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a b s t r a c t
Background. Chemotherapy-induced peripheral neuropathy (CIPN) is a common side effect of cancer therapy
with few efﬁcacious treatments.
Methods. We enrolled 70 patients with CIPN in a randomized, double-blinded, sham-controlled, cross-over
trial to determine if photobiomodulation (PBM) ± physiotherapy reduced the symptoms of neuropathy compared to sham treatment. At the conclusion of follow-up, sham-arm patients could cross-over into a third arm
combining PBM and physiotherapy to determine if multimodal treatment had additive effects. Treatment included 30 minute sessions 3-times weekly for 6 weeks using either PBM or sham therapy. Neuropathy was assessed
using the modiﬁed total neuropathy score (mTNS) at initiation and 4, 8, and 16 weeks after initiating treatment.
Results. Sham-treated patients experienced no signiﬁcant change in mTNS scores at any point during the primary analysis. PBM patients experienced signiﬁcant reduction in mTNS scores at all time points. Mean changes in
mTNS score (and corresponding percent drop from baseline) for sham and PBM-group patients respectively
were − 0.1 (− 0.7%) and − 4.2 (− 32.4%) at 4 weeks (p b 0.001), 0.2 (0.0%) and − 6.8 (− 52.6%) at 8 weeks
(p b 0.001), and 0.0 (0.1%) and − 5.0 (− 38.8%) at 16 weeks (p b 0.001). Patients who crossed over into the
PBM/PT-group experienced similar results to those treated primarily; changes in mTNS score from baseline
were − 5.5 (− 40.6%) 4 weeks (p b 0.001), − 6.9 (− 50.9%) at 8 weeks (p b 0.001), and − 4.9 (− 35.9%) at
16 weeks (p b 0.001). The addition of physiotherapy did not improve outcomes over PBM alone.
Conclusion and relevance. Among patients with CIPN, PBM produced signiﬁcant reduction in neuropathy
symptoms.
© 2016 Elsevier Inc. All rights reserved.

1. Introduction
Chemotherapy-induced peripheral neuropathy (CIPN) is a common
side-effect of many modern chemotherapeutic agents. It typically manifests as numbness, paresthesia, pain, and/or burning, though motor
dysfunction (typically weakness) and/or autonomic dysfunction can
also occur [1,2]. The reported prevalence of CIPN following neurotoxic
chemotherapy is 20–51%, but estimates vary considerably depending
on the agents assessed, the severity threshold, and mechanism of detection; but because sensory symptoms are not overt, underreporting of
both the prevalence and magnitude of CIPN is likely [3,4].
Once present, regression of CIPN symptoms is slow. Lingering or permanent symptoms are common and can signiﬁcantly impair quality of
⁎ Corresponding author at: MMC 396, 420 Delaware St SE, Minneapolis, MN 55455,
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life [5,6]. Unfortunately, multiple trials focusing on mitigation of lingering symptoms, especially pain, have been disappointing, with a 2009
National Comprehensive Cancer Network Taskforce unable to recommend any directed therapy [7,8]. Since then, Smith and colleagues
have reported the only positive, large, placebo-controlled trial examining pharmacologic treatment for CIPN, observing modest symptom-improvement in platinum-treated patients with painful CIPN who were
treated for 5 weeks with duloxetine, a serotonin and norepinephrine
re-uptake inhibitor [9].
Increasing study of non-pharmacologic therapies has revealed multiple strategies with potential efﬁcacy in reducing the burden of CIPN
[10,11]. Photobiomodulation (PBM) employs non-ionizing, low power,
laser light therapy and has been shown in pre-clinical and small trials
to improve neural function. In animal models PBM demonstrates alleviation of oxaliplatin-induced mechanical and cold allodynia as well as
both nerve regeneration and improved motor recovery after nerve
crush injury [12,13]. In humans, two small, sham-controlled studies
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2. Methods

total treatment time of 30 min. Power varied from 6.75 to 12 W per speciﬁc zone. Waveform and wavelengths varied during each session and
included pulsed waveforms at 20,000 Hz or continuous waveforms
with wavelengths of 800–970 nm. The power, wavelength, waveform,
duration per zone and number of treatment zones were assigned
using a proprietary, deterministic algorithm driven by the input of patient reported symptoms (numbness, pain, tingling, hot/cold alteration,
tightness) taken at each visit and signs (pinwheel, vibration, light
touch) assessed at every 3rd visit (a typical plan is demonstrated in
Fig. 1).
Therapy rooms were equipped with an activated laser and a sham
heat probe. Patients wore opaque, laser-protective goggles both before
and throughout treatment for safety and to maintain blinding. All treatments took place at a single center (Realief Neuropathy Centers, St.
Louis Park, MN) and were delivered by one of six certiﬁed laser
technicians.

