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Abstract

Analgesic trials frequently fail to demonstrate efficacy of drugs known to be efficacious.

Poor pain reporting accuracy is a possible source for this low essay-sensitivity. We report

the effects of Accurate-Pain-Reporting-Training (APRT) on the placebo response in a trial of

Pregabalin for painful-diabetic-neuropathy. The study was a two-stage randomized, double-

blind trial: In Stage-1 (Training) subjects were randomized to APRT or No-Training. The

APRT participants received feedback on the accuracy of their pain reports in response to

mechanical stimuli, measured by R-square score. In Stage-2 (Evaluation) all subjects

entered a placebo-controlled, cross-over trial. Primary (24-h average pain intensity) and

secondary (current, 24-h worst, and 24-h walking pain intensity) outcome measures were

reported. Fifty-one participants completed the study. APRT patients (n = 28) demonstrated

significant (p = 0.036) increases in R-square scores. The APRT group demonstrated signifi-

cantly (p = 0.018) lower placebo response (0.29 ± 1.21 vs. 1.48 ± 2.21, mean difference ±
SD = -1.19±1.73). No relationships were found between the R-square scores and changes

in pain intensity in the treatment arm. In summary, our training successfully increased pain

reporting accuracy and resulted in a diminished placebo response. Theoretical and practical

implications are discussed.

Introduction

High rate of failed clinical trials is a concern in trials of neurological and psychiatric indica-

tions including mood disorders, [1–3] Alzheimer’s disease, [4,5] and pain. [6,7] A trial is con-

sidered as failed when a drug known or strongly suspected to be efficacious, fails to show an

effect. Common to these indications is the use of subjective outcome measures which are
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vulnerable to bias and variance. The negative impact of variance in symptom reporting on trial

assay sensitivity (the ability of the trial to discriminate a truly active treatment from placebo) is

a well-established concern. Another important factor underlying increasing failure rates of

clinical trials is the placebo response. [8,9]

Several studies have demonstrated relations between pain score variability and the placebo

response. Harris et al. (2005) demonstrated that high variability in baseline pain ratings pre-

dicted a high placebo response.[10] This initial observation was later confirmed in a meta-

analysis that identified variability in baseline 7-day pain diary reporting as a factor contribut-

ing to high placebo response. [11] These relations are not unique for pain: Instability of depres-

sion severity at baseline, assessed as the difference between two pre-treatment evaluations,

predicted the placebo response in a clinical trial of major depressive disorder. [12]

In a recent study, [13] we developed a method aimed to assess subjects’ pain reporting accu-

racy. The method (named FAST, the Focused Analgesia Selection Test) is based on recording

subjects’ pain reports in a response to the administration of noxious stimuli of various intensi-

ties. Each intensity is applied multiple times, allowing assessment of the correlation coefficient

(Pearson’s R2) between stimuli intensities and pain intensity reports (i.e. subjects’ pain reports

accuracy). In this study [13] a cohort of 88 osteoarthritis of the hip, knee, and/or ankle subjects

underwent the FAST, based on application of thermal noxious stimuli, at baseline, and then

reported their current clinical pain before and after preforming an exercise (stairs climbing)

aimed to induce changes in their clinical pain. Results demonstrated that pain reporting accu-

racy varied between subjects. In addition, subjects’ performance in the FAST correlated with

changes in clinical pain: Subjects who were more accurate in reporting pain in response to the

FAST also reported larger increase in clinical pain following exercise, than subjects who were

less accurate. These results highlighted the relevance of subjects’ performance in the experi-

mental FAST procedure to their ability to report changes in clinical pain.

The objectives of the current study were to assess if pain reporting accuracy could be

improved by training, and if the training will affect the placebo response, and consequently,

the trial assay sensitivity. Toward this, we developed the Accurate Pain Reporting Training

(APRT) program. The APRT is based on applying the FAST multiple times, while providing

feedback on pain reporting accuracy between each FAST application. To assess the effects of

the APRT, a two-stage randomized controlled trial was conducted. Patients with painful dia-

betic neuropathy (PDN) were first randomized into Training and No-Training interventions.

Subsequently, trained and untrained patients were randomized into a double-blind crossover

trial of Pregabalin (PGN). We hypothesized that APRT would increase subjects’ reporting

accuracy and that lower placebo response will be observed in the trained cohort.

