)
Rifampin vs ampicillin 23 6.94 (1.21, 37.53)
Minocycline vs ampicillin 23 4.52 (0.67, 28.30)

No. of trials

2

2
1
1

OR (95%Crl) No. of trials OR (95%Crl)

251 (036, 15.64) 21 0.09 (0.017, 0.40)
0.85 (0.11, 5.59) 21 227 (0.28,19.89)
1.62 (0.09, 29.82) 20 12.23 (1.04, 146.9)
346 (0.16,91.10) 20 6.50 (0.41, 93.6)

MTC: Mixed treatment comparison based on all data in the network of trials.

Methodological implications

One of the main advantages of network meta-analysis is
pooling of all connected trials into a coherent network of
evidence. However, a study found that the inconsistency
between direct and indirect evidence may be more
prevalent than previously observed*”, and it has
been generally accepted that causes of inconsistency
in network meta-analysis should be carefully investi-
gated®®***¥1, In the current study, statistical meta-
regression analyses found that the type of carriers
(persistent vs any, and household contacts vs other)
may be a cause of heterogeneity in the network meta-
analysis. However, the usefulness of statistical methods
for investigating causes of inconsistency is often limited
because of the small number of trials, inadequate
reporting of relevant variables, and modelling complexity.

The narrative investigation of causes of inconsis-
tency is difficult for a complex network. The existence
of evidence inconsistencies in a network meta-analysis
does not mean that the whole network is inconsis-
tent*. Therefore, we focused on the investigation of
statistically significant inconsistencies. To further simplify
the narrative investigation, a sub-network of trials was
formed after excluding those that are only remotely
connected to the target comparison.

We demonstrated that focused examination of
characteristics of trial participants and interventions
evaluated may reveal the clinically meaningful causes
of inconsistency in network meta-analysis. The detailed
examination of trial participants and interventions
evaluated is similar to the investigation of heterogeneity
in conventional pair-wise meta-analysis. Although the
type of carriers (persistent vs any) can be identified
by both statistical covariate analysis and narrative
investigation, the difference in doses of ciprofloxacin
as a possible cause of inconsistency could not be
investigated by the statistical models we used. How-
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ever, the narrative investigation mainly relies on subjec-
tive judgement, is restricted by available data from
published studies, and a good understanding of the
topic is required.

Study limitations

In order to include as many studies as possible in the
trial network, we focused on eradication failure and did
not consider other important outcomes such as adverse
effects and new cases of meningococcal disease.
Included studies were mostly conducted in 1970s or
1980s, and the most recent study was published in
200077, Therefore, it is a question about whether the
results of previous randomised controlled trials are
applicable to the present. Although we included only
randomised controlled trials, the quality of the included
trials was poor, with considerable risk of bias. According
to the results of meta-regression analyses (Table 4),
the treatment effects were not significantly associated
with whether a trial was cluster or quasi randomised,
whether the sequence generation was inadequate, and
whether it was blinded. In addition, publication and
outcome reporting bias was possible. Funnel plot using
data from placebo-controlled trials indicated that there
was no statistically significant small-study effect.

Conclusion

The network meta-analysis confirms that a range
of prophylactic antibiotic regimens are effective for
eradicating meningococcal carriages, and treatment
choice will depend on the individual priorities of the
patients and physicians. In clinical situations where
complete eradication is considered to be of the utmost
importance, a combination of rifampin and minocycline
seems to offer the highest likelihood of success.
Ceftriaxone as a single intramuscular injection is also
likely to be more effective as compared with the two
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recommended antibiotics (ciprofloxacin or rifampin) by
the current guidelines. Variation in the type of carriage
and dosage regimens of ciprofloxacin may account for
the observed inconsistency in the direct and indirect
comparisons of rifampin and ciprofloxacin. Detailed
examination of characteristics of relevant studies should
be conducted for investigating causes of inconsistency
in network meta-analysis.

COMMENTS

Background

The current public health guidelines recommend chemoprophylaxis to be offered
to close contacts of cases of meningococcal meningitis. Because of limited
evidence from direct comparison trials, the authors conducted a network meta-
analysis of randomised controlled trials that evaluated different antibiotics for
eradicating carriages of Neisseria meningitidis (N. meningitidis).

Research frontiers

With the ever increasing number of competing interventions and a shortage of
direct comparison trials, methods for indirect comparison and network meta-
analysis have been widely used to compare different treatment options.

Innovations and breakthroughs

This is the first network meta-analysis to compare the efficacy of competing
antibiotics for eradicating the carriage of N. meningitidis. Methodological
experience obtained from this network meta-analysis was also reported.

Applications

For eradicating meningococcal carriages, a combination of rifampin and
minocycline seems the most efficacious, and ceftriaxone is also likely to be
more effective than ciprofloxacin or rifampin alone. Detailed examination of
characteristics of relevant studies should be conducted for investigating causes
of inconsistency in all network meta-analysis.

Terminology
Network meta-analysis can be used to combine evidence from direct comparison
trials and evidence based on indirect comparisons.

Peer-review

This is a well-performed network meta-analysis regarding the effects of
antibiotics for eradicating carriages of N. meningitidis. The methodology is clear,
the meta-analysis was performed well, the article was well-written, and the
limitations of the study have been adequately discussed. The findings of this
meta-analysis should be useful for the scientific and clinical community.
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Absitract

AIM

To assess the effectiveness of Daikenchuto for patients
with postoperative adhesive small bowel obstruction
(ASBO).

METHODS

A systematic search of PubMed (MEDLINE), CINAHL,
the Cochrane Library and Ichushi Web was conducted,
and the reference lists of review articles were hand-
searched. The outcomes of interest were the incidence
rate of surgery, the length of hospital days and mortality.
The quality of the included studies, publication bias and
between-study heterogeneity were also assessed.

RESULTS

Three randomized controlled trials (RCTs) and three
retrospective cohort studies were selected for analysis.
In the three RCTs, Daikenchuto significantly reduced the
incidence of surgery (pOR = 0.13; 95%CI: 0.03-0.50).
Similarly, Daikenchuto significantly reduced the incidence
of surgery (pOR = 0.53; 95%CI: 0.32-0.87) in the three
cohort studies. The length of hospital stay and mortality
were not measured or described consistently.

CONCLUSION

The present meta-analysis demonstrates that admini-
stering Daikenchuto is associated with a lower incidence
of surgery for patients with postoperative ASBO in the
Japanese population. In order to better generalize these
results, additional studies will be needed.

Key words: Herbal medicine; Kampo medicine; Post-
operative adhesive small bowel obstruction; Systematic

August 26, 2016 | Volume 4 | Issue 4 |



review; Meta-analysis

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Daikenchuto, a traditional herbal medicine, is
commonly used by gastroenterologists for postoperative
adhesive small bowel obstruction in Japan. However, the
effectiveness of Daikenchuto has not been systemically
investigated. The systematic review and meta-analysis
demonstrated that Daikenchuto is associated with a
lower incidence of surgery for patients with postoperative
adhesive bowel obstruction in the Japanese population.

