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Abstract

Objectives: Assessment of the certainty of evidence (CoE) from network meta-analysis is critical to convey the strength of inferences
for clinical decision-making. Both the GRADE (Grading of Recommendations Assessment, Development and Evaluation) Working Group
(GWG) and the Confidence in Network Meta-Analysis (CINeMA) framework have been designed to assess the CoE of treatment effects
informed by network meta-analysis; however, the concordance of results is uncertain.

Study Design and Setting: We assessed the CoE for treatment effects of individual opioids on pain relief and physical functioning from
a network meta-analysis for chronic noncancer pain using the GWG approach and the CINeMA framework. Both approaches evaluate the
CoE as high, moderate, low or very low. We quantified the number of discrepant CoE ratings between approaches and the magnitude of the
difference (ie, one level, two levels, or three levels).

Results: Across 105 comparisons among individual opioids for pain relief, the GWG and CINeMA approaches provided different CoE
ratings in 34% of cases (36 of 105). Across 66 comparisons for physical functioning, there was discordance in 17% of cases (11 of 66). All
discrepancies were separated by one level. The CINeMA framework typically provided lower CoE ratings compared to the GWG approach,
predominantly because of differences in the assessment of transitivity and heterogeneity.

Conclusion: Our findings suggest there are differences between the CoE ratings provided by the GWG and CINeMA approaches when
applied to network meta-analyses. Further research is needed to replicate or refute our findings in other network meta-analyses and assess
the implications for clinical decision-making. © 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the
CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Plain language summery

Network Meta-Analysis allows researchers to compare the effectiveness of multiple treatments against each other.
The confidence in treatment effects (how likely they are to be true) is established by evaluating the CoE, which can
be high, moderate, low or very low. We compared two systems for evaluating the CoE for a network meta-analysis
of different opioids for chronic pain: the GWG and CINeMA. We found discrepancies between these approaches were
common, with CINeMA typically providing lower assessments of the CoE than GRADE.

Funding source: This was an unfunded study. JWB is supported, in part, by a Canadian Institutes of Health Research Canada Research Chair in the pre-
vention and management of chronic pain.

* Corresponding author. Department of Anesthesia, McMaster University, HSC—2V9, 1280 Main St. West, Hamilton, Canada, L8S 4K1. Tel.: 905-525-
9140 (x21731); fax: 905-523-1224.

E-mail address: bussejw @mcmaster.ca (J.W. Busse).

https://doi.org/10.1016/j.jclinepi.2024.111276
0895-4356/© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/
4.0/).


http://creativecommons.org/licenses/by/4.0/
mailto:bussejw@mcmaster.ca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jclinepi.2024.111276&domain=pdf
https://doi.org/10.1016/j.jclinepi.2024.111276
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jclinepi.2024.111276

2 A. Noori et al. / Journal of Clinical Epidemiology 169 (2024) 111276

What is new?

Key findings

e Discrepancies in CoE ratings were common be-
tween the GWG and CINeMA approaches when
applied to the same network meta-analysis of opi-
oids for chronic pain.

What this adds to what was known?

e In cases of discrepancy, the CINeMA approach
generally yields a lower CoE compared to the
GWG framework.

e Most discrepancies between CINeMA and the
GWG approaches are the result of differences in
the assessment of transitivity and heterogeneity.

What is the implication and what should change

now?

e Systematic review authors conducting network
meta-analyses should be aware of differences in
CINeMA and GWG approaches when evaluating
CoE, and justify their selected approach.

1. Introduction

Network Meta-Analysis (NMA), an extension of con-
ventional meta-analysis, evaluates the relative effectiveness
of multiple treatments by combining direct and indirect ev-
idence [1,2]. With several available competing interven-
tions and different outcomes to consider, the results of
NMAs are often complex and challenging to interpret [3].
The surface under the cumulative ranking curve approach
calculates the probability that a treatment is among the best
options (with larger values representing higher ranking
probabilities); however, this approach does not consider
the certainty of evidence (CoE) and has the potential to
mislead [4]. Recent guidance from the Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) Working Group recommends a more compre-
hensive approach to rating competing interventions that
considers the CoE of point estimates (including assessment
of clinical relevance) [5].