Materials and methods

Study design

We conducted this two-stage methodological study across four clinical sites in the United

States. The Training stage was designed as a randomized parallel un-blinded study and the

subsequent Evaluation stage was a randomized placebo-controlled double-blind crossover

study. The study was reviewed and approved by Asentral, an independent Institutional

Review Board (IRB). The study was registered in ClinicalTrials.gov, registration number

NCT02842554. The study originally included another training arm that was terminated soon

after study initiation due to methodological challenges. The study protocol, CONSORT

Checklist, and per-protocol dataset are part of the supporting information of this paper (S1, S2

and S3 Supporting Information respectively).
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Subjects

Subjects were recruited from the community using IRB-approved local and direct (based on

clinical site databases) marketing approaches. All subjects provided written informed consent.

Eligible subjects were aged 18 years or over, had a clinical diagnosis of PDN for at least six

months, and had a 24-h recall average spontaneous pain intensity scores, score of� 4 on the

0–10 numerical rating scale (NRS) as well as an average spontaneous daily pain intensity� 4

for at least 20 of the previous 30 days. We excluded subjects with any chronic pain syndrome

that might have interfered with the self-assessment of PDN symptoms. Other exclusion criteria

included pregnancy or lactation, unstable coronary artery disease, stroke, uncontrolled hyper-

tension, allergy or refractory status to PGN or gabapentin, or a history (within last 5-years) of

epilepsy or other seizure disorder, congestive heart failure, significant gastrointestinal disease,

alcohol or drug abuse, or clinically significant altered sensation over the finger to be tested

with mechanical pressure.

Randomization and masking

Randomization was performed in blocks of four on a per-site basis using a computerized ran-

domization system with envelope-based allocation concealment. Each subject was randomly

assigned a two-digit number indicating the training-type in the Training stage (1:1, Training

or No-Training) and a treatment-type in the Evaluation stage (1:1, PGN–placebo or placebo–

PGN). In the Evaluation stage, all subjects, physicians, and study personnel were blinded to

treatment sequence assignments and medication codes. Masking was enforced by the over-

encapsulation of PGN and placebo in identical capsules and by the use of identical blister pack-

aging that displayed only the subjects’ number, treatment sequence assignment and dosing

instructions. Study personal preforming the second study stage were not blinded to allocation

into training condition (training/no training).

Procedures

The CONSORT participant flow diagram and study design are summarized in Figs 1 and 2

respectively. At the screening visit, baseline demographic information, medical history, and

previous treatment experience were recorded and a general physical examination, basic blood

chemistry, and pain assessments were conducted. Subjects who met the preliminary entry cri-

teria were enrolled into the Training stage and randomized into the Training arm or the No-

Training.

Subjects in the Training arm completed a minimum of two and a maximum of four in-

clinic Training sessions (one session every 7±3 days). The original number of sessions was

determined to be 4 sessions, but in an attempt to reduce burden and improve retention, the

protocol was amended to allow a minimum of two Training sessions. The Multimodal Auto-

mated Sensory Testing (MAST) system (University of Michigan, Ann Arbor, MI), was used

to apply computer-controlled pressure stimuli to the thumbnail. We chose to base the FAST

and the training on pressure stimuli, rather than thermal stimuli as was done in the previous

study, to increase the external validity of our approach beyond a specific noxious modality.

We assumed that the method will proved useful regardless of stimulus modality, since it is the

pain that is assessed by subjects, not the heat or pressure applied. In each Training session,

subjects received four discrete applications of six different stimulus intensities, totalling 24 sti-

muli, each lasting 3 seconds, on each thumbnail bed (a total of 48 stimuli, 24 stimuli per

thumbnail). A relatively long Inter-Stimulus-Interval of 30 seconds was applied, to minimize

possible peripheral effects (e.g. habituation and sensitisation). At the beginning of each Train-

ing session, the 6 stimulus intensities were individually calibrated to range between each
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Fig 1. CONSORT participant flow diagram.

https://doi.org/10.1371/journal.pone.0197844.g001
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subject’s pain threshold (the first pressure rated greater than zero) and 75% of his/her pain tol-

erance (a point at which a pain rating of 10 was indicated or when the subjects indicated that

they could not tolerate a higher pressure). At the end of testing on each thumbnail (i.e. in the

halfway of the training procedure and at its end), subjects observed their own rating-versus

stimulus intensity scatterplot together with the experimenter. Experimenters were trained to

provide standardized feedback (using scripts) focused on the relationship between stimulus

intensity and pain scores while directing the subjects’ attention to pain reports that were “outli-

ers”, i.e. pain reports that were far away from other reports of the same stimulus intensity.

