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Abstract
Objectives: This study aimed to explore the prespecification and conduct of subgroup

analyses in cancer individual participant data meta-analyses (IPDMAS).

Study Design and Setting: We searched PubMed, Embase, Cochrane Library, and
Web of Science to identify IP-DMAs of randomized controlled trials evaluating
intervention effects for cancer. We evaluated how often cancer IPDMAs prespecify
subgroup analyses and statistical approaches for examining treatment-subgroup

interactions and handling continuous subgroup variables.

Results: We included 89 IPDMAs, of which 41 (46.1%) reported a statistically
significant treatment-subgroup interaction (P<0.05) in at least one subgroup analysis.
47 (52.8%) IPDMAs prespecified methods for conducting subgroup analyses and the
remaining 42 (47.2%) did not prespecify subgroup analyses. Of the 47 IPDMAs
prespecified subgroup analyses, 19 performed the planned subgroup analyses, 21
added subgroup analyses, 7 reduced subgroup analyses. Eighty IPDMAs examined
treatment-subgroup interactions, but 72 IPDMAs did not provide enough information
to determine whether an appropriate approach that avoided aggregation bias was used.
85 IPDMA s that used continuous variables in subgroup analyses categorized

continuous variables and only 1 IPDMA examined non-linear relationships.

Conclusions: Many cancer IPDMAs did not prespecify subgroup analyses, nor did

they fully perform planned subgroup analyses. Lack of details for the test of
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treatment-subgroup interactions and examination of non-linear interactions was

suboptimal.

Keywords: Individual participant data meta-analysis; Neoplasm; Subgroup analysis;

Treatment-subgroup interaction; Prespecification; Methodology

Running title: Characteristics of subgroup analysis in cancer individual

participant data meta-analyses

What is new?

Key findings

® Prespecification of subgroup analyses in cancer individual participant data
meta-analyses (IPDMAS) were inadequate.

® Lack of details for the test of treatment-subgroup interactions and the use of deft
approach was suboptimal.

® Cancer IPDMAs more frequently categorized continuous variables but rarely

examined the non-linear interactions.
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What this adds to what was known?

e This study explored the prespecification of subgroup analyses in cancer IPDMAs,
whether the planned subgroup analyses were conducted, methods used for the test
of treatment-subgroup interactions, and statistical approaches for examining

continuous subgroup variables.
What is the implication and what should change now?

® The presentation and examination of treatment-covariate interactions and the
proper handling of continuous variables need substantial improvement.

® Existing methodological and reporting guidance should be strictly followed to
select an appropriate method for the conduct and reporting of subgroup analysis
in IPDMA:s.

® Journal editors and peer reviewers should ensure that the results of subgroup

analyses are fully reported and help finds inappropriate subgroup analyses.

1. Introduction

Individual participant data meta-analysis (IPDMA\) is considered the “gold
standard” of meta-analysis since it has many advantages over traditional aggregated
data meta-analysis [1-6]. IPDMAs allow the possibility of standardizing subgroup

definitions and outcomes across studies, identifying subgroups that are more likely to
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benefit from treatment, increasing the flexibility to search for subgroups based on a
combination of patient and disease characteristics, allowing thorough investigations of
the main effect of each covariate, producing more accurate and credible subgroup
findings, avoiding incorrect results caused by aggregation bias (also known as
ecological bias), and permitting a more comprehensive assessment of whether
differences in effect estimates between subgroups are spurious [7-11]. Due to these
advantages, numerous IPDMAs have been conducted to examine treatment-covariate
interactions at the participant level for a clinical topic to guide the practice of
precision medicine [9, 12]. Subgroup analysis is a statistical analysis to explore
whether intervention effects vary according to patient groups, way of giving an
intervention, or approach to measuring an outcome (e.g. males versus females, old
versus young) [13-15]. Subgroup analysis is frequently used to examine differences in
treatment effects between patients with different characteristics, which facilitates the
development of treatment decisions for individual patients based on different expected
treatment effects [16-19]. The results of subgroup analyses may have a significant
impact on clinical and public health decision-making [20]. However, inappropriate

subgroup analyses can mislead clinical practice.