2.1. Study design

2.4. PBM-group

After obtaining approval of our Institutional Review Board and the
Cancer Research Protocol Committee of the University of Minnesota,
we conducted a prospective, double-blind, randomized, sham-controlled study of PBM for the treatment of lower extremity CIPN
(clinicaltrials.gov: NCT02000908). The primary hypothesis was that
PBM would be more effective than sham in reducing the symptoms of
CIPN as measured by the modiﬁed total neuropathy score (mTNS). Secondary outcomes included assessment of: time to onset of treatment effect, time to maximum effect, durability of response, and response to the
addition of physiotherapy to PBM. Accrual occurred between April 2014
and June 2015.

Patients in the PBM-group received treatment consisting of
cutaneous application of a class IV therapeutic laser (Eltech K1200,
Treviso, Italy) over surface areas for dwell times dictated by the
treatment plan.

demonstrated that PBM reduced weekly pain scores among patients
with diabetic sensorimotor polyneuropathy [14] and improved carpal
tunnel syndrome-related numbness and tingling [15].
Similarly, multiple trials for patients with diabetic neuropathy suggest that manipulative therapies may be effective at reducing the sensory deﬁcits and improving function either alone or in combination with
other treatments [16,17]. Physical therapy and massage-based therapies (physiotherapy, PT) are well-tolerated, relatively low-cost treatments, advocated for the treatment of CIPN based on reports from
small case series, though neither has been studied directly in prospective randomized trials [18].
We sought to investigate whether PBM reduced neuropathy symptoms for patients with CIPN; and to determine if the addition of PT to
PBM could further improve results.

2.5. Sham-group
Therapy with a class IV laser is known to produce a sense of warmth;
therefore, patients in the Sham-group patients were exposed to a ceramic heat probe (ConAir Corporation, East Windsor Township, NJ).
Areas of treatment and dwell times were determined using the same algorithm as the PBM-group.

2.2. Patients
2.6. PBM/PT-group
Patients were recruited from the Gynecologic Oncology Clinic at the
University of Minnesota owing to a high baseline prevalence of CIPN in
this population. All adult patients with self-reported peripheral neuropathy (PN) and a history of chemotherapy exposure were considered eligible. Patients with a diagnosis of PN prior to chemotherapy or who
were on pharmacologic treatment for PN prior to enrollment were considered eligible, but agreed not to initiate new therapy or dose modiﬁcations during the study period. Active cytotoxic treatment for cancer
(within 30 days of enrollment) was considered an exclusion; the protocol allowed for continued inclusion of patients who relapsed requiring
chemotherapy during the study.
We intended a three-pronged analysis comparing no-treatment
(Sham-group) to both a PBM treated group and a group receiving the
combination of PBM and PT. Randomization was performed centrally,
without stratiﬁcation, using block randomization with blocks of variable
sizes and opaque, sequentially-numbered envelopes. Patients, their
treating oncologist, and assessing personnel were blinded to treatment
assignment. At the conclusion of initial treatment and follow-up (week
16), patients were unblinded and Sham-group patients were offered
crossover into the PBM/PT arm.
All patients signed written consent before initiation of treatment. Patients were not offered inducements, ﬁnancial or otherwise.

Demographic data was collected at initiation visit and included: age,
race, body mass index, disease type and stage, medical co-morbidities,
medications, and previous chemotherapy exposures. All patients
underwent assessment using the modiﬁed total neuropathy score
(mTNS). Patients were assessed by one of two evaluators trained to assess the mTNS and blinded to treatment assignment, at induction, and
at 4, 8, and 16 weeks following initiation of treatment. The mTNS is
a validated tool that assesses six domains of sensory and motor
neuropathy, providing a single score from 0 to 24 with higher scores indicating worsening neuropathy (Table 1). It is expedient to deliver,
demonstrates consistent reproducibility and correlation with the total
neuropathy score (TNS), previously the gold standard of neuropathy assessment [19–21].

