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Overweight and prognosis in triple-negative breast cancer
patients: a systematic review and meta-analysis

Sixten Harborg ®'*%, Robert Zachariae
Signe Borgquist'”

'3, Julia Olsen’, Maja Johannsen®, Deirdre Cronin-Fenton?, Henrik Beggild @* and

We conducted a systematic review and meta-analysis investigating the association between overweight and outcome in triple-
negative breast cancer (TNBC) patients. We searched PubMed and Embase using variations of the search terms triple-negative breast
cancer (population), overweight and/or obesity (exposure), and prognosis (outcome). Based on the World Health Organization
guidelines for defining overweight, we included longitudinal observational studies, which utilized survival statistics with hazard
ratios (HRs) in our analysis. The included studies measured body mass index at the time of diagnosis of TNBC and reported disease-
free survival and/or overall survival. Study quality was assessed with the Newcastle-Ottawa Scale and study data were extracted
using the Meta-analysis of Observational Studies in Epidemiology (MOOSE) checklist, independently by two authors. Random-
effects models were used to combine the effect sizes (HRs), and the results were evaluated and adjusted for possible publication
bias. Thirteen studies of 8,944 TNBC patients were included. The meta-analysis showed that overweight was associated with both
shorter disease-free survival (HR = 1.26; 95%Cl: 1.09-1.46) and shorter overall survival (HR = 1.29; 95%Cl: 1.11c1.51) compared to
normal-weight. Additionally, our Bayesian meta-analyses suggest that overweight individuals are 7.4 and 9.9 times more likely to
have shorter disease-free survival and overall survival, respectively. In conclusion, the available data suggest that overweight is
associated with shorter disease-free and overall survival among TNBC patients. The results should be interpreted with caution due

to possible publication bias.
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INTRODUCTION

Every year, around 2.1 million women are diagnosed with
breast cancer worldwide'. Alongside increasing breast cancer
incidence; overweight and obesity have become growing
health issues?. The World Health Organization (WHO) reports
that approximately 40% of the world’s female population is
overweight with a body mass index (BMI) of 25 kg/m? or above,
and 15% are obese (BMI 30 kg/m? or above)3. These numbers
continue to increase>.

Not only is overweight a risk factor for developing breast
cancer®, but it is also associated with a less favorable breast
cancer prognosis®, with higher BMI having been found associated
with increased risk of recurrence and mortality of breast cancer,
irrespective of hormone-receptor (HR) status>®. While BMI may
not be an optimal indicator of body composition,” BMI remains
the current standard tool for measuring and defining overweight
and obesity?®.

While the majority of breast cancers are HR-positive, globally
around 10% are triple-negative breast cancers (TNBC)°. TNBC is
characterized by cancer progression independent of estrogen,
progesterone, and human epidermal growth factor 2 protein
(HER2), and is 10-20% more common in overweight compared
with normal-weight women'%1,

There are several plausible biological reasons for a negative
prognostic role of overweight in TNBC. First, in an obesity
setting, released cytokines shift from an anti-inflammatory to a
pro-inflammatory/proangiogenic profile'?. Second, in obesity,
circulating chemokine ligand 2 (CCL2) levels are elevated'>.
High CCL2 levels are associated with increased presence of

tumor-associated macrophages', which can change their
phenotypes depending on the tumor microenvironment and
promote tumor growth and progression'®. Finally, free fatty
acids produced by adipose tissue lipolysis in obese individuals
stimulate toll-like receptor 4 on breast cancer cells and induce
activation of the nuclear factor - kappa B pathway (NF-kB)'S,
with continuous NF-kB activation leading to an increase in
cancer stem cells in vitro'”.

Compared with HR-positive breast cancer, TNBC is associated
with increased risk of developing metastatic disease and lower
survival rates'®, Chemotherapy is the systemic treatment of
choice in the neoadjuvant or adjuvant setting for TNBC patients.
Although patients with TNBC have an increased likelihood of
pathologic complete response when treated with neoadjuvant
chemotherapy compared to breast cancer patients with other
subtypes'®?°, no targeted therapy is yet available for TNBC
patients'8.

So far, only one published meta-analysis has explored the
association between overweight and TNBC prognosis?’. The meta-
analysis by Mei et al.?" is limited by being restricted to studies of
obese TNBC patients, rather than both overweight and obese
patients, and by using another measure than the hazard ratio, i.e.,
the summary odds ratio, as the clinical outcome effect size.