Previous studies have evaluated subgroup analyses in individual clinical trials
and revealed that trials rarely prespecify subgroup analyses, discrepancies exist
between subgroup analyses planned in protocol and presented in trial reports, and
justification and reporting of subgroup analyses are lacking [21-23]. Existing studies

have also investigated whether there are differences in analytical methods regarding
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subgroup analyses between IPDMAs and conventional meta-analyses [24], how
frequency IPDMAS had significant treatment-subgroup interaction, whether authors
consider the most obvious subgroup differences to provide support for stratified
treatment decisions [19], and summarized methods used to assess treatment-covariate
interactions and developed guidance on method selection in different circumstances
[25]. However, how often IPDMAs prespecify subgroup analyses, conduct planned
subgroup analyses, and use daft (across-trial interaction alone), deluded (within-trial
and across-trial interactions combined), or deft (within-trial interaction alone)

approach to assess the treatment-subgroup interactions remain unclear.

Cancer is the second leading cause of death worldwide, has substantial
variability in populations and treatments [26, 27]. To provide individualized
treatment, several IPDMAs have been implemented in the cancer field to determine
subgroup treatment effects based on different patient characteristics. Thus, it is
important to ensure that subgroup analyses in cancer IPDMAs provide reliable
evidence for patients and healthcare professionals. This study aimed to explore the
prespecification of subgroup analyses in cancer IPDMAs, whether the planned
subgroup analyses were conducted, conducting of treatment-subgroup interactions,

and statistical approaches for examining continuous subgroup variables.

2. Methods
2.1. Eligibility criteria
We included IPDMAs of randomized controlled trials (RCTSs) that evaluated the

treatment effects of health care interventions for cancer patients. IPDMAs should
7
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conduct at least one subgroup analysis and report results of subgroup analyses.
Interventions can be drugs, radiotherapies, surgeries, health technologies, or a
combination thereof. We limited the publication language to English. No restriction

was put on the publication year.

Studies including the following were excluded: (1) Systematic reviews (SRs) or
meta-analyses did not incorporate individual participant data; (2) IPDMAs that
included both RCTs and nonrandomized trials or only included nonrandomized trials;
(3) IPDMAs did not focus on health care interventions such as IPDMAs of etiology or
diagnostic test accuracy; (4) IPDMAs only clarified the methods for conducting
subgroup analyses but did not report results of subgroup analyses; (5) IPD network
meta-analyses, methodological studies, review protocols, abstracts, conference

proceedings, letters, and editorials.

2.2. Literature search

We performed a comprehensive literature search in PubMed, Embase.com,
Cochrane Library, and Web of Science up to October 12, 2019. Keywords we used
included “IPD”, “individual patient”, “individual participant”, “individual data”,
“patient level”, “individual person”, “meta-analysis”, “metaanalysis”, and “systematic
review”. The detailed search strategy of PubMed is presented in Appendix Word 1.
We also reviewed the reference lists of included IPDMAs and relevant reviews to

identify additional potentially relevant studies.
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2.3. Study selection process

We used EndNote X8 (Thomson Reuters (Scientific) LLC Philadelphia, PA, US)
to manage the retrieved records and remove duplicates. Two reviewers (Y.G. and
J.H.T.) independently screened titles and abstracts of identified records to determine if
they met the inclusion criteria. Full reports of all potentially relevant papers were
further evaluated by the same two reviewers to reach final eligibility. If an IPDMA
has been updated, we would only incorporate the latest version. Conflicts were

resolved by consensus or referral to a third reviewer (F.J.S).