2.3. Intervention

2.8. Statistics

All patients underwent treatment 3 times per week for 6 weeks (18
total treatments). Treatments were speciﬁed to be delivered every
other day, but deviations to accommodate patients' availability, were
not considered protocol violations. A standardized treatment plan of
30 min per visit was used, irrespective of the degree of impairment, to
reduce potential for artifact from variable treatment durations. Treatments were delivered using a handheld wand at a distance of 1 cm
from the skin for 1–12 min over any of up to 36 speciﬁed zones, for

Our primary endpoint was a reduction in neuropathy as measured
by the mTNS from pre-treatment baseline to 8 weeks following initiation of therapy. In the initial phase we used an external control (PBMgroup vs Sham-group). In the crossover PBM/PT-group served as their
own control with the mTNS score at the end of the sham treatment serving as their baseline. A reduction of mTNS by 30% from baseline at
8 weeks was felt to be clinically signiﬁcant. Based on this we determined
that 30 patients per arm would provide an 80% power (2 sided α of

Patients in the PT/PBM-group received a combination of PBM and
physiotherapy. Physiotherapy consisted of manual soft tissue mobilization at each treatment visit (15 min per treatment), followed by instructions for at-home toe, ankle and foot stretches, to be performed twice a
day.
2.7. Data collection
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Fig. 1. Treatment parameters for treatments 1, 9, and 18 of 18 treatments. This treatment plan demonstrates the evolving distribution of treatment zones during the course of treatment
with representative data from the initial, middle, and end of treatment. Treatment duration was held constant at 1800 s. The surface area requiring treatment decreases with time,
corresponding to improvement of symptoms and allowing for greater attention to the most refractory (distal) areas.

≤0.05) to detect a 30% change in mTNS score. Assuming that some patients would decline cross-over, 70 patients were randomized 3:4 to either the PBM- or Sham-groups.
Secondary endpoints were analyzed using chi-squared, twogroup t-tests, and Fisher's exact test, as appropriate. Analysis was

by intention to treat and all available data from patients (until
study completion or withdrawal) were included. All statistical tests
are two-sided using a 0.05 level of signiﬁcance. The statistical analysis was performed using R version 3.2.1 (© 2015 The R Foundation
for Statistical Computing).

Table 1
Modiﬁed total neuropathy score, adapted from Cornblath et al. [21].
Score
Parameter

0

1

2

3

4

Sensory symptoms

None

Limited to ﬁngers and toes

Symptoms extend to wrist/ankle

Symptoms extend to knee/elbow

Motor symptoms
Pin sensitivity
Vibration sensitivity
Motor/strength
Tendon reﬂexes

None
Normal
Normal
Normal
Normal

Slight difﬁculty (independent)
Reduced in ﬁngers/toes
Reduced in ﬁngers/toes
Mild weakness
Reduced at ankle

Moderate difﬁculty (independent)
Reduced up to wrist/ankle
Reduced up to wrist/ankle
Moderate weakness
Absent at ankle, normal at knee

Requires assistance
Reduced up to elbow/knee
Reduced up to elbow/knee
Severe weakness
Absent at ankle, reduced at knee

Symptoms extend beyond
knee/elbow or are disabling
Paralysis
Reduced beyond elbow/knee
Reduced beyond elbow/knee
Paralysis
All reﬂexes absent
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3. Results

3.1. Primary endpoint

Seventy patients were recruited between April 2014 and May 2015.
Thirty were assigned to the PBM-group and 40 were assigned to the
Sham-group. Patient demographics are included in Table 2. Patients
were generally well matched for baseline characteristics and exposures.
Notably the population was all female and largely non-Hispanic white
(98%). The former we attribute to the fact that the trial accrued through
the Gynecologic Oncology Clinic. Though men were not speciﬁcally excluded from enrolling, the prevalence of CIPN among patients receiving
chemotherapy for gynecologic malignancies is high; additionally the location of enrollment in a women's center may have led referring physicians to erroneously conclude that the trial was for women only.
Patient compliance was high with 29 patients (97%) in the PBMgroup and 40 patients (100%) in the Sham group receiving N 95% of
scheduled treatments. Two patients withdrew from the study; both
were from the PBM-group (one withdrew consent after completing
treatment but prior to follow-up; one patient recurred during treatment
and withdrew after week 4 to focus on treatment, Fig. 2).
There were no observed complications among patients treated with
PBM. One patient in the control group experienced a second degree superﬁcial burn when inadvertent contact was made between a heat
probe and the patient's skin. This was treated with topical antibiotics
and the patient tolerated the remainder of planned treatment without
event.

