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Editorial Note: This manuscript has been previously reviewed at another journal. This
document only contains reviewer comments and rebuttal letters for versions considered
at Nature Communications. Mentions of prior referee reports have been redacted.

REVIEWER COMMENTS
Reviewer #2 (Remarks to the Author):

My comment has been appropriately addressed. Excellent paper.

Reviewer #3 (Remarks to the Author):

The study by Botvinik-Nezer et al. is an investigation to deeply investigate mechanisms of placebo
using activation signatures that hold the potential to be more sensitive to activation than
traditional massive univariate approaches. Furthermore this investigation seeks to better test the
transfer of placebo conditioning from one modality (heat) to mechanical stimulation. The
tremendous efforts of the authors to collect a huge (n=392) fMRI dataset to address this
important question are certainly appreciated. However, numerous major issues with pain ratings,
stimulus delivery, and the conditioning paradigm raise serious questions about their central
conclusion that higher order cognitive/affective brain regions but not nociceptive processing
regions mediate the placebo response.

The central conclusion is based on the observation that the NPS was not significantly related to the
placebo response, while the SIIPS was. However, there is no direct statistical comparison of the
NPS vs SIIPS signals to support this conclusion. Was the SIIPS more related to the placebo
response than the NPS? Moreover, the incorporation of individual differences into the NPS revealed
that reductions in perceived pain intensity were, in fact, related to reductions in the NPS and
nociceptive ROI’s, bringing the findings more into line with existing studies.

In studies of human pain mechanisms, obtaining accurate and precise reports of pain is critical.
There are a number of well-described and well validated scales in the literature. Many are
relatively continuous and have interval or ratio scale properties essential for use as a covariate of
interest to interpret brain activity. In this study, the scales for rating pain are barely described and
it appears that two separate scales are used. One is used in the “calibration” phase and appears to
be a verbal numerical scale. The other used in the main part of the study is some form of trackball
controlled scale that appears to have verbal descriptors positioned at certain numbers and/or
positions on the scale. The Bartoshuk reference is a review article that describes multiple types of
scales and does not provide a description or validation of the scale that appears to be used during
the fMRI portion of the study. Moreover, the instructions to distinguish intensity and
unpleasantness are neither described nor validated.

The pain ratings of both the thermal and mechanical stimuli are quite low, with ratings of only
.191/1 for heat and 0.13/1 for mechanical. This raises major questions about whether sufficient
brain activation by these apparently weak stimuli was to detect a placebo reduction. This becomes
particularly important when the main conclusion is that the nociceptive network was not
modulated but the more cognitive/affective network was modulated by placebo. Could this just be
a floor effect since the ratings were so low to begin with? This appears to contradict a relatively
large body of placebo literature - including the very impressive meta-analysis by Zunhammer et
al. (and some of the present authors) showing involvement of the medial and lateral thalamus,
posterior insula, ACC, and other regions that have direct spino-thalamic input and are associated
with nociceptive processing. Also, the ratings in the text are lower than those in figure 2 although
they are both supposedly means of the same data.

The low ratings may arise from two factors. First, glabrous skin can be a great deal less sensitive



to noxious stimuli than hairy skin - likely due to the absence of some populations of A-delta
nociceptors. Thus, the noxious stimuli may have simply not been sufficiently intense to elicit much
of a perceptual response and concommittant activation of nociceptive processing mechanisms.
Second, the measurement properties of the pain scale are unknown based on the absence of any
citations regarding the validation of this scale (or scales since two seemed to have been used). Is
it possible that the positioning of the labels both drove ratings down and caused them to cluster in
specific positions? The SEMs of the ratings are miniscule.

Another major concern of the experimental design is that there were two forms of placebo
conditioning used - a symbolic and a classical conditioning. The symbolic conditioning paradigm is
of significant concern given the results. This paradigm involved probe placement and then
presentation of fake example ratings for the control vs placebo condition. This raises concerns that
demand characteristics of this procedure would lead to significant biases of ratings to conform to
those provided by the fake participants rather than to reflect what participants actually felt. Thus,
was the differential activation in the cognitive/affective areas related to rating biases and/or the
formulation of ratings rather than actual modulation of the experience of pain?

Moreover, the use of two placebo paradigms in series seems likely to further complicate
interpretation of the results and would likely be largely unnecessary given the demonstrated
strength of the classical conditioning paradigm. Would the symbolic conditioning paradigm engage
different mechanisms than the classical conditioning paradigm? Would some participants use one
vs the other, or even both together?

Another concern regarding the lack of modulation of nociceptive processing regions arises from the
relatively minimal number of trials involving noxious stimulation. There were 6 stimuli (low, med,
high X thermal vs mechanical) and there were 8 stimuli per run, with two control runs and two
placebo runs. Thus, most stimuli were only repeated twice during each control and each placebo
condition. Also, other temperatures are mentioned during the conditioning procedure. Were these
also used in the fMRI portion? Detecting change in this very complicated design (3x2x2) with
perceptually weak stimuli and minimal repeats of individual stimuli seems challenging.

