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Abstract

Context—Episodic breathlessness is common and debilitating in cancer patients.

Objectives—In this pilot study, we examined the effect of prophylactic fentanyl pectin nasal 

spray (FPNS) on exercise-induced dyspnea, physiologic function and adverse events.

Methods—In this parallel, double-blind randomized placebo-controlled trial, opioid-tolerant 

patients performed three six-minute walk tests (6MWT) to induce dyspnea. They were randomized 

to receive either FPNS (15−25% of total daily opioid dose each time) or placebo 20 minutes 

before the second and third 6MWTs. We compared dyspnea numeric rating scale (NRS, 0−10, 

primary outcome), walk distance, vital signs, neurocognitive function and adverse events between 

the first and second 6MWTs (T2-T1) and between the first and third 6MWTs (T3-T1).

Results—Twenty-four patients enrolled, with 96% completion. FPNS was associated with 

significant within-arm reduction in dyspnea NRS at rest (T2-T1: −0.9 [95% confidence interval 

[CI] −1.7,−0.1]; T3-T1: −1.3 [95% CI −2.0,−0.5]) and after six minutes (T2-T1: −2.0 [95% CI 

−3.5,−0.6]; T3-T1: −2.3 [95% CI −4.0,−0.7]), and longer walk distance (T2-T1 +23.8m [95% CI 

+1.3,+46.2m]; T3-T1: +23.3m [95% CI −1.7,+48.2]). In the placebo arm, we observed no 

significant change in walk distance nor dyspnea NRS at rest, but significant reduction in dyspnea 

NRS at 6 minutes (T2-T1: −1.7 [95% CI −3.3,−0.1]; T3-T1: −2.5 [95% CI −4.2,−0.9]). Vital signs, 

neurocognitive function and adverse effects did not differ significantly.

Conclusion—FPNS was safe, reduced dyspnea at rest and increased walk distance in before-

after comparison. The placebo effect was substantial, which needs to be factored in future study 

designs.(clinicaltrials.gov registration: NCT01832402)
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Introduction

Episodic breathlessness is characterized by “a severe worsening of breathless intensity or 

unpleasantness beyond usual fluctuation in the patient’s perception” (1). These episodes 

occur in 70–90% of patients with dyspnea, and have a significant impact on daily function.

(2–4) Patients experience multiple intensive episodes of breathlessness on a daily basis, 

often triggered by exertion and each lasting for 10–20 minutes.(5, 6)

Because episodes of breathlessness are often short-lived and occur rapidly,(5, 6) opioids 

with longer onset of action may have limited benefits.(7) Rapid onset opioids that are used 

for breakthrough cancer pain may be particularly useful in the management of episodic 

dyspnea.(8, 9) Several small case series suggested that oral transmucosal fentanyl citrate and 

intranasal fentanyl may be efficacious.(10–12) A small prospective randomized trial also 

provided preliminary evidence that subcutaneous fentanyl given prophylactically may 

improve dyspnea while increasing walk distance.(13) Moreover, nebulized fentanyl was 

found to be associated with a decrease in exertional dyspnea in patients with chronic 

obstructive pulmonary disease but not in healthy men.(14, 15) A recent systematic review on 

the effect of fentanyl for refractory breathlessness included 13 studies and only 2 

randomized controlled trials.(16) The investigators concluded that fentanyl showed some 

promise but adequately powered randomized trials are needed. They also emphasized the 

need for pilot studies “to evaluate effective size, study procedures, and outcome measures”.

Fentanyl pectin nasal spray (FPNS) is approved by the US Food and Drugs Administration 

(FDA) in 2011 for breakthrough pain in opioid-tolerant cancer patients. It has a 

bioavailability of 80% and a time to maximal effect (Tmax) of 15–20 minutes, making it a 

potential appealing option for breathlessness.(17, 18) FPNS has been found in clinical trials 

to provide greater and more rapid breakthrough pain relief than placebo (19, 20) and oral 

morphine,(21, 22) and was generally well tolerated.(23) The efficacy of FPNS has never 

been examined for dyspnea. A better understanding of FPNS’s effect on dyspnea both at rest 

and with exertion may open up novel therapeutic options for this distress symptom. In this 

pilot placebo-control randomized controlled trial, we estimated the within-arm effects of 

prophylactic FPNS and placebo on the intensity of exercise-induced episodic breathlessness. 

