
Systematic reviews and analyses of relevant studies still serve important roles in providing unbiased,
reproducible means to identify differences in efficacy and effectiveness of pharmaceutical and other medical
interventions[8]. Many publications have described optimal methods for conducting these reviews to permit
replication by third parties, such as HTA agencies and other researchers[9]. Manufacturers use these as well,
not only to submit dossiers for HTAs from payers, but often in communication to support their products. Although
the case for not replicating reviews has been made[10], often they are repeated, both to replicate the results or
to confirm or correct results.

In this analysis of four primary SLRs and NMAs, our search methods, based on the authors’ descriptions,
identified all articles in two of the SLRs. In the other two SLRs, we identified additional studies that matched the
evidence based on the authors’ criteria and were not included in the original. A careful reading of their
methods did not provide sufficient information as to whether the authors had omitted those articles
intentionally or had missed identifying them and would have included them in these analyses. We did not
investigate the impact of including those additional studies in the analyses here, and the impact might have
been negligible. Indeed, others have suggested that SLRs need not include all relevant articles, but only an
optimal set to permit assessment[11]. However, when a review and analysis includes only 9 studies (as in the case
of multiple myeloma), adding two more studies may alter the results. In any case, a more transparent method
of recording the search process, from search strings based on the PICO protocol, to rationale for study screen
and selection, will more readily facilitate replication by future investigators. Ideally, this would allow other
investigators to access the search strings directly to replicate. Similarly, online access to the results of the search
strategy and screening would permit investigators to replicate the steps taken for inclusion or exclusion with a
higher level of transparency.

When we sought to replicate the analyses, a similar lack of transparency either prohibited performing the
analysis (MM and PP), or yielded varied results. Although the results varied in the replication (as in case of
multiple sclerosis), it may not have had a significant impact on the final conclusion. On the other hand, the
relative rank of the agents investigated in T2DM changed substantially, with four of the agents taking a lower
rank and 4 agents improving. It is important to note that the absolute measures of efficacy (the point estimates
of mean difference in HbA1c compared to placebo) did not change significantly for each agent. This lack of
absolute difference may not reflect a major clinical difference. On limited payer formularies for agents to treat
T2DM, it is feasible that such relative rank shift could disadvantage one or more agent.

As with transparency in the search strategy described previously, access to decisions taken during analysis
would greatly facilitate replication. The code used to generate the results should be visible and available for
download. Decisions taken during the course of analysis regarding ontology or pooling of outcomes agents
should be documented and visible to those who would like to replicate the analyses.

The continued relevance of SLRs and comparative analyses such as NMAs highlight the importance of
transparency in methods. Despite technological advances in the software that enhances data storage,
extraction, and analysis over the past 25 years, the inadequate adoption of these software enhancements
compromise the replication of search and analysis techniques. We propose that implementation of these
advances will permit ready replication and improved dialogue between life sciences companies with providers
and payers, to ensure patients have access to appropriate therapies.
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OBJECTIVES: This work assessed the transparency and replicability of manual methods with comparison to
software-assisted replication for search and analysis of published systematic literature reviews (SLRs) and
network meta-analyses (NMAs).

METHODS: We attempted to replicate the search results and analyses of four previously published NMAs from
the United States and Europe on multiple myeloma (MM), plaque psoriasis (PP), type 2 diabetes mellitus (T2DM)
and multiple sclerosis (MS). Based on the published search criteria, we identified the articles that would be
eligible for analyses. Software-assisted extraction and analyses were used to record and store decisions made
at each step of conducting the SLRs and NMAs. Analytic results from the replication were compared to the
published results.

RESULTS: Search replication: Seventy-seven studies were included in the original SLR: MM=9, MS=33, PP=28,
T2DM=7. The replication SLR analysis identified 80 studies: MM=11, MS=34, PP=28, T2DM=7. Factors that hindered
replication included ambiguously reported search strategies, and exclusion of eligible studies with unclear
rationale (MM and MS). Analysis replication: Even when using the same studies from the original published SLRs
and NMAs, insufficient details on analytical methods (MM), data extraction errors (PP), and unclear grouping of
outcomes (T2DM) prevented replication of results. This impacted relative ranking of studies with regard to
outcomes (T2DM and MS).