Given the poor prognosis of TNBC and the global obesity
epidemic?, we evaluated the association of overweight, a
potentially modifiable lifestyle-related factor, with the prognosis
of TNBC by conducting a systematic review and meta-analysis of
the available evidence.
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RESULTS
Study characteristics

The search and subsequent study selection process resulted in the
inclusion of 13 independent studies investigating a total of 8,944
TNBC patients. Of these, ten studies of 5,109 patients reported
data on DFS?2731, twelve studies of 8,005 patients reported OS
data?22425-34 and nine studies reported both endpoints?2-2426-29,
The study selection process, including reasons for exclusion, is
shown in Fig. 1, and the study characteristics are listed in Table 1.
The median follow-up time ranged from 24 to 109 months, with an
average of 54.9 months across studies.

Risk of bias

The risk of bias assessment for each study is shown in Table 4. No
study was considered to have a “high risk” of bias. All studies failed
to demonstrate that the incident breast cancer for inclusion in
their observational analyses was not a recurrent cancer. Further-
more, three studies did not adjust for age and four did not adjust
for chemotherapy in their statistical analyses.

Association between overweight and disease-free survival

In the primary analysis, the overall combined hazard ratio for DFS
indicated that overweight was associated with shorter DFS (HR:
1.26 [95% Cl: 1.09-1.46]) (Fig. 2 and Table 2). The non-significant
(p=0.31) Q-statistic and the I* of 17.74 suggested limited
heterogeneity. Egger's test was statistical significant (p =0.01),
and the adjustment based on the five imputed “missing studies”
suggested by the trim and fill procedure (Fig. 3A), resulted in a
smaller (1.13) hazard ratio, which no longer reached statistical
significance. Sensitivity analyses after excluding studies not
defining DFS as time from breast cancer diagnosis to first
recurrence?>>>27 yielded similar results (HR: 130 [95% Cl:
1.05-1.60]) (Fig. 1). Further, analyses excluding studies with a
BMI cut-off of 24 kg/m? did not attenuate the association (HR: 1.33

npj Breast Cancer (2021) 119

PRISMA Flow Diagram of selected studies. * PRSIMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

[95% Cl: 1.10-1.61]). When exploring the association between DFS
in BMI subgroups differing overweight (defined as BMI 25-30) and
obese (defined as BMI=30) patients from each other, the
association was attenuated (Table 3).

The findings were supported by the supplementary Bayesian
Model-Averaged meta-analysis, which provided moderate evidence
for a non-zero effect of overweight on DFS corresponding to a Bayes
Factor (BF)* of 74, i.e, indicating that the alternative hypothesis is
74 times more likely than the null-hypothesis. In contrast, the
Bayesian analysis provided only weak evidence concerning hetero-
geneity of the effects. The BF for heterogeneity of 0.64 indicated that
the probability that the effect sizes are heterogeneous is only half the
probability that they are not heterogeneous. The combined effect
size found in the Bayesian meta-analysis was 1.25, which is similar to
the effect found with the frequentist approach (1.26). The credible
interval, i.e., the interval that the true effect sizes are assumed to lie
within with 95% probability was 1.08 to 145 and similar to the
confidence interval (1.09-1.46).

Association between overweight and overall survival

In the primary analysis, overweight TNBC patients had a shorter
overall survival (OS) in comparison with normal-weight patients
(HR: 1.29 [95% CI: 1.11-1.51]) (Fig. 2B and Table 2). The significant
Q-statistic and 2 of 46% suggested that a little less than half of the
variation in hazard ratios could be explained by true differences
between studies. The subsequently calculated prediction interval
suggested that the hazard ratios of 95% of future studies from the
same family of studies will lie within a broad interval from 0.83 to
2.34. The funnel plot (Fig. 3b) and Egger's test (p=0.005)
suggested the possibility of publication bias in favor of larger
hazard ratios, and imputing six “missing studies” resulted in a
reduction of the combined hazard ratio from 1.28 to 1.08, which
no longer reached statistical significance. When attempting to
explore possible sources of heterogeneity with meta-regression-
based moderator analyses, the strength of the association
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Hazard ratio
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Wang 2019 ; i 2.33[1.06, 5.12]
Overall <> 1.26 [ 1.09, 1.46]
s 5

Normal-weight associated with shorter DFS  Overweight associated with shorter DFS.