Ukai T, Shikata S, Kassai R, Takemura Y. Daikenchuto for
postoperative adhesive small bowel obstruction: A systematic
review and meta-analysis. World J Meta-Anal 2016; 4(4): 88-94
Available from: URL: http://www.wjgnet.com/2308-3840/full/
v4/i4/88.htm DOI: http://dx.doi.org/10.13105/wjma.v4.i4.88

INTRODUCTION

Adhesive small bowel obstruction (ASBO) is a
common complication for patients with a history of
abdominal surgery. ASBO accounts for up to 6% of
all surgical admissions and 60% to 70% of small
bowel obstruction'. Conservative management is
chosen for patients with no strangulation or peritonitis,
patients who underwent surgery more than six weeks
before ASBO, patients with partial ASBO and patients
with signs of resolution on admission’. Conserva-
tive management is successful in 73% to 90% of
patients'**, but approximately one-fifth of patients later
require surgery.

Essential conservative management includes decom-
pression using a long tube or nasogastric tube intubation
and intravenous fluid supplementation. According
to guidelines for ASBO™!, other supplementary non-
operative management options include water-soluble
contrast agent administration'®, oral therapy with
magnesium oxide, Lactobacillus acidophilus and sime-
thicone!”, and hyperbaric oxygen therapy'™. Water-
soluble contrast agent administration, in particular, has
the diagnostic value of predicting the need for surgery
while the procedure itself also has therapeutic value™.

Daikenchuto, a traditional herbal medicine, is
frequently used by gastroenterologists in Japan for
patients with ASBO™” as well as chronic constipation,
irritable bowel syndrome, Crohn’s disease and paralytic
ileus™ !, It comprises extract granules of processed
ginger (kankyo), ginseng (ninjin) and zanthoxylum
fruit (sansho). Basic research has shown several
pharmacological mechanisms of Daikenchuto, including
an increase in the blood flow of the intestinal tract,
activation of intestinal motility, and prevention of bacterial
translocation™ "), Recently, increasing evidence from
clinical research has been accumulated™®. However,
while it is already widely used, no systematic analysis of
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the research has been conducted. The objective of this
study was to examine the effectiveness of Daikenchuto
in patients who developed postoperative ASBO.

MATERIALS AND METHODS

A systematic review was conducted, and the results
were described according to the preferred reporting
items for systematic reviews and meta-analyses
statement!*®,

Literature search

We systematically searched MEDLINE (PubMed),
CINAHL, the Cochrane library and Ichushi Web, which
is the largest medical article database in Japan, in
November 2014. The MEDLINE search was conducted
using the free-text words “Daikenchuto”, “Dai-kenchu-
to”, "DKT” and “TJ-100". A similar literature search was
conducted in the other three databases. References of
review articles were also hand-searched.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) the studies
were randomized controlled trials (RCTs) or observational
studies with exposure and control groups; (2) the
participants were patients who developed postoperative
ASBO; (3) daikenchuto was administered enterally; and
(4) the study was performed in humans. No restriction
was placed on the language. The exclusion criteria were
as follows: (1) observational studies without controls; (2)
Daikenchuto was administered to prevent postoperative
adhesive small bowel obstruction; and (3) experimental
animal research studies.

Outcome measures
The outcomes of interest were the incidence rate of
surgery, the length of hospital stay, and mortality.

Quality assessment and data extraction

Two researchers (Ukai T and Shikata S) independently
assessed the quality of each trial using the Critical
Appraisal Skills Programme (CASP)!*?! for RCTs and the
Newcastle Ottawa Quality Assessment Scale (NOQAS)®%
for observational studies. The CASP asks six questions
regarding the quality of RCTs. The NOQAS consists of
three domains: Selection, comparability and outcome;
the quality is assessed by the number of stars, with
each domain having a maximum of four stars, two
stars and three stars, respectively. The extracted data
included the first author, year of publication, country,
number of participants allocated to each group, and
dosage of Daikenchuto.

Statistical analysis

The meta-analysis was conducted using the software
Cochrane Collaboration Review Manager (version
5.3). All statistical analyses were performed using
the Mantel-Haenszel method™!, and the summary
statistics were described with odds ratios (ORs). An OR
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Table 1 Characteristics of included studies

Ref. Year  Country Study design Dose (g) No. of patients No. of patients OR (95%CI)
with Daikenchuto  without Daikenchuto
(surgery: No surgery) (surgery: No surgery)

Oyabu et al™ 1995  Japan RCT 15 1:27 5:20 0.15 (0.02-1.37)
Kubo et al™ 1995  Japan RCT 15 1:17 2110 0.29 (0.02-3.67)
Ttohet al®™ 2002  Japan RCT 15 5:8 10:1 0.06 (0.01-0.65)
Moriwaki et al™ 1992 Japan Retrospective cohort 15 1:23 49:154 0.14 (0.02-1.04)
Furukawa et ™ 1995 Japan  Retrospective cohort 7.5-15.0 6:20 26:49 0.57 (0.20-1.58)
Yasunaga et al™ 2011 Japan Retrospective cohort Not mentioned 20:124 28:116 0.67 (0.36-1.25)

RCT: Randomized controlled trial.

Table 2 Critical appraisal for randomized controlled trials using critical appraisal skills program

Oyabu er ai*®! Kubo et a/**! Itoh er al™*!

1 Was the assignment of patients to treatments randomized? Y Y Y
2 And if so, was the randomization list concealed (blinded or masked) to those deciding on patient eligibility for Y Y -
the study?

3 Were all patients analysed in the groups to which they were randomized (was an “intention to treat” analysis Y N Y
used)?

4 Were patients in the treatment and control groups similar with respect to known prognostic factors? Y Y Y
5 Were patients, clinicians and outcome assessors kept “blind” to which treatment was being received? - - -
6 Was follow-up complete? Y Y Y

Y: Yes; N: No.

less than one favored the intervention group, and the  the kind of abdominal surgical history in five studies®®*?7,

point estimate of the OR was considered statistically whereas only patients with a history of colorectal cancer
significant at the 0.05 level if the 95%CI did not ~ were chosen in one study™. None of the included
include the value of one. A fixed-effects model was studies described the criteria of diagnosis of ASBO or
initially adapted for all outcome measures. We tested pre-defined decision process for proceeding to surgery.
for homogeneity among the studies by calculating The funnel plot of publication bias is shown in Figure 2.
the I? value. P can be calculated as I* = 100% x (Q -

df)/Q, where Q is Cochran’s heterogeneity statistic and  Quality assessment for selected articles

df the degrees of freedom”. We defined I values of ~ Among the three RCTs, one was conducted at multiple
less than 25% as low heterogeneity, 25% to 50% as  hospitals'®", and the other two were conducted at
moderate heterogeneity and more than 50% as high one hospital®*®!, In two RCTs??*, patients were
heterogeneity™. If the hypothesis of homogeneity was randomly assigned using a concealed envelope, and
rejected, a random-effects model was employed. in a third study®’, the method of assignment was
not described. None of these articles mentioned the
method of blinding. Patient follow-up continued until the