2.4. Data abstraction and data items

A predefined data abstraction form was developed using Microsoft Excel 2016
(Microsoft Corp, Redmond, WA, www.nmiicrosoft.com) and was revised after piloting
on a random of five included IPDMAs. The abstracted data included first author,
publication year, country of the corresponding author, journal name, topic focused,
whether IPDMAs had a priori protocol, funding sources (industry, non-industry,
no-funding, or not reported), number of included RCTs, number of included patients,
number of RCTs used in data analysis, interventions, primary outcomes, basic
characteristics of patients reported in IPDMAS, whether basic characteristics included
factors considered in subgroup analyses, whether prespecified methods of subgroup
analyses, subgroup analysis factors described in the protocols or Methods section of
IPDMAs, subgroup factors reported in the Results section of IPDMASs, whether
examined the interaction between treatment effect and subgroup, whether used

within-trial or across-trial information (daft, deluded, deft) for assessing

9
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treatment-subgroup interactions, whether subgroup factors with statistically
significant (P<0.05) treatment-subgroup interactions, whether used continuous
variables in the subgroup analysis, how continuous variables were examined in their
interaction with treatment, and whether examined non-linear relationships for
continuous variables. We only focused on subgroups of relative effects. One author
(Y.G., M.L, S.Z.S, or M.M.N) conducted data abstraction and another author (J.L or
J.H.Z) checked the extracted data. Disagreements were settled by consensus or by a

discussion with a third reviewer (F.J.S or J.H.T).

2.5. Statistical analysis

We conducted a descriptive analysis using frequency and percentage to
summarize the characteristics of the included IPDMAs and statistical approaches for
examining subgroups in IPDMAs. To determine whether there are differences in
factors used for subgroup analyses between IPDMAs with different cancers and
treatments, we categorized subgroup factors for each IPMDA according to cancers
and interventions investigated. We compared the number of subgroup factors to assess
the differences in subgroup analyses between the protocols or Methods section and
the Results section of IPDMAs and presented the results with frequency and

percentage.

3. Results
3.1. Screening results
The systematic literature search yielded a total of 20652 records. After

de-duplication, 6123 records were screened by titles and abstracts, and 5951 were
10
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considered irrelevant. Further retrieving and assessing full-texts of the remaining 172
records, we excluded 83 IPDMAs, of which 58 did not report results of subgroup
analyses. Finally, 89 IPDMAs met the eligibility criteria and were included for
analyses. The flowchart of the study screening process is presented in Figure 1. The

full lists of included IPDMAs can be found in Appendix Word 2.

3.2. General characteristics

The included IPDMAs were published between 1995 and 2018, while the most
productive year was 2017, with eight IPDMAs (Figure 2). The UK (36, 40.4%)
published the largest number of IPDMAs, followed by France (13, 14.6%) and Italy
(9, 10.1%), Figure 3. The included IPDMAs investigated many types of cancer, with
lung cancer, leukemia, and breast cancer being frequently studied (Figure 4). Table 1
presents the general characteristics of IPDMAs. Of the 89 IPDMAs, 37 (41.6%) had a
protocol, 85.4% IPDMAs included less than 21 RCTs, and the number of RCTs used
for data analysis per IPDMA no more than 40. Nine (10.1%) IPDMAs used the
one-stage approach for data synthesis, 3 (3.4%) used the two-stage approach, and 77
(86.5%) did not report the one-stage or two-stage approach. Commonly studied
interventions included drugs (75, 84.3%), radiotherapy (28, 31.5%), and surgery (21,
23.6%). More than half (49, 55.1%) IPDMAs had one primary outcome, 24 (27.0%)
had two primary outcomes, 5 (5.6%) had three primary outcomes, and 11 (12.4%) had
four or five primary outcomes. The most commonly used primary outcome was
overall survival (78, 87.6%), followed by disease-free survival (20, 22.5%), and

progression-free survival (17, 19.1%), Appendix Table 1.

