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Abstract

Background: A meta-analysisis aquantitative, formal study design in epidemiology and clinical medicine that systematically
integrates and quantitatively synthesizes findings from multiple independent studies. This approach not only enhances statistical
power but al so enablesthe exploration of effects across diverse popul ations and hel psresol ve controversies arising from conflicting
studies.

Objective: This study aims to develop and implement a user-friendly tool for conducting meta-analyses, addressing the need
for an accessible platform that simplifies the complex statistical procedures required for evidence synthesis while maintaining
methodological rigor.

Methods: The platform available at MetaAnalysisOnline.com enables comprehensive meta-analyses through an intuitive web
interface, requiring no programming expertise or command-line operations. The system accommodates diverse datatypesincluding
binary (total and event numbers), continuous (mean and SD), and time-to-event data (hazard rates with CIs), while implementing
both fixed-effect and random-effect model s using established statistical approaches such as DerSimonian-Laird, Mantel-Haenszel,
and inverse variance methods for effect size estimation and heterogeneity assessment.

Results: In addition to statistical tests, graphical representations including the forest plot, the funnel plot, and the z score plot
can be drawn. A forest plot is highly effective in illustrating heterogeneity and pooled results. The risk of publication bias can
be revealed by afunnel plot. A zscore plot provides avisual assessment of whether more research is needed to establish areliable
conclusion. All the discussed model s and visualization options are integrated into the registration-free web-based portal. Leveraging
MetaAnalysisOnline.com's capabilities, we examined trestment-rel ated adverse eventsin patients with cancer receiving perioperative
anti—PD-1 immunotherapy through a systematic review encompassing 10 studies with 8099 total participants. Meta-analysis
revedled that anti—PD-1 therapy doubled the risk of adverse events (risk ratio 2.15, 95% CI 1.39-3.32), with significant

between-study heterogeneity (12=95%) and publication bias detected through the Egger test (P=.02). While these findings suggest
increased toxicity associated with anti—PD-1 treatment, the z score analysis indicated that additional studies are needed for
definitive conclusions.

Conclusions:  In summary, the web-based tool aims to bridge the void for clinical and life science researchers by offering a
user-friendly alternative for the swift and reproducible meta-analysis of clinical and epidemiological trials.

(J Med Internet Res 2025;27:e64016) doi: 10.2196/64016
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Introduction

Systematic literature reviews in medicine summarize the
best-proven knowledge from a research domain into a single
paper [1]. A meta-analysis is the statistical combination of
results from at least 2 separate studies which can serve as a
powerful tool for summarizing, integrating, and interpreting
guantitative research findings from the collected sources. The
first potential advantage of a meta-analysis is its capacity to
enhance precision. Many studies, when considered in isolation,
may be too small to provide convincing evidence about
intervention effects, and ameta-analysis of multiple studiescan
provide the necessary power to investigate whether interventions
have an impact on the incidence of rare events.

Second, meta-analyses allow for the exploration of questions
not explicitly addressed by individual studies. Primary studies
often focus on specific participant types and interventions with
well-defined parameters. By incorporating studies with diverse
characteristics, it becomes possibleto investigate the cons stency
of effects across a broader range of populations and
interventions. Additionally, this approach may shed light on
reasons for variations in effect estimates.

Third, meta-analyses can play arole in settling controversies
that may arise from apparently conflicting studies or in
generating new hypotheses. The statistical synthesis of findings
enables formal assessment of conflicting results, providing a
means to explore and quantify the reasons for different
outcomes.