RESULTS obstruction was released and symptoms were relieved
The search strategy yielded 1507 articles (Figure 1). or until the patient underwent a surgery to remove the
After duplications were removed, we checked the title  obstruction. In one trial®®, the reasons for the surgical
and abstract of the articles according to the inclusion intervention were retrospectively explained, but no

and exclusion criteria. Full texts of the remaining  explanation was provided in the other two studies®®***'.

articles were read, and three RCTs"** and three cohort ~ An intention-to-treat analysis was not used in one

studies®®?® were chosen based on the inclusion and study™* (Table 2).
exclusion criteria. Finally, the data were extracted from Of the three retrospective cohort studies, one was
the studies (Table 1). conducted using a national inpatient database using

The publication year ranged from 1992 to 2011, propensity score analysis'®®, and both the exposure and
and all research was conducted in Japan. All studies control groups were recruited at one or several hospitals

compared patients who were administered Daikenchuto ~ in @ community***’). Regarding outcome domains, the
with patients who were not administered Daikenchuto. criteria for the decisions to proceed to surgery for the
The dosage of Daikenchuto was 15.0 g in four stu- ASBO were not described in any of the three studies

dies™?*, 7.5-15.0 g in one study™”’, and unreported in (Table 3).

one study®®. Daikenchuto was administered orally in one

study'*”, through a tube in three studies'******, or both  Incidence of surgery in the RCTs

in one study™®. Participants were chosen regardless of A total of 107 patients were included in the three
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Studies retrieved by literature search
from PubMed, CINAHL, Cochrane
library and Ichushi Web
(n = 1492)

(n = 15)

Studies retrieved by handsearch
reviews or citation of reviewed articles

Studies after duplicates were removed
(n = 1494)

Basic research

Descriptive studies

Excluded (7 = 1484)

Studies in non-human

Potentially relevant articles for
more detailed review
(n =10)

Excluded (7 = 4)

Articles included in meta-analysis

Dakenchuto was used for prevention of postopertive
adhesive small bowel obstruction (7 = 2)

Not comparative study (7 = 1)

Participants were not patients with postopertive
obstruction (7 = 1)

(n=6)

Figure 1 Search strategy according to the preferred reporting items for systematic review and meta-analyses.

A SE (log[OR])
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Figure 2 Funnel plot of randomized controlled trials (A) and cohort studies (B) reporting the risk of surgery in patients with postoperative adhesive small

bowel obstruction given Daikenchuto. OR: Odds ratio; SE: Standard error.

RCTs (Figure 3). In the Daikenchuto group, seven of
59 (11.9%) patients eventually underwent surgery
for the ASBO, whereas 17 of 48 (35.4%) patients
underwent surgery in the control group. The overall OR
was 0.13 (95%CI: 0.03-0.50), demonstrating statistical
significance. There was no heterogeneity among the
trials (I* = 0%).

Incidence of surgery in the cohort studies

A total of 616 patients were included in the three
cohort studies (Figure 4). The incidences of surgical
intervention were 27 of 194 (13.9%) in the Daikenchuto
group and 103 of 422 (24.4%) in the control group.
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The overall OR was 0.53 (95%CI: 0.32-0.87), also
demonstrating statistical significance. There was low
heterogeneity among the trials (I* = 12%).

Other outcomes
Mortality was described in the one cohort study with a
total of 288 patients”®®. The number of deaths identified
was four (2.8%) in the Daikenchuto group and two
(1.4%) in the control group, and this difference was not
found to be significant.

Length of hospital stay was described in two studies.
One RCT™ showed that the length of the hospital
stay was 5.90 d shorter (95%CI: 4.77-7.03) in the
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Experimental Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI
Oyabu 1995 1 28 5 25 36.3% 0.15[0.02, 1.37] =
Kubo 1995 1 18 2 12 16.2% 0.29 [0.02, 3.67] =
Itoh 2002 5 13 10 11 47.5% 0.06 [0.01, 0.65] L
Total (95%CI) 59 48 100.0% 0.13 [0.03, 0.50] —~ll—
Total events 7 17
Heterogeneity: 7> = 0.79, df = 2 (P = 0.67); I* =0% [ : ; ;
9 “ 0.01 0.1 1 10 100

Test for overall effect: Z = 2.99 (P = 0.003)

Favours [experimental] ~ Favours [control]

Figure 3 Effect of Daikenchuto on need for surgery for postoperative adhesive small bowel obstruction from randomized controlled trials. Boxes indicate
estimated odds ratio; Diamond, summary statistic; limit lines, 95%CI. Size of the data marker corresponds to the relative weight assigned to the pooled analysis using

fixed-effects model. The X-axis uses a log scale.

Experimental Control Odds ratio Odds ratio
Study or subgroup Events  Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%ClL
Moriwaki 1992 1 24 49 203 22.4% 0.14 [0.02, 1.04] =
Furukawa 1995 6 26 26 75 23.2% 0.57 [0.20, 1.58] - =
Yasunaga 2011 20 144 28 144 54.4% 0.67 [0.36, 1.25] |
Total (95%CI) 194 422 100.0% 0.53 [0.32, 0.87] @
Total events 27 103
Heterogeneity: 4° = 2.28, df = 2 (P = 0.32); > = 12% 0101 0 ‘1 1 110 1010

Test for overall effect: Z = 2.50 (P = 0.01)

Favours Daikenchuto  Favours control

Figure 4 Effect of Daikenchuto on need for surgery for postoperative adhesive small bowel obstruction from cohort studies boxes indicate estimated odds
ratio; Diamond, summary statistic; limit lines, 95%Cls. Size of the data marker corresponds to the relative weight assigned to the pooled analysis using fixed-

effects model. The X-axis uses a log scale.

Table 3 Critical appraisal for cohort studies using newcastle

ottawa quality assessment scale

Moriwaki er a/**! Furukawa er a/*”" Yasunaga et al”*®

Selection
Representativeness Y
of the exposed
cohort
Selection of Y Y Y
non-exposed
cohort
Ascertainment Y Y Y
of exposure
Demonstration Y Y Y
that outcome of
interest was not
present at start
of study
Comparability
Comparability Y Y Y
of cohorts on the
basis of the
design or
analysis
Outcome
Assessment of
outcome
Was follow-up Y Y Y
long enough to
occur
Adequacy of Y Y Y
follow up of
cohorts

Y: Yes.

Baishidenge ~ WIMA | www.wjgnet.com

Daikenchuto group. Also, one cohort study™ showed

statistical significance in favor of the Daikenchuto group
using Kaplan-Meier methods and log-rank test (P =
0.018).

DISCUSSION

This systematic review provides evidence from three
RCTs and three cohort studies conducted in Japan
concerning the effectiveness of the traditional herbal
medicine Daikenchuto in reducing the risk of surgery for
patients with postoperative ASBO. From the synthesized
results, ASBO patients who received Daikenchuto had
a significantly lower risk of surgery. The study assessed
RCTs and cohort studies individually, and they provided
consistent results.