Experimenters was trained not to suggest that subjects ratings were “wrong”, rather to focus

on reinforcing reporting accuracy. Subjects enrolled to the control group received no special

training aside from general study procedures.

Upon completion of the Training stage, subjects were randomized into the Evaluation

stage. In each treatment period, subjects received PGN or placebo treatment for 10–13 days, 3

times daily, including a titration period of 3–6 days (PGN 150 mg/day) and a stable treatment

period of 7 days (PGN 300 mg/day). [14,15] The 24-hour recall average spontaneous pain

intensity score served as the primary outcome measure. Current pain intensity, 24-h worst

pain intensity, and 24-h average walking pain intensity (secondary outcome measures) were

reported at the beginning (pre-treatment) and end of each treatment period using the 0–10

NRS. After the first treatment period and prior to crossover, subjects underwent a washout

period of 6 ± 2 days. No rescue medication was provided. To assess durability of training, dur-

ing the last in-clinic visit (end of the second treatment period), the mechanical FAST version

was conducted in both the APRT and the control groups to evaluate pain reporting accuracy at

the end of the study (no feedback was provided).

Outcome measures

The first study stage, the Training stage, was aimed to assess if training could improve pain

reporting accuracy. The primary outcome for this objective was the R2 value (averaged from

two cycles each containing 24 stimulus responses), as an indicator of accuracy of reporting

experimental pain. The second study stage, the Evaluation stage was aimed to achieve the sec-

ond objective of our study: to assess if the training will affect the placebo response (i.e. change

in pain during the placebo arm), and consequently, the trial assay sensitivity (the ‘treatment

difference’, which is the change in pain in the drug arm minus the change in pain in the pla-

cebo arm). The primary outcome endpoint to support this objective was mean change from

pre-treatment in 24-h recall average pain intensity on the 0–10 NRS, where 0 indicated no

pain and 10 indicated the worst imaginable intensity of pain. Secondary outcomes included

mean changes from pre-treatment in current pain intensity, 24-h worst pain intensity, and

24-h average pain during walking. Adverse events, serious adverse events, and concomitant

medications were monitored.

Fig 2. Study design. The study included 2 phases: An unblinded parallel-design training stage, and a double-blind

crossover evaluation stage.

https://doi.org/10.1371/journal.pone.0197844.g002
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Statistical analysis

Given the exploratory nature of the training program used in this study, the effect size of any

difference between training groups was unknown. To calculate the required sample size for

discriminating PGN from placebo, a sample size of 67 participants would be sufficient, based

on a known moderate effect size of PGN (Cohen’s d� 0.35) [14,15], a two-sided α (0.025),

and a power of 0.80. Data was normally distributed, assessed by Kolmogorov-Smirnov test.

Independent t-test and chi-square analyses were used to assess differences in demographic and

pre-treatment measures between groups. For the analysis of the predefined primary endpoint,

p-value below 0.05 was considered significant. For analyses of the 3 secondary endpoints, Bon-

ferroni’s correction was applied, and only p-values below 0.017 were considered significant.

In the Training stage, subject performance across training sessions was assessed by a

repeated measures ANOVA on the session average R2 value. All other analyses were based on

t-tests, either dependent or independent, as appropriate, based on two-sided alpha level. In

addition, for each of the pain endpoints, standard effect sizes (SESs) (change in pain during

PGN treatment minus change in pain during placebo treatment divided by the within-subject

standard deviation [SD]) were used to compare the efficacy of PGN in trained vs. untrained

participants. Data are presented as the mean ± SD unless otherwise specified. All analyses were

conducted with SAS version 9.4 (SAS Institute, Cary, NC) and SPSS version 19 (SPSS Inc.,

Chicago, IL).

Results

Between August 29, 2013 and October 8, 2015, we screened 90 participants and randomised 61

into the first study stage. Fifty-one subjects were included in the Per-Protocol Population (Fig

2). Twenty-eight subjects were allocated to the Training arm, and 23 to the control. Twenty-

four subjects were allocated to the PGN–placebo sequence (13 trained and 11 untrained) and

27 (15 trained and 12 untrained) into the placebo–PGN sequence. Twenty-one (41.2%) were

male and 30 (58.8%) were female. No significant differences were found in any of the demo-

graphic and pre-treatment characteristics between Trained and untrained groups (Table 1).