11
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3.3. Testing for treatment-covariate interactions and handling of continuous variables
Of the 89 IPDMAs, 80 (89.9%) examined the interaction between treatment
effect and subgroup, of which 41 (46.1%) IPDMAs reported a statistically significant
(P<0.05) treatment-subgroup interaction in at least one subgroup analysis, 39 (43.8%)

IPDMAs did not find a statistically significant (P<0.05) treatment-subgroup
interaction in subgroup analyses, and the remaining 9 (10.1%) IPDMAs reported that
no different effect in subgroup analyses but did not mention treatment-subgroup
interactions. Of the 80 IPDMAs that examined treatment-subgroup interactions, 4
IPDMAs used the deft approach to assess the interactions, 4 IPDMAs used the
deluded approach, but 72 IPDMA:s failed to provide enough information to determine
whether a daft, deluded, or deft analysis was carried out. Only 1 (1.1%) IPDMA
adjusted prespecified prognostic factors for subgroup analyses. We identified 103
subgroup factors in the 89 IPDMAs, of which 28 factors were found with statistically
significant (P<0.05) treatment-subgroup interactions in some IPDMAs and 75 factors
did not have statistically significant (P<0.05) treatment-subgroup interactions or did
not have different effects in subgroup analyses in all included IPDMAs. The top five
most frequently used factors in subgroup analyses were age (80, 89.9%), sex (64,
71.9%), stage (45, 50.6%), performance status (35, 39.3%), and histology (25,
28.1%). Statistically significant (P<0.05) treatment-subgroup interactions were often
observed for the factors of age (17, 19.1%), stage (12, 13.5%), performance status (9,
10.1%), sex (6, 6.7%), and nodal status (4, 4.5%). Details regarding subgroup factors
can be found in Appendix Table 2. We found that 85 (95.5%) IPDMAs used

12
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continuous variables in the subgroup analysis and the number of continuous variables
per IPDMA ranged from 1 to 5. There were 57 (67.1%), 20 (23.5%), 4 (4.7%), 1
(1.2%), 2 (3.5%), and 1 (1.2%) IPDMA used 1, 2, 3, 4, 5, and 7 continuous variables
in subgroup analyses, respectively. Commonly investigated continuous variables
included age (80, 89.9%), white blood cell count (7, 7.9%), tumour size (7, 7.9%),
beta2 microglobulin (3, 3.4%), and body mass index (3, 3.4%). All the 85 IPDMAs
categorized continuous variables, but only one IPDMA reported how cut-points were
selected for continuous variables. Considering age, 24 IPDMAs dichotomized age, 23
IPDMAs categorized age into three groups, 24 IPDMAs categorized age into four
groups, 8 IPDMAs categorized age into five or six groups, and 1 IPDMA did not
report how to categorized age. Of the 85 IPDMAs, only 1 (1.2%) examined non-linear

relationships for continuous variables (Table 2).

3.4. Subgroup factors of different cancers and interventions

Appendix Table 3 presents the subgroup factors of different cancers and
interventions. Cancers with more than 15 subgroup factors included breast cancer,
leukemia, and lung cancer. Hematologic malignancies, pancreatic cancer, and prostate
cancer only had one or two subgroup factors. We did not found statistically significant
treatment-subgroup interactions in colon cancer, esophageal cancer, gastric cancer,
malignant gliomas, nasopharyngeal carcinoma, ovarian cancer, pancreatic cancer, and
prostate cancer. There was some variation in the subgroup factors investigated
between different cancers. For a certain type of cancer, the subgroup factors also

differed by interventions.

13
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3.5. The relationship between the basic characteristics and subgroup factors of
IPDMAs

Of the 89 IPDMAs, 80 (89.9%) reported the basic characteristics of patients
included in IPDMAs, and 114 characteristics were identified in the 80 IPDMAs. The
top five commonly reported basic characteristics were age (75, 84.3%), sex (60,
67.4%), stage (48, 53.9%), performance status (40, 44.9%), and tumor site (35,
39.3%). Of the 80 IPDMAs that provided basic characteristics, 63 (78.8%) IPDMAs
described all factors used in subgroup analyses in their basic characteristics. There
were 1, 2, 3, and 4 subgroup factors failed to report in the basic characteristics section

in 8 (10.0%), 4 (5.0%), 4 (5.0%), and 1 (1.2%) IPDMA, respectively (Table 3).