Potential benefit of daikenchuto

There are several treatment options recommended
in guidelines for ASBO™. Among the options, water-
soluble contrast agent administration is highly recom-
mended because there is robust evidence for its efficacy
both in predicting a need for surgery and for preventing
surgery®. However, despite its established efficacy,
20.8% of ASBO patients treated this way proceed to
surgery®. Daikenchuto has widely been used in Japan
and has a low risk of side effects”®, and the cost is only
145.5 JPY (US$1.25) per day. From these perspectives,
Daikenchuto could be used as part of initial non-opera-
tive management adjunct to water-soluble contrast

August 26, 2016 | Volume 4 | Issue 4 |



administration. It is potentially useful for patients who
have a high risk of anaphylactoid reaction to water-
soluble contrast agent or patients who cannot tolerate

surgery.

Traditional herbal medicine in Japan

Traditional Japanese herbal medicine is known as Kampo
medicine. Kampo medicine has its roots in traditional
Chinese medicine and was introduced to Japan in the
middle of the sixth century. The Japanese Ministry of
Health, Labour and Welfare has officially approved 212
types of Kampo medicines, and these medicines are
covered by the National Health Insurance programme™”.
All certified medical doctors can prescribe both Western
and Kampo medicines, and they choose the optimal
one depending on the condition of the patients. Kampo
medicine is referred to as an alternative medicine,
but in practice, Japanese physicians use both Western
medicine and Kampo medicine; in particular, Kampo
medicine is commonly used for patients with medically
unexplained symptoms that Western medicine often
fails to solve™. The mechanism of the pharmacological
effect is becoming clear, but more clinical research is
needed before Kampo medicine will be widely adopted
in other countries.

Limitations

This study has several limitations. First, the included
studies have methodological problems. None of included
three RCTs described the blinding of clinicians and
assessors. Also, none of the included studies described
the criteria of decisions of proceeding to surgery. Since
the decision to proceed to surgery can be subjective,
there may be bias in this outcome statistic, especially
when clinicians were not blinded.

Second, the reviewed studies were conducted
in Japan using Japanese populations. In three stu-
dies®?>* participants were recruited at one hospital.
These facts pose the question of generalizability. Thus,
additional evidence is needed from patients in other
countries.

Finally, all studies included compared those patients
who were administered Daikenchuto and who were not.
We could not find studies that compared Daikenchuto
and water-soluble contrast agent. Since administering
water-soluble contrast agent is the standard of care,
Daikenchuto and water-soluble contrast agent should be
directly compared before it is applied to clinical practice.

The traditional herbal medicine Daikenchuto signi-
ficantly reduces the risk of surgery for patients with
postoperative ASBO in a Japanese population. In
order to better generalize these results, additional
studies incorporating a broader set of outcomes and an
expanded population base will be needed.
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Abstract

AIM

To perform a meta-analysis assessing the value of
gadoxetic acid-enhanced magnetic resonance imaging
(Gd-EOB-MRI) in detecting small hepatocellular carcinoma
(HCC) (= 2.0 cm) in patients with chronic liver disease.

METHODS

Databases, including MEDLINE and EMBASE, were
searched for relevant original articles published from
January 2008 to February 2015. Data were extracted,
and summary estimates of diagnostic accuracy indexes
such as sensitivity, specificity, diagnostic odds ratio,
predictive value, and areas under summary receiver
operating characteristic curve were obtained using a
random-effects model, with further exploration employ-
ing meta-regression and subgroup analyses.

RESULTS

In 10 studies evaluating 768 patients, pooled per-
lesion sensitivity of Gd-EOB-DTPA was 91% (95%CI:
83%-95%), with a specificity of 95% (95%CI:
87%-98%). Overall positive likelihood ratio was 18.1
(95%CI: 6.6-49.4), for negative likelihood ratio (NLR)
of 0.10 (95%CI: 0.05-0.19) and diagnostic odds ratio of
182 (95%CI: 57-581). Subgroup analysis suggested that
diagnostic performance of Gd-EOB-MRI for sub-centimeter
HCC (=< 1.0 cm) detection was low, with a sensitivity of
69% (95%CI: 59%-78%). In studies with both Gd-EOB-
MRI and diffusion-weighted imaging (DWI) performed,
Gd-EOB-MRI/DWI combination was more sensitive than
Gd-EOB-DTPA alone, whether for small lesions (86% vs
77%) or sub-centimeter ones (80% vs 56%).
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CONCLUSION

A limited number of small studies suggested that Gd-
EOB-MRI has good diagnostic performance in the
detection of small HCC (< 2.0 cm) among patients with
chronic liver disease, but relatively lower performance
for detection of sub-centimeter HCC (< 1.0 cm).
Combination of Gd-EOB-MRI and DWI can improve the
diagnostic sensitivity of MRI.

Key words: Liver-specific agent; Gadoxetic acid-enhanced
Magnetic resonance imaging; Hepatocellular carcinoma;
Meta-analysis

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although studies have shown that gadoxetic
acid-enhanced magnetic resonance imaging (Gd-EOB-
MRI) had good diagnostic performance in detecting
hepatocellular carcinoma (HCC), the results about small
HCC have been limited thus far by a small number of
included patients, especially for subcentimeter lesion
(=< 1.0 cm). Therefore, we performed a systematic
review and meta-analysis to obtain updated diagnostic
performance values of Gd-EOB-MRI for the detection
of small HCC in terms of different size (< 2.0 cm vs
< 1.0 cm), different technique (Gd-EOB-MRI alone vs
combined diffusion weighted imaging).

Shan Y, Gao J, Zeng MS, Lin J, Xu PJ. Gadoxetic acid-
enhanced magnetic resonance imaging for the detection
of small hepatocellular carcinoma (< 2.0 cm) in patients
with chronic liver disease: A meta-analysis. World J Meta-
Anal 2016; 4(4): 95-104 Available from: URL: http://www.
wjgnet.com/2308-3840/full/v4/i4/95.htm DOI: http://dx.doi.
org/10.13105/wjma.v4.i4.95

INTRODUCTION

Hepatocellular carcinoma (HCC) remains one of the
leading causes of cancer-related deaths worldwide!™.
Despite important advances in multidisciplinary therapies,
complete curative treatment of early-stage small HCC
(< 2.0 cm, including hypervascular and hypovascular
HCC) remains the only option for long-term patient
survival. Studies indicated that the smaller the HCC, the
less likely the occurrence of microvascular invasion™.
The International Consensus Group for Hepatocellular
Neoplasia also stated that early HCC, well differentiated
HCC with a vaguely nodular appearance and less than
2 cm in size, should be considered a carcinoma in situ,
and is characterized by an indistinct margin without
capsule formation, vascular invasion or intrahepatic
metastasis>*. In addition, the smaller the HCC, the
more likely it is for local ablation to be complete™®. It is
therefore important to perform early diagnosis of HCC
when the tumor is still as small as possible. However, in

small nodules (< 2.0 cm), an atypical vascular profile
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is not uncommon, which constitutes a challenge for
definitive radiological diagnosis. These lesions may,
in fact, represent either early HCCs or preneoplastic
lesions, such as high-grade dysplastic nodules®”®), They
are often hypovascular and lack arterial enhancement or
a washout pattern”®. In addition, many small, benign
nodules (e.g., cirrhosis-related nodules and arterioportal
shunts) can mimic small HCC in patients with cirrhosis.