The "calibration” procedure is hopefully misnamed. For most researchers in the field, “calibration”
would mean that stimuli are individually adjusted for each participant based on their ratings. This
process introduces huge complexity in since different stimuli are used in different indivividuals,
different populations of primary afferents are likely activated, with unknown impact on brain
activity or the ability of pain to be modulated. In contrast, “training” or “familiarization” would
imply that participants were exposed to the stimuli to see if they could tolerate them and to gain
experience providing pain ratings. Unfortunately, it seems that different pain scales were used
during familiarization and fMRI, so there was no benefit of training with scale usage. Also the site
of “calibration” was not defined.



Response to Reviewers

We appreciate the Reviewers’ comments, and the opportunity to respond. Below, we address each
comment raised by Reviewer 3 (Reviewer 2 had no further comments, and Reviewer 1 reviewed
our manuscript for _). Many of the issues raised concern design choices that
we carefully considered during the course of planning the study. We recognize that there are
limitations and tradeoffs with any choice of design, and indeed our choices of rating scale,
conditioning procedure, and other design elements were made to address the limitations inherent
in some previous design choices in the field based on 20 years of experience with dozens of similar
studies. We thus particularly appreciate the opportunity to explain some of the tradeoffs involved
and the merits of our choices here. Overall, our findings converge with those from previous studies
that used different rating scales, variants of conditioning protocols, and design details, increasing
our confidence that these design choices did not critically affect the results. However, we believe
the present study provides particularly definitive evidence due to the large sample size, use of a
priori neuromarkers and regions of interest, tests across two different kinds of pain (conditioned
and unconditioned), and use of Bayes factors (made possible with our large sample size). In
addition, as we explain below, rigorous positive controls (internal validation) give us confidence
that our scales and imaging procedures were appropriately sensitive. Thank you for bringing these
issues to light and promoting open discussion.

Reviewer #2 (Remarks to the Author)
My comment has been appropriately addressed. Excellent paper.

We are grateful for the reviewer’s support and thank them again for their previous helpful
comments.

Reviewer #3 (Remarks to the Author)

The study by Botvinik-Nezer et al. is an investigation to deeply investigate mechanisms
of placebo using activation signatures that hold the potential to be more sensitive to
activation than traditional massive univariate approaches. Furthermore this investigation
seeks to better test the transfer of placebo conditioning from one modality (heat) to
mechanical stimulation. The tremendous efforts of the authors to collect a huge (n=392)
fMRI dataset to address this important question are certainly appreciated. However,
numerous major issues with pain ratings, stimulus delivery, and the conditioning
paradigm raise serious questions about their central conclusion that higher order
cognitive/affective brain regions but not nociceptive processing regions mediate the
placebo response.



Comment 1: The central conclusion is based on the observation that the NPS was not
significantly related to the placebo response, while the SIIPS was. However, there is no
direct statistical comparison of the NPS vs SIIPS signals to support this conclusion. Was
the SIIPS more related to the placebo response than the NPS?

Response 1:

We used mixed effects models and Bayes factors to test the placebo effect on outcomes, including
pain ratings, the two neuromarkers (NPS and SIIPS), and pre-registered ROIs. It is unusual to
perform a statistical test to compare two outcomes that are measured on different scales, which is
why we did not do so originally. However, the two outcomes can be compared based on their effect
sizes. The effect size of placebo on the NPS was d = 0.04 in thermal pain and d = -0.02 in
mechanical pain, while for SIIPS it was d = 0.19 in thermal and d = 0.15 in mechanical pain. In
the revised manuscript, to directly compare the neuromarkers, we z-scored the scores of each
neuromarker across conditions and participants (note that the between and within-participant
effects within each neuromarker will not be affected) and tested the effect of the neuromarker
(NPS /SIIPS) on the score in a mixed effects model. Placebo-induced reductions were significantly
larger for the SIIPS than the NPS, in both modalities (thermal: p = .030, mechanical: p = .006).

We have now added this result to the manuscript:

Results - thermal:

“Finally, the placebo-induced reduction in neuromarker score was significantly larger for the
SIIPS compared to the NPS (estimate = 0.100, SE = 0.046, 1(678.81) = 2.175, p = .030, 95% CI
= [0.010, 0.189]; note that the neuromarker scores were z-scored within each neuromarker and
modality, to allow a direct comparison between these two outcomes that are measured on different
scales, see Methods).” (pages 14-15)

Results - mechanical:

“Moreover, the placebo-induced reduction in neuromarker score was again significantly larger
for the SIIPS compared to the NPS (estimate = 0.124, SE = 0.045, 1(609.62) = 2.766, p = .006,
95% CI = [0.036, 0.211]).” (page 15)

Methods:

“To directly compare the placebo-induced reduction between the NPS and SIIPS, we first z-scored
the scores of each neuromarker across conditions (placebo/control and stimulus intensity) and
participants, such that neuromarkers could be represented on the same standardized scale but the
within and between-subject effects within each neuromarker were not affected. Then, we computed
the control - placebo difference for each neuromarker for each combination of participant,
modality and stimulus level, and compared NPS vs. SIIPS with the following mixed-effects model



brain_score ~ I + neuromarker + stimulus level + (I + neuromarker + stimulus level |
family ID) + (neuromarker _monozygotic + stimulus _level monozygotic +
intercept_monozygotic -1 | participant_ID) + (neuromarker _dizygotic + stimulus_level dizygotic
+ intercept _dizygotic -1 | participant ID)” (page 38)

Furthermore, the use of Bayes factors, enabled by our large sample size, allowed us to quantify
the evidence in favor of the null vs. alternative hypothesis (existence or absence of a placebo effect
on the NPS), and conclude with confidence that there are no effects of placebo on the NPS, but
there are significant placebo effects on the SIIPS. These findings converge with those of other
studies that use different conditioning procedures and rating scales (e.g., no placebo effects on the
NPS in 2 and 17/20 studies in ). However, here we provide formal evidence in favor of the null
for the first time, and provide the first definitive, large-scale findings of placebo-induced
reductions in the SIIPS across two kinds of pain.