We also examined their effects on dyspnea at rest, 6 minute walk distance, neurocognitive 

function and adverse effects. Data gathered from this preliminary study is expected to 

inform future study designs regarding feasibility of patient recruitment, study outcomes and 

placebo effect.
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Methods

Patients

Inclusion criteria were diagnosis of cancer, outpatients at the Supportive Care Center at MD 

Anderson Cancer Center, age 18 or older, an average intensity of episodic dyspnea ³3/10 on 

a numeric rating scale (NRS), ambulatory with or without walking aid, Karnofsky 

performance status ≥50%, and a stable dose of strong opioids with an morphine equivalent 

daily dose (MEDD) of between 80 mg/day and 500 mg/day. Because our study was based on 

proportional dosing, the lower limit of MEDD for study entry (80 mg) was calculated based 

on the lowest dosage form of FPNS (100 mcg) without exceeding the upper limit of 

proportional dosing (25%). Patients with dyspnea numeric rating scale (NRS) at rest ≥7/10 

(i.e. these individuals with poor baseline function and high baseline expression of dyspnea 

so difficult to worsen further with exertion), supplemental oxygen >6 L/minute, delirium 

(i.e. Memorial Delirium Assessment Scale >13/30), allergic reaction to fentanyl, history of 

opioid abuse, or contraindications to completing the 6 minute walk test (6MWT) were 

excluded. The Institutional Review Board at MD Anderson Cancer Center approved this 

study. All patients provided written informed consent.

Study Design

In this double-blind, parallel, placebo-controlled randomized trial, patients were asked to 

perform a baseline 6MWT without any medications. This was followed by a rest period 

during which they were asked about their level of dyspnea every 5 minutes for up to 1 hour. 

When their dyspnea level was less than or equal to baseline dyspnea +1, they were given a 

single dose of FPNS or placebo followed by a second 6MWT 20 minutes later 

(corresponding to the Tmax of FPNS).(17, 18) The rest period, study intervention and 6MWT 

were repeated once in an identical fashion to assess the effect of repeated dosing (and hence 

a higher maximum serum fentanyl concentration).(24)

After enrollment by our study coordinator, the study pharmacist assigned patients in a 1:1 

ratio to receive either FPNS or matching placebo based on a computer-generated 

randomization sequence with permuted blocks. We stratified patients according to the 

baseline level of dyspnea NRS (0–3 vs. 4–6) because baseline symptom intensity is often 

associated with response.(25)

Study Interventions

The supply of study medication (both FPNS and placebo) were provided by Depomed, Inc 

(Newark, CA). Allocation was concealed by using a secured website that was only 

accessible to the study pharmacist after patient enrollment. The patient, research coordinator 

conducting the study assessments and principal investigator were blinded to the study 

intervention and the randomization sequence.

For patients randomized to FPNS arm, the same dose was given prior to the 2nd and the 3rd 

6MWT using the following sliding scale: 100 mcg (1 spray), 200 mcg (2 sprays), 300 mcg 

(3 sprays) and 400 mcg (4 sprays) of FPNS for MEDD of 80–159 mg/day, 160–239 mg/day, 

240–319 mg/day and 320–540 mg/day, respectively. Based on our prior study with 
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subcutaneous fentanyl,(13) each dose was designed to be equivalent to 15–25% of MEDD, 

assuming 80% bioavailability.(17) For instance, 100 mcg of FPNS is equivalent to 80 mcg of 

intravenous fentanyl, which is in turn equivalent to 8 mg of intravenous morphine or 20 mg 

of oral morphine. Thus, a 100 mcg dose of FPNS represents 25% of the daily dose for a 

patient with MEDD of 80 mg/day. A proportional approach was used instead of titration 

approach to determine the prophylactic dose of FPNS because previous studies supported 

the use of proportional dosing with rapid onset opioids and this approach was more feasible 

for study logistical reasons.(13, 26, 27) Specifically, this is a single day study to minimize 

attrition, and the process of dose titration would significantly prolong this study and require 

a washout period. FPNS was administered intranasally by a research nurse. Patients 

randomized to the placebo arm received identically looking placebo and the same number of 

sprays as they would otherwise receive with FPNS.