CONCLUSIONS: Challenges in replicating SLRs and NMAs result from internal errors and lack of transparency. In
this analysis, unclear description of analytic methods in published literature resulted in discrepant results
between the original and replicated SLR and NMA. Use of digital platforms with artificial intelligence
technology overseen by expert methodologists allows for more transparency which may improve quality and
improve replicability.

Systematic literature reviews (SLRs) and meta analyses, including network meta analyses (NMAs), are key
components to inform and guide medical practice, health policy, and payer decision-making[1]. The processes
to conduct these are fairly well understood but not uniformly performed. Investigators start with a well-defined
research question and craft the protocol development using the patient, intervention, comparator, and
outcome (PICO) format. They search specified databases for a particular time period, screen the results, assess
the evidence, and perform the analyses [1]. The two key areas for replication are the search and analysis
portion, as these permit oversight for decision-making and application of these efforts.
• Traditional manual approaches to conducting SLRs for health technology assessment (HTA) submissions and

clinical practice guideline development are time and labor intensive, with a high possibility of human error,
potentially compromising reliability, validity, and transparency of the work done [2-5].

• Recent advances in computer technology have enabled high-fidelity representations of data extracted
from published literature to be used in conducting SLRs and NMAs.

• Despite these advances, many organizations still rely on manual methods and technologies for preparing
necessary documents for submissions to HTA agencies, obscuring proper interpretation and replicability.

The aim of this study was to see how closely we could replicate the results of search, and separately, analyses
of SLRs and NMAs.
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• Two of the original SLRs (PP, DM) contained substantial discordances with the replicated results that
materially prevented reproduction (Table 2). The other two SLRs (MM, MS) did not describe how the hazard
ratio was obtained. These did not fundamentally alter the interpretation of the results, but still prevented
perfectly aligned replication.

• The MS review (Table 3) had generally consistent replication of analysis. Of the 16 medications compared
for annualized relapse rate in the network meta analyses, only two cases of rank position change occurred.
Rituximab 1000mg IV and ocrelizumab 600mg switched from 3rd and 4th rank respectively. Similarly, IFNß-1a
22mcg and teriflunomide 7mg switched 14th and 15th positions.

• Rate ratios of intervention vs. placebo in the primary and replication analyses were not significantly different,
with largely overlapping 95% CI, even when rank order changed.

Search Replication: We identified four SLRs with NMAs from the literature that represented oncology (MM),
immunology (PP), endocrinology (T2DM), and neurology (MS). The intent was to provide a broad array of
chronic diseases that have a recognized impact in both prevalence and health care costs. We also sought
representative publications from the United States and the United Kingdom. From these publications, we used
the information that described the PICO strategies to create search strings to run on the pre-specified libraries,
data sources, and time frame. We complemented these search strings with hand searches through relevant
grey literature and other sources.
• Findings in four SLRs on MM, PP, T2DM, and MS submitted to three non-governmental and one governmental

agency in the United States and Europe were replicated, using the PICO criteria, timeframe, and study
design specified.

• Elements that obscured methodology were recorded for each review.
• Articles selected had to meet the PICO criteria, unless the authors provided explicit rationale for exclusion.
Analyses Replication: Based on the methods described in the publications, we attempted to recreate the
analytic results, using the same articles identified in each search. We did not attempt to use the same analytic
tool, but sought to replicate the analytic methods.
• Replication was performed using software-assisted extraction and analysis tools to record and store decisions

made at each step of the analyses.
• Available descriptions on the methods in each review were used for replication, including PICO inclusion

criteria and methods of statistical analyses.
• Concordance and discordance between the original and replicated reviews were measured using

differences between the efficacy rankings, and point estimates.