Comment 2: Moreover, the incorporation of individual differences into the NPS
revealed that reductions in perceived pain intensity were, in fact, related to reductions in
the NPS and nociceptive ROI’s, bringing the findings more into line with existing studies.

Response 2:

Thank you for highlighting this point. Indeed, placebo-induced effects on NPS responses and pain
ratings were correlated both here and in the meta-analysis of Zunhammer et al. 2018 3.
Furthermore, group-level placebo effects were small in both studies (but significant in the meta-
analysis, while null based on Bayes factors in our paper). Thus, our findings are largely consistent
with prior literature. In the present manuscript, we noted that these correlations could indicate a
reduction of NPS in the strongest placebo responders, which is in line with other studies (e.g., 3~
6). Still, Bayes factors also strongly favored a null response for the average person, implying that
if some participants show placebo effects, some must also show reverse placebo effects (e.g., 7).

Importantly, we also point out that random variation across individuals in skin site sensitivity, as
well as physiological processes like habituation and sensitization, could result in correlations such
as these. We carefully designed the study to minimize such effects, e.g., using a Control - Placebo
- Placebo - Control design, which eliminates person x order (sensitization / habituation)
interactions, but they still exist and could drive the correlations we discovered. We believe that we
have discussed these issues transparently, and that open discussion of the various implications for
placebo effects on nociceptive systems will help move the field forward.

We now elaborate more on this in the revised manuscript:

Results:



“In the current paper, we have focused primarily on the causal effects of placebo treatment in
experimental settings on pain at the group level, as reported above. Nevertheless, we also tested
the correlations between individual differences in placebo analgesia and neural placebo-induced
changes, as was done in previous studies. Importantly, correlations in small samples (as in most
previous placebo fMRI studies) are unreliable, and meta-analyses cannot address this issue
because of heterogeneity across studies. Thus, this is one of the first studies which could
adequately test these behavioral-brain correlations. Nevertheless, such correlations do not imply
causal effects of placebo, and can be driven by other processes (see Discussion).” (page 21)

Discussion:

“Finally, this study provided a rare opportunity to examine individual differences in neural
placebo effects in a sufficiently large sample to allow for stable correlation estimates and detection
of small effects typical of between-person correlations *°. We found significant correlations
between behavioral analgesia and larger reductions in both the NPS and SIIPS, as well as some
individual regions, including the aMCC, dplns, PAG and medial thalamus. This suggests that
placebo treatment may cause reductions in the NPS in some individuals, as suggested by a
previous person-level meta-analysis 3. However, we cannot endorse this conclusion here because
such correlations cannot provide strong evidence for causal effects. Here, as in previous literature,
the strength of an individual’s behavioral analgesic effect is conflated with random variation in
sensitivity on different skin sites and/or sensitization/habituation over time. For example, a
participant whose placebo skin site is less sensitive than the control skin site is expected to report
less pain for placebo compared to control irrespective of the placebo effect induced by the placebo
manipulation, and also to have a lower NPS response for placebo compared to control. Because
skin site sensitivity across participants is random, and skin site order was counterbalanced across
participants, this random variation should not influence the main effect of placebo in the present
study. It could, on the other hand, induce correlations between control minus placebo differences
in pain ratings and neural responses, as we have found. This issue is common to virtually all
clinical trials of treatment effects. Future studies could productively examine brain-behavioral
correlations by selecting high and low placebo responders based on independent criteria (e.g., a
separate session using different skin sites). Here, pre-scan expectation ratings could serve this
goal, but expectancy ratings were not correlated with neural placebo-control differences, and
were only associated with behavioral analgesia in thermal pain.” (page 27)

Comment 3: In studies of human pain mechanisms, obtaining accurate and precise
reports of pain is critical. There are a number of well-described and well validated
scales in the literature. Many are relatively continuous and have interval or ratio scale
properties essential for use as a covariate of interest to interpret brain activity. In this
study, the scales for rating pain are barely described and it appears that two separate
scales are used. One is used in the “calibration” phase and appears to be a verbal



numerical scale. The other used in the main part of the study is some form of trackball
controlled scale that appears to have verbal descriptors positioned at certain numbers
and/or positions on the scale. The Bartoshuk reference is a review article that describes
multiple types of scales and does not provide a description or validation of the scale that
appears to be used during the fMRI portion of the study.

Response 3:

We are grateful for the opportunity to clarify and better describe the scale. Here, we address the
issues raised with the scale. We address the “calibration” phase, which was actually a brief pre-
experiment familiarization phase, in Response 12 below.