Study Assessments and Endpoints

At baseline, we collected information on patient characteristics. We examined dyspnea with 

the Cancer Dyspnoea Scale (CDS), a validated 12 item questionnaire that assesses the 

quality of dyspnea over the past few days.(28, 29) Each item has a score between 1 and 5, 

with a total score of up to 60, and sub-scores for sense of effort, anxiety, and discomfort.

Our primary outcome was dyspnea intensity “now” using a numeric rating scale that ranges 

from 0 (“no shortness of breath”) to 10 (“worst possible shortness of breath”).(28, 30, 31) 

This was assessed at 0, 1, 2, 3, 4, 5 and 6 minute during each 6MWT, and every 5 minutes 

during the rest period. 6MWT were carried out following guidelines from the American 

Thoracic Society and have been described in detail.(13, 32) The dyspnea NRS score 

immediately before starting each 6MWT (i.e. at 0 minutes) allowed us to examine the effect 

of FPNS/placebo on dyspnea at rest because they received the medication 20 minutes prior 

to the second and third 6MWTs. We also assessed both dyspnea and fatigue using the 0–10 

modified Borg scale before and after each 6MWT, and measured the distance walked every 

minute.(32) The minimal clinically significant difference was 1 point for both the NRS and 

modified Borg scale.(33, 34)

Other outcomes included vital signs, adverse effects and neurocognitive testing. We assessed 

heart rate, respiratory rate, blood pressure, and oxygen saturation immediately before and 

after each 6MWT. Adverse effects such as dizziness, drowsiness, nausea, and nasal 

symptoms were assessed prior to medication administration and after each 6MWT using an 

11-point NRS, with 0 being absent and 10 denoting worst possible. Neurocognitive testing 

including finger tapping (3 timed trials of 10 sec each, with a 15 sec interval between trials; 

score represents average number of taps), arithmetic (20 simple arithmetic questions; total 

score equal to time in seconds plus 10% of the time score for each error), reverse memory of 

digits (recall series of numbers in reverse order starting with 3 digits; progressively 

increasing the length by 1 digit for up to 8 digits; if the patient failed with one sequence, 

they will be given one more opportunity to recall the same number of digits with another 

sequence before the test is terminated; at each level, 2 points were assigned for a successful 

first attempt, 1 point for a successful second attempt, and 0 points for failure to recall after 

two attempts), and visual memory (recall of 3 visual objects in reverse order; 2 points for 
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each object recalled in correct order, range 0–6 points) were assessed within 5 minutes after 

each 6MWT according to published procedures.(35)

After completion of each intervention, we asked patients about their change in dyspnea 

(better/same/worse) using the Global Symptom Evaluation.(36, 37)

Statistical Analysis

This study was designed to estimate the effect of FPNS on breathlessness in a before-after 

comparison. We also included a placebo arm to examine the magnitude of placebo effect. 

Ten evaluable patients in the fentanyl arm provided 80% power to detect an effect size as 

small as 1.0 using a two-sided paired t-test with a significance level of 5% to compare the 

change of dyspnea between the first and second walk tests. This study is not powered for a 

direct comparison between fentanyl and placebo.

Five patients with MEDD >160 mg/day inadvertently received a lower study medication 

dose than planned (1 spray instead of multiple sprays; 2 FPNS arm, 3 placebo arm). To 

ensure there was adequate representation of patients in the high dose range, we enrolled 4 

more patients with MEDD >160 mg/day at the end of the study until we exhausted the 

placebo supply. As a result, we conducted both intention-to-treat analysis that included all 

24 patients who started the study, and per protocol analysis that included only the 19 patients 

who received the correct dose. Unless otherwise specified, our reporting focused on 

intention-to-treat analysis because the findings were highly similar with the per protocol 

analysis.