3.6. Subgroup analyses planned or reported

Of the 89 IPDMAs that provided subgroup analysis results, 47 (52.8%) clarified
the planned subgroup factors in the Methods section or the protocols and the
remaining 42 (47.2%) did not prespecify subgroup analyses. The number of factors
used in planned subgroup analyses ranged from 1 to 7. There were 11 (12.4%), 3
(3.4%), 3 (3.4%), 8 (9.0%), 11 (12.4%), 5 (5.6%), and 6 (6.7%) IPDMAs plan to
perform subgroup analyses considering 1, 2, 3, 4, 5, 6, and 7 factors, respectively. 89
IPDMAS reported 1 to 16 subgroup factors in the Results section, with most IPDMAS
(71, 79.8%) explored 3 to 7 subgroup factors (Table 4). Among the 47 IPDMAs that
prespecified subgroup analyses in their protocols or Methods section, only 19 (40.4%)
IPDMA s fully performed the planned subgroup analyses in their Results section.

Compared to the factors reported in the protocols or Methods section, 21 (44.7%)

14
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IPDMASs conducted more subgroup analyses in the Results section, of which 12
(25.5%) IPDMAs added 1 or 2 factors, 6 (12.8%) IPDMAs added 3 or 4 factors, and 3
(6.4%) IPDMAs added 5 or 6 factors. Seven (14.9%) IPDMAs reduced subgroup
factors in the Results section, and the number of reduced factors ranged from 1 to 4

(Table 5).

4. Discussion
4.1. Main findings

We conducted a comprehensive literature search and included 89 cancer
IPDMASs that reported results of subgroup analyses published between 1995 and
2018. We investigated the prespecification and reporting of subgroup analyses,
conducting of treatment-subgroup interactions, and statistical approaches for
examining continuous subgroup variables. Overall, 47.2% of the IPDMAs did not
prespecify factors used for subgroup analyses. For IPDMASs that prespecify methods
of subgroup analyses, about 60.0% IPDMAs did not fully follow their planned
subgroup analyses. There were considerable inconsistencies between the subgroup
factors planned in protocols or Methods section and those presented in Results section
of cancer IPDMAs. Eighty IPDMAs examined treatment-subgroup interactions, but
only 4 IPDMAs used the deft approach to test the interactions and most IPDMAs did
not provide enough information to determine whether an appropriate approach that
avoided aggregation bias was used. Approximately 95.5% IPDMAs used continuous

variables in the subgroup analysis, all of these IPDMAs categorized continuous
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variables, and only 1 IPDMA examined non-linear relationships for continuous

variables.

4.2. Interpretation

Among the 89 IPDMAs, we identified 103 subgroup factors, but only 28 factors
were found with statistically significant treatment-subgroup interactions. IPDMAs
with different relative treatment effects between subgroups can provide some
opportunities for stratifying medicine in clinical topics [19]. The focus when
examining subgroup effect in IPDMASs is on the statistical significance of the
coefficient of the interaction term, typically in the context of relative effect measures
(e.g., odds ratio, relative risk, or hazard ratio). Translation to decision-making for
individual patients is then not straightforward because these decisions are primarily
driven by absolute differences in absolute risks for the outcome between competing
therapeutic options. This means that statistically significant results do not always lead
to different decisions (e.g. more favorable in women, but still beneficial for men) or
statistically non-significant results could still imply differences in benefit. The
Predictive Approaches to Treatment effect Heterogeneity (PATH) Statement is a
useful tool that can guide us when translating findings of subgroup analyses into
clinical practice [15, 28]. Furthermore, when we apply the results of subgroup
analyses on clinical practice, we should consider the impact of possible Type I and Il
errors [29]. If methods used for test treatment-subgroup interactions are not
appropriate, important interactions may be missed [9]. Previous studies have

developed guidelines for interpreting subgroup analyses that can help us assess the
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credibility of claims of different responses to treatment in clearly definable subgroups

of patients [13, 30, 31].