RESULTS

• In contrast, for T2DM, the differences in analyses of change in glycated hemoglobin (HbA1c) compared to
placebo resulted in rank order differences for all but two of the ten medications considered (Table 4). Four
medications lost rank: canagliflozin 300mg changed from 1st to 2nd; canagliflozin 100mg dropped from 3rd to
4th; vildagliptin 50mg dropped two positions from 8th to 10th; the largest change was for gliclazide which
dropped from 4th to 7th. HbA1c change mean difference of intervention vs. placebo changed from -0.95 to
-0.63, though the 95% CI largely overlapped.

• Several drugs improved levels. Pioglitazone 30mg improved by one level, from 2nd to 1st. Empagliflozin 25mg,
empagliflozin 10mg, and dapagliflozin 10mg each improved by 2 levels, from 5th to 3rd, 7th to 5th, and 10th to
8th, respectively.

Analysis Replication
• Two of the original SLRs (PP, DM) contained substantial discordances with the replicated results that

materially prevented reproduction (Table 2). The other two SLRs (MM, MS) did not describe how the hazard
ratio was obtained. These did not fundamentally alter the interpretation of the results, but still prevented
perfectly aligned replication

Disease State Challenge Number of 
Articles in Review

Number (%) of articles 
affected Impact on Replication

Plaque Psoriasis

Missing data from source 
publication 28 5 (18) Unable to replicate

Unclear pooling of 
outcomes variables 28 1 (4) Unable to replicate

Multiple Myeloma
Multiple Myeloma

Variance of distribution not 
clearly calculated 9 2(22) Unable to replicate 

analyses

Assessment of bias not 
clearly performed in 
retrospective study

9 1 (11) Analyses performed 
but qualified

Original Review Replication Review

Treatment 
Rate Ratio vs Placebo 

(95% CI) Ranking Ranking
Rate Ratio vs Placebo 

(95% CI)

Alemtuzumab 12mg 0.29 (0.22-0.36) 1 1 0.27 (0.20-0.35)

Natalizumab 300mg 0.31 (0.25-0.40) 2 2 0.31 (0.24-0.42)

Rituximab 1000mg IV 0.42 (0.18-1.00) 3 4 0.43 (0.20-1.00)

Ocrelizumab 600 mg 0.43 (0.34-0.54) 4 3 0.35 (0.28-0.43)

Daclizumab 150mg 0.47 (0.38-0.58) 5 5 0.46 (0.37-0.56)

Fingolimod 0.5mg 0.47 (0.39-0.55) 6 6 0.46 (0.39-0.56)

Dimethyl Fumarate 
240mg 

0.5 (0.41-0.61) 7 7 0.5 (0.40-0.62)

PegINFß-1a 125mcg 0.63 (0.47-0.86) 8 8 0.64 (0.47-0.87)

Glatiramer 20mg 0.65 (0.57-0.72) 9 9 0.64 (0.57-0.71)

IFNß-1b 250 SCmcg 0.65 (0.55-0.76) 10 10 0.65 (0.57-0.75)

IFNß-1a 44mcg 0.66 (0.57-0.74) 11 11 0.66 (0.58-0.73)

Teriflunomide 14mg 0.66 (0.57-0.79) 12 12 0.66 (0.56-0.79)

Glatiramer 40mg 0.67 (0.52-0.87) 13 13 0.67 (0.52-0.85)

IFNß-1a 22mcg 0.75 (0.63-0.91) 14 15 0.75 (0.65-0.88)

Teriflunomide 7mg 0.77 (0.66-0.92) 15 14 0.74 (0.63-0.88)

IFNß-1a 30mcg 0.83 (0.74-0.94) 16 16 0.81 (0.74-0.91)

Table 3: Change in Relative Rank of Efficacy (Annualized 
Relapse Rate) from Replication Analysis of NMA for Multiple 
Sclerosis

Search Replication
• Table 1 displays the discrepancies resulting from replicating the search based on PICO description.
• The original SLR identified 77 included studies: 9 in MM, 33 in MS, 28 in PP, 7 in T2DM, while the replication of