We summarized the baseline demographics using descriptive statistics, including means, 

standard deviations (SD), ranges, 95% confidence intervals and frequencies. We calculated 

the mean difference between the first and second 6MWTs and also the mean difference 

between the first and third 6MWTs, along with 95% confidence interval for study outcomes 

(Supplemental Fig. 1, available at jpsmjournal.com). We used all available data for analysis 

and did not conduct imputation for missing data.

The Statistical Analysis System (SAS version 9.2, SAS Institute, Cary, North Carolina) was 

used for statistical analysis.

Results

Patient Characteristics

Recruitment occurred between 7/16/2013 and 3/23/2015. We identified 99 eligible patients, 

43 (43%) were willing to participate, although 19 (19%) never started mostly because of 

declining health status or interest (Fig. 1). Among the 24 enrolled patients who initiated 

study procedures, 23 (96%) completed all 3 walk tests, and 1 (4%) completed only 2 

6MWTs. The mean baseline Cancer Dyspnea Scale was 12.8 (SD 7.1) in the FPNS arm and 

9.3 (SD 5.8) in the placebo arm. Table 1 shows the baseline characteristics of study 

participants.
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Dyspnea and Walk Distance

Compared to the first walk, within-arm analyses show that FPNS was associated with a 

significant mean reduction in dyspnea NRS at the end of 6MWT (second 6MWT −2.0; third 

6MWT −2.3) and dyspnea NRS at rest (i.e. 0 minutes) immediately before the 6MWTs 

(second 6MWT −0.9; third 6MWT −1.3), with an increase in 6 minute walk distance 

(second 6MWT +23.8 m) (Table 2). However, the difference in dyspnea NRS between 0 and 

6 minutes did not reach statistical significance (second 6MWT −1.1, 95% confidence 

interval [CI] −2.4 to 0.2; third 6MWT −1.1, 95% CI −2.7 to 0.5).

Placebo was also observed to have a significant within-arm reduction in dyspnea NRS at the 

end of 6MWT (mean reduction: second 6MWT −1.7; third 6MWT −2.5) but not dyspnea 

NRS at rest (i.e. 0 minutes) immediately before the 6MWTs or walk distance (Table 2). We 

also found a significant reduction in dyspnea NRS between 0 and 6 minutes between the 

first and third 6MWT (mean −2.0, 95% CI −3.6 to −0.4) but not between the first and second 

6MWT (mean −1.2 95% CI −2.8 to 0.4).

Dyspnea Borg scale showed similar findings in within-arm analysis (Table 2). Per protocol 

analysis also yielded the similar conclusions. This study was not powered for between-arm 

comparison, and we detected no significant differences in dyspnea or walk distance between 

FPNS and placebo in linear mixed model analysis.

Physiologic Variables, Neurocognitive Function

As shown in Table 3, some changes in heart rate, respiratory rate, systolic and diastolic 

blood pressure and oxygen saturation in both FPNS and placebo arms were statistically 

significant but the magnitude was not clinically significant. We also found no significant 

within arm differences in neurocognitive tests before and after drug administration.

Adverse Effects

Table 4 shows that few patients reported adverse effects. Between the first and third 6MWT, 

5 patients reported more drowsiness in the placebo arm compared to 1 patient in the FPNS 

arm (P=0.04); furthermore 5 patients reported more dizziness in FPNS and 1 with placebo 

(P=0.07).

Discussion

This is the first randomized trial to examine FPNS’s effect on dyspnea. Our primary 

objective was to examine the within arm effects of prophylactic FPNS—we found it to be 

well tolerated, and was associated with a reduction in dyspnea and greater walk distance. We 

also observed a large placebo effect. The results of this pilot study can inform the design of 

the next generation of trials to further investigate FPNS’s effect on dyspnea and function.