The Cochrane Collaboration has endorsed the GRADE
approach to evaluate CoE for meta-analyses [6]. Two ap-
proaches that apply GRADE principles for evaluating
CoE of NMA are the GRADE Working Group (GWG)
and the Confidence in Network Meta-Analysis (CINeMA)
framework [7]. Both approaches incorporate risk of bias,
publication bias, indirectness, imprecision, heterogeneity
and incoherence; however, there are several conceptual dif-
ferences between them. Moreover, CINeMA utilizes a
contribution matrix that enables the partial automation of
CoE evaluation, which has been incorporated into a freely

accessible web application. Based on authors’ judgment,
the output can be partially or fully overridden in this soft-
ware. In the current study, we investigated the concordance
of CoE ratings between these systems in an NMA of opi-
oids for chronic noncancer pain.

2. Methods

In this case study, we used the GWG approach [8] and
CINeMA framework to evaluate the CoE for all network ef-
fect estimates for pain and physical functioning in patients
with chronic noncancer pain receiving opioids vs. placebo
or another opioid. Full methodologic details of our NMA
and analysis, which used the GWG approach to assess the
CoE, are described elsewhere [4,9].

2.1. Application of the GRADE principles on NMA
output

Two reviewers applied the GWG approach for both pain
relief and physical functioning independently and in dupli-
cate and resolved any discrepancies by discussion. One
reviewer also assessed CoE in CINeMA framework for
each outcome, and the senior author confirmed the final
assessment. The principles of both approaches are summa-
rized in Table 1. Details regarding the application of each
approach with an example are provided in Appendix A.

2.2. GWG approach

We assessed imprecision of the network estimate in rela-
tion to the anchor-based minimally important difference
(MID) for outcome measures considered. We rated the
network estimate as imprecise if the associated 95% confi-
dence interval (95% CI) included half of the MID: 0.5 cm
for pain on a 0—10 cm visual analog scale [10], and 2.5
points for physical function on the 0—100 points short
form-36 physical component summary score [11]. We eval-
uated heterogeneity of all pooled estimates from direct
comparisons using the I? statistic as per guidance from Co-
chrane [12]. We also visually inspected forest plots for con-
sistency, given that there is no strict cut-off for
heterogeneity interpretation, and adjudication depends on
the direction and magnitude of effects and the strength of
evidence for heterogeneity. The GWG does not recommend
rating down twice in the presence of inconsistency and
imprecision, as these issues are related. We either rated
down the certainty of network by one level if there was ev-
idence of incoherence between the direct and indirect evi-
dence, or used only the direct or indirect evidence if one
provided a higher CoE [13].

2.3. CINeMA framework approach

When the threshold for imprecision is entered as half of
the MID, CINeMA uses two strategies to rate imprecision
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Table 1. Comparison in approaches between GRADE Working Group (GWG) and CINeMA approaches to derive the overall certainty of evidence

Direct evidence

Indirect evidence Network evidence

Domain assessment GWG CINeMA framework GWG CINeMA framework GWG CINeMA framework
Study limitations Yes Yes No Yes - -

Indirectness Yes Yes No Yes - -

Heterogeneity Yes Yes No Yes - -

Publication bias Yes Yes No Yes - -

Intransitivity® No No Yes No - -

Imprecision - - - - Yes Yes

Incoherence - - - - Yes Yes

Automatic compute - - - - No Yes

Overall rating across domains Yes No Yes No Yes Yes

Abbreviations: CINeMA, Confidence in Network Meta-Analysis; GRADE, Grading of Recommendations Assessment, Development and Evalua-

tion; GWG, GRADE Working Group.