Fig. 2 Meta-analysis of observational studies comparing disease-
free survival in overweight and normal-weight. * Disease-free
survival was defined as time from breast cancer diagnosis to first
breast cancer event or death.
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Fig. 3 Meta-analysis of observational studies comparing overall
survival in overweight and normal-weight. * Overall survival was
defined as time from breast cancer diagnosis to death of any cause.

between overweight and OS was not modified by between-study
differences in either BMI cut-offs or median follow-up time. A
sensitivity analysis excluding studies with a BMI cut-off of 24 kg/
m?, strengthened the association (HR: 1.46 [95% Cl: 1.13-1.89]).
When analyzing the smaller number of studies, which provided
data on BMI subgroups, i.e., overweight (defined as BMI 25-30)
and obese (defined as BMI = 30) patients, separately, the associa-
tions with OS did not reach statistical significance (Table 3).

The supplementary Bayesian model provided strong support>,
ie, a BF=9.94, for a non-zero effect of overweight on OS.
Furthermore, the BF of 2.97 indicated moderate evidence for a
random model, i.e., for heterogeneous effects. The combined
effect size found in the Bayesian meta-analysis was 1.23, which is
only slightly smaller than the effect found with the frequentist
approach (1.29), and the credible interval was 1.07 to 1.47 and
similar to the confidence interval (1.11-1.51).

DISCUSSION

Taken together, the results of the present systematic review and
meta-analysis support the hypothesis that overweight TNBC

npj Breast Cancer (2021) 119

patients have a poorer prognosis with shorter disease-free and
overall survival in comparison with normal-weight TNBC
patients. During the follow-up periods, overweight TNBC
patients were found to be 29% more likely to die than normal-
weight TNBC patients.

Bayesian meta-analysis provided additional support®> for both
findings by indicating that a non-zero effect of overweight was 7.4
times more likely than the null-hypothesis for DFS and approxi-
mately 10 times more likely for OS. In addition, heterogeneity was
moderate for both endpoints and the risk of bias of the included
studies was generally low. While the available data support a
conclusion that overweight is associated with poorer prognosis in
breast cancer patients with triple-negative disease, the possibility
of publication bias in favor of stronger associations between
overweight and poorer survival should be taken into consideration
when interpreting the results.

While our study thus has several strengths, some limitations
should also be noted. First, only few studies have yet explored the
prognostic role of overweight in TNBC and the sample sizes are
limited by the relatively low prevalence of TNBC. Second, the
heterogeneity of the chemotherapy regimens used across the
available studies may limit the interpretability of the results. Third,
chemotherapy being the current standard systemic treatment of
TNBC, is dosed based on body surface area to achieve the optimal
pharmacologic biological availability®, and BMI is usually strongly
associated with body surface area®’. Thus, it cannot be excluded
that the reported negative influence of overweight on TNBC
prognosis could at least be partly due to differences in drug
dosage determination guidelines®®, as overweight patients may
receive capped doses of chemotherapy to reduce the risk of
toxicities®®. Fourth, in the quality assessment of the included
studies, no study was able to verify that the breast cancer
diagnosis was not a recurrent breast cancer. Therefore, we cannot
exclude the possibility of a classification bias, i.e. classifying a
breast cancer diagnosis as the primary cancer despite the fact that
it is second cancer. However, given the frequency of second/third
cancers it is unlikely that the observed association can be
explained by this. Finally, the present review could possibly be
limited by two of the included studies?®33 using a lower BMI cut-
off for overweight (24 kg/m? or above), which could theoretically
induce a classification bias*®. However, these BMI cut-offs were
based on WHO standards for the geographic area of the studies,
thereby reflecting the population characteristics*'.

In a recent phase Il trial of genomically directed therapy after
neoadjuvant chemotherapy in TNBC patients by Ballinger et al., no
association between overweight or obesity and clinical outcome
was observed*2. Unfortunately, the estimates presented in the
study by Ballinger et al., do not include information on the
precision of the estimates, which was a requirement for inclusion
in our meta-analysis. The study by Ballinger et al. is important, as it
is restricted to chemoresistant TNBC patients and highlights that
chemoresistant TNBC patients might constitute a group of
patients in which lifestyle interventions lack a beneficial effect.
However, this needs to be further addressed in future studies and
the results from Ballinger et al., should be interpreted with caution
as they are limited by the small population of 172 chemoresistant
TNBC patients with residual disease and the short follow-up time
(primary endpoint is two year DFS). Furthermore, in a recent meta-
analysis evaluating all breast cancer subtypes, obesity (BMI=>
30kg/m?), however not overweight (BMI 25-30kg/m?), was
reported to influence prognosis in TNBC patients**. Compared
to this meta-analysis, the partly different results by Lohmann,
et al., may be explained by their inclusion of observational studies
with heterogeneous BMI comparator groups, heterogeneous
endpoints and interventional cohorts. Nonetheless, the limited
power in both meta-analyses, calls for further studies investigating
the association.