We chose to use the Labeled Magnitude Scale (LMS), which consists of quasi-logarithmically
spaced perceptual verbal labels, precisely because it is commonly used and has been extensively
validated. This scale was built off early psychophysical scale development '*!! and constructed by
Green et al. '>!13. We have used such labeled magnitude scales in many of our studies since 2016,
following over 10 years of experience with different pain rating scales, and they have been used
in many previous pain studies in our lab and others (e.g., 142!. The LMS has several advantages
that led us to make this choice. First, it was designed and validated as a ratio scale, so that a two-
fold increase in pain intensity is reflected in a rating that is twice as high on the scale 2. Second,
the scale’s descriptive labels (e.g., “weak”, “moderate”, “strong’) help participants describe their
experience more precisely and consistently 2*. Third, it allows to avoid ceiling effects on pain

reports, by allowing room to increase ratings even for very painful stimulus intensities.

Beyond the extensive validation to the LMS scale in different modalities, we and others have
validated that the LMS responds sensitively to manipulations of noxious stimulus intensity,
providing internal validation 324, In addition, we have shown that LMS ratings correlate robustly
with brain activity, in both thermal and mechanical pain, vicarious/observed pain, aversion to
negative images, and aversive tastes, in a manner that is consistent across individuals and studies
1824 providing external validation for the LMS in pain and beyond.

Finally, it is important to consider that our test of placebo effects is within-participant, rather than
across groups, and is thus not very sensitive to the choice of scale (e.g., visual vs. labeled scales
and choices of anchors) 2°. Furthermore, the findings that the NPS was not affected by placebo and
the SIIPS was affected — the main novel findings here — were based on brain activity, and did not
depend on the behavioral pain ratings or choice of scale.

We have now revised the manuscript to clarify the scale that was used:

“We used a Labeled Magnitude Scale (LMS), consisting of quasi-logarithmically spaced
perceptual verbal labels (0.014 = barely detectable, 0.061 = weak, 0.172 = moderate, 0.354 =



strong, 0.533 = very strong, '>13), which provides ratio properties °% and avoids ceiling effects on
pain reports that are common with some narrow-range rating scales. Participants were presented
with the intermediate scale labels during training, but they were removed when obtaining actual
pain ratings during the experimental tasks, to minimize clustering around the labels 7.

After the scale’s training, participants completed a familiarization task, to ensure their tolerance
to the painful thermal stimuli. Stimuli in the familiarization task ranged between 45.5 - 48.5 °C,
with a duration of 10 seconds each. Participants rated each stimulus verbally based on the same
LMS scale. Participants were instructed that any sensation they would describe as pain should get
an intensity rating above 0, and that the most intense pain they would normally tolerate should be
rated between 0.5-0.6. ... Following each stimulus, participants rated the intensity (from ‘“no
pain” to “most pain imaginable”) and unpleasantness (from ‘“not at all” to ‘“worst pain
imaginable”) of the stimulus.” (pages 31-32)

Comment 4: Moreover, the instructions to distinguish intensity and unpleasantness are
neither described nor validated.

Response 4:

We used standard instructions, following Price et al.’s pioneering work 273!, Distinguishing
between intensity and unpleasantness is common in pain studies, with many examples from our
lab and others (e.g., '6!18293240) " As we note at the beginning of the results section, the
unpleasantness and intensity ratings were highly correlated (as was previously demonstrated in
healthy participants #!#2), and the choice to use the intensity ratings did not affect the conclusions.
We now describe the scales and the instructions given to the participants in more detail (see
excerpts above in Response 3).

Comment 5: The pain ratings of both the thermal and mechanical stimuli are quite low,
with ratings of only .191/1 for heat and 0.13/1 for mechanical.

Response 5:

This is an important point to address, because the absolute values on the LMS can be misleading.
Note that on the LMS scale, 0.06 = weak, 0.17 = moderate, 0.35 = strong, 0.53 = very strong and
1 = strongest imaginable. Even weak pain would be labeled as “painful” by participants,
comparable to approximately 2 out of 10 on the numerical scales used in our previous work (e.g.,
4344) " and moderate pain (0.17) corresponds approximately to 5 out of 10. Furthermore, the
strongest pain that participants will normally tolerate lies between 0.5 and 0.6, corresponding
approximately to 8 out of 10. By design, participants rarely use the upper half of the scale, which
is reserved for pains that would be intolerable in an experimental setting and thus unethical to
deliver. This prevents ceiling effects in reported pain, which can be a problem with some other
scales.



Two other points support the inference that the stimuli elicited adequate levels of pain. First, the
stimuli used (46.5 - 47.5 degrees) were above the firing threshold for specific nociceptors +°. They
were chosen to be painful to participants while tolerable to a broad population without causing
participant dropout and sampling bias. Second, the LMS shows sensitivity to increasing levels of
noxious heat, providing additional internal validation, and correlations with brain measures
validated to be pain-related using different studies and methods (the NPS and SIIPS), providing
additional external validation. The NPS in particular is insensitive to variations in stimulus
intensity in the innocuous range !, but was sensitive to stimulus intensity here.

Comment 6: This raises major questions about whether sufficient brain activation by
these apparently weak stimuli was to detect a placebo reduction. This becomes
particularly important when the main conclusion is that the nociceptive network was not
modulated but the more cognitive/affective network was modulated by placebo. Could
this just be a floor effect since the ratings were so low to begin with? This appears to
contradict a relatively large body of placebo literature — including the very impressive
meta-analysis by Zunhammer et al. (and some of the present authors) showing
involvement of the medial and lateral thalamus, posterior insula, ACC, and other regions
that have direct spino-thalamic input and are associated with nociceptive processing.