On the other hand, meta-analyses can be limited by inadequate
search strategies, lack of clarity on comparators, insufficient
assessment of risk of biasin primary studies, failure to address
heterogeneity across studies, and the use of inappropriate or
nonstandard methodological approaches, al of which can
undermine the reliability and validity of the conclusions drawn
[2]. Recent systematic evaluation of meta-analysesfocusing on
digital biomarker interventions revealed significant
methodol ogical inadequacies, with 92% of studiesdemonstrating
critically low quality, highlighting the need for more rigorous
methodological approaches in meta-analytic research [3].
Furthermore, meta-analyses often fail to adequately consider
important demographic factors and subgroup analyses, as
evidenced by arecent overview of systematic reviewsondigital
technologies in chronic obstructive pulmonary disease where
only 1 out of 30 reviewsincluded age-based subgroup analysis,
despite the potential impact of such factors on treatment
outcomes and clinical applicability [4].

Here, the study aimsto establish anew web portal for thesimple
and rapid execution of meta-analysisstudies. Inameta-analysis,
first, asummary statistic iscomputed for each study to describe
the observed intervention effect uniformly across all studies.
Then, a combined intervention effect estimate is calculated as
aweighted average of the intervention effects estimated in the
individual studies. We list options used by our web-based tool
and for an all-inclusive description of the different approaches
we suggest consulting statistical paperslike the publications by
Haidich [5] and by Tawfik et al [6]. In the last part of our paper,
we describe a sample application where we analyzed the
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correlation between immune checkpoint blockade and adverse
events.

Methods

Web-Based Meta-Analysis Portal

Our main goal wasto create aweb-based application that allows
usersto perform acomplete meta-analysis of clinical trialswith
minimal effort. For this, we established a user-friendly portal
that isaccessiblein any major web browser. Theweb application
is running on an Ubuntu server (Canonical Ltd) powered by
Apache. The application can be used to perform meta-analyses
using binary (using total and event numbers), continuous (using
mean and SD data), and time-to-event data (using hazard ratio
and ClI data). The results of each study can be pasted from
commonly used spreadsheet applications like Microsoft Excel.

The calculations and plots used by the web-based system are
done using meta, RTSA, and metafor packages in R
programming environments (version 4.2.2; R Foundation for
Statistical Computing). The Shiny user interface was created
by using the shinyjs, shinydashboard, and rhandsontable R
packages. The portal generates a forest plot to summarize the
results of the meta-analysis. A 2-tailed P value below .05
indicates significance and is displayed in the analysis results.
MetaAnalysisOnline.com usesthe DerSimonian-Laird estimator
to estimate tau-square [7].

In addition to the forest plot, afunnel plot isdisplayed to detect
potential bias visually, and a z score plot is used for assessing
the power achieved by the cumulative sample number. While
there is commercial software avalable for performing a
meta-analysis [8], the portal we developed can be accessed
completely free, without the need for registration or logging in.

The Implemented Statistical Methods

Experimental dataaretypically classified into 2 main categories:
clinical data, which detail the effects of specific treatments on
individual participants; and epidemiological data, which unveil
patterns of disease or mortality in groups of participants exposed
to either single agents or various substances. The most common
classification in such studies uses categorical variables. A
categorical variable is nonnumerical, relying on qualitative
properties such astreatment arm, race, or gender, among others.
Unlike numerical variables, categorical variableslack aspecific
ordering and assume values from afinite set of possibilities.

In MetaAnalysisOnline.com, the 2 study arms can be compared
by either the fixed-effect model or the random-effect model.
Thefixed effect model operates on the assumption that asingle
true effect size underlies all studiesin the meta-analysis, hence
the term “fixed effect” or “common-effect” or sometimes
“equal-effects” Any variationsin observed effects are attributed
to sampling error. Therandom effects model positsthat thetrue
effect may vary across studies due to inherent differences or
heterogeneity between them. As studies encompass diverse
participant compositions and different interventions, individual
studies may yield varying effect sizes. If an infinite number of
studies were conducted, the effect estimates from all studies
would conformto anormal distribution and the pooled estimate
would then represent the mean or average effect. The assumption
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isthat the effect sizes observed in conducted studies represent
arandom sample from the universe of al possible effect sizes,
hence the term “random effects’ [9]. The random effects
approach for aggregating evidence from a series of experiments
that compare 2 treatments was originally proposed by
DerSimonian and Laird [7]. They integrated the heterogeneity
of effects into the analysis, providing a comprehensive
assessment of the overall treatment efficacy. The heterogeneity