Published in partnership with the Breast Cancer Research Foundation
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Table 2.

Pooled effects of overweight on disease-free survival and overall survival.

BMI comparison group Sample size Heterogeneity Pooled effect
Dependent variable K2 N Q® p P HRe 95% Cl p 95% PI¢

BMI > 25 vs BMI < 25 Disease-free survival 10 5,109 10.5 0.31 14.0 1.26 1.09-1.46 <0.01 N/A
Adjusted for publication bias® 15 — — — — 1.13 0.97-1.32 Ns —

BMI = 25 vs BMI < 25 Overall survival 12 8,005 20.4 0.04 46.0 1.29 1.11-1.51 <0.01 0.83-2.34
Adjusted for publication bias® 18 — — — — 1.08 0.92-1.27 Ns —

2K = number of studies.
bQ-statistic: p-values < 0.1 and 12> 0.0 taken to suggest heterogeneity.

995% prediction interval calculated for heterogeneous results.

N= number of patients, Ns = Not significant, N/A = Not applicable.

“HR = hazard ratio (random effects), HR > 1.0 indicate overweight associated with poorer prognosis/increased mortality.

€As results (Egger’s test and funnel plot) suggested publication bias, missing studies were imputed and the pooled HR adjusted accordingly with the Duval
and Tweedie Trim and Fill test®'!, K= number of published studies + number of imputed studies.

Table 3.

Pooled effects of body mass index subgroups on disease-free survival and overall survival.

BMI comparison group Sample size Heterogeneity Pooled effect

Dependent variable K@ NP Q© p 2 HR¢ 95%Cl p 95%PI¢
BMI 25-30 vs BMI < 25 Disease-free survival 3 1,708 1.2 0.55 0.0 1.24 0.97-1.58 0.09 N/Af
BMI 25-30 vs BMI < 25 Overall survival 5 4,437 5.6 0.24 27.9 1.07 0.88-1.31 0.52 0.65-1.77
BMI > 30 vs BMI < 25 Disease-free survival 6 3,666 5.05 0.41 1.0 1.14 0.98-1.33 0.08 N/A
BMI =30 vs BMI < 25 Overall survival 8 6,395 6.2 0.51 0.0 1.09 0.97-1.22 0.15 N/A

2K = number of studies, °N = number of patients.
€Q-statistic: p-values < 0.1 and 1% > 0.0 taken to suggest heterogeneity.

€95% prediction interval calculated for heterogeneous results.
fN/A = Not applicable.

9HR = hazard ratio (random effects), HR > 1.0 indicate overweight associated with poorer prognosis/increased mortality.

A number of additional issues need to be addressed in future
research. The present meta-analysis included studies performed in
developing countries®®?°, and the results thus represent very
diverse health care systems and differences in socioeconomic
status of patients. Socioeconomic status is generally associated
with overweight and women with lower socioeconomic status
tend to have lower screening attendance compared with women
with high socioeconomic status**. This could impact the stage of
disease at diagnosis, such that breast cancer in women with low
socioeconomic status may therefore be detected in a more
advanced stage. Differences in socioeconomic status may also
contribute to differences in access to health care including
treatment®>, thereby affecting prognosis. Likewise, low socio-
economic status is associated with a less healthy diet*® which may
have a negative impact on breast cancer prognosis*’. Unfortu-
nately, the reported data did not allow for adjustment for
socioeconomic status or differences in stage of disease at
diagnosis in the analyses.

Additionally, seven out of 13 studies included in this meta-
analysis are single-institution studies?#26-27:2932-34 " Conse-
quently, to be able to further clarify the influence of overweight
on breast cancer prognosis among TNBC patients, there is a need
for larger population-based observational studies using validated
data. Moreover, BMI is an unrefined measure of body size that
does not consider the ratio between adipose tissue and muscle
tissue*®. This could potentially lead to misclassification as
individuals classified as normal-weight by BMI, may in fact have
metabolic obesity*®. Future studies are therefore recommended
to use more precise measures of body fat when estimating body
composition, e.g., dual-energy X-ray absorptiometry scans or
waist-hip-ratio*>°,

Published in partnership with the Breast Cancer Research Foundation

CONCLUSION

The results of this, to our knowledge first comprehensive meta-
analysis focusing on the role of overweight in TNBC prognosis,
highlights the potential negative influence of a modifiable lifestyle
factor in a particularly vulnerable patient group already suffering
from a worse prognosis due to the aggressiveness of the disease
and the lack of targeted treatment possibilities. The possible
limitations of the so far limited number of studies, including the
possibility of publication bias, indicate a need for additional
population-based studies using more precise measures of body fat
and enabling the adjustment for differences in possible moderat-
ing factors such as disease stage at diagnosis, chemotherapy
regimen, and socioeconomic status. The current evidence should
also encourage research on the possible efficacy of weight
management interventions on TNBC prognosis.

