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Recently, we published a paper reporting a pattern of brain activ-
ity as assessed by resting electroencephalography (EEG) that was 
specifically predictive of outcome with the antidepressant sertra-
line in comparison to placebo1. In response, Nilsonne and Harrell 
raise two criticisms in their Matters Arising2: first, that the base-
line Hamilton Depression Rating Scale (HAMD17) score was not 
adjusted for in the treatment outcome and, as a result, the sertra-
line signature from the EMBARC (Establishing Moderators and 
Biosignatures of Antidepressant Response in Clinical Care) trial 
might only be predicting the baseline HAMD17 score and, second, 
that the EMBARC sertraline signature could only weakly predict 
the treatment outcome in the second depression dataset. In this 
reply, we provide a detailed response to address these criticisms, 
demonstrating that they are inaccurate owing to a misunderstand-
ing of the original analyses or that the claims are not supported by 
the data. Collectively, we believe that these criticisms do not alter 
any conclusions in the paper.

With regard to the first critique, as reported in the original 
paper, SELSER (Sparse EEG Latent Space Regression) was not able 
to identify an EEG pattern related to baseline HAMD17, but only the 
change in HAMD17 associated with treatment. Moreover, extensive 
prior work has suggested that any prediction of outcome from base-
line HAMD measures is controversial and of limited effect size3,4. 
Nonetheless, to rule out this possibility in our analyses, we followed 
precisely the approach outlined by Nilsonne and Harrell2. Namely, 
we used the restricted cubic spline fit approach5 to regress out the 
baseline HAMD17 score from the post-treatment HAMD17 score for 
the sertraline arm in EMBARC. The MATLAB code6 is as follows:

[bhat f sse1 knots] = rcspline(preHAMD, postHAMD, ‘prc6’);
adjustedPostHAMD = postHAMD – f(preHAMD);
We then correlated the EMBARC sertraline signature with 

the adjusted post-treatment HAMD17 score. Specifically, we 
would expect a negative correlation because a greater change in 
EEG-predicted HAMD17 score pre-treatment versus post-treatment 
should translate into a lower post-treatment HAMD17 score. As 
expected, the correlation coefficient was −0.49 (Fig. 1), ruling out 
the possibility that the sertraline signature is predictive of the base-
line HAMD17 score only.

Moreover, although the restricted cubic spline fit approach is a 
useful technique to account for the baseline HAMD17 score, it has 
its own limitations when used in an individual-level prediction con-
text, which Nilsonne and Harrell2 may have overlooked. Because the 
estimation of the spline fit is performed on the group level, each 

patient’s outcome (that is, adjusted post-treatment HAMD17 score) 
depends on the HAMD17 scores of other patients included in the 
spline fit estimation. This is problematic, as the outcome for the 
same individual would vary across the loop of the cross-validation, 
depending on which individuals are included in the training set to 
estimate the spline fit function.

It is also important to note that the change in score post-treatment 
in comparison to pre-treatment is a very common endpoint accepted 
by the US Food and Drug Administration for approval of new medi-
cations or devices (see https://www.fda.gov/media/121348/down-
load (the sponsor briefing document for brexanolone injection) and 
https://www.fda.gov/media/121376/download (the sponsor brief-
ing document for esketamine)).

With regard to the second critique, centered on Fig. 4 in our 
paper, Nilsonne and Harrell2 appear to misunderstand the inten-
tion of the analysis of the second depression dataset. Figure 4 in our 
paper examined whether the strength of the sertraline EEG signa-
ture relates to additional treatment response phenotypes, based on 
retrospective information about treatment response. This type of 
retrospective information, assessed on a standardized instrument, is 
the hallmark definition of treatment-resistant depression as a phe-
notype within the broader clinical category of depression. Thus, we 
were not predicting future depression response, and neither longi-
tudinal treatment outcome data nor HAMD17 scores were available 
in this dataset. As stated in the paper, patients in the second depres-
sion dataset were drawn from a naturalistic depression study. The 
goal was to test the generalizability of the sertraline EEG signature 
in depression, rather than a direct replication of the EMBARC study 
(as no such data are available in the field). As such, Nilsonne and 
Harrell’s argument for a prediction analysis here is incorrect and 
derives from their misunderstanding, rather than any reflection on 
the predictive utility of the EEG signature.

The question of whether the EMBARC sertraline signa-
ture is related in some way to historical information on treat-
ment responsiveness/resistance can be addressed by applying the 
EMBARC sertraline signature to the second depression dataset 
and then comparing the values of the signature in partial-response 
and treatment-resistant groups (defined on the basis of the 
Antidepressant Treatment Response Questionnaire (ATRQ)7 as 
described in our paper1) under the classic hypothesis-testing frame-
work. This is what we showed in Fig. 4 in our paper1. In other words, 
predictive accuracy is irrelevant for the nature of the comparison 
made and the scientific question addressed. We also never claimed 
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that the EMBARC sertraline signature could distinguish between 
historically treatment-resistant patients and partial responders 
(defined on the basis of ATRQ score at the baseline visit) with high 
accuracy on an individual level for the second depression dataset.

It is likewise also important to point out two relevant findings 
that Nilsonne and Harrell2 seem to overlook. First, we reported in 
the paper that in the historical response dataset there was a negative 
correlation between the number of failed trials and the magnitude 
of the HAMD17 score improvement predicted by the EMBARC ser-
traline signature. This further underscores the clinical relevance of 
the EEG signature.

Second, we used a range of cross-validation methods to test the 
robustness of the EMBARC sertraline signature, including twofold, 
fourfold and tenfold cross-validation, as well as leave-study-site-out 
analysis. This last analysis is a strong demonstration that the find-
ings are indeed robust for sertraline and specific for sertraline in 
comparison to placebo. Ultimately, as we also mentioned in the 
original paper, independent replication will be important, but 
EMBARC itself was a massive undertaking and took 10 years from 
study inception to this outcome. As such, collection of a future data-
set will be no small feat.

Moreover, albeit indirectly, our paper provides convergent evi-
dence across multiple datasets to support the generalizability of the 

SELSER-optimized predictive signature beyond EMBARC. This 
evidence includes the close relationship between the predictive sig-
nature and treatment responsiveness/resistance in a second depres-
sion sample and the convergence between the rsEEG and task-fMRI 
predictive signatures when applied to a third depression sample.

In summary, we have clarified the following: first, that the 
EMBARC sertraline signature is predictive of treatment outcome 
even after the baseline HAMD17 score is regressed out of the 
post-treatment HAMD17 score via the restricted cubic spline fit 
approach as requested by the Matters Arising2 and, second, that the 
assertion that we were predicting responders versus non-responders 
in Fig. 4 of our paper is a misunderstanding of the intention of the 
analysis performed on the second depression dataset, which was to 
determine whether the EMBARC sertraline signature is related to 
historical information on treatment responsiveness/resistance.
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Fig. 1 | Scatterplot of the predicted change in HAMD17 score and the 
adjusted post-treatment HAMD17 score. The adjusted post-treatment 
HAMD17 score was obtained by regressing out the baseline HAMD17 score 
via the six-knot restricted cubic spline fit method.
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