can be assessed using the 12 and 2 statistics, where the 2
represents the between-trial variance of the effect size. The

squareroot of the 2 providesan estimate of the SD of the effects

in the analyzed studies. High values of 2 indicate substantial
heterogeneity among the effect sizes, suggesting that the true
effects are not consistent across studies and may be influenced

by other factors[10]. The I? method, developed by Higgins and
Thompson [11], offers a percentage value representing the
variability observed in the effect size, independent of sampling
error. One of its advantages lies in the ease of interpreting its

results; 12 percentages of 25% correspond to low, 50% to
medium, and 75% to high levels of heterogeneity, respectively
[12].

There are 4 commonly used methods of meta-analysis for
dichotomous  outcomes: 4  fixed-effect methods
(Mantel-Haenszel [13], Peto, Bakbergenuly [14], and inverse
variance) and 1 random-effect method (DerSimonian and Laird
inverse variance [7]). The Peto method is limited to combining
oddsratios (ORs), whilethe other 3 methods can combine ORs,
risk ratios, or risk differences. The Mantel-Haenszel method is
a fixed effect meta-analysis method that uses a different
weighting scheme depending on thetype of effect measurebeing
used (eg, risk ratio or OR) [13]. A relatively recent devel opment
isthe Bakbergenuly sample-size-weighted estimator approach,
which offers an alternative by using aweighted average where
each study’s weight is determined by its effective sample size
[14]. In the fixed effect model, the weights are calculated as
w;=1/v; where v, represents the variance of the study. In the
calculation, aso known astheinverse variance method, studies
with lower variances are weighted higher. In the random effect
model, the calculation of weights is different, and the formula
is =1/ ( %+v;), where 2 represents the square of the variance
of the distribution of true effect sizes. The inverse-variance
method’s key advantage is its wide applicability, as it can be
used for all effect measures and not only for OR, risk ratio, or
risk difference. For its execution, we need to have the point
estimate and the variance of the treatment effect in each study

[71.

Quantitative variables can be either discrete or continuous.
Discrete variables are constrained to a finite number of values
(such as whole numbers), whereas continuous variables can
assume any value, including all possible values within a given
range (extending to an infinite number of decimal places).
Standard methods for meta-analysis of continuous datarely on
the assumption that the outcomes follow a normal distribution
within each intervention arm in each study. The 3 commonly
used summary statistics for ameta-analysis of continuous data
include the mean difference (MD), the standardized mean
difference (SMD), and the ratio of means. The choice of
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summary statistics for continuous data primarily depends on
whether studies report the outcome using the same scale (in
which case MD is used) or different scales (in which case the
SMD s typicaly used). In the MD approach, the SDs and
sample sizes are used to calculate the weight assigned to each
study and studies with smaller SDs are given relatively larger
weights. Inthe SMD approach, the SDs are used to standardize
the MDsto asingle scale and are al so used in the computation
of study weights. When comparing with MD, interpreting the
results can be challenging due to the need to categorize the
SMD. Typically, we usethe categories outlined by Cohen, which
indicate that an SMD of approximately 0.2 corresponds to a
small effect, around 0.5 signifies a moderate effect, and
approximately 0.8 indicates a large effect [15]. In addition to
MD and SMD, MetaAnalysisOnline.com also includestheratio
of means, a more recent solution where instead of using the
difference between groups, the log-transformed ratio of the
means of the groups is used in the analysis. The advantage of
thisapproach isthat the output of theresult iseasily interpretable
similar to the odds or risk ratio [16].