Table 1. Baseline characteristics of the per-protocol population.

Pregabalin–Placebo (n = 24) Placebo–Pregabalin (n = 27) Training (n = 28) No-Training (n = 23)

Sex

Male 10 (42%) 11 (41%) 14 (50%) 7 (30.4%)

Female 14 (58%) 16 (59%) 14 (50%) 16 (69.6%)

Age (years) 60 (9.0) 55 (11.0) 57 (11) 58 (9.9)

Ethnic origin

White 20 (83%) 23 (85%) 23 (82.1%) 20 (87%)

Black 3 (13%) 4 (15%) 4 (14.3%) 3 (13%)

Other 1 (4%) 0 (0%) 1 (3.6) 0 (0%)

Height (inches) 64.8 (5.3) 64.3 (3.9) 64.7 (5.0) 64.4 (4.4)

Weight (kg) 85.6 (20.5) 89.7 (19.1) 87.1 (18.9) 88.6 (21.0)

NRS 24-hour average pain§ 6.6 (1.7) 7.0 (1.5) 6.6 (1.4) 7.1 (1.8)

NRS current pain§ 6.1 (2.1) 6.2 (1.6) 6.2 (1.5) 6.1 (2.1)

NRS 24-hour worst pain§ 7.6 (1.7) 7.3 (2.0) 7.4 (1.7) 7.7 (1.7)

NRS 24-hour walking pain§ 7.0 (1.8) 7.3 (2.0) 7.2 (1.6) 7.1 (2.1)

Data are n (%) or mean (SD).
§ Values obtained at time of screening.

https://doi.org/10.1371/journal.pone.0197844.t001
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In the Training stage, the average R2 value and number of participants attending each ses-

sion were: 0.52±0.25 (n = 24) for the first training session, 0.62±0.14 (n = 24) for the second

training session, 0.64±0.15 (n = 15) for the third training session, and 0.71±0.17 (n = 3) for the

fourth training visit. Given the low number of subjects attending the fourth session, a repeated

measures ANOVA including visits 1–3 was conducted and revealed a significant effect of

training on R2 value (F = 3.75, P = 0.036) (Fig 3), with 70.8% of subjects demonstrated

improvement in pain reporting accuracy. Pairwise comparison (dependent t-tests) of the aver-

age R2 value revealed significant difference between the R2 value at the beginning of training

(training visit 1) and the R2 at the end of training (training visit 3) (P = 0.034; 95% CI = [−0.21,

−0.01]; mean difference ± SD = −0.11±0.18), indicating improvements in pain reporting accu-

racy due to training. No significant difference in R2 values was found between training visit 1

and training visit 2 (P = 0.108; 95% CI = [-0.20, 0.02]; mean difference ± SD = -0.09±0.25). At

the end of study (i.e. at the end of the second study stage), no significant differences in R2 val-

ues were seen between trained and untrained participants (P = 0.101; t = 1.68; SES = 0.521).

In the second study stage, for the primary outcome measure, statistically significant differ-

ence in the placebo response was found between trained and untrained cohorts (P = 0.018;

mean difference ± SD = -1.19±1.73; 95% CI = [-2.17, -0.21]), with smaller placebo responses in

trained (0.29±1.21) versus untrained participants (1.48±2.21) (Fig 4). Although no statistically

insignificant differences were seen in the placebo response in all secondary outcome measures

(following corrections for multiple comparisons), in all measures the placebo responses were

numerically smaller in the trained compared to untrained subjects (Fig 5). No statistically sig-

nificant differences in change in pain in the treatment arm (PGN arm) were found between

trained and untrained subgroups in either the primary or secondary measures.

No significant difference between PGN and placebo treatments was found in the primary

outcome measure (24-h average pain intensity) (mean treatment difference ± SD = 0.12±2.49;

P = 0.73; 95% CI = [-0.58, 0.82]; SES = 0.050). Similarly, no significant differences (following

corrections for multiple comparisons) were observed between PGN and placebo treatments in

any of the secondary outcome measures): current pain intensity (treatment difference ± SD =

0.08±2.28; P = 0.80; 95% CI = [-0.56, 0.72]; SES = 0.040); 24-h worst pain intensity (treatment

difference ± SD = -0.06±2.39; P = 0.861; 95% CI = [-0.73, 0.61]; SES = -0.030); and in the 24-h

walking pain, (treatment difference ± SD = 0.73±2.51; P = 0.04; 95% CI = [0.02, 1.43]; SES =

0.290).

