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Importance of the brain
! From the brain, and from the brain only, arise our 

pleasures, joys, laughter and jests, as well as our 
sorrows, pains, griefs and tears. Through it, in 
particular, we think, see, hear, and distinguish the 
ugly from the beautiful, the bad from the good, the 
pleasant from the unpleasant…
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Current Treatments

14 of 15 trials results in a “failure to provide an evidence based approach” 
to prevention or treatment   



Peripheral Damage

Image:  Patrick Dougherty, 
MD Anderson Cancer Center



3 pain pathways: Pain can be predicted by 
only 3 brain regions
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Quantitative Imaging – qEEG (cortical)



Philosophy

• If the brain is capable of modifying itself such that pain 
becomes chronic, it should be able to also modify itself 
to gain relief from pain. 



Non-invasive Neuromodulation
Brain computer interface

Neurofeedback
Transcranial Magnetic Stimulation

Pipeline:
1. Measure brain activity/compare to norms
2. Create a map of brain regions
3. Design a brain-computer interface



EEG

Image: Wikimedia, Santiago Romon y Cajal



Measure Brain Activity
! 98% percent of the brain’s communication involves electrical exchange, 2% involves chemical
! 100% of medications work on 2% of the brain’s potential
! EEG (Electroencephalogram) – Electrical activity of the brain recorded on the scalp.
! Read from the synchronous activity of thousands to millions of pyramidal cells in the cortex 

under the skull 



Create a map of brain regions
! qEEG (individual; normative database-brain map)



Design a brain/computer interface
• Neurofeedback=NFB; 1960s
• Barry Sterman: inspired by Pavlov; EEGs and monomethyl hydrazine





Objectives
! Test the ability of cancer patients to control brainwaves responsible for 

pain.
! Examine  brain changes before and after neurofeedback



Methods
• Eligibility 

– Pain of a 4 or greater on 0-10 scale or 3 or greater grade on NCI 
neuropathy scale

– Off active chemotherapy for at least 3 months
• Measures 

– Brief Pain Inventory (BPI)
– Pain Quality Assessment Scale (PQAS)
– Quantitative EEG (QEEG)

• Timepoints
– Baseline
– Post-TX (20 sessions of NFB for TX group, rolling average 

number of weeks from baseline for Control group)



Methods
! Randomly assigned to nfb or wait-list (assessed at similar timepoints)
! EEG neurofeedback: 45 minute sessions; auditory and visual rewards.
! A minimum of twice weekly, with a maximum of 5 sessions per week.



Results



Results

• 71 patients total consented over a 3 year period

Demographic Factors Participant
Age, years (+/- SD) 62.6 (+/- 10.5)
Female, n (%) 63 (88%)
Anglo/European, n (%) 55 (80%)
Months since chemo (+/- SD) 24.8 (+/- 18.3)
Breast Cancer, n (%) 51 (72%)
Stage

I 10 (15%)
II 33 (49%)
III 25 (37%)



Primary Outcome

*** p <.001   *p<.05



Other common symptoms

***p<.001   ** p <.01     *p<.05



***p<.001   ** p <.01     *p<.05

Other common symptoms



** p <.01   *p<.05

Other common symptoms



Results
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Results: activity, mood, sleep, cognitive function



And then we treated the waitlist…



• Control:  32 pts (age: M=61.91, SD = 11.30; gender: 29 female, 3 male)
• Treatment: 30 pts (age: M=62.97; SD = 9.49; gender: 25 female, 5 male) p=.001

Control: 

Treatment:

Results: 8-12 HZ ratio (this is what we trained 
them to do)



Treatment:
Control: 

p=.02

Results: Beta 2 reduction



Results: Association between decreased 
symptom report and brain activity 



• "I had sequestered myself before. I was able to go (to a wedding this weekend) and 
have fun, dance." First time since treatment that I’ve gone out like that. Able to wear 
pretty shoes. Felt feminine.”

• "For me, getting my feet back was more about safety. The feel good stuff came 
later." "The feel good stuff is just that. It gave me back to me.“

• "It's a mind/body thing. Being able to feel confident on knowing what my feet are 
doing."

Comments made by patients



Placebo controlled trial

• K01 Award; Rising Tide Foundation
• Same study design but breast cancer only
• 3 group design



Effect Sizes



Alpha: NFB compared to PLC; T2-T1
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Beta: NFB compared to PLC; T2-T1
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! Patients can be taught via neurofeedback to modify their brainwave 
activity AND decrease the sensations of neuropathy

! Neurofeedback has a larger effect size than either placebo or 
waitlist; greater reduction in numeric rating scale than duloxetine

! We do have a placebo effect at work in neurofeedback, which is 
difficult to separate by patient self-report. Brain data supports 
discreet mechanisms of NFB and PL.

! Predictable brain wave patterns, independent of chemo type and 
disease type

! Cost is approximately $120 per session, equipment is portable

Conclusions



Video
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Regions active in placebo: 
rACC; dlPFC; insula





CONCLUSIONS: modifications of 
pathways in the brain is possible… 

! Patients can be taught via neurofeedback to modify their brainwave 
activity AND decrease the sensations of neuropathy
" Duloxetine mean reduction in average pain: 1.06 pts; effect size: 0.51
" Neurofeedback mean reduction in average pain: 2.2 pts; effect size: 

0.88



Conclusions-Clinical significance
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NFB compared to WLC 
Alpha                                       Beta 



Need for pain management in cancer
• Most patients and survivors are taking multiple medications, even into 

survivorship

– Side effects
– Interplay between types medications/efficacy
– Expense 
– Continued pain despite being medicated
– Risk of opioid abuse
– To date, limited targeted interventions.  Current treatments effect the 

entire system