Demonstration: The Correlation Between |mmune
Checkpoint Blockade and Adver se Events

In recent years, the addition of immune checkpoint blockade
using anti—-PD-1 drugs, such as pembrolizumab, nivolumab,
and cemiplimab, into cancer therapy has improved clinical
outcomes. However, the safety of the immune checkpoint
blockade needs further evaluation. As a demonstration of the
functionalities of MetaAnalysisOnline.com, a set of previous
studies was analyzed to assess how incorporating immune
checkpoint blockade into perioperative cancer therapy affects
treatment-related adverse events in patients treated with
anti—PD-1 therapy.

Results

Graphical Representation of the Overall Effect: The
Forest Plot

A comprehensive forest plot displays a set of the following
information.

« Thename of the original studies used in the meta-analysis.
It is crucial to ensure the uniqueness of study names,
particularly when an author or study name is listed more
than once.

«  The number of events and the total number of participants
in each group of the study.

« A graph representing the relative risk and 95% ClIs. Each
square in the plot embodies the study results, centered on
the point estimate, with ahorizontal lineindicating the 95%
Cl. The diamond represents the overall meta-analysis
estimate, with the center signifying the pooled estimate and
the prediction interval indicating the confidencelimits. The
Cl depictstherange of intervention effects compatible with
the study’sresult, while the size of the block draws attention
to the studies with larger weight, which dominates the
calculation of the summary result presented by the diamond
at the bottom.
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»  Theriskratio or hazard ratio and 95% ClI for each individual
study and the overall meta-analysis.

- The percentage of weight assigned to each study,
particularly when presenting pooled results. Studies with
higher sample numbers or those with narrower Clsreceive
higher weights.

- Finaly, at the bottom of the plot, the heterogeneity and the
overdll effect values. A significant P valuefor heterogeneity
indicatesasubstantial difference between studies. However,

Figure 1. Components of aforest plot.

Qutcome in
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they heavily rely on the assumption of anormal distribution
for the effects across studies and can present challenges
when the number of studiesis small, potentially leading to
artificially wide or narrow intervals.

The features discussed in this section are marked in the plot
generated by demo data in Figure 1. In addition, a screenshot
of the analysis page with a generated forest plot is shown in
Figure 2.

Risk ratio and ClI

Included each study Weight for Forest plot
studies N/ each study {}
W Experimental Control Risk Ratio Risk Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 85% CI
Example 1 2021 25 215 171 3088 19.7% 2.10[1.41;3.12) —
Example 2 2021 65 588 120 1901 26.3% 1.75[1.31; 2.33] R B
Example 3 2023 5 46 107 2479 6.8% 2.52[1.08;5.88]
Example 4 2023 26 67 1168 3493 25.1% 1.16 [0.86; 1.57] - The overall
Example 5 2024 32 407 269 6256 22.1% 1.83 [1.29; 2.60] effect
Total (95% Cl) 1323 17217 100.0% 1.69 [1.33; 2.16]
Prediction interval [0.82; 3.48]
Heterogeneity: Tau? = 0.0361; Chib=tgy ,df =4 @
Test for overall effect: Z = 4.28 @
The proportion of variability The range wherein the
Significance of Significance of that stems from heterogeneity effect size of a new random
the overall effect heterogeneity rather than random chance study would likely fall
Figure 2. Screenshot of the web-based analysis interface showing the demonstration data and the generated forest plot.
<« C O E| https://metaanalysisonline.com A 1y

?5?? METAANALYSISONLINE

An online statisfical tool to perform a meta-analysis and generate forest plots, funnel plots, and Z-score plots.