When comparing the SES in the trained and untrained subgroups, for the primary measure,

the SES was higher in the trained subgroup (SES = 0.31) compared with the untrained sub-

group (SES = -0.21). Similarly, SES were higher in the trained subgroup for all three secondary

measures: for current pain intensity, SES in the trained subgroup was 0.22, and -0.16 in the

untrained subgroup; for 24-h worst pain intensity, SES in the trained subgroup was 0.16, and

-0.22 in the untrained subgroup; for 24-h walking pain, SES in the trained subgroup was 0.40

and 0.17 in the untrained subgroup.

Discussion

We have shown that pain reporting accuracy is a trainable skill that can be improved with

training. Training had two effects. First, it improved the accuracy of reporting of experimental

pain (i.e., R2 value). Second, it reduced the placebo response. If confirmed, the value of

improving pain reporting accuracy includes decreased sample size requirements, decreased

failed experimentation on human beings, and will accelerate the development of therapeutics

by increasing the overall efficiency of clinical development.

Effects of accurate pain reporting training

PLOS ONE | https://doi.org/10.1371/journal.pone.0197844 May 24, 2018 7 / 12

https://doi.org/10.1371/journal.pone.0197844


The concept of training participants to better report symptoms is relatively novel. In the

context of pain research, the Analgesic, Anesthetic, and Addiction Clinical Trial Translations,

Innovations, Opportunities, and Networks (ACTTION) initiative attempted to improve trial

assay sensitivity by providing participants with training that comprised educational materials

Fig 3. Improved experimental pain reporting accuracy. � = P<0.05.

https://doi.org/10.1371/journal.pone.0197844.g003
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on how to more accurately report pain, but the results of this study were inconclusive. [16]

Expanding on this premise, we are the first to demonstrate that accuracy of pain reports can be

improved by an evoked-pain training approach. At the end of the study, 5 weeks following end

of training, no difference was seen between trained and untrained subjects. This suggests that

improvement in pain reporting accuracy due to training fades out with time. Hence, re-train-

ing might be needed in longer studies.

Fig 4. The placebo response in the entire cohort, trained and untrained subjects—Primary outcome measure.

Change in placebo was calculated as difference between pain scores in the placebo arm (pre-minus post treatment).

Black bars represent changes in pain in the entire cohort. White and Black bars represent changes in pain in the

trained (n = 28) and untrained (n = 23) sub-cohorts, respectively. � = P<0.05; Error bars are Standard Error of the

Mean (SEM).

https://doi.org/10.1371/journal.pone.0197844.g004

Fig 5. The placebo response in the entire cohort, trained and untrained subjects—Secondary outcome measures.

Change in placebo was calculated as difference between pain scores in the placebo arm (pre-minus post treatment).

Black bars represent changes in pain in the entire cohort. White and Black bars represent changes in pain in the

trained (n = 28) and untrained (n = 23) sub-cohorts, respectively. Error bars are Standard Error of the Mean (SEM).

https://doi.org/10.1371/journal.pone.0197844.g005
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Our results are consistent with previous studies demonstrating a relationship between vari-

ability in pain reporting (presumably driven by error variance) and the placebo response,

extending the results of these prior observational studies [10,11] to the interventional context.

As in our study, in Harris et al., [10] and in the meta-analysis published later, [11] variability

in pain reports associated with changes in pain in the placebo arm, but not with changes in

pain in the drug arm, an observation that we currently cannot explain. In these studies, pain

reporting variability was calculated based on daily pain scores captured for a 7-day observation

period. This variability can be parsed into two components: true variance (pain actually does

vary day-to-day due to environmental and other influences), plus error variance (differences

between the patients’ “true” pain intensity and their reported pain intensity). In the training

program, our assumption is that we are able to control for (most of) the true variance compo-

nent by repeatedly applying stimuli of known intensity, such that variability between reports

of the same stimuli can mostly be attributed to error variance.

The prevailing consensus is that placebo effect is the result of psychological expectations

due to instructions, conditioning, and social learning. [17] Thus, it is unclear why increasing

symptom reporting accuracy would impact the placebo response, a phenomenon with sound

neurological underpinning [18–20] which is not mere reporting bias. The relationship between

the placebo response and variability in pain reports merits future research aimed to increase

our understanding of the shared underling mechanisms as well as on its implications for

improving assay sensitivity of clinical trials.