The hepatocyte-specific magnetic resonance imag-
ing (MRI) contrast agent gadoxetic acid (Gd-EOB-
DTPA; Bayer Healthcare, Berlin, Germany) can provide,
in a single examination, comprehensive hemodynamic
information during early dynamic phases and improved
lesion detection in the hepatobiliary phase (HBP)®™!,
HBP images better depict HCC, which appears as a
hypointense lesion, compared with conventional dynamic
gadolinium-enhanced images, on which small HCCs
frequently show only arterial enhancement without early
washout™*4,

Although studies have compared gadoxetic acid-
enhanced MRI (Gd-EOB-MRI) with multidetector
computed tomography (MDCT) and Gd-DTPA-enhanced
MRI for detecting small HCC, and shown that HBP
imaging provides a slight improvement in the diagnosis
of small HCC!™***>*?) the results were limited thus far
by the small numbers of included patients, especially
for sub-centimeter lesions (< 1.0 cm). Therefore, we
performed a systematic review and meta-analysis of
the literature published in the past few years, to obtain
updated diagnostic performance values of Gd-EOB-MRI
for detecting small HCC in patients with chronic liver
disease.

MATERIALS AND METHODS

Literature search

A comprehensive literature search of studies evaluating
human subjects was performed by two investigators
(Yan Shan and Peng-Ju Xu) to identify articles on
diagnostic performance of Gd-EOB-MRI in detecting
small HCC in patients with chronic liver disease. The
PubMed and EMBASE databases were searched from
January 2008 to February 2015, for English articles with
the following keywords: (Gd-EOB-DTPA or gadoxetic
acid or gadoxetate disodium or Gd-EOB-MRI) and
(hepatocellular carcinoma or liver neoplasms) and
(sensitivity or specificity or false negative or false positive
or diagnosis or detection or accuracy). Other databases,
such as Web of Science, Scopus and the Cochrane
Database of systematic review, were also searched
for relevant articles. All review articles, comments,
case reports, letters, and unpublished articles were
eliminated. Articles found to be eligible based on title,
and subsequently abstract, were then selected to
determine further suitability for inclusion in this study.

Inclusion and exclusion criteria
Studies were included if, in addition, all the following
inclusion criteria were met: (1) articles reported in
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English; (2) Gd-EOB-MRI with HBP performed to eva-
luate small HCC in patients with chronic liver disease; (3)
histopathology analysis and/or cross-sectional imaging
follow-up used as the reference standard; (4) data based
on per-lesion basis; and (5) sufficient data reported
to construct 2 x 2 contingency tables. Authors of
studies with insufficient published data were contacted
personally in an effort to retrieve the missing data.
Studies were excluded if either of the following exclusion
criteria were applicable: (1) fewer than 10 patients;
or (2) multiple reports published for the same study
population (in this case, the publication with the most
details and/or most recently published was selected).

Data extraction and quality assessment

The methodological quality of the included studies was
assessed independently by the same two investigators
using the Quality Assessment of Diagnostic Accuracy
Studies 2 (QUADAS-2) tool in Review Manager 5.3, which
evaluates the risk of bias for four domains and clinical
applicability for three domains of study characteristics.
The QUADAS-2 tool was used as provided by the
QUADAS-2 group™'. Meanwhile, relevant data were also
extracted from each study, including author, publication
year, sample size, number of lesion, description of study
population (age and gender), study design (case series,
case control, cohort study, and randomized controlled
trial), patient enrollment (consecutive or not), etiology of
liver disease, magnetic field strength, dose of Gd-EOB-
DTPA, number of experts who assessed and interpreted
Gd-EOB-MRI data, and mean time interval between Gd-
EOB-MRI and histopathology. Any mention Gd-EOB-MRI
measurement blinding to histopathologic and clinical
results and/or other diagnostic methods used was also
recorded. For each study, the number of true-positive
(TP), false-positive (FP), true-negative (TN), and false-
negative (FN) findings was recorded for Gd-EOB-MRI
in detecting small HCC in patients with chronic liver
disease. Disagreements were resolved by discussion
between the two investigators.

Statistical analysis

Diagnostic accuracy: Data regarding diagnostic
performance of Gd-EOB-MRI were combined quanti-
tatively across eligible studies. In addition, bivariate
random-effects model and hierarchical summary receiver
operating characteristic (ROC) were used to obtain
summary estimates of sensitivity and specificity™*.
Diagnostic odds ratio (DOR) and likelihood ratios are also
metrics that combine both sensitivity and specificity in
calculations.

Heterogeneity exploration and subgroup analysis:
Heterogeneity was assessed by likelihood 4? tests
and I’. The I? index is a measure of the percentage
of total variation across studies due to heterogeneity
beyond chance. Values of 30%-60%, 50%-90%, and
75%-100% may represent moderate, substantial and
considerable heterogeneity, respectively™. In likelihood
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ratio / tests, P < 0.05 was regarded as indicative of
apparent heterogeneity. The threshold effect is an
important extra source of variation in meta-analysis.
If there is a threshold effect, an inverse correlation
appears; in this case, combining study results involving
fitting @ ROC curve was better than pooling sensitivities
and specificities. To assess threshold effect existence,
sensitivity and specificity for Gd-EOB-MRI were plotted
on an ROC plane®!. Moreover, Spearman correlation
coefficient (between the logit of sensitivity and that of
specificity) was determined for Gd-EOB-MRI. In case no
threshold effect was found in the meta-analysis, meta-
regression analysis with a backward stepwise algorithm
was then performed to investigate other sources of
heterogeneity for Gd-EOB-MRI. Such factors included
the type of study design (case series, case control,
cohort study, and randomized controlled trial), use
of the same reference standard, enrollment patients,
age (year), gender, sample size, number of lesions,
diameter of HCC, MRI field strength, dose of Gd-EOB-
DTPA, mean time interval between Gd-EOB-MRI and
histopathology, reviewers (year of experience), and
publication year.

Subgroup analysis was performed according to
lesion size (< 2.0 cm vs < 1.0 cm); We also compared
the performance of Gd-EOB-MRI alone with that of its
combination with DWI by analyzing studies that used
these diagnostic methods in the same patients.

Publication bias: Publication bias was assessed visually
using a scatterplot of the inverse of the square root of
the effective sample size (1/ESS"?) against diagnostic
log odds ratio, which should have a symmetric funnel
shape when no publication bias is present. Formal
testing for publication bias was conducted using a
regression of diagnostic log odds ratio against 1/ESS"?
and weighting according to the effective sample size,
with P < 0.01 indicating significant asymmetry'”’.