Response 6:

As reported in the text and shown in Figure 3b, the NPS was significantly activated in pain vs. rest
in both modalities with large effect sizes (thermal d = 1.11; mechanical d = 1.02). These effect
sizes are twice as large as typical positive findings in the Human Connectome Project data *¢ (e.g.,
motor activity in individual motor cortex voxels) and comparable to the very largest such effects
in other task domains. Moreover, there was a highly significant effect of the stimulus intensity on
the NPS and SIIPS, in both modalities. This serves as a positive control, demonstrating that there
was no floor effect and that the fMRI signal (and in particular the NPS and SIIPS) showed adequate
sensitivity to the stimuli.

With regard to previous studies, the placebo effect on the NPS in Zunhammer et al., 2018 3, was
significant but very small across all 20 studies included in the meta-analysis (g = 0.08), and was
found only in 3 out of the 20 individual studies. As for the placebo effect in individual regions
reported in Zunhammer et al., 2021 3, of the nociceptive pain brain regions, a main effect of
placebo was only found in a specific part of the right insula, with a small effect size. There was no
significant placebo vs. control treatment effect on other classical pain regions (including medial
and lateral thalamus, posterior insula, and ACC), except for the middle cingulate cortex, even when
the studies were modeled as a fixed rather than a random effect. This raises questions about
whether there are placebo effects on the NPS, that are addressed in the present study using Bayes
Factors. However, Zunhammer et al. did find significant correlations between the placebo effect



and the placebo-induced neural reductions in several pain regions, including the thalamus and
insula. As discussed above, such correlations (individual differences) were also found in the
present study, but they are not evidence of a causal effect of placebo on activity in these regions.
The present study thus extends these previous findings.

We revised the discussion to more thoroughly compare our findings with previous studies and
elaborate on the individual differences finding:

“Despite these substantial behavioral effects, fMRI analyses did not reveal significant reduction
in the NPS—the most widely validated neuromarker of nociceptive pain to date—or nociception-
related ROIs that were pre-registered based on previous studies. Bayes Factor analyses showed
strong evidence in favor of null effects. Bayesian evidence for null effects was also found in
individual subregions, precluding the possibility that the null effects resulted from a mix of positive
and negative findings in different regions. In addition, in the novel test of transfer to mechanical
pain, placebo treatment caused paradoxical activity increases in several of the regions most
closely associated with pain processing, including aMCC, dpINS, and sensory thalamus
(VPL/VPM; see below for discussion of these findings). The NPS has been shown to be sensitive
to bottom-up stimulus intensity across multiple pain types ¥, including sensitivity to both thermal
and mechanical pain intensity in this study, and our sample size provided high power to detect
small effects and provide strong Bayesian evidence in favor of the null. Withn = 392 and p < 0.05,
we have more than 80% power to detect “very small” effects of d = 0.15, and ~100% power to
detect “small” effects of d = 0.3. The most recent meta-analysis revealed a significant placebo
effect on the NPS, but this effect was very small (g = 0.08) and was found only in 3 out of 20
individual studies °. Moreover, of the nociceptive pain regions, a significant placebo effect was
only found in a specific part of the insula, with a small effect size (and also the middle cingulate
cortex when studies were modeled as a fixed rather than a random effect) °. Thus, together, these
findings suggest that placebo analgesia is not driven by modulation of low-level nociceptive
processes, at least for the average participant in experimental settings (for a discussion of
individual differences see below).” (pages 24-25)

“Finally, this study provided a rare opportunity to examine individual differences in neural
placebo effects in a sufficiently large sample to allow for stable correlation estimates and detection
of small effects typical of between-person correlations %°. We found significant correlations
between behavioral analgesia and larger reductions in both the NPS and SIIPS, as well as some
individual regions, including the aMCC, dplns, PAG and medial thalamus. This suggests that
placebo treatment may cause reductions in the NPS and nociceptive brain regions in some
individuals, as suggested by a previous person-level meta-analysis 3°. However, we cannot
endorse this conclusion here because such correlations cannot provide strong evidence for causal
effects. Here, as in previous literature, the strength of an individual’s behavioral analgesic effect
is conflated with random variation in sensitivity on different skin sites and/or



sensitization/habituation over time. For example, a participant whose placebo skin site is less
sensitive than the control skin site is expected to report less pain for placebo compared to control
irrespective of the placebo effect induced by the placebo manipulation, and also to have a lower
NPS response for placebo compared to control. Because skin site sensitivity across participants is
random, and skin site order was counterbalanced across participants, this random variation
should not influence the main effect of placebo in the present study. It would, on the other hand,
induce correlations between control minus placebo differences in pain ratings and neural
responses, as we have found. This issue is common to virtually all clinical trials of treatment
effects. Future studies could productively examine brain-behavioral correlations by selecting high
and low placebo responders based on independent criteria (e.g., a separate session using different
skin sites). Here, pre-scan expectation ratings could serve this goal, but expectancy ratings were
not correlated with neural placebo-control differences, and were only associated with behavioral
analgesia in thermal pain.” (page 27)

Comment 7: Also, the ratings in the text are lower than those in figure 2 although they
are both supposedly means of the same data.