Research protocols for SRs help to increase the transparency of review
objectives and methods and can reduce the risk of researcher bias and outcome
reporting bias [32-34]. A priori protocol can improve the methodological quality of
SRs, whereas the lack of protocols may lead to the post-modification of methodology
[35, 36]. However, only 41.6% of IPDMAs had a priori protocol. Furthermore, 47.2%
of IPDMAs did not clarify the factors used for subgroup analyses in the protocols or
Methods section. These findings indicated that almost half of the subgroup analyses
reported in IPDMAS were post hoc, without specification in a priori protocol or the
Methods section. However, the credibility of any significant subgroup difference
arising from the post hoc rather than a priori hypothesis is questionable [30].
Considering IPDMAs that prespecified subgroup factors, approximately 60.0% did
not fully perform the planned subgroup analyses, nor did they describe the
justifications or rationales for these inconsistencies. Overall, cancer IPDMAs had

serious deficiencies in the prespecification of subgroup analyses.

To avoid false-positive subgroup effects, the number of subgroup analyses in a
study cannot be too large. If a study tests a large number of hypotheses, the strength
of reasoning to confirm any hypothesis may be decreased, even if the researchers have
prespecified their hypotheses [30]. However, our study revealed that 34.8% of the 89
IPDMAs performed more than five subgroup analyses, and even one IP-DMA

performed sixteen subgroup analyses. Simultaneously, we should also not
17



Journal Pre-proof

overemphasize false-positive subgroup effects to reduce the number of subgroup

analyses, leading to a waste of research data and resources [18, 21, 37].

4.3. Comparison of our findings with other studies

To our knowledge, a previous epidemiological study evaluated the conduct and
results of subgroup analyses in IPDMASs [19]. This study showed 36.6% of the 279
IPDMASs that reported at least one subgroup analysis had a statistically significant
treatment-subgroup interaction for the primary outcome [34]. Another study found
that many IPDMAs performed subgroup analyses, but the overall treatment effect was
more emphasized than the subgroup effect, and IPDMAs often did not report adequate
information on the methods of subgroup analyses {24]. Our study found that 53.9% of
the 89 cancer IPDMAs did not report a statistically significant treatment-subgroup
interaction, only 26.9% of the 103 factors were found with a statistically significant
treatment-subgroup interaction, and most IPDMAs did not describe methods for
subgroup analyses, which are similar to the findings of previous studies. Furthermore,
most cancer IPDMAs did not perform the planned subgroup analyses, which is also a
flaw in the Cochrane intervention reviews regarding age-treatment subgroup analyses

[38]. These defects should be given more attention by future reviewers of IPDMAs.

4.4. Strengths and limitations

As far as we know, this is the first study to investigate whether the methods of
subgroup analyses of cancer IPDMAs were prespecified and the consistencies
between the planned subgroup analyses and final reported results of subgroup

analyses. However, our study also has some limitations. First, although we conducted
18
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a comprehensive literature search and included a large number of IPDMAs, the
included IPDMAs are all concentrated on RCTs in the cancer field and published in
English. Therefore, the findings of this study may not apply to IPDMAS in other
fields, IPDMAs published in other languages, or IPDMAs of other types such as
case-control studies and cohort studies [39]. Second, our data depended on the
information reported in the included IPDMAs, so we could not rule out the possibility
that the methods of some subgroup analyses were prespecified but not reported due to
non-significant subgroup effects or influences of reviewers” and editors’ opinions
[40]. Third, prespecification in the context of reviews is more troublesome than it is
for individual RCTs where we can verify that the protocol has been established before
the inclusion of the first patient. In the context of IPDMAs, the aggregate data and the
individual patient data could have been examined before the protocol was written,
making some subgroup analyses are no longer truly pre-specified. Fourth, we could
not obtain protocols of some IPDMAs due to limited information, which may affect
the proportion concerning the prespecification of subgroup analyses. Fifth, we did not
assess the methodological and reporting quality of included IPDMAs as the quality of
these IPDMAs would not affect the results of our study. However, it is interesting for
future research to assess whether the methodological and reporting quality of

IPDMAs will affect the reporting of subgroup analyses.