We observed a significant reduction of dyspnea 20 minutes after administration of FPNS and 

immediately prior to initiating the 6MWT but not in the placebo arm, suggesting that FPNS 

may provide rapid relief of dyspnea at rest. Interestingly, the same effect was observed in 

our previous study using subcutaneous fentanyl.(13) This is consistent with the literature 

suggesting that opioids may be considered for dyspnea relief on an as needed basis.(38, 39)
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Although FPNS was associated with a significant within-arm reduction in dyspnea after 6 

minutes of exertion, this was no longer statistically significant after adjusting for the 

dyspnea level at the beginning of the walk. This is likely because dyspnea at the beginning 

of walk was already lowered in the FPNS arm, and thus there was little room for further 

improvement. Encouragingly, FPNS was associated with a statistically significant increase 

in 6MWT distance but not placebo. The within-arm improvement of 23–24 m is considered 

clinically significant,(40) although further studies are needed to confirm this finding.

This study is not powered to directly compare between FPNS and placebo; however, the 

magnitude of effect between FPNS and placebo was comparable, raising doubts about the 

efficacy of FPNS. One potential explanation is that FPNS may be more effective at 

managing dyspnea at rest than preventing exertional dyspnea induced by the 6MWT. 

Another possibility is that the proportional dosing strategy with FPNS, despite the repeated 

dosing, was suboptimal because of the significant variability in bioavailability among 

individuals with rapid onset opioids.(41, 42) Future studies may consider adopting a titration 

approach similar to management of breakthrough pain.(43) The inclusion of the placebo arm 

highlights the fact that many factors could contribute to an observed reduction, such as nasal 

mucosal cooling effect, training effect, obsequiousness bias, regression to the mean, and 

response shift,(44) which justifies the importance of placebo-controlled Phase II studies 

instead of single arm trials when the study outcome is subjective in nature.(45) We observed 

that a few individuals had an unusually large reduction in dyspnea in the placebo arm, which 

could skew the findings. Indeed, the large placebo effect precluded us from estimating the 

appropriate sample size based on dyspnea. Before Phase III studies can be conducted, our 

study urges for further pilot studies to distinguish the opioid effect from placebo effect. 

Specifically, randomized trials with a placebo run-in phase in which patients with large 

placebo response or training effect are excluded prior to randomization may be helpful while 

maintaining the internal validity of the study.(46–48) Alternatively, a pilot study with a 

titration phase to identify the optimal dose among responders to FPNS prior to 

randomization similar to pain trials may be considered.(43)

Another interesting issue is regarding the study outcomes for exertional dyspnea trials. 

Because patients were asked to maximize their walking distance during the 6MWTs, 

FPNS’s main benefit on exertional dyspnea may be enabling patients to walk further rather 

than to achieve a lower level of dyspnea, as observed in this study. Thus, future pilot studies 

on exertional dyspnea should consider walk distance as the primary outcome.

Reassuringly, FPNS was well tolerated at the doses used in this study. We observed no major 

changes in vital signs, neurocognitive tests or adverse effects despite 2 doses separated 

approximately 30 minutes apart. Some clinicians are concerned about the effect of 

respiratory depression with opioids, which was not observed in our study. This is the first 

randomized controlled trial to formally assess the short term effects of rapid onset opioids on 

cognitive function. In fact, we observed nocebo effect with some more drowsiness in the 

placebo group, which is observed in other clinical trials.(49) Our study suggests that higher 

doses of FPNS should be tested to identify its therapeutic window and toxicity ceiling.
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This study has several limitations. First, the sample size was too small for us to conduct any 

between arm comparisons, and precluded us from conducting subgroup analysis to identify 

patients who may derive a greater benefit. Second, we conducted multiple statistical tests for 

secondary outcomes as part of the pre-planned exploratory analysis. This could increase the 

chance of false positives. Third, we only enrolled cancer patients who were opioid-tolerant 

and had a good performance status. The study findings may not be generalizable to other 

populations. Fourth, 5 patients received the incorrect dose resulting in protocol violation. We 

were reassured that per protocol analysis was similar to intention to treatment analysis. 