The primary endpoint was the change in mTNS score from pre-treatment baseline to 8 weeks after treatment initiation. Negative values indicate reduction in neuropathy while positive scores indicate worsening
neuropathy. Patients treated with PBM had a mean change in mTNS of
−6.8 points (−52.6%) at 8 weeks, corresponding to a statistically significant improvement (p-value b 0.001). Patients Sham-group patients experienced a mean mTNS change of + 0.2 (+ 1.5%), indicating no
evidence of an improvement (p = 0.44, Fig. 3A).
Thirty-eight of the 40 Sham-group patients (95.0%) elected crossover to the PBM/PT-group; 36 (94.7%) of these completed treatment.
Two patients dropped out after crossover (one recurred and one withdrew consent). The mean change in the mTNS score 8 weeks after initiation of PBM/PT was − 6.9 points (− 50.9%), indicating signiﬁcant
improvement (p b 0.001). The difference in mean mTNS reductions at
8 weeks following PBM or PBM/PT was 0.1 (p = 0.85), indicating the addition of PT to PBM did not improve neuropathy more than PBM alone
(Fig. 3A).
In absolute measures, 6 (15.0%) patients in the control group and 63
(96.9%) patients in the treatment groups (27 in PBM group + 36 in
PBM/PT group) had some improvement in their mTNS score at
8 weeks. Using our pre-deﬁned cutoff of 30% as a meaningful reduction
in mTNS score, 1 patient (3.3%) in the control group experienced a
meaningful reduction in mTNS compared to 61 patients (89.7%) in the
treatment groups (27 PBM-group and 34 PBM/PT-group patients).
Therefore the number needed to treat to achieve a meaningful reduction in mTNS score by this deﬁnition is 1.2 patients.

Table 2
Patient characteristics.
Characteristics
Age (years)
≤50
51–60
61–70
71–80
N80
Gender
Female
Race
White
Black
Asian
Native American
Cancer diagnosis
Gynecologic
Ovarian
Uterine
Cervical
Breast
Hematologic
Colon
Other
Exposure
Taxane
Yes
No
Unknown
Platinum
Yes
No
Unknown
Chemotherapy-free interval (months)
Median (min, max)
≤6
7–12
13–24
25–36
N36
Current treatment
Gabapentin/duloxetine
Vitamin B
Any pharmacologic treatment

3.2. Secondary outcomes
PBM-group

Sham-group

Total

2 (6.7%)
7 (23.3%)
14 (46.7%)
7 (23.3%)
0

2 (5.0%)
10 (25.0%)
18 (45.0%)
9 (22.5%)
1 (2.5%)

4 (5.7%)
17 (24.3%)
32 (45.7%)
16 (22.8%)
1 (1.4%)

30 (100%)

40 (100%)

70 (100%)

29 (96.7%)
0
1 (3.3%)
0

38 (95.0%)
1 (2.5%)
0
1 (2.5%)

67 (95.7%)
1 (1.4%)
1 (1.4%)
1 (1.4%)

21 (70%)
19 (63.3%)
2 (6.7%)
0
4 (13.3%)
3 (10.0%)
0
2 (6.7%)

26 (65%)
15 (37.5%)
9 (22.5%)
2 (5.0%)
6 (15.0%)
1 (2.5%)
5 (12.5%)
2 (5.0%)

34 (48.6%)
11 (15.7%)
2 (2.9%)
9 (14.3%)
4 (5.7%)
5 (7.1%)
4 (5.7%)