SLR analyses identified 80 studies: 11 in MM, 34 in MS, 28 in PP, 7 in T2DM.
• All articles identified in the original studies were identified in the replication study searches, for both PP and

T2DM matching exactly.
• In the two studies with discrepancies (MM and MS), these ranged from an increase of 3% to 22% of original

studies.
• In both cases where additional studies were identified, they met the PICO criteria. The authors did not

provide information on why they had excluded these studies.
• The additional studies identified in MM were found through hand-search. While these study designs did not fit

the regular search criteria, the authors included other studies with this design in their analysis with no clear
rationale for including certain studies and rejecting others.

• In MS the search yielded an additional equivalency randomized controlled trial (RCT) against placebo that
fit all search parameters. The placebo arm allowed pooling into qualitative analysis. There was no clear
rationale given for rejection of this study.

Disease State Articles in Original Review Articles in Replication Difference (%) Reasons for discrepancy

Multiple Myeloma 9 11 2 (22)

We found the search through hand-search. 
These study designs did not fit the regular 
search criteria. However, other studies with this 
design were included in the publication. There 
was no clear rationale for including certain 
studies and rejecting others

Plaque Psoriasis 28 28 0 (0) NA

Type 2 Diabetes Mellitus 7 7 0 (0) NA

Multiple Sclerosis 33 34 1 (3)

Our regular search yielded a study that fit all 
criteria for search parameters. Although it was 
an equivalency study, it was an RCT with 
placebo comparison. The placebo arm 
allowed pooling into qualitative analysis. There 
was no clear rationale given for rejection of 
this study.

Table 1: Search Replication Results for Systematic Literature Reviews in Multiple Myeloma, Multiple Sclerosis, Plaque Psoriasis, and Type 2 Diabetes Mellitus 

(continuation)

Table 2:  Analytic Challenges and Impact of Replicating Analyses in Multiple Myeloma and Plaque Psoriasis

DISCUSSION

The replication of these search and analyses relied on reading the original publications and attempts to
contact the authors directly when the written descriptions of methods were unclear. We were not able to
speak with authors in all cases, which may have affected replication. Search repeatability has been shown to
be variable, which may have impacted our results here[6-7].
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Original Review Replication Review

Intervention Mean Difference vs 
Placebo (95% CI) Ranking Mean Difference vs 

Placebo (95% CI) Ranking Change 
in Rank*

Canagliflozin
300mg -1.19 (-1.34 to -1.04) 1 -1.1 (-1.37, -0.791) 2 -1

Pioglitazone 
30mg -1.13 (-1.49 to -0.78) 2 -1.6 (-2.48, -0.752) 1 +1

Canagliflozin
100mg -0.95 (-1.06 to -0.84) 3 -0.91 (-1.18, -0.62) 4 -1

Gliclazide 80mg -0.95 (-1.27 to -0.64) 4 -0.63 (-1.17, -0.0916) 7 -3

Empagliflozin
25mg -0.88 (-0.99 to -0.77) 5 -0.95 (-1.35, -0.626) 3 +2

Sitagliptin
100mg -0.76 (-0.87 to -0.65) 6 -0.75 (-1.01, -0.514) 6 0

Empagliflozin
10mg -0.76 (-0.87 to -0.65) 7 -0.82 (-1.2, -0.49) 5 +2

Vildagliptin
50mg -0.72 (-0.98 to -0.46) 8 -0.50 (-0.901, -0.096) 10 -2

Linagliptin 5mg -0.61 (-0.71 to -0.51) 9 -0.56 (-0.78, -0.324) 9 0

Dapagliflozin
10mg -0.59 (-0.70 to -0.48) 10 -0.59 (-0.885, -0.328) 8 +2

Table 4: Change in Relative Rank of Efficacy (Change in HbA1c 
compared to placebo) from Replication Analysis of NMA for T2 
Diabetes Mellitus
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