Finally, there was an imbalance of co-morbidities between arms, which may potentially 

affect dyspnea response to FPNS. Future studies may consider stratification by co-

morbidities.

Our study provided preliminary evidence to support the role of FPNS for both dyspnea at 

rest, dyspnea with exertion and walk distance with no significant toxicities despite repeated 

dosing. A large placebo effect was seen with exertional dyspnea. Future study designs may 

consider incorporation of a placebo run-in period and/or titration strategy to better delineate 

the treatment effect from the placebo effect.
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Fig. 1. 
CONSORT Diagram
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Table 1

Baseline patient characteristics

FPNS
N=12 (%)a

Placebo
N=12 (%)a

All patients
N=24 (%)a

Average age (range) 51.5 (44.7, 58.3) 53.3 (45.0, 61.6) 52.4 (47.5, 57.4)

Female sex 9 (75.0) 4 (33.3) 13 (54.2)

Race

    Caucasian 8 (66.7) 8 (66.7) 16 (66.7)

    Black 3 (25) 2 (16.7) 5 (20.8)

    Hispanic 1 (8.3) 2 (16.7) 3 (12.5)

Education

    High school or less 4 (33.3) 2 (16.7) 6 (25.0)

    College 8 (66.7) 7 (58.3) 15 (62.5)

    Advanced degree 0 3 (25.0) 3 (12.5)

Cancer type

    Breast 3 (25.0) 2 (16.7) 5 (20.8)

    Gastrointestinal 2 (16.7) 4 (33.3) 6 (25.0)

    Genitourinary 2 (16.7) 0 2 (8.3)

    Gynecologic 2 (16.7) 0 2 (8.3)

    Lung 1 (8.3) 2 (16.7) 3 (12.5)

    Hematologic 0 2 (16.7) 2 (8.3)

  Others 2 (16.7) 2 (16.7) 4 (16.7)

Cancer stage

    Metastatic/refractory 8 (66.7) 10 (83.4) 18 (75.0)

    Localized/Locally advanced 4 (33.3) 2 (16.6) 6 (25.0)

*Cancer Dyspnea Scale, mean (SD)

    Effort 6.3 (3.7) 4.6 (2.7) 5.5 (3.3)

    Anxiety 3.6 (3.0) 2.3 (3.7) 3.0 (3.4)

    Discomfort 2.8 (1.5) 2.4 (1.4) 2.6 (1.4)

    Total 12.8 (7.1) 9.3 (5.8) 11.1 (6.6)

Average dyspnea NRS during
breakthrough episodes over the last
week, mean (SD)

4.4 (1.4) 4 (1.0) 4.2 (1.2)

Co-morbidities

    COPD 2 (16.7) 2 (16.7) 4 (16.7)

    Heart failure 1 (8.3) 0 1 (4.2)

    Asthma 5 (41.7) 0 5 (20.8)

    Bronchiectasis 0 0 0

Concurrent therapies

    Opioids 12 (100.0) 12 (100.0) 24 (100.0)

    Bronchodilators 6 (50.0) 5 (41.7) 11 (45.8)

    Steroids 0 0 0

    Supplemental oxygen 1 (8.3) 1 (8.3) 2 (8.3)

Morphine equivalent daily doses, 137.5 (125, 200) 175 (135, 325) 158 (133, 235)
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FPNS
N=12 (%)a

Placebo
N=12 (%)a

All patients
N=24 (%)a

median (interquartile range) in mg

Karnofsky performance status, mean
(SD) 75.8 (9.0) 75.8 (10.8) 75.8 (9.7)

Abbreviations: COPD, chronic obstructive pulmonary disease; NRS, numeric rating scale; SD, standard deviation

a
unless otherwise specified
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Table 3

Change in Physiologic Variables and Neurocognitive Testing Between with Fentanyl Pectin Nasal Spray and 