2 Intransitivity is assessed as a part of the consideration of indirectness with the CINeMA framework.

of the network estimate: (1) if the point estimate is less than
the threshold (in our case, half of the MID) then the esti-
mate is considered imprecise if the associated 95% CI in-
cludes half of the MID or (2) if the point estimate is
greater than the threshold (eg, half of the MID) then the es-
timate is considered imprecise if the associated 95% CI in-
cludes the null effect (Supplement Figure 1). For
assessment of heterogeneity for each network estimate,
CINeMA considers the agreement between 95% CI and
the prediction interval, which is a range of values between
which the true effect of a new study is likely to lie. For ev-
idence with both direct and indirect estimates available, the
incoherence is judged based on the agreement of direct and
indirect 95% Cls and the P value from a side-split test [7].

2.4. Transitivity assumption

The transitivity assumption requires similarity across the
contributing direct comparisons in terms of the population,
intervention and control, and outcome measure. In the
GWG approach for assessing the CoE of effect estimates
from an NMA, indirect effect estimates may be rated down
for intransitivity. We found a credible subgroup effect in a
previous meta-analysis of opioids based on the duration of
follow-up (<3 months vs. >3 months) [14]. Thus, when
there was a large imbalance (50% or more difference) in
the length of follow-up between the two direct compari-
sons, we rated down the CoE of indirect evidence one level
for intransitivity.

CINeMA also suggests evaluating each included study
according to its relevance to the research question in terms
of effect modifying variables. The rationale for this recom-
mendation is that the effect modifier distribution can only
be evaluated in networks with enough studies available
for a specific comparison. Based on CINeMA guidance
[15], we downgraded the CoE for opioids that were as-
sessed in a single study or only compared vs. placebo
without direct comparisons with other opioids.

2.5. Sensitivity analysis for assessment of imprecision

We conducted a sensitivity analysis incorporating the
imprecision assessment approach used by CINeMA into
the GWG approach to evaluate the robustness of our results
(ie, we reported no concerns with imprecision when the
point estimate exceeded the threshold of half of the MID,
and the CI included half of the MID but not the null effect)
(Supplement Figure 1).

3. Results
3.1. Discrepancies for pain relief

Across 105 comparisons among individual opioids for
pain relief, the GWG and CINeMA approaches provided
different CoE ratings in 34% of cases (36 of 105,
Table 2, Supplement Table 1). Each discrepancy was sepa-
rated by one level; 35 were very low vs. low and one was
moderate vs. low.

3.2. Types of discrepancies

Among these 36 discrepancies, 13 (36%) were related to
intransitivity, 9 (25%) to heterogeneity, 7 (20%) to assess-
ment of imprecision, and 6 (17%) to either intransitivity
or heterogeneity. One discrepancy (2%) resulted because
the GWG approach used the direct estimate with moderate
certainty as the best evidence over the network estimate due
to an inflated 95% CI [16]. For most discrepancies, the
GWG resulted in higher certainty ratings compared with
the CINeMA framework. Specifically, for 25 out of 36 dis-
crepancies, GWG rated the CoE as low, but CINeMA rated
very low; in one of them, the GWG rated the CoE as mod-
erate and CINeMA rated low. For 10 comparisons, GWG
rated the CoE as very low and CINeMA rated low (seven
due to imprecision and three to intransitivity).
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Table 2. Direct, indirect, and network estimates based on the GWG and CINeMA approaches for pain relief on a 10-cm visual analog scale among
patients with chronic noncancer pain

GWG system

Opioid vs. placebo Direct Estimate MD (95% Cl) #of Studies 12 #of patients Direct CoE Indirect Estimate MD (95% CI)
BUP-sublingual —0.87 (-1.11 to —0.63) 2 59 930 M —0.92 (-2.09 to 0.24)
BUP-transdermal —0.61 (-0.78 to —0.45) 6 0 1,471 L —0.8 (-1.35t0 —0.25)
COD-ER —2.03 (—3.09 to —0.97) 1 NA 66 M NA