Response 7:

We checked the pain ratings reported in the text and those shown in Figure 2, and they are the
same. The reported means are averaged across conditions (placebo / control) or stimulus
intensities (low / middle / high), which may have confused the reviewer. We added a note in the
text to clarify:

“As shown in Figure 2, thermal pain ratings increased with stimulus intensity (M [averaged
across conditions] = 0.129, 0.148, and 0.191 for low, medium, and high intensity, Intensity
effect: £=0.409, SE = 0.031, tuis2 = 13.32, p <.001, 95% CI = [0.348, 0.469]) and were
lower in the Placebo compared to the Control condition (Placebo M = 0.129, Control M =
0.183; Placebo effect: f=-0.359, SE = 0.037, t230.9) =-9.73, p <.001, 95% CI = [-0.432, -
0.286],d = 0.53).” (page 6)

Comment 8: The low ratings may arise from two factors. First, glabrous skin can be a
great deal less sensitive to noxious stimuli than hairy skin — likely due to the absence of
some populations of A-delta nociceptors. Thus, the noxious stimuli may have simply not
been sufficiently intense to elicit much of a perceptual response and concomitant
activation of nociceptive processing mechanisms. Second, the measurement properties
of the pain scale are unknown based on the absence of any citations regarding the
validation of this scale (or scales since two seemed to have been used). Is it possible
that the positioning of the labels both drove ratings down and caused them to cluster in
specific positions? The SEMs of the ratings are miniscule.

Response 8:



We are aware of this difference in skin sensitivity (and also discussed it in the limitations paragraph
in the discussion), and we conducted extensive pilot studies to choose stimulus intensity
parameters that were painful on these skin sites. As explained above, the LMS scale indeed lowers
the ratings compared to linear scales, since a larger part of the scale is allocated for very strong
stimuli. However, the ratings in the current study indicate that the stimuli were sufficiently painful
for participants (see also responses 3 and 5 above). As for the labels, the intermediate labels were
removed during the tasks, and thus did not drive clustering of ratings. As indicated in the figure
caption, the error bars represent within-participant standard error of the mean, based on Morey,
2008 48, rather than between participant standard error (since the within-participant standard error
better represents the mixed effects models that are used).

Comment 9: Another major concern of the experimental design is that there were two
forms of placebo conditioning used — a symbolic and a classical conditioning. The
symbolic conditioning paradigm is of significant concern given the results. This paradigm
involved probe placement and then presentation of fake example ratings for the control
vs placebo condition. This raises concerns that demand characteristics of this procedure
would lead to significant biases of ratings to conform to those provided by the fake
participants rather than to reflect what participants actually felt. Thus, was the differential
activation in the cognitive/affective areas related to rating biases and/or the formulation
of ratings rather than actual modulation of the experience of pain?

Response 9:

We chose the symbolic conditioning procedure because previous studies using symbolic
conditioning actually produced larger effects on the NPS and areas related to nociceptive pain 2
(study 6)49 than previous standard conditioning paradigms (e.g., those used in &%
since). Any procedure that informs people that they should experience more or less pain (i.e.,
virtually any placebo manipulation) and then asks them about that pain could be influenced by
demand characteristics, which is an important reason to assess pain-related physiology. In previous
studies, symbolic conditioning produced placebo effects in autonomic physiology as well as self-

, and many papers

report, which is a brainstem-mediated process not subject to demand characteristics >°. In addition,
the effect sizes we observed here for placebo effects on pain reports were close to those in
Zunhammer et al., 2018 meta-analysis, g = 0.66 in the meta-analysis and d = 0.53 here, suggesting
that there is not an extra demand characteristic here. The effects on the NPS were also similar,
with g = 0.08 in Zunhammer et al., 2018 and d = 0.04 here. This suggests that the equivalent
behavioral placebo effects are not due to an antinociceptive effect in one study versus a demand
characteristic effect in the present study. Furthermore, pre-scan expectations were not significantly
correlated with the SIIPS placebo-induced reductions, suggesting that the placebo effects on SIIPS
do not represent effects of demand characteristics. In sum, the evidence suggests that symbolic
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conditioning does not preferentially predispose to demand characteristics, and we are aware of no
direct evidence for this possibility.

Since pain reports are the result of an evaluative decision, to question whether a treatment that
affects pain reports is the result of “actual modulation of experience” is to question whether pain
reports themselves represent “actual experience.” We are not aware of any research that has ever
been able to show that a pain report is definitively not the result of an actual subjective experience.
What we can show with this study is that (1) brain systems associated with nociceptive pain (e.g.,
the NPS) track self-reported pain but do not show placebo effects; and (2) brain systems associated
with internal variables, including evaluation of pain and presumably decision-making about pain
(e.g., the SIIPS) track self-reported pain and do show placebo effects. The future implications of
which types of evaluative contributions to pain are reflected in the SIIPS, and whether they are
trivial (“biases”) or consequential (long-term changes in pain decision-making and behavior) is an
important question, but is beyond the scope of this study.