Statistical analysis was performed with Stata statis-
tical software Version 12 (StataCorp LP, Texas, United
States) and Meta-DiSc statistical software, version 1.4
(Unit of Clinical Biostatistics, Ramo’n y Cajal Hospital,
Madrid, Spain). P < 0.05 was considered statistically
significant.

RESULTS

Literature search and study selection

After a comprehensive computerized search was per-
formed, with reference lists extensively cross-checked,
this research yielded 387 primary studies; 265 studies
were excluded after title and abstract review. One
handred twelve articles were excluded after reviewing
the full article for the following reasons: (1) study aim
did not reveal Gd-EOB-MRI in detecting HCC (n = 45);
(2) results were obtained from a combination of HCC,
hepatic metastasis and other hepatic diseases that
could not be differentiated for assessment of single
disease (n = 9); (3) no results regarding Gd-EOB-DTPA
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387 potentially eligible studies from the MEDLINE and EMBASE
databases, scopus, the Cochrane database, and other sources

Figure 1 Flow chart for articles identified and in-
cluded in this meta-analysis. HCC: Hepatocellular
carcinoma.

265 Studies excluded

Studies screened on the basis of
title and abstract

Not about Gd-EOB-DTPA (7 = 37)
Not about HCC (7 = 125)

About evaluation studies of
histology, therapy and prognosis for
HCC, the liver function (7 = 40)
About technique optimization, case
report and comments (7 = 14)
About animal studies (7 = 7)
Review studies (7 = 42)

122 studies included

112 Studies excluded

Full-text reports retrieved for data (7 = 42)

detailed evaluation

No reveal the diagnostic value of
Gd-EOB-DTPA MRI in HCC (n = 45)
No about small HCC (< 2.0 cm)

Results could not be differentiated
for assessment of single disease (7 = 9)
Insufficient data (7 = 16)

10 Gd-EOB-DTPA studies about
diagnosis of small HCC included

in diagnosis of small HCC (n = 42); and (4) too little
data reported to allow construction of a 2 x 2 table of
TP, FN, FP and TN values (n = 16). Therefore, a total
of 10 studies 2321 \which fulfilled all inclusion
criteria, were considered for the analysis. The detailed
procedure of study selection in the meta-analysis is
shown in Figure 1.

Study description

The important characteristics of the included studies are
detailed in Supplement file for review. In brief, there
were no cohort or randomized controlled studies. Most
studies were case series. Of all 10 studies, 7 enrolled
patients retrospectively®**824%] ‘while 3 stated that
they were prospective™®*”?, All 10 studies enrolled
patients in a consecutive manner®**” 2221 A total of
768 patients were enrolled in the eligible studies.

There were 5 studies with MRI examinations per-
formed with a 1.5 Tesla device®!%7*%2%. 4 studies
performed MRI examinations with 3.0 Tesla devi-
cest'82%1 In the remaining study, MRI examinations
were performed with 3.0 Tesla device in comparison
with 1.5 Tesla device™. One report used a fixed dose
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of 10 mL of Gd-EOB-DTPA™, while in the other 9, Gd-
EOB-DTPA was administrated according to the manufac-
turer’s instructions at 0.025 mmol per kilogram body
weight. Evaluation of Gd-EOB-DTPA results was carried
out in a blinded fashion in all 10 studies®*"72"*% The
reference standard depended solely on explanted livers
in only two studies®*,

Assessment of study quality and publication bias

Study quality assessment data obtained with the
QUADAS-2 tool are summarized in Figure 2. There
were no studies considered to be at low risk of bias for
all domains. The included studies being case series or
of case-control design, a high risk of bias for patient
selection was introduced. The substantial risk of bias
regarding patient flow and timing mainly arose from
that more than half of these studies used a combination
of histopathologic findings and cross-section imaging
follow-up as reference standards; this may result in
verification bias. There was also a considerable risk
of bias regarding the reference standard, as 2 studies
reported that the pathologist was not blinded to imaging
test results, while 4 others did not mention pathologist

August 26, 2016 | Volume 4 | Issue 4 |



Patient selection

Index test

Reference standard -

Flow and timing

Shan Y et a/. Gd-EOB-MRI in detecting small HCC

| | | |

I T I
50% 75%

Risk of bias

. Hight

1
100%

D Unclear

I 1 1 1 1
0% 25% 50% 75% 100%

Applicability concerns

. Low

Figure 2 Grouped bar charts showing results of study quality assessment with the QUADAS-2 tool. The charts show the cumulative results of the 10 included
studies in terms of risk of bias (left) and concerns regarding applicability (right) according to each QUADAS-2 domain.
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Figure 3 Results of Deeks’ funnel plot asymmetry test for publication
bias. The nonsignificant slope indicates that no significant bias was found.
ESS: Effective sample size (P = 0.23).

blinding to index test results.

A nonsignificant slope was obtained for Deeks’
funnel plot asymmetry tests (Figure 3), indicating that
no significant bias was found (P = 0.23).

Diagnostic performance of Gd-EOB-MRI in detecting
small HCC
Overall small HCC (< 2.0 cm): When studies used
multiple readers, giving a range of accuracy, we selected
the average result for analysis. Pooled sensitivity of Gd-
EOB-MRI was 0.91 (95%CI: 0.83-0.95), for a specificity
of 0.95 (95%CI: 0.87-0.98). DOR was 182 (95%CI:
57-581). The detailed sensitivity and specificity data,
with 95%CIs for each individual study are provided
as a Forest plot in Figure 4. Likelihood ratio syntheses
yielded an overall positive likelihood ratio (PLR) of 18.1
(95%CI: 6.6-49.4) and negative likelihood ratio (NLR)
of 0.10 (95%CI: 0.05-0.19). The scattergram of PLR
and NLR is shown in Figure 5.

Hierarchical summary receiver operator characteristic
(HSROC) curves (Figure 6) showed good diagnostic
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performance for Gd-EOB-MRI for all the studies
combined. The area under the curve of the HSROC was
0.97 (95%CI: 0.96-0.99).

Subgroup analysis

There were three studies with reported results con-
cerning Gd-EOB-MRI for diagnostic performance of
sub-centimeter HCC (< 1.0 cm)!”*®2, For the sub-
centimeter HCC subgroup, pooled sensitivity and
specificity were 0.69 (95%CI: 0.59-0.78) and 0.94
(95%CI: 0.88-0.98), respectively. Sensitivity for sub-
centimeter lesions (0.69) was relatively low than values
obtained for all small HCCs (0.91).

Comparison against Gd-EOB-MRI combined with DWI
Gd-EOB-MRI used alone and in combination with DWI
were compared for performance by analyzing 3 studies
that employed these diagnostic methods for the same
patients!’®**1 The results suggested that Gd-EOB-
MRI combined DWI was more sensitive compared with
Gd-EOB-MRI alone, whether for small HCC or sub-
centimeter lesions (Table 1).