FEN-transdermal —0.73 (—1.06 to —0.39) 3 0 712 M —0.83 (—1.47 to —0.19)
HMOR-ER —0.41 (-1.1 to 0.27) 3 90 1,621 L —0.64 (-1.29 to 0)
HYD-ER —0.53 (-0.74 to —-0.32) 3 0 1,260 M NA

MPH-ER —0.93 (—1.23 to —0.62) 9 0 880 M —0.75 (—-1.25 to —0.25)
OMOR-ER —1.51 (-2.3 to —0.72) 3 73 619 L NA

OXY-ER —0.76 (—1.18 to —0.35) 13 85 3,579 L —0.6 (—1.03 to —0.16)
TPN-ER —0.73 (—-1.02 to —0.43) 9 62 3,085 M —-1.2(-1.9 to —0.49)
TPN-IR NA NA NA NA NA —1.09 (-2.22 to 0.04)
TRA-ER —0.74 (—0.94 to —0.54) 11 37 4,202 M —0.93 (-1.56 to —0.3)
TRA-IR —-1.13 (-1.76 to —0.5) 4 66 545 M —0.97 (-2.03 to 0.1)
OXY-IR NA NA NA NA NA —0.99 (-1.81 to —0.17)

Results are mean difference (95% Cls) from DerSimonian and Laird random-effects meta-analysis.
Direct estimates were rated down in the presence of risk of bias (ROB), indirectness, publication bias, or heterogeneity.
Indirect estimates were rated down in the presence of intransitivity.
Network estimates rated down in the presence of incoherence or imprecision (either due to inclusion of the half MID in the 95% ClI, or because
the evidence was supported by a small number of participants that failed to meet the optimal information size (<300).
Abbreviations: H, high certainty of evidence; M, moderate; L, low; VL, very low. MPH, morphine; FEN, fentanyl; BUP, buprenorphine; OXY,
oxycodone; TPN, tapentadol; TRA, tramadol; HMOR, hydromorphone; OMOR, oxymorphone; COD, codeine; HYD, hydrocodone. ER, extended
release; IR, immediate release; CINeMA, Confidence in Network Meta-Analysis; GRADE, Grading of Recommendations Assessment,
Development and Evaluation; GWG: GRADE Working Group; CoE, certainty of evidence; ROB, risk of bias; NMA, Network Meta-Analysis.

@ Used the direct estimate as the best evidence over the network estimate because of the inflated 95% CI of network estimation.

® Downgraded due to intransitivity concern as this opioid was poorly connected to the network or assessed in a single study.

3.3. Discrepancies for physical functioning For physical function, all comparisons (a total of 41)
involving ER codeine, ER hydrocodone, sublingual bupre-
norphine, and ER tramadol were rated down due to intran-
sitivity in the CINeMA framework. Using the GWG
approach, 32 of them (78%) were rated down due to

intransitivity.

Across 66 comparisons between individual opioids for
physical functioning, the GWG and CINeMA approaches
provided different CoE ratings in 17% of cases (11 of 66;
Supplement Table 2); all discrepancies were separated by
one level (eg, very low vs. low).

3.4. Type of the discrepancies
3.6. Heterogeneity
Six out of 11 discrepancies were related to assessment of

heterogeneity (54%), four due to transitivity considerations
(36%), and one was due to either heterogeneity or transi-
tivity (10%). For all 11 discrepancies, GWG rated the
CoE as low and CINeMA as very low.

The GWG evaluates heterogeneity for direct evidence
based on the I statistic; however, CINeMA considers het-
erogeneity for each network estimate according to the
agreement between the 95% CI and the prediction interval.
For pain relief, CINeMA rated down 55 out of 105 compar-
isons (52%) for heterogeneity, however, GWG only evalu-

3.5 Int itivi
reransinvily ated 15 out of the 105 comparisons for heterogeneity (only

Using the CINeMA framework, all comparisons (a total
of 58) involving extended release (ER) codeine, ER hydro-
codone, ER oxymorphone, immediate release (IR) oxyco-
done, and IR tapentadol were rated down due to
intransitivity for pain relief, as they were informed by a sin-
gle study or were not connected to other opioids in the
network. In the GWG approach, 36% (21 out of 58) of them
were rated down for violating the transitivity assumption.

comparisons for which at least two studies included the
comparison). Among the 15 comparisons assessed by both
the GWG and CINeMA approaches, (1) seven were as-
signed concerns based on heterogeneity by CINeMA but
not the GWG, (2) the GWG assigned concerns to two that
CINeMA did not, and (3) for six comparisons both the
GWG and CINeMA were in agreement—three were as-
signed concerns and three were not.