In the first FAST study [13] the thermal version of the FAST was used in a cohort of osteo-

arthritis patients, while in the current study the mechanical FAST (and mechanical APRT) was

utilized in a cohort of PDN patients. In both studies the FAST results correlated with changes

in clinical pain, thus extending the external validity of this approach beyond stimulus modality

and pain indication. In addition, the FAST has been used recently as a test to identify and

exclude "poor" pain reporters prior to enrolment in a clinical trial [21,22]

The current study results should be regarded as hypothesis generating, given the pilot

nature of this study, the small number of participants and lack of corrections for multiple com-

parisons. Future research with larger sample size are needed to confirm the results. Two addi-

tional limitations deserve consideration: (1) Study staff were not blinded to subjects’ allocation

to training/no training. However, given that the second study stage was double blinded, we do

not suspect that this affected our results; (2) in the entire cohort, our study failed to discrimi-

nate the effects of PGN, a drug known to be efficacious for PDN. These negative results are not

entirely unexpected given previous failed PGN trials in PDN populations, and the failures of

other efficacious analgesics to demonstrate superiority over placebo in various neuropathic

pain indications. [23]

Conclusions

The results of this study support the hypothesis that training subjects increases pain reporting

accuracy, which in turn reduces placebo response. The use of training approaches in future

analgesic and potentially other neurological and psychiatric clinical trials has the potential to

improve assay sensitivity, reduce sample size requirements, increase the likelihood of trial suc-

cess, and accelerate the development of new treatment options for those who suffer.

Supporting information

S1 Supporting Information. Asentral Inc IRB approved protocol.

(PDF)

Effects of accurate pain reporting training

PLOS ONE | https://doi.org/10.1371/journal.pone.0197844 May 24, 2018 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0197844.s001
https://doi.org/10.1371/journal.pone.0197844


S2 Supporting Information. CONSORT checklist.

(DOC)

S3 Supporting Information. Per protocol dataset.

(XLSX)

Acknowledgments

Funding for this project was provided by Grunenthal. The funders had no role in data collec-

tion and analysis. We wish to thank the patients who participate in the study.

Author Contributions

Conceptualization: John Bothmer, Mark Field, Grant H. Kruger, Nathaniel P. Katz.

Funding acquisition: John Bothmer, Mark Field, Nathaniel P. Katz.

Investigation: Roi Treister, Oluwadolapo D. Lawal, Jonathan D. Shecter, Nevil Khurana.

Methodology: Oluwadolapo D. Lawal, Steven E. Harte, Grant H. Kruger, Nathaniel P. Katz.

Project administration: Nevil Khurana.

Supervision: Roi Treister, Nathaniel P. Katz.

Writing – original draft: Roi Treister.

Writing – review & editing: Roi Treister, Nathaniel P. Katz.

References
1. Belzung C. Innovative Drugs to Treat Depression: Did Animal Models Fail to Be Predictive or Did Clini-

cal Trials Fail to Detect Effects? Neuropsychopharmacology. 2014; 39: 1041–1051. https://doi.org/10.

1038/npp.2013.342 PMID: 24345817

2. Gelenberg AJ, Thase ME, Meyer RE, Goodwin FK, Katz MM, Kraemer HC, et al. The history and cur-

rent state of antidepressant clinical trial design: a call to action for proof-of-concept studies. J Clin Psy-

chiatry. 2008; 69: 1513–28. PMID: 19192434

3. Khan A, Leventhal RM, Khan SR, Brown WA. Severity of depression and response to antidepressants

and placebo: an analysis of the Food and Drug Administration database. J Clin Psychopharmacol.

2002; 22: 40–5. PMID: 11799341

4. Becker RE, Greig NH, Giacobini E. Why Do So Many Drugs for Alzheimer’s Disease Fail in Develop-

ment? Time for New Methods and New Practices? J Alzheimer’s Dis. 2008; 15: 303–325.