Placeboa

Mean change (95% CI) between
first walk test and second walk
test

Mean change (95% CI)
between
first walk test and third walk
test

Variable FPNS Placebo FPNS Placebo

Respiratory rate

0 minuteb 0.9 (−0.2, 2.0) −0.2 (−1.5, 1.2) 1.2 (0.1, 2.3) −0.5 (−1.7, 0.6)

6 minute 0.3 (−1.3, 1.8) −1.3 (−2.4, −0.2) 0.3 (−1.1, 1.6) −1.6 (−2.6, −0.6)

Oxygen saturation

0 minuteb −0.5 (−1.6, 0.6) 0.1 (−1.0, 1.1) 0.2 (−0.8, 1.2) 1.0 (−0.4, 2.4)

6 minute 0.4 (−0.7, 1.5) −0.2 (−1.3, 1.0) −0.2 (−1.2, 0.8) −1.1 (−2.3, 0.1)

Heart rate

0 minuteb 0.8 (−3.3, 4.9) −0.3 (−6.3, 5.6) −0.7 (−6.4, 4.9) 0.8 (−6.3, 8.0)

6 minute 1.3 (−2.1, 4.6) 1.3 (−3.7, 6.2) 0.8 (−4.2, 5.7) −1.4 (−6.4, 3.7)

Systolic Blood Pressure

0 minuteb 1.5 (−11.7, 14.8) 3.1 (−2.0, 8.2) 4.6 (−6.3, 15.5) −0.7 (−7.8, 6.3)

6 minute 10.4 (3.0, 17.9) −1.9 (−9.2, 5.3) 2.3 (−3.6, 8.1) −3.1 (−10.8, 4.6)

Diastolic Blood Pressure

0 minuteb −4.4 (−8.1, −0.7) 1.3 (−0.6, 3.2) −2.2 (−8.9, 4.5) 1.2 (−1.9, 4.2)

6 minute 4.7 (−0.4, 9.7) 0.3 (−3.0, 3.5) 1.6 (−1.9, 5.0) 0.2 (−3.7, 4.0)

Neurocognitive testing

Tapping 3.3 (−1.5, 8.2) 1.8 (−0.6, 4.1) 2.9 (−0.6, 6.3) 2.3 (−2.3, 6.9)

Arithmetic 9.9 (−17.6, 37.5) 7.0 (−21.5, 35.4) 11.2 (−29, 51.4) −6.7 (−28.1, 14.7)

Reverse digits −0.2 (−1.2, 0.9) −0.1 (−1.5, 1.3) −0.3 (−1.1, 0.4) −0.2 (−1.3, 1.0)

Visual memory −0.2 (−0.8, 0.5) 0.5 (−0.7, 1.7) −0.2 (−1.0, 0.7) 0.4 (−1.2, 1.9)

Abbreviations: CI, confidence interval; FPNS, fentanyl pectin nasal spray; SD, standard deviation

a
Statistically significant values are in bold

b
The moment just prior to the 6 minute walk test, 15 minutes after fentanyl/placebo administration
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Table 4

Adverse Effects in FPNS and Placebo Armsa

Second walk test Third walk test

Variable FPNS
N (%)

Placebo
N (%)

FPNS
N (%)

Placebo
N (%)

Dizziness 2 (18.2) 2 (18.2) 5 (45.5) 1 (10)

Drowsiness 1 (8.3) 2 (16.7) 1 (8.3) 5 (45.5)

Nausea 0 0 2 (16.7) 0

Stuffy nose 0 2 (16.7) 0 0

Runny nose 0 0 0 0

Itchy nose 0 0 0 0

Nose Dryness 0 2 (16.7) 0 2 (18.2)

Cough 1 (8.3) 0 0 1 (9.1)

Sore throat 0 1 (8.3) 0 0

Taste change 0 0 0 0

Abbreviations: FPNS, fentanyl pectin nasal spray

a
Each adverse effect was measured using an 11-point numeric rating scale (0=none, 10=worst) immediate before drug administration and 

immediately after the walk test (approximately 30 minutes later). The number of patients who reported worsening of adverse effects after drug 
administration by at least 1 point are shown.
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