4.5. Implications for research and practice
IPDMAs provide an ideal framework with greatly improved statistical power and

is therefore very suitable for subgroup analyses [12, 41]. Our study showed that
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nearly half of cancer IPDMAs did not prespecify subgroup analyses and only a few
IPDMASs performed all planned subgroup analyses. Preferred Reporting Items for
Systematic Review and Meta-Analyses of Individual Participant Data (PRISMA-IPD)
recommends that a systematic review report should record all subgroup analyses
performed and whether these analyses are prespecified [42]. A Measurement Tool to
Assess Systematic Reviews-2 (AMSTAR-2) suggests that review methods should be
established before the conduct of the review and any significant deviations from the
protocol should be justified [43]. Thus, future IPDMAs should be performed and
reported according to these statements. When performing subgroup analysis, authors
should first prespecified the subgroup analyses in a priori protocol, and carry out the
planned subgroup analyses according to the protocol. Besides, authors should explain
and justify any changes from the protocol, such as providing rationales for the
subgroup analyses that were not conducted, clarifying the reasons for additional

subgroup analyses and subgroup analyses of post hoc [38].

Treatment-subgroup interactions examination was observed in 89.9% of cancer
IPDMAs, but only 4 IPDMAs used the deft approach to test the interactions and most
IPDMA s did not provide enough information to determine whether a daft, deluded, or
deft approach was used. Testing for interaction using across-trial information alone or
the combination of across-trial and within-trial information may lead to aggregation
bias [44, 45]. Existing guidance recommended that interaction estimates should be
based solely on within-trial information, which can avoid aggregation bias and

facilitate the clear presentation and readily interpretation of results [9, 25, 46]. When

20
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examining the interaction between continuous variables and treatment effects,
categorization of continuous variables using cut-points should be avoided, as this will
reduce power and may affect the magnitude and statistical significance of results
[47-49]. The recommended approach is to examine nonlinear relationships for
continuous variables [9]. However, our research indicated all cancer IPDMAs that
investigated continuous variables categorized corresponding continuous variables, and
only one IPDMA examined non-linear relationships for continuous variables.
Therefore, existing guidance should be strictly followed for future IPDMAS. Journal
editors and peer reviewers should ensure that results of subgroup analyses are fully
reported, and help finds inappropriate subgroup analyses, as well as checking the
protocols and IPDMA reports to identify discrepancies in subgroup analyses between
protocols and final reports to ensure subgroup analyses are appropriately conducted

and reported before accepting IPDMASs reports for publications.

5. Conclusions

Many cancer IPDMAs did not prespecify subgroup analyses, nor did they fully
perform planned subgroup analyses. Lack of details for the test of treatment-subgroup
interactions and the use of deft approach is suboptimal. Cancer IPDMAS more
frequently categorized continuous variables but rarely examined the non-linear
interactions. Future IPDMASs should address these flaws. Existing guidance should be
strictly followed to select an appropriate method for the conduct and reporting of

subgroup analysis.
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Key findings

e Prespecification of subgroup analyses in cancer individual participant data
meta-analyses (IPDMAs) were inadequate.

e Lack of details for the test of treatment-subgroup interactions and the use of
deft approach was suboptimal.

e Cancer IPDMAs more frequently categorized continuous variables but rarely

examined the non-linear interactions.
What this adds to what was known?

e This study explored the prespecification of subgroup analyses in cancer
IPDMASs, whether the planned subgroup analyses were conducted, methods
used for the test of treatment-subgroup interactions, and statistical

approaches for examining continuous subgroup variables.
What is the implication and what should change now?