5. Kobak KA. Inaccuracy in Clinical Trials: Effects and Methods to Control Inaccuracy. Curr Alzheimer

Res. 2010; 7: 637–641. PMID: 20704557

6. Dworkin RH, Turk DC, Farrar JT, Haythornthwaite JA, Jensen MP, Katz NP, et al. Core outcome mea-

sures for chronic pain clinical trials: IMMPACT recommendations. Pain. 2005; 113: 9–19. https://doi.

org/10.1016/j.pain.2004.09.012 PMID: 15621359

7. Dworkin RH, Turk DC, Peirce-Sandner S, Burke LB, Farrar JT, Gilron I, et al. Considerations for improv-

ing assay sensitivity in chronic pain clinical trials: IMMPACT recommendations. Pain. 2012; 153: 1148–

58. https://doi.org/10.1016/j.pain.2012.03.003 PMID: 22494920

8. Benedetti F, Carlino E, Piedimonte A. Increasing uncertainty in CNS clinical trials: The role of placebo,

nocebo, and Hawthorne effects. The Lancet Neurology. Jun 2016: 736–747. https://doi.org/10.1016/

S1474-4422(16)00066-1 PMID: 27106073

9. Tuttle AH, Tohyama S, Ramsay T, Kimmelman J, Schweinhardt P, Bennett GJ, et al. Increasing pla-

cebo responses over time in U.S. clinical trials of neuropathic pain. Pain. 2015; 156: 2616–26. https://

doi.org/10.1097/j.pain.0000000000000333 PMID: 26307858

10. Harris RE, Williams DA, McLean SA, Sen A, Hufford M, Gendreau RM, et al. Characterization and con-

sequences of pain variability in individuals with fibromyalgia. Arthritis Rheum. 2005; 52: 3670–4. https://

doi.org/10.1002/art.21407 PMID: 16258905

Effects of accurate pain reporting training

PLOS ONE | https://doi.org/10.1371/journal.pone.0197844 May 24, 2018 11 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0197844.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0197844.s003
https://doi.org/10.1038/npp.2013.342
https://doi.org/10.1038/npp.2013.342
http://www.ncbi.nlm.nih.gov/pubmed/24345817
http://www.ncbi.nlm.nih.gov/pubmed/19192434
http://www.ncbi.nlm.nih.gov/pubmed/11799341
http://www.ncbi.nlm.nih.gov/pubmed/20704557
https://doi.org/10.1016/j.pain.2004.09.012
https://doi.org/10.1016/j.pain.2004.09.012
http://www.ncbi.nlm.nih.gov/pubmed/15621359
https://doi.org/10.1016/j.pain.2012.03.003
http://www.ncbi.nlm.nih.gov/pubmed/22494920
https://doi.org/10.1016/S1474-4422(16)00066-1
https://doi.org/10.1016/S1474-4422(16)00066-1
http://www.ncbi.nlm.nih.gov/pubmed/27106073
https://doi.org/10.1097/j.pain.0000000000000333
https://doi.org/10.1097/j.pain.0000000000000333
http://www.ncbi.nlm.nih.gov/pubmed/26307858
https://doi.org/10.1002/art.21407
https://doi.org/10.1002/art.21407
http://www.ncbi.nlm.nih.gov/pubmed/16258905
https://doi.org/10.1371/journal.pone.0197844


11. Farrar JT, Troxel AB, Haynes K, Gilron I, Kerns RD, Katz NP, et al. Effect of variability in the 7-day base-

line pain diary on the assay sensitivity of neuropathic pain randomized clinical trials: an ACTTION

study. Pain. 2014; 155: 1622–31. https://doi.org/10.1016/j.pain.2014.05.009 PMID: 24831421

12. Zilcha-Mano S, Barber JP. Instability of depression severity at intake as a moderator of outcome in the

treatment for major depressive disorder. Psychother Psychosom. 2014; 83: 382–3. https://doi.org/10.

1159/000365151 PMID: 25323818

13. Treister R, Eaton TA, Trudeau JJ, Elder H, Katz NP. Development and preliminary validation of the

focused analgesia selection test to identify accurate pain reporters. J Pain Res. 2017; 10: 319–326.

https://doi.org/10.2147/JPR.S121455 PMID: 28243138

14. Lesser H, Sharma U, LaMoreaux L, Poole RM. Pregabalin relieves symptoms of painful diabetic neu-

ropathy: a randomized controlled trial. Neurology. 2004; 63: 2104–2110. PMID: 15596757

15. Rosenstock J, Tuchman M, Lamoreaux L, Sharma U. Pregabalin for the treatment of painful diabetic

peripheral neuropathy: A double-blind, placebo-controlled trial. Pain. 2004; 110: 628–638. https://doi.