METHODS

The present review was pre-registered with PROSPERO (reg.no.:
CRD42020206102) and is reported in accordance with the Meta-
analysis of Observational Studies in Epidemiology (MOOSE)
guidelines®'.

Data sources and search strategy

A systematic keyword-based search was conducted in the
databases PubMed and Embase. Informed by the Population
Intervention/exposure Comparison Outcome (PICO) approach®?,
keywords related to Population were combined with keywords
related to Exposure and Outcome, e.g., Triple Negative Breast Cancer
AND Prognosis AND Overweight OR Obesity (the full search string is
available in the Supplementary Materials, Table 1). Searches were
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Fig. 4 Funnel plot assessing the presence of publication bias in
the disease-free survival analyses. * The Duval and Tweedie trim-
and-fill method>® was used to adjust for publication bias.

conducted for the period from the earliest time available until July
7, 2020, together with forward and backward citation tracking
(snowballing).

Selection criteria and data extraction

Study eligibility was established using the PICO approach®2.
Studies were eligible for inclusion if (1) the population included
patients diagnosed with TNBC, (2) BMI at diagnosis was included
as exposure, (3) the outcome was disease-free survival (DFS
[Defined as time from breast cancer diagnosis to first breast
cancer event or death]) and/or overall survival (OS [Defined as
time from breast cancer diagnosis to death of any cause]), and (4)
the study design was longitudinal, investigating the association of
overweight with clinical outcome in TNBC patients. We imposed
no restrictions on publication year, geographical setting, or length
of follow-up. We did not consider case-control studies, studies
reporting other effect sizes than hazard ratios, and studies where
data on BMI were retrieved >6 months after TNBC diagnosis. Only
English language papers in peer-reviewed journals were consid-
ered, and “gray literature”, e.g., conference abstracts and
dissertations, were not included. Two authors (S.H. and J.0)
independently screened titles and abstracts using the Covidence
systematic review software (www.covidence.org). After excluding
studies based on titles and abstracts, the remaining full text
references were reviewed. Disagreements were discussed with a
third author (S.B.) until a negotiated conclusion was reached. Data
were extracted by one author (S.H.) and coded according to a
priori specified characteristics, including study name, patient
characteristics, treatment characteristics, exposure (BMI), outcome
data (DFS and OS), and risk of bias, and validated by a second
author (S.B.).

Risk of bias assessment

The Newcastle-Ottawa Scale®® (NOS) was adapted to assess the
risk of bias of the included studies. NOS evaluates the risk of
systematic errors in a study design by assessing the following
characteristics: (I) Representativeness of the exposed cohort, (II)
Selection of the non-exposed cohort, (lll) Ascertainment of
exposure, (IV) Demonstration that the outcome of interest was
not present at start of study, (V) Comparability of cohorts on the
basis of the design or analysis, (VI) Assessment of outcome, (VII)
Was follow-up long enough for outcomes to occur, and (VIII)
Adequacy of follow-up cohorts®>. Two authors (S.H. and J.O)
independently assessed and scored each study according to the
pre-established criteria, and for every present characteristic, one
point was dispensed. Disagreements were discussed with a third
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author (S.B.) until a final score was reached for each study. The risk
of bias scores are summarized (Table 4) into a bias judgment®.

Overweight and obesity definitions by BMI

Overweight was determined using the World Health Organization
(WHO) BMI definition of overweight, i.e., when a patient has a BMI
of 25 kg/m? or above the patient is considered overweight, and if
the patient has a BMI of less than 25kg/m? the patient is
considered normal-weight®. WHO'’s BMI definition of overweight
differs depending on geographic location; e.g., in Asian popula-
tions, the BMI definition for overweight is defined as a BMI of
24 kg/m? or more according to WHO's Asian-Pacific classification
for overweight*'. WHO further defines subgroups of overweight
where patients with a BMI between 25 and 30kg/m? are
considered overweight and patients with a BMI of 30 kg/m? or
above are considered obese. In the present study, all patients with
a BMI defined as overweight or obese according to WHO are
considered overweight and referred to as overweight from this
point forward.