Heterogeneity and meta-regression analysis

The heterogeneity of sensitivity and specificity tests
was highly significant (P < 0.05 and I* > 75%) (Figure
4). This was strong evidence of between-study hetero-
geneity. Sensitivity and specificity for Gd-EOB-MRI were
plotted on an ROC plane, and no curvilinear pattern
was found. In addition, Spearman correlation coefficient
(between the logit of sensitivity and that of specificity)
for Gd-EOB-MRI was 0.237, with a P value of 0.51.
No threshold effect was found in this meta-analysis.
Meta-regression analysis showed that study design
contributed significantly to heterogeneity (P = 0.04).
However, other factors did not significantly contribute to
study heterogeneity (P > 0.05).

DISCUSSION

Our results confirmed that Gd-EOB-MRI accurately
detects small HCC. Previous reports showed that
most HCCs appear as relatively low signal intensity
lesions in HBP imaging because of inexistent gadoxetic
acid uptake. Therefore, gadoxetic acid is expected to
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Study ID

Kim YK 2010
Park G 2010
Sun HY 2010
Golfieri R 2011
Sano K 2011
Kim YK 2011
Park MJ 2012

Zhao XT 2013

Hwang J 2014

Sensitivity (95%CI)

0.84 [0.72-0.92]
0.86 [0.75-0.94]
0.93 [0.82-0.99]
0.99 [0.97-1.00]
0.96 [0.89-0.99]
0.93 [0.82-0.98]
0.81 [0.75-0.87]
0.85 [0.69-0.95]

0.61 [0.48-0.72]

Study ID Specifity (95%CI)
Kim YK 2010 1.00 [0.03-1.00]
Park G 2010 1.00 [0.29-1.00]
Sun HY 2010 0.96 [0.87-1.00]

Golfieri R 2011

Sano K 2011
Kim YK 2011
Park MJ 2012

Zhao XT 2013
Hwang J 2014

Faletti R 2015

Combined

0.95 [0.84-0.99]
0.56 [0.31-0.78]
1.00 [0.29-1.00]
0.99 [0.95-1.00]
0.85 [0.62-0.97]
0.96 [0.85-0.99]

1.00 [0.69-1.00]

0.95 [0.87-0.98]

Faletti R 2015 0.93 [0.76-0.99]
Combined 0.91 [0.83-0.95]
Q =94.12, df = 9.00, » = 0.00
| I = 90.44 [85.85-95.02]
0.5 1.0

Sensitivity

Q = 85.26, df = 9.00, » = 0.00
I’ = 89.44 [84.24-94.65]

0.5 o 1.0
Specificity

Figure 4 Forest plot of pooled sensitivity and specificity of gadoxetic acid-enhanced magnetic resonance imaging in detecting small hepatocellular
carcinoma among patients with chronic liver disease. Summary sensitivity and specificity were 0.91 (95%Cl: 0.83-0.95) and 0.95 (95%Cl: 0.87-0.98), respectively.

Table 1 Comparison of the diagnostic performance of Gadoxetic acid-enhanced magnetic resonance imaging alone and combined

with diffusion weighted imaging'

Diagnostic methods compared Lesion size Ref. Summary sensitivity, % (95%CI)  Summary specificity, % (95%CI)
Gd-EOB-DTPA MRI alone <20cm [18,21,28] 0.77 (0.71-0.82) 0.97 (0.93-0.99)
Combined Gd-EOB-DTPA MRI with DWI 0.86 (0.82-0.90) 0.92 (0.88-0.96)

P value 0.0047 0.975
Gd-EOB-DTPA MRI alone <1.0cm [18,21] 0.56 (0.45-0.69) 0.96 (0.90-0.99)
Combined Gd-EOB-DTPA MRI with DWI 0.80 (0.68-0.88) 0.94 (0.87-0.98)

P value 0.0013 0.709

'The diagnostic performance of each modality was compared by using the Z test for Summary sensitivity and specificity, P < 0.05 was considered indicative
of a statistically significant difference. Gd-EOB-MRI: Gadoxetic acid-enhanced MRI; DWI: Diffusion-weighted imaging.

enable excellent lesion detection and characterization
for both hypervascular and hypovascular HCCs by
arterial phase and HBP imaging, respectively™" #6173,
Several studies suggested that hypointensity in HBP
imaging, even in the absence of arterial phase hyper-
enhancement, is highly predictive of pre-malignant
or malignant lesions”**”, Furthermore, early HCC is
essentially hypovascular, with no dominant arterial
blood supply. It is not surprising that conventional
arterial phase imaging techniques are inefficient in
evaluating early HCCs, with Gd-EOB-MRI HBP imaging
being the only technique that successfully depicts
early HCCs™™. Previous findings confirmed that arterial
hypervascularization delineation in HCC by gadoxetic
acid is comparable to that by conventional Gd-DTPA™.,
Furthermore, sensitivity for hypervascular HCC detec-
tion is sufficiently high, and HBP images provide an
added value to sensitivity, when Gd-EOB-MRI is app-
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lied®*”**), However, previous studies found that HBP
imaging is almost the only technique that successfully
depicts hypovascular HCCs!”*¥), Dynamic contrast-
enhanced MRI reveals hypervascular HCCs based on
altered arterial vascularity due to the development
of unpaired arteries and sinusoidal capillarisation™"..
A pathological explanation of arterial enhancement
absence is the weak development of nontriadal arteries
in hypovascular nodules (including early HCC), which
make their characterization based on dynamic MR
phases impossible®**?, However, hypovascular nodules
usually show organic anion-transporting polypeptide
under-expression, which begins prior to changes in
hemodynamics. Therefore, they appear hypointense in
HBP images™.

We hypothesized that Gd-EOB-MRI and DWI combi-
nation has superior diagnostic performance over Gd-
EOB-MRI alone, as it provides multi-parametric data
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LUQ: Exclusion and confirmation
LRP > 10, LRN < 0.1

RUQ: Confirmation only

LRP > 10, LRN > 0.1

LLQ: Exclusion only

LRP < 10, LRN < 0.1

RLQ: No exclusion or confirmation
LRP < 10, LRN > 0.1

Figure 5 Scattergram of positive likelihood
ratio and negative likelihood ratio. Pooled
estimates for gadoxetic acid-enhanced MRI in
the detection of small HCC were: PLR of 18.1
(95%Cl: 6.6-49.4) and NLR of 0.10 (95%Cl:
0.05-0.19). PLR: Positive likelihood ratio; NLR:
Negative likelihood ratio.
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Figure 6 Hierarchical summary receiver operating characteristic plot of
per-lesion diagnostic accuracy for gadoxetic acid-enhanced magnetic
resonance imaging detection of small hepatocellular carcinoma in
patients with chronic liver disease for the 10 included studies. The 95%
confidence region and 95% prediction region around the pooled estimates
illustrate the precision with which the pooled values were estimated (confidence
ellipse of a mean) and to show the extent of between-study variation (prediction
ellipse; likely range of values for a new study). HSROC: Hierarchical summary
receiver operator characteristic.