o The presentation and examination of treatment-covariate interactions and the
proper handling of continuous variables need substantial improvement.

e Existing methodological and reporting guidance should be strictly followed to
select an appropriate method for the conduct and reporting of subgroup analysis
in IPDMAs.

e Journal editors and peer reviewers should ensure that the results of subgroup

analyses are fully reported and help finds inappropriate subgroup analyses.
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Figure 1. The flowchart of the screening process. RCTs, randomized controlled trials;
IPDMAs, individual participant data meta-analyses; IPD-NMAs, individual

participant data network meta-analyses.
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Figure 4. Cancer categories of included IPDMAs

Table 1. Characteristics of included IPDMAs

Category Frequency Proportion (%)
Protocol 37 41.6
Cochrane 12 13.5
Supplementary 4 4.5
Article 4 4.5
Contact author 8 9.0
No specific access method 9 10.1

Funding sources

Industry 8 9.0
Industry + non-industry 4 4.5
Not report 15 16.9
Non-funding 14 15.7
Non-industry 48 53.9

Number of included patients

500-1000 20 22.5
1001-2000 17 19.1
2001-3000 16 18.0
3001-5000 18 20.2
5001-10000 14 15.7
10001-40000 4 4.5
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Table 2. Testing for treatment-subgroup interactions and handling of continuous variables

Category Frequency  Proportion (%)

Test for treatment-subgroup interactions (n=89)
Yes 80 89.9
No 9 10.1

Method used for analysis of treatment-subgroup interactions (n=80)

Deft (within-trial information) 4 5.0
Deluded (within-trial and across-trial information) 4 5.0
Unclear 72 90.0

Used continuous variables in the subgroup analysis (n=89)
Yes 85 95.5
No 4 4.5

Number of continuous variables used for subgroup analysis (h=85)

1 57 67.1
2 20 23.5
3 4 4.7
4 1 1.2
5 2 2.4
7 1 1.2

Categorized continuous variables (n=85)
Yes 85 100.0
No 0 0.0
Reported how cut-points were selected for continuous variables (n=85)

Yes 1 1.2
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No 84 98.8
Examined non-linear relationships for continuous variables (n=85)
Yes 1 1.2

No 84 98.8

41



Journal Pre-proof

Table 3. The relationship between basic characteristics and subgroup factors

Category Frequency Proportion (%)

Reported basic characteristics
Yes 80 89.9
No 9 10.1

Whether basic characteristics included factors considered in subgroup analyses (n=80)

Include all the factors 63 78.8
Did not include 1 factor 8 10.0
Did not include 2 factors 4 5.0
Did not include 3 factors 4 5.0
Did not include 4 factors 1 1.2
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Table 4. Subgroup factors planned in protocols or Methods section and reported in Results
section [N(%)]

Category Protocols or methods section Results section

Reported factors used for subgroup analyses?
Yes 47(52.8) 89(100.0)
No 42(47.2) 0(0.0)

Number of factors used for subgroup analysis

1 11(12.4) 5(5.6)
2 3(3.4) 4(4.5)
3 3(3.4) 13(14.6)
4 8(9.0) 14(15.7)
5 11(12.4) 22(24.7)
6 5(5.6) 10(11.2)
7 6(6.7) 12(13.5)
8 0(0.0) 2(2.2)
9 0(0.0) 4(4.5)
10 0(0.0) 1(1.1)
12 0(0.0) 1(1.1)
16 0(0.0) 1(1.1)
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Table 5. Changes in the number of subgroup factors between the Results section and
protocols or Methods section (n=47)

Category Frequency Proportion (%)
No change 19 40.4
Add 1 factor 8 17.0
Add 2 factors 4 8.5
Add 3 factors 1 2.1
Add 4 factors 5 10.6
Add 5 factors 2 4.3
Add 6 factors 1 2.1
Reduce 1 factor 5 10.6
Reduce 2 factors 1 2.1
Reduce 4 factors 1 2.1
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