2. Paste study and data (Use CTRL+V to import data from Excel. Click on cell to edit data. Scroll button is disabled. Right-click for more options. ):

1. Select available data:
(® HR/OR/RR + 95% CI

(O Total + events number
(O Total + mean + SD (two groups) Author

(@] Total + mean + SD (one group)

(O Proportion 1 Example 1
() Network meta-analysis 2 Example 2

3 Example 3
D Add subgroups 4 Example 4

3. Select analysis: Add another study Empty table Load demo data

Generate forest plot
[[) Generate funnel plot Forest plot
[[) Show results table

Select/Deselect All

Year HR lowerHR upperHR Include
2021 0.55 0.28 1.09
2022 0.92 0.79 1.08
2023 0.79 0.59 1.05
2024 0.88 0.64 117

H

Hazard Ratio Hazard Ratio
logHR SE Weight IV, Random, 95% CI IV, Random, 95% CI

Example 1 2021 05934 0.3467 3.3% 0.55[0.28; 1.09)

Example 2 2022 -0.07594 0.0788 61.8% 0.92 [0.79; 1.08]

Example 3 2023 -0.2394 0.1470 18.2% 0.79 [0.59; 1.05]

Example 4 2024 -0.1446 0.1539 16.6% 0.87 [0.64; 1.17]

f nalysi: li

e L Total (95% Cl) 100.0% 0.87 [0.77; 0.99]
publications (article, review, Prediction interval [0.67; 1.14]
conference poster) include the 2 2 2
website address among the Heterogeneity: Tau® = 0; Chi® = 2.74, df = 3 (P = 0.43); I = 0% 05 1 2
methods. Test for overall effect: Z = -2.17 (P = 0.03)
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Graphical Representation of Heterogeneity: The
Funnel Plot

The second analysis available in MetaAnalysisOnline.com is
the funnel plot designed to detect publication bias. Whether the
primary studies for pooling are observational studies or
randomized controlled trials, heterogeneity between studiesis
probable. We show the components of a funnel plot used to
assess study heterogeneity in Figure 3. Each dot on the plot

Figure 3. Components of afunnel plot. HR: hazard ratio.

Line of no effect
(HR=1)

Fekete & Gyorffy

representsan individual study. The x-axis representsthe hazard
ratio, or in other cases the log of OR, indicating the effect size
of thetreatment in each study. They-axisrepresentsthe standard
error, reflecting study precision, with larger studies having better
precision (within the green area) and smaller studies having
worse precision (within the orange area). Inthe plot, the vertical
solid black or red line serves asthe reference line corresponding
to no effect or a hazard rate of 1 (or log OR=0). The overall
effect and 95% Cl's are depicted by the dashed black lines.

Studies

Funnel plot %

0.0 Larger studies :
0.1
(TN
w)
4 0.2
— o
0.3 .
: @
Overall effect -
0.4
Study 1 2 3 4 5
precision Hazard ratio ~__ Study results

If the funnel plot suggests the presence of publication bias, the
trim-and-fill method can be used to estimate the number of
missing studies and impute their effect sizes. This allows the
meta-analysis to be “trimmed” of asymmetric studies, and
“filled” with the estimated missing studies to create a more
symmetric funnel plot. The web-based platform automatically
displays a button to generate trim-and-fill plots in case of a
significant Egger test.
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Trial Sequential Analysisand the z Score Plot

MetaAnalysisOnline.com performs a trial sequential analysis
by drawing the z score plot to illustrate the reliability of the
sample size. The y-axis of az score plot depicts the cumulative
z score and the x-axis the cumulative sample size. The
cumulative z curveisbuilt by sequentially adding studies based
on chronological order. The plot depictsthe relationship between
the collective sampl e size and the achieved significance. When
theideal sample sizeisattained, adecisive conclusion regarding
the examined condition can be made. The components of a z
score plot are visualized in Figure 4.
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Figure 4. The z score plot visualizes the robustness of the sample number. The plot displays the correlation between the cumulative sample number
and significance after the addition of each new study. Once the optimal sample number is reached, a definitive conclusion can be drawn about the
investigated condition. As the displayed z curve includes more and more patients, it seems to favor outcome B by the conventional cut-offs—however,
this sample number is not yet sufficient for statistical significance (red asterisk). As further studies are included, the cumulative outcome reaches
statistical significance (green asterisk). Finaly, after adding the last study, the z curve surpasses the optimal sample number indicating that no further

research is needed.