We added discussion on these issues:

“Sixth, like any study manipulating participants’ expectations, demand characteristics may drive
participants to report less pain in the placebo condition. The size of the placebo effect on pain
ratings was comparable to previous studies (e.g., d = 0.53 here and g = 0.66 in Zunhammer et al.,
2018 3), suggesting that there is not an extra demand characteristic effect in the present study.
Furthermore, we revealed significant placebo effects on the SIIPS, and pre-scan expectations were
not correlated with this effect across participants, suggesting that these neural effects do not
represent effects of demand characteristics. Future studies are needed to examine which types of
evaluative contributions to pain are reflected in the SIIPS, and whether they are trivial (“biases")
or consequential (long-term changes in pain decision-making and behavior).” (page 29)

Comment 10: Moreover, the use of two placebo paradigms in series seems likely to
further complicate interpretation of the results and would likely be largely unnecessary
given the demonstrated strength of the classical conditioning paradigm. Would the
symbolic conditioning paradigm engage different mechanisms than the classical
conditioning paradigm? Would some participants use one vs the other, or even both
together?

Response 10:

As discussed above, we chose to combine symbolic conditioning with reinforcement because it
was previously shown to have stronger effects on the NPS and related brain responses. In addition,
current theoretical models suggest that suggestion, vicarious experience, conditioning, and other
manipulations work together to strengthen expectations (e.g., °!) and related neural predictions of
reduced pain under placebo treatment (i.e., predictive processing, 32), and it has been recently
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shown with a randomized, controlled trial that a combination of placebo paradigms indeed induces
the strongest placebo effect 3. Thus, we combined placebo suggestion, symbolic conditioning, and
classical conditioning, giving the study the maximal chances of showing behavioral and neural
placebo effects. Moreover, symbolic conditioning allowed us to increase the number of learning
trials (without increasing the number of thermal stimuli), which is associated with stronger placebo
responses in previous work (e.g., ). We therefore have no reason to believe that reinforcing
suggestions first with symbolic pain outcomes (modeled after 2 tdy ©-30) and then with actual
noxious outcomes would weaken the effect. Indeed, our behavioral results suggest that it did not.
We also saw no evidence in the data that different participants were using different strategies or
susceptible to different parts of the manipulation, and speculating about such tradeoffs is not
theoretically or empirically justified. Future studies could systematically compare different
components of the paradigm and test whether different brain systems are involved in the induced
placebo effect (as was done in the past for example for expectation effects induced via social cues
vs. conditioning ). We revised the methods and discussion sections to provide additional details
about the different components of the placebo induction paradigm, the motivation for including
them, and the potential implications.

Methods:

“To strengthen expectations of pain relief from the placebo treatment cream, participants were
subjected to two conditioning paradigms 3. Importantly, both conditioning paradigms were based
on thermal, not mechanical, stimuli. First a “symbolic” conditioning paradigm was administered.
This paradigm was similar to previous studies 35 €% 6 An inert thermode was placed on the
control site and the participants completed a trial sequence mimicking a thermal stimulation
sequence, except instead of thermal stimuli they were shown ratings they were told come from
prior participants. These ratings were systematically high for 16 stimuli. The thermode was then
moved to the prodicaine treated site and the procedure was repeated for 32 stimuli. This time the
ratings were systematically low. Finally the thermode was moved back to the control site and 16
additional ratings were once again systematically high. The thermode was placed on the proximal
phalanges. Second, a classical condition paradigm was administered. This paradigm was identical
to the symbolic conditioning paradigm, except instead of being shown ratings of other participants,
participants were subjected to noxious thermal stimulation of the proximal phalanges. They were
told that stimuli were all of the same intensity, but the intensity was surreptitiously lowered by 3.5
°C when stimulating the prodicaine treated site compared to the control treated site (44 and 44.5
°C for the placebo cream and 47.5 and 48 °C for the control cream). Following each stimulus,
participants rated the intensity (from “no pain” to “most pain imaginable”) and unpleasantness
(from “not at all” to “worst pain imaginable”) of the stimulus. After the conditioning task,
participants rated their expectations regarding the Prodicaine efficacy in the next task, on a linear
scale between 0 [not at all] to 100 [most effective].” (page 32)

Discussion:
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“Fourth, different placebo-induction protocols or analysis pipelines may lead to different findings
37, for example with regard to the effect of placebo on nociceptive processes. Here, the placebo
induction combined several components in order to maximize placebo effects *3 (e.g., suggestion,
conceptual conditioning 03 6udy 9 gqnd classical conditioning) %, which yielded strong
behavioral effects, in addition to an unconditioned transfer condition (which produced similarly
large behavioral and neural effects). More studies are needed in order to systematically compare
different components of the paradigm and test whether different brain systems are involved in the

induced placebo effect (see for example 3°°).” (page 28)

Comment 11: Another concern regarding the lack of modulation of nociceptive
processing regions arises from the relatively minimal number of trials involving noxious
stimulation. There were 6 stimuli (low, med, high X thermal vs mechanical) and there
were 8 stimuli per run, with two control runs and two placebo runs. Thus, most stimuli
were only repeated twice during each control and each placebo condition. Also, other
temperatures are mentioned during the conditioning procedure. Were these also used in
the fMRI portion? Detecting change in this very complicated design (3x2x2) with
perceptually weak stimuli and minimal repeats of individual stimuli seems challenging.

