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Abstract
The recent meta-analysis by Fullana et al. (2018) is both timely and significant,
providing a vital milestone towards understanding the neural networks involved in
threat extinction in humans. Fullana et al. (2018) examined both threat extinction and
recall separately using sophisticated meta-analytic methods based on raw contrast
maps. Importantly, the meta-analysis highlighted a lack of consistent activation
across studies for key neural “players” in the threat extinction circuit: the amygdala
and ventromedial prefrontal cortex (vmPFC). In the current commentary, we highlight
reasons for which this key circuitry may not have resulted from this meta-analysis,

and call for a ‘gold standard’ in the examination of threat extinction using fMRI.



Notably, the process of threat extinction is temporally sensitive and is
therefore best observed across time. Activity in the amygdala and subsequent threat
behaviour (e.g. electrodermal activity in humans and freezing in rodents) have been
shown to gradually decrease to learned threat cues compared to learned safety cues
across extinction (LaBar, Gatenby, Gore, LeDoux, & Phelps, 1998; Repa et al.,
2001) in both studies using human functional resonance imaging (fMRI) and single
cell recording studies in rodents. Furthermore, in fMRI studies, increased activity in
the vmPFC is found for the learned threat cue compared to the learned safety cue
during late extinction learning (Milad et al., 2007), which has been thought to
represent safety-learning.

Despite the strength of amygdala-ventromedial prefrontal cortex (vmPFC)
findings in the extinction literature, the recent meta-analysis by Fullana et al. (2018)
revealed little evidence for amygdala and vmPFC activation during extinction across
studies. Fullana et al. (2018) suggested that the lack of amygdala and vmPFC
activation observed in their meta-analysis of extinction may be attributed to: (1) less
reliability of the extinction process within animals versus humans, (2) reduced
anatomical resolution in human fMRI, and (3) averaging across multiple trials. Whilst
we don’t disagree with these points, we think the third point needs to be examined in
more detail. Here we highlight a crucial reason as to why amygdala and vmPFC
findings may have not been observed in the Fullana et al’'s (2018) meta-analysis.

Surprisingly, in Fullana et al's (2018) meta-analysis learned threat versus safe
cues were examined, as opposed to learned threat versus safe cues across time
(e.g. early versus late) because, as specified in a footnote, the authors did not have
enough data to make this comparison. Indeed, we examined the published studies

included in the meta-analysis, and we were surprised to find that only 17 out of the



25 published papers reported a time-based comparison during extinction. Moreover,
9 out of 17 of those that did use time-based comparisons were using less optimal
variants of the contrast such as separate contrasts to examine the effect of condition
during early and late extinction: early threat versus safety; late threat versus safety;
early threat versus late threat. To capture the full interaction of condition by time,
more appropriate and statistically powerful comparisons are to: (1) use regressors
for both condition and time in the analysis e.g. eary(Threat — Safe) — Laee(Threat —
Safe), or (2) include parametric regressors to examine linear changes over time (e.g.
Molapour, Golkar, Navarrete, Haaker, & Olsson, 2015).

Given the temporal sensitivity of the extinction process and that the majority of
the studies used in the meta-analysis were relatively recent, it is concerning that
time-based analyses were not identified as the ‘gold standard’. We recognise that
there may be other studies in the literature that have used time-based comparisons
but were not shared with Fullana et al. (2018), and we could not examine the 6
unpublished studies in the meta-analysis. Nonetheless, the meta-analysis by Fullana
et al. (2018) underlines the need for standardised examination of extinction across
time, at least for: (1) understanding the concept of extinction in humans, (2)
translating animal to human work, and (3) scientific rigour and replication purposes.
We hereby call for future research to include the reporting of an appropriate time-
based analysis of threat vs. safe cues, alongside an overall contrast of threat vs.

safe cues.
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