Analytical strategy

Observational cohort studies analyzing data either prospectively
or retrospectively were reviewed and subjected to meta-analysis
to ascertain the pooled overall effect estimate and its precision. To
aid the interpretation of the results, we conducted, as a
supplement to the conventional frequentist meta-analysis, a
Bayesian Model-Averaged meta-analysis®.

Pooling effect sizes

An inverse variance-weighted random-effects model considering
the precision of each study was used in all analyses, with hazard
ratios larger than 1.0 taken to indicate an effect in the
hypothesized direction, i.e., overweight associated with a shorter
DFS or OS. A number of studies reported survival outcomes
according to BMI subgroups, e.g. overweight (BMI 25-30) vs
normal-weight patients (BMI < 25) and obese (BMI = 30) vs normal-
weight patients (BMI < 25). In these cases, we combined the group
of overweight (BMI 25-30) and obese patients (BMI = 30) into one
group, referred to as overweight patients. This was done to ensure
that all patients with a BMI classified as overweight were included
in the estimates retrieved from each study. When feasible,
additional analyses were conducted for BMI-subgroups of over-
weight and obese separately (Table 3). The individual and pooled
hazard ratios are presented together with the associated 95%
confidence intervals in forest plots.

Heterogeneity

Heterogeneity was investigated using Q and /? statistics®>.
Heterogeneity tests aim at determining to which degree the
variation in effect sizes reflects true differences (heterogeneity) or
sampling error. The ? value is an estimate of the between-study
variance in a pooled effect estimate that is accounted for by
heterogeneity of the effect sizes in the included studies and is
assumed to be relatively unaffected by the number of studies®®. If
the results indicated heterogeneity (> 0.0), we calculated the
95% prediction interval, which estimates the expected range of
true effects in 95% of future studies®’.

Publication bias

The possibility of publication bias was assessed using funnel plots
(Figure 4 and 5) and Egger’s test®®. If results were suggestive of
possible publication bias, sensitivity analyses were conducted by
imputing the “missing studies” and calculating adjusted effect
estimates using the Duval and Tweedie trim-and-fill method>®.

npj Breast Cancer (2021) 119


http://www.covidence.org

S. Harborg et al.

o 4
L]
~
5 °
=
© °
°
N ;
c o
pul
(2]
L]
™ ° o
°
L]
er,
T T T T T
-1 -5 0 5 1

Log hazard ratio

Pseudo 95% CI
Estimated 6gem.

® Observed studies
Imputed studies

Fig. 5 Funnel plot assessing the presence of publication bias in
the overall survival analyses. * The Duval and Tweedie trim-and-fill
method>® was used to adjust for publication bias.

Moderator analyses

To explore possible sources of heterogeneity (/>>0.0), we
examined, with meta-regression based on random-effects
models and estimated with maximum likelihood method, the
role on the effect size of two possible moderators, i.e.,, median
follow-up time in months and the BMI used as cutoff for
overweight in each study.

Bayesian analysis

A supplementary Bayesian Model-Averaged meta-analysis®* of the
effects of overweight on TNBC prognosis examined the results of
four models: (a) fixed-effect null hypothesis (fHo), (b) fixed-effect
alternative hypothesis (fH;), (c) random-effects null hypothesis
(rHo), and (d) random effects alternative hypothesis (rH;). Bayesian
Model-Averaged analysis thus avoids selecting either a fixed- or
random-effects model and addresses two questions in light of the
observed data: What is the plausibility that the overall effect is
non-zero and is there between-study variability in the effect size?
We chose an uninformed prior probability, i.e., 25%, of each of the
four models and 2,000 iterations. Concerning parameter distribu-
tions, we chose previously recommended defaults®*. We thus used
a zero-centered Cauchy prior with a scale of 0.707 for the effect
size. To have zero indicating the null effect, the hazard ratios and
the upper and lower limits were log-transformed. For the
between-study variation, we used an empirically informed prior
distribution of non-zero between-study deviation estimates based
on effect sizes from 705 meta-analyses published in Psychological
Bulletin between 1990 and 2013%. This distribution has been
approximated by an Inverse-Gamma (1, 0.15) prior on the
standard deviation (Tau)**.

The frequentist analyses were performed using Comprehensive
Meta-Analysis, version 3°'. The supplementary Bayesian analyses
were conducted with JASP, Version 0.12.252,
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