A. Noori et al. / Journal of Clinical Epidemiology 169 (2024) 111276 5

GWG system CINeMA framework
Indirect CoE NMA estimate MD (95% CI) NMA CoE NMA estimate NMA CoE Reasons
L —0.86 (—-1.35 to —0.38) m? —0.86 (-1.37 to —0.35) L ROB Heterogeneity
M -0.71 (-1 to —-0.41) L —0.71 (-1.02 to —0.40) L ROB Heterogeneity
NA —2.03 (—-3.28 to —0.78) —2.03 (-3.31 to —0.74) L ROB Intransitivity®
-0.78 (-1.18 to —0.39) L -0.78 (-1.19 to —0.36) L ROB Heterogeneity
—0.52 (-0.88 to —0.16) VL —0.51 (-0.89 to —0.13) L ROB Heterogeneity
NA —0.53 (-0.97 to —0.09) L —0.53 (-0.99 to —0.06) VL ROB Heterogeneity Intransitivity”
M —0.86 (—=1.17 to —0.56) M —0.86 (—1.18 to —0.55) M ROB
NA —1.47 (-2.03 to —0.91) L —-1.68 (—2.18 to —1.18) ROB Intransitivity®
M —0.66 (—0.89 to —0.44) L —0.66 (—-0.89 to —0.43) ROB Heterogeneity
L —0.81 (—1.08 to —0.53) M —0.80 (-1.09 to —0.51) M ROB
M —1.09 (—2.22 to 0.04) L —1.09 (—2.28 to 0.09) VL ROB Imprecision, Intransitivity”
L —0.80 (—1.05 to —0.55) M —0.80 (—1.06 to —0.54) M ROB
L —1.09 (-1.54 to —0.65) M —1.09 (—1.55 to —0.63) M ROB
M —0.99 (-1.81 to —0.17) L —0.99 (-1.85t0 —0.13) VL ROB Heterogeneity Intransitivity”

3.7. Imprecision

Using the GWG approach for pain relief, we rated down
the network estimates for transdermal buprenorphine and
fentanyl, ER hydromorphone, ER hydrocodone, ER oxyco-
done, and IR oxycodone vs placebo for imprecision, as the
associated 95% CI included half the MID. Further, for the
comparison of ER codeine vs placebo, the GWG approach
rated the CoE down one level due to imprecision, as the
direct evidence was informed by less than 300 observations.
These comparisons were not rated down using the CINeMA
framework.

3.8. Sensitivity analysis

By using the same approach for adjudicating imprecision
for both the GWG and CINeMA approaches, the number of
discrepancies between frameworks decreased to 31% of
cases for pain relief (33 of 105 comparisons). Specifically,
13 (40%) of discordant ratings were related to intransitivity,
12 (36%) to heterogeneity, 6 (18%) to either heterogeneity or
intransitivity, and two (6%) for both heterogeneity and
intransitivity. Of the 33 discrepancies, CINeMA assigned a
lower rating than the GWG approach for 91% (30 of 33):
(1) GWG rated the CoE as low, but CINeMA rated very
low for 24, (2) GWG rated the CoE as moderate and

CINeMA rated low for four, and (3) GWG rated the CoE
as moderate and CINeMA rated very low for two. For three
comparisons, CINeMA assigned a higher CoE than GWG:
low vs. very low (all due to intransitivity).