org/10.1016/j.pain.2004.05.001 PMID: 15288403

16. Smith SM, Amtmann D, Askew RL, Gewandter JS, Hunsinger M, Jensen MP, et al. Pain intensity rating

training: results from an exploratory study of the ACTTION PROTECCT system. Pain. 2016; 157:

1056–64. https://doi.org/10.1097/j.pain.0000000000000502 PMID: 27058680

17. Holmes RD, Tiwari AK, Kennedy JL. Mechanisms of the placebo effect in pain and psychiatric disor-

ders. Pharmacogenomics J. 2016; 16: 491–500. https://doi.org/10.1038/tpj.2016.15 PMID: 27001122

18. Eippert F, Bingel U, Schoell ED, Yacubian J, Klinger R, Lorenz J, et al. Activation of the opioidergic

descending pain control system underlies placebo analgesia. Neuron. 2009; 63: 533–43. https://doi.

org/10.1016/j.neuron.2009.07.014 PMID: 19709634

19. Wager TD, Atlas LY. The neuroscience of placebo effects: connecting context, learning and health. Nat

Rev Neurosci. 2015; 16: 403–18. https://doi.org/10.1038/nrn3976 PMID: 26087681

20. Wager TD, Roy M. Separate mechanisms for placebo and opiate analgesia? Pain. 2010; 150: 8–9.

https://doi.org/10.1016/j.pain.2010.03.010 PMID: 20347523

21. Mayorga AJ, Flores CM, Trudeau JJ, Moyer JA, Shalayda K, Dale M, et al. A randomized study to evalu-

ate the analgesic efficacy of a single dose of the TRPV1 antagonist mavatrep in patients with osteoar-

thritis. Scand J Pain. 2017 17: 134–143. https://doi.org/10.1016/j.sjpain.2017.07.021 PMID: 28850367

22. Karlsten R. Finally a promising analgesic signal in a long-awaited new class of drugs: TRPV1 antagonist

mavatrep in patients with osteoarthritis (OA). Scand J Pain. 2017; 17: 154–155. https://doi.org/10.1016/

j.sjpain.2017.08.015 PMID: 28961519

23. Finnerup NB, Sindrup SH, Jensen TS. The evidence for pharmacological treatment of neuropathic pain.

Pain. 2010; 150: 573–581. https://doi.org/10.1016/j.pain.2010.06.019 PMID: 20705215

Effects of accurate pain reporting training

PLOS ONE | https://doi.org/10.1371/journal.pone.0197844 May 24, 2018 12 / 12

https://doi.org/10.1016/j.pain.2014.05.009
http://www.ncbi.nlm.nih.gov/pubmed/24831421
https://doi.org/10.1159/000365151
https://doi.org/10.1159/000365151
http://www.ncbi.nlm.nih.gov/pubmed/25323818
https://doi.org/10.2147/JPR.S121455
http://www.ncbi.nlm.nih.gov/pubmed/28243138
http://www.ncbi.nlm.nih.gov/pubmed/15596757
https://doi.org/10.1016/j.pain.2004.05.001
https://doi.org/10.1016/j.pain.2004.05.001
http://www.ncbi.nlm.nih.gov/pubmed/15288403
https://doi.org/10.1097/j.pain.0000000000000502
http://www.ncbi.nlm.nih.gov/pubmed/27058680
https://doi.org/10.1038/tpj.2016.15
http://www.ncbi.nlm.nih.gov/pubmed/27001122
https://doi.org/10.1016/j.neuron.2009.07.014
https://doi.org/10.1016/j.neuron.2009.07.014
http://www.ncbi.nlm.nih.gov/pubmed/19709634
https://doi.org/10.1038/nrn3976
http://www.ncbi.nlm.nih.gov/pubmed/26087681
https://doi.org/10.1016/j.pain.2010.03.010
http://www.ncbi.nlm.nih.gov/pubmed/20347523
https://doi.org/10.1016/j.sjpain.2017.07.021
http://www.ncbi.nlm.nih.gov/pubmed/28850367
https://doi.org/10.1016/j.sjpain.2017.08.015
https://doi.org/10.1016/j.sjpain.2017.08.015
http://www.ncbi.nlm.nih.gov/pubmed/28961519
https://doi.org/10.1016/j.pain.2010.06.019
http://www.ncbi.nlm.nih.gov/pubmed/20705215
https://doi.org/10.1371/journal.pone.0197844