such as vascular changes, hepatocyte function and
cellular density®®>**%, In addition, given the importance
of HBP imaging in the detection of small hypovascular
HCCs, a considerable number of small HCCs are easily
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‘Summary LRP and LRN for index test
with 95%CI

overlooked in the HBP set, particularly the lesions
located adjacent to vessels. Thus, hyperintensity on
DWI could contribute to improving the detection of small
HCCs by helping reduce the number of mischaracterized
lesions and allowing more accurate characterization of
equivocal lesions! 682021,

With regard to tumor size in HCC, confident dia-
gnosis of HCC in sub-centimeter hepatic nodules
has been considered unfeasible™***. Although per-
lesion sensitivity estimates for MR imaging in sub-
centimeter HCCs may be further increased with Gd-
EOB-DTPA use, it is still relatively low!**?!, The results
of this meta-analysis showed the relatively low per-
lesion sensitivity estimates for sub-centimeter HCCs.
One possible explanation is that HBP ability to detect
malignancies might be reduced in decompensated
cirrhosis because gadoxetic acid uptake and metabolism
are related to hepatocyte function. Previous studies
showed a trend toward decreased sensitivity of Gd-
EOB-MRI for detecting small HCC with increasing
cirrhosis severity®?®, It is clear that a cirrhotic liver
shows restricted diffusion in line with hepatic fibrosis
severity™. Thus, it remains difficult to identify HCC in
severely cirrhotic liver in any imaging studies; this limits
the usefulness of both Gd-EOB-MRI and DWI in patients
with decompensated liver cirrhosis!'®?%?* especially
for sub-centimeter HCCs.

Investigation of reasons for heterogeneity rather
than computation of a single summary measure is an
important purpose of meta-analysis’®®’. Significant hetero-
geneity was found in pooled analysis of the included 10
studies. Spearman correlation analysis demonstrated
there was no significant threshold effect. This work
suggested that study design may affect diagnostic
accuracy. These findings corroborated a recently
published report’®?, which showed that case series
studies have significantly higher per-lesion sensitivity
than case-control studies. Therefore, it is important that
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future studies adopt study designs that better control
biases and provide higher levels of evidence such as
cohort studies and randomized controlled trials.

In seven previous meta-analysest*®*®, investigators
evaluated the detection of HCC of any size by Gd-EOB-
DTPA, three of which yielded a subgroup analysis for
small HCCs!***2, In a recent meta-analysis, Kierans et
al*”! evaluated the diagnostic performance of dynamic
contrast-enhanced MRI for the detection of small HCC
with subgroup analysis of Gd-EOB-MRI, whose results
were consistent with our findings'®***. However, com-
pared with the above reports, this study has the follow-
ing characteristics: All cases in the included literatures
had a history of chronic liver disease; subgroup analysis
for the diagnostic performance of Gd-EOB-MRI and DWI
combination in the detection of sub-centimeter HCC was
performed. In addition, in two recent meta-analyses™*,
investigators compared the diagnostic performance of
ultrasonography, CT and MRI in the detection of HCC
of any size without subgroup analysis. Therefore, in
comparison with the above previous meta-analyses, we
expanded the evaluation to combined Gd-EOB-MRI and
DWI, and detectability for sub-centimeter HCC.

Our meta-analysis has several limitations. First,
data were collected in a prospective manner, with a
limited number of studies (only three studies), which
resulted in a major methodologic limitation of includ-
ing many studies with retrospective patient data
collection. Pooling such suboptimal retrospective results
may have caused a bias toward increased diagnostic
sensitivity™*’, Second, participants in included studies
were both patients diagnosed with HCC based on
findings prior imaging tests or other clinical data and
those suspected of having HCC, which might have
caused selection bias. In addition, limited numbers of
lesions were diagnosed during liver transplantation
(only two studies), which might have resulted in an
overestimation of the diagnostic performance of Gd-
EOB-MRI by decreasing the number of false-negative
lesions. Finally, considerable heterogeneity was
observed with per-lesion analysis. For example, whether
or not interpretation of pathology data was blinded
from Gd-EOB-MRI seemed to be a common weakness,
and only 4 studies used the same reference standard.
Furthermore, we found substantial variation in the way
Gd-EOB-MRI findings were used for the identification of
HCC, indicating a lack of consensus regarding diagnostic
criteria and thresholds. To overcome the heterogeneity
of the present data, we used both the hierarchical
summary ROC model and the random-effects model.
Because the 95%CIs were not substantially wide, we
believe that the present results are valuable. However,
heterogeneity in this type of diagnostic study remains a
point of concern.

In conclusion, our meta-analysis showed that Gd-
EOB-MRI has good diagnostic performance in the
detection of small HCC (< 2.0 cm) among patients with
chronic liver disease, but relatively lower performance
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for the detection of sub-centimeter HCC (< 1.0 cm).
Combination of Gd-EOB-MRI and DWI can improve the
diagnostic sensitivity of MRI for the detection of small
HCC.

COMMENTS

Background

In recent years, gadoxetic acid-enhanced magnetic resonance imaging (Gd-
EOB-MRI) has shown that hepatobiliary phase imaging provides improvement
in the diagnosis of small hepatocellular carcinoma (HCC < 2.0 cm). However,
the results are limited thus far by small numbers of included patients with
chronic liver disease, especially for sub-centimeter lesions (< 1.0 cm). In
addition, no consensus is available regarding diagnostic performance of
combined Gd-EOB-MRI and diffusion weighted imaging (DWI) in the detection
of small HCC.

Research frontiers

Despite important advances in multidisciplinary therapies, complete curative
treatment of early-stage small HCC remains the only option for long-term
patient survival. Thus, the importance of early detection of HCC has been
emphasized, especially with the application of noninvasive multi-modality
imaging.

Innovations and breakthroughs

In this study, the authors investigated the value of Gd-EOB-MRI for the
diagnosis of sub-centimeter HCC. It is also believed to be the first meta-
analysis evaluating combined Gd-EOB-MRI and DWI in the detection of small
HCC.

Applications

This meta-analysis showed that Gd-EOB-MRI has relatively lower performance
for the detection of sub-centimeter HCC, and combination of Gd-EOB-MRI
and DWI can improve diagnostic sensitivity. In clinical practice, the addition of
DWI to routine protocol of Gd-EOB-MRI may help increase sensitivity in the
detection of small HCC, especially for sub-centimeter lesion.

Peer-review

This is a meta-analysis evaluating Gd-EOB-MRI for the detection of small
HCC in patients with chronic liver disease, showing that Gd-EOB-MRI has
good diagnostic performance for the detection of small HCC; in addition, Gd-
EOB-MRI and DWI combination improves the diagnostic sensitivity of MRI for
detecting small HCC. The methods used in this study are state of the art, and
data are well presented and discussed in the light of the current literature.
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