Significance boundaries

Conventiona

Optimal sample number
/ (100% of information)

ulative resultifavors outcome A

Cumulative results
support no correlation

Ive\zZ score

s K

whd

| boundaries

mula
N

\c\

Statistically not

Number of patients

™~ zcurve

Cumulative resultifavors outcome B

o v
significant zone <

More research can
change results

At the end of the z curve lies the most recently added study,
falling into one of the following zones: “favoring outcome A,
“favoring outcome B,” “no correlation,” or “statistically not
significant.” The first 2 zones indicate statistically significant
results, which may vary until the optimal samplesizeisreached,
but after this, a reliable final conclusion can be determined.
Placement in the “no correlation” signifies strong evidence
suggesting that subsequent studies are unlikely to alter the
no-effect outcome significantly. Placement within the “not
statistically significant” zone indicates the definitive requirement
for further studies as neither correlation nor missing correlation
could be determined.

Independent Validation

To verify the output of the digital portal, a set of 10 samples
was drawn from the dataset of a simulated randomized trial
developed for the metafor package and a meta-analysis was
performed. Analysis was repeated using IBM SPSS (version
29). The following outputs were compared: OR, the calculated
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weight, overall effect, as well as measures of heterogeneity (12
and 1?). For all parameters, the corresponding 95% Cls were
also checked. The output results of the 2 methodswereidentical,
indicating sufficient reliability of the implemented procedures.

Demonstration: Immune Checkpoint Blockade and
Adverse Events

To show the entire analysis pipeline, the association between
immune checkpoint blockade using anti—PD-1 agents and
adverse events was analyzed. Altogether 10 studies were
included with a total of 4379 participants in the
anti—PD-1-treated cohort and 3720 participants in the control
cohort [17-26]. Based on the analysis performed using the
random effects model with the Mantel-Haenszel method to
compare the risk ratio, there is a statistical difference between
the 2 cohorts, the overal risk ratio is 2.15 with a 95% CI of
1.39-3.32. The test for overal effect reached significance as
depicted in Figure 5A.
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Figure 5. (A) Immune checkpoint blockade by anti-PD-1 drug class significantly increases adverse events. However, the funnel plot shows a (B)
potential publication bias and (C) the z score plot indicates insufficient patient number of patients to draw a definitive conclusion (at significance=.05,
typell error level=.2, and minimal clinically relevant outcome=30%) [30-39]. AIS: actual information size; HARIS: heterogeneity adjusted recommended

information size; MH: Mantel-Haenszel method.

A)
Experimental Control Risk Ratio Risk Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Bajorin et al 2021 60 351 25 348 10.5%  2.38[1.53; 3.70] —.—
Choueiri et al 2021 92 488 6 496 8.3% 15.58[6.89; 35.26] —l—
Eggermont et al 2020 73 509 17 502 10.1%  4.24 [2.53; 7.08) ——
Forde et al 2022 59 176 65 176 11.2% 0.91[0.68; 1.21] B
Kelly et al 2021 70 532 15 260 10.0% 2.28[1.33; 3.90] ——
Long et al 2022 83 483 24 486 10.5% 3.48[2.25; 5.38] -
O'Brien et al 2022 84 580 25 581 10.5% 3.37[2.19; 5.18] -
Rahma et al 2021 3 81 8 83 58% 0.38 [0.11; 1.40] ——
Schmid et al 2022 600 783 284 389 11.7%  1.05[0.98; 1.13] %
Wakelee et al 2023 174 396 146 399 11.5% 1.20 [1.01; 1.42)
Total (95% CI) 4379 3720 100.0% 2.15[1.39; 3.32] ———
Prediction interval [0.44; 10.39] ———
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Notably, substantial heterogeneity was detected, suggesting
inconsistent effectsin magnitude and/or direction. The I value
indicates that 95% of the variability among studies stems from
heterogeneity rather than random chance.