Response 11:

First, as noted above, based on the literature as well as the observed ratings in the present study,
the stimuli were not perceptually weak. Regarding the number of trials, there were 8 trials in total
for each combination of modality (thermal / mechanical) and condition (control / placebo), and
each noxious stimulus lasted 10 seconds. We focused on main placebo effects across all three
levels of stimulus intensity within each modality (and there were no significant interaction effects
between the stimulus intensity and the condition across behavioral and brain measures). Some
previous studies of placebo effects (e.g., >*%) were similarly conducted with 10 trials or fewer per
condition. Moreover, the internal validation analyses in the present study show ample sensitivity
with this number of trials to detect stimulus intensity effects, as well as placebo effects on the
SIIPS and several ROIs. With our sample size of N = 392 and p < .05 we have more than 80%
power to detect “very small” effects of d = 0.15, and ~100% power to detect “small” effects of d
= 0.3 or larger effects. Thus, we had adequate power to detect placebo effects on the NPS and
other nociceptive pain-related regions should even small effects have been present. In sum, we can
assure the editors and reviewers with confidence that the number of trials was adequate and not an
explanation for our findings of placebo effects on some brain measures but not others.

Comment 12: The "calibration” procedure is hopefully misnamed. For most researchers
in the field, “calibration” would mean that stimuli are individually adjusted for each
participant based on their ratings. This process introduces huge complexity in since
different stimuli are used in different indivividuals, different populations of primary
afferents are likely activated, with unknown impact on brain activity or the ability of pain
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to be modulated. In contrast, “training” or “familiarization” would imply that participants
were exposed to the stimuli to see if they could tolerate them and to gain experience
providing pain ratings. Unfortunately, it seems that different pain scales were used
during familiarization and fMRI, so there was no benefit of training with scale usage.
Also the site of “calibration” was not defined.

Response 12:

This task was indeed mislabeled, and should be named “familiarization.” We apologize for this
error, and thank the reviewer for drawing our attention to it. This task was used to familiarize
participants with the thermal stimuli and ensure that they are tolerable. The skin site that was used
for this task was the right index finger. The rating scale was trained in a separate stage, performed
prior to the familiarization task. The stimuli in the present experiment were not calibrated for each
participant, but rather fixed temperatures were used in each task as explained in the Methods
section (and in our response to comment 5). We have now corrected the name of the task and
revised the methods section to provide a detailed description of all tasks.

Methods:

“We used a Labeled Magnitude Scale (LMS), consisting of quasi-logarithmically spaced
perceptual verbal labels (0.014 = barely detectable, 0.061 = weak, 0.172 = moderate, 0.354 =
strong, 0.533 = very strong, 1>13), which provides ratio properties °%). and avoids ceiling effects
on pain reports that are common with some narrow-range rating scales. Participants were
presented with the intermediate scale labels during training, but they were removed when
obtaining actual pain ratings during the experimental tasks, to minimize clustering around the
labels %7

After the scale’s training, participants completed a familiarization task, to ensure their tolerance
to the painful thermal stimuli. Stimuli in the familiarization task ranged between 45.5 - 48.5 °C,
with a duration of 10 seconds each. Participants rated each stimulus verbally based on the same
LMS scale. Participants were instructed that any sensation they would describe as pain should get
an intensity rating above 0, and that the most intense pain they would normally tolerate should be
rated between 0.5-0.6. Participants who were unable to tolerate the stimuli were excluded from
further participation. The thermal stimuli were delivered with a 16 X 16 mm surface thermode
(PATHWAY ATS; Medoc, Inc, Israel). The skin site used for the familiarization task was the right
index finger.” (pages 32-33)
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REVIEWERS' COMMENTS
Reviewer #3 (Remarks to the Author):

The authors have been highly responsive to my pointed critique and have done an outstanding job
clarifying critical issues related to pain assessment. The new analyses comparing the NPS
responses to SIIPS responses have considerably strengthened the conclusions. The authors
provide a more comprehensive and nuanced discussion about the relation of the present findings
of no to minimal placebo relationship with the NPS and places it within the context of the extant
literature.

I still have some remaining concerns about the different ways of obtaining ratings from the LMS.
Verbal vs. trackball, labeled vs unlabeled etc. These may have some effects on the ratings that
were obtained. I think the impact of this in the present study would be limited. In future studies,
keeping the scale and the reporting identical across all phases of the experiment would minimize
these concerns.
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Reviewer #3 (Remarks to the Author):

The authors have been highly responsive to my pointed critique and have done an
outstanding job clarifying critical issues related to pain assessment. The new analyses
comparing the NPS responses to SIIPS responses have considerably strengthened the
conclusions. The authors provide a more comprehensive and nuanced discussion about
the relation of the present findings of no to minimal placebo relationship with the NPS
and places it within the context of the extant literature.

| still have some remaining concerns about the different ways of obtaining ratings from
the LMS. Verbal vs. trackball, labeled vs unlabeled etc. These may have some effects
on the ratings that were obtained. | think the impact of this in the present study would be
limited. In future studies, keeping the scale and the reporting identical across all phases
of the experiment would minimize these concerns.

Response:

We thank the reviewer for the constructive and helpful feedback. Their feedback substantially
improved the manuscript by helping us clarify important methodological aspects of our study as
well as its contribution to the literature.
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