In our sensitivity analysis for physical function, there
were discordant ratings in the CoE between frameworks
for 12 of 66 of comparisons (18%). Seven related to assess-
ment of heterogeneity (58%), four due to transitivity con-
siderations (33%), and one was due to either
heterogeneity or transitivity (9%). In all cases, the GWG
approach rated the CoE higher than CINeMA (ie, 11 low
vs. very low, one moderate vs. low) (Supplement Tables 3
and 4).

4. Discussion

We identified discrepancies in 27% of CoE ratings be-
tween the GWG and CINeMA approaches when applied
to an NMA of opioids for chronic noncancer pain. Dis-
agreements were separated by one level of magnitude in
CoE ratings and were predominantly due to considerations
around intransitivity or heterogeneity. When discordant,
CINeMA tended to provide lower CoE ratings vs. the
GWG approach. For imprecision, the GWG approach rated
down the CoE more often than CINeMA.
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Regarding the assessment of imprecision, CINeMA as-
signs no concerns if the 95% CI associated with the
network estimate suggests benefit far from null and does
not include the null effect. For example, the network esti-
mation of the comparison between transdermal buprenor-
phine vs. placebo was —0.71 cm (95% CI —1.00 to
—0.40 cm on a 10-cm visual analog scale for pain); the
network estimate was not rated down in CINeMA because
the 95% CI did not include the null effect. Thus, the
CINeMA approach is effectively rating certainty in the null
effect. Using the GWG approach, we rated our certainty
with respect to the threshold of half of the MID whether
the true effect was greater or less than the MID. Thus,
we rated down one level for imprecision since the 95%
CI included half of the MID and values below this were felt
to be unimportant to patients [17].

The baseline CoE for the network estimate (before
intransitivity, heterogeneity, and imprecision are assessed)
was not a source of inconsistency between rating systems,
likely because of very limited variability; however, GWG
and CINeMA do use different approaches. Even after
removing differences in the assessment of imprecision
through our sensitivity analysis, there remained substantial
discordance as a result of different approaches to the
assessment of transitivity and heterogeneity.

The baseline CoE of some network estimates was
informed by only indirect evidence and others by both
direct and indirect evidence. Generally, in complex net-
works, there are multiple comparisons informing indirect
evidence, including first-order loops and higher. GWG fo-
cuses on the most dominant first-order loop which usually
contributes the most information to the indirect estimate. In
cases in which the network estimate is informed by both
direct and indirect evidence, the GWG approach uses the
higher CoE of the two to inform the baseline network
CoE. The rationale is two-fold: first, the higher rated evi-
dence is typically more precise, second, in the absence of
serious incoherence, the evidence (direct or indirect) asso-
ciated with lower CoE is not likely to reduce the confi-
dence of the network estimate [6]. The CINeMA
approach does not choose a source of evidence to inform
the baseline CoE estimate for the network estimate.
Instead, CINeMA considers the CoE of all evidence based
on contribution matrix to inform the baseline network esti-
mate [18].

Ours is the first study to compare the concordance of
CoEs between the GWG and CINeMA approaches for eval-
uating the certainty of network estimates, but there are lim-
itations to our study. First, our findings are based on a
single case study and the generalizability to other contexts
is uncertain. Second, most of the evidence in our NMA of
opioids for chronic pain was rated as low or very-low cer-
tainty and this limited variability may have attenuated dif-
ferences between the GWG and CINeMA approaches.
Despite this, discrepancies in CoE ratings were common.
Finally, the interpretation and effect of using weights for

rating the CoE in different NMA may change according
to the network geometry, the amount of direct evidence
available, and the degree of differences in risk of bias or
indirectness across the comparisons of the network.

5. Conclusion

Our findings suggest that differences between CoE rat-
ings provided by the GWG and CINeMA approaches when
applied to network meta-analyses are common. When dis-
crepancies arise, the CINeMA approach typically provides
lower CoE ratings than the GWG approach predominantly
because of differences in the assessment of transitivity and
heterogeneity. Further research, ideally with greater vari-
ability in CoE ratings, is needed to confirm our findings
in other NMA and assess the implications for clinical deci-
sion-making.
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