Thefunnel plot indicates apotential publication bias. The Egger
test supports the presence of funnel plot asymmetry (intercept:
3.85, 95% CI 1.39-6.3; tg=3.072; P=.02; visualized in Figure
5B).

Based on the z score plot, the total number of samples did not
reach the optima number, and more research is needed to
establish a conclusion (Figure 5C).

Discussion

Here, we have established a new aid for those performing
systematic reviews and meta-analyses. A major advantage of
our tool is its direct design for life sciences researchers and
medical professionals who generally lack extensive statistical
and bioinformatic skills. The user-friendly interface enablesthe
execution of the analysis in real-time. Entering the data is
possible by directly copying from adatabase with asingleclick.
The tool generates the 3 most important graphical
representations—aforest plot, afunnel plot, and az score plot—in
real-time. The most important advantage of the tool over other
software lies in its extremely user-friendly setup—neither

https://www.jmir.org/2025/1/e64016
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installation nor registration is necessary for the use and theinput
page was set up to enable prompt copying of datafrom popular
Spreadsheet applications.

The most important graphical result provided by
MetaAnalysisOnline.com is a forest plot, which serves as a
visual depiction of both the outcomes from individual studies
and the overall results of the analysis [27]. Additionaly, it
illustrates overall effect estimates and the heterogeneity of
studies, reflecting the variation in results among individual
studies[28]. The plot aso includesthe prediction interval, which
is widely used to express the amount of heterogeneity in a
meta-analysis [29]. Notably, many reviewsin the literature use
dightly different forest plots as there is no uniform
standardization on their appearance. A previous study
investigating over 2000 forest plotsfrom theliterature identified
highly standardized plotsin Cochrane reviews but missing key
elements in non-Cochrane reviews. Certain formats were not
optimal for information exchange, and a significant number of
plots contained insufficient data to be considered useful [30].

The second implemented visual resultisthefunnel plot. Inthis,
results from smaller studies will scatter broadly at the bottom
of the graph, while the dispersion is likely to decrease among
larger studies. In the absence of bias, the plot will take on the
appearance of a symmetrical, inverted funnel, with asymmetry
suggesting the presence of a risk of publication bias [31]. A
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significant Egger test result means that the points on the funnel
plot are not symmetric. It is important to acknowledge that in
practical scenarios, the source of heterogeneity cannot be
determined and is often unknown. It isimportant to distinguish
between various types of heterogeneity. Clinical heterogeneity
refersto variability in participants, interventions, and outcomes
studied, while methodological heterogeneity pertains to
variability in study design, outcome measurement tools, and
risk of bias. Statistical heterogeneity arises from variability in
the intervention effects being evaluated in different studies,
which can be a result of clinical or methodological diversity,

or both. 12 and ? statistics can be used to assess study
heterogeneity [32] and athough the funnel plot is primarily
used to detect publication bias, it can also be used to visuaize
the heterogeneity [33]. To provide ameaningful summary, itis
crucia to ensure that the group of studies is sufficiently
homogeneous in terms of participants, interventions, and
outcomes before conducting a meta-analysis.

A fundamenta question omitted in many performed
meta-analysesis assessing the robustness of the sample number
reached [34]. In particular, meta-analyses face the risk of
yielding misleading outcomes due to significant results that
may be false positives (type | errors; a) or falsely insignificant
findings (type Il errors; ). These errors can stem from various
sources such aslow-quality or underpowered trias, publication
bias, and excessive significance testing. To address this issue,
trial sequential analysis (TSA) has been devised asacumulative
meta-analysis technique [35]. TSA aims to account for both
typel and type |l errors, providing ameansto estimate the point
at which the observed effect size becomes robust enough to
resist further influence from additional studies. In other words,
TSA offers guidance on the necessity of further studies and
helps clinicians prevent unnecessary trials [36].

Our tool was established to incorporate asimple way to conduct
subgroup analysis aswell—to examine the potential variability
of treatment effects among different subgroups of patients or
trials [37]. Subgroup analysis involves dividing all participant
data in the meta-analysis into subsets based on patient
characteristics (eg, age) or trial characteristics (eg, location),
and then performing a meta-analysis on one or more of these
subsets. These analyses can help to estimate treatment effects
for clinically relevant subgroups of patients or to identify sources
of heterogeneity [38]. The decision to conduct such analyses
may be based on prior research suggesting that treatment effects
could differ among different patient subgroups.

Two considerations should be kept in mind when running the
statistical analysisusing MetaAnalysisOnline.com. Sometimes
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the data points scatter over awide range and truncating the data
is advisable (to constrain the length of the follow-up time, the
applied treatment dose, or any other descriptive characteristics
of the participants) at a selected threshold in case of scarcity of
data above the threshold value. A second issue refers to the
inherent differences between the studies due to the varying
number of included participants. To achieve the most robust
results, studies should be weighed for sample size to better
reflect the characteristics of the general population.

We demonstrate the use of MetaAnalysisOnline.com by
performing ameta-analysis of studies examining the association
between immune checkpoint blockade for anti-PD-1 agentsand
adverse events [39]. Although immune checkpoint blockade
significantly increased the rate of adverse events, we observed
a significant heterogeneity, and we can conclude that more
research is needed to establish an accurate correlation.

Despite the meta-analysis's aim to identify and evaluate all
relevant studies meeting inclusion criteria, this goal may not
always be fully realized. Some studies might be overlooked,
particularly if they are not published in English or if they report
nonsignificant results, making them lesslikely to be published.
Understanding and accounting for these factorsis essential for
a comprehensive and critical appraisal of a meta-analysis.

Finally, we have to discuss some limitations of our tool. In order
to retain user-friendliness, we had to make some compromises.
The maximal number of studiesin 1 analysisislimited to 100.
We have established a default format for the plots, and the
graphical parameters (eg, font type and size, spacing, and line
thickness) cannot be changed. In addition, we used Shiny to
enable seamless visualization and scaling. Because of this, the
server behind the platform can sometimes slow down when a
large number of studies are analyzed in 1 setting.

In summary, MetaAnlysisOnline.com can be used for a quick
and comprehensive meta-analysisin clinical and epidemiological
trials. When presenting the results of a meta-analysis, 3 key
aspects need to be considered. First, we have to examine the
pooled result, representing the overall combined outcome
obtained by pooling theindividua studiesin aforest plot. While
providing a synthesized perspective on the collective findings,
we have to consider heterogeneity, which relates to variations
inresults, methodol ogy, or study populations acrosstheincluded
studies. Second, we must assess the potential presence of the
risk of publication bias. Finally, the z score plot can be used to
determine whether the cumulative sample number is sufficient
for a definitive conclusion, or whether additional studies are
still needed.
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OR: oddsratio
SMD: standardized mean difference
TSA: trial sequential analysis

Edited by X Ma; submitted 05.07.24; peer-reviewed by P WU, H Nguyen; comments to author 14.10.24; revised version received
30.10.24; accepted 18.01.25; published 06.03.25

Please cite as.

Fekete JT, Gyérffy B

MetaAnalysisOnline.com: Web-Based Tool for the Rapid Meta-Analysis of Clinical and Epidemiological Sudies
J Med Internet Res 2025;27:€64016

URL: https://www.jmir.org/2025/1/e64016

doi: 10.2196/64016

PMID: 39928123

©Janos Tibor Fekete, Baldzs Gyorffy. Originally published in the Journal of Medical Internet Research (https://www.jmir.org),
06.03.2025. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is properly cited. The
complete bibliographic information, a link to the original publication on https.//www.jmir.org/, as well as this copyright and
license information must be included.

https://www.jmir.org/2025/1/e64016 JMed Internet Res 2025 | vol. 27 | 64016 | p. 11
(page number not for citation purposes)

RenderX


https://www.jmir.org/2025/1/e64016
http://dx.doi.org/10.2196/64016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39928123&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