There was a statistically signiﬁcant difference between the PMB and
Sham treated patients by the week 4 assessment (−4.2 vs −0.1 respectively, p b 0.001, Fig. 3A). The separation between the PBM- and Shamgroups increased through week 8, with the difference between the
mTNS score at week 8 signiﬁcantly greater than the week 4 value
(p b 0.001). By week 16 (10 weeks after completion of treatment)
there was some regression of effect with the mean change in mTNS
score for PBM patients being − 5.0, which was signiﬁcantly different
from the baseline value (p b 0.001) and comparable to the week 4
value (p = 0.20, Fig. 3A).
Patients in the PBM/PT-group, experienced results nearly identical
to the PBM-group, with signiﬁcant reduction in neuropathy at week 4
(change in mTNS = − 5.5, p b 0.001), further reduction peaking
8 weeks after initiation (p b 0.001) and modest regression by week
16. There remained signiﬁcant improvement at 16 weeks compared to
treatment initiation which was again comparable to that seen after
4 weeks of treatment (p = 0.16).
3.3. Exploratory analyses

24 (82.8%)
5 (17.2%)
1

30 (75.0%)
10 (25.0%)
0

54 (78.3%)
15 (21.7%)
1

24 (85.7%)
4 (14.3%)
2

35 (87.5%)
5 (12.5%)
0

59 (86.8%)
9 (13.2%)
2

6.5 (1, 276)
15 (50.0%)
6 (20.0%)
3 (10.0%)
2 (6.7%)
4 (13.3%)

11 (0, 118)
17 (42.5%)
4 (10.0%)
7 (17.5%)
2 (5.0%)
10 (25.0%)

7.5 (0, 276)
32 (45.7%)
10 (14.3%)
10 (14.3%)
4 (5.7%)
14 (20.0%)

8 (26.7%)
15 (50.0%)
23 (76.7%)

13 (32.5%)
10 (25.0%)
20 (50.0%)

21 (30.0%)
25 (35.7%)
43 (61.4%)

To determine if the efﬁcacy of PBM was affected by speciﬁc chemotherapy exposures, we performed secondary analyses based on prior
treatment with taxane, platinum, or both. Most patients had received
a taxane or platinum drug prior to enrolling with 24 out of 30 (80%)
in the PBM, and 26 out of 40 (65%) in the Sham-group having received
both (Table 2). For patients with previous taxane exposure, the mean
change in mTNS at eight weeks compared to baseline for those treated
with PBM was −7.0 compared to a mean change in mTNS score of 0.2
for the control arm (p b 0.0001). Similar results were observed for patients exposed to platinum and both taxane and platinum.
As some spontaneous regression of CIPN symptoms is expected after
recent chemotherapy exposure, we sought to determine if the duration
of neuropathy was associated with response to PBM. Patients were classiﬁed as having “recently acquired neuropathy” if they enrolled within
6 months of their last chemotherapy administration, or “chronic
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70 Patients enrolled

70 Randomized
PBM-group (N=30)

Sham-Group (N=40)

28 completed treatment and follow-up
1 completed treatment but declined
follow-up
1 experienced recurrence and withdrew

40 completed treatment and follow-up

30 patients included in primary analysis

40 patients included in primary analysis

38 Crossed over and received PBM/PT
36 completed treatment and follow-up
1 experienced recurrence and withdrew
1 withdrew consent

68 PBM-treated patients included in final
analysis

38 patients included in secondary analysis

Fig. 2. Patient ﬂow chart*.

neuropathy” if their exposure was ≥ 7 months prior. Fifteen of 30 patients (50.0%) in the PBM-group had recently acquired neuropathy versus 17 of 40 patients (42.5%) in the Sham-group. Among “recent”
patients the mean change in mTNS at eight weeks for the PBM and
Sham-groups were −6.7 and −0.4 respectively (p b 0.0001). Similarly,
for 15 patients (50%) in the PBM group and 23 (57.5%) in the Shamgroup with “chronic” CIPN, the mean change in mTNS was − 6.9 and
+0.61 respectively (p b 0.0001). Patients appeared therefore to receive
similar beneﬁt from PBM regardless of the reported duration of their
neuropathy.
Lastly, we sought to determine if the degree of neuropathy was a
predictor of response to PBM therapy. Using the mean of baseline
mTNS score from all patients enrolled in the trial, patients were classiﬁed as having “greater” (mTNS above the mean) or “lesser” neuropathy
(mTNS below the mean). Thirteen out of 30 (43.3%) patients in the PBM
group had a “greater” level of neuropathy versus 25 of 40 (62.5%) in the
control group. For patients with “greater” neuropathy (mean mTNS =
14.6), the mean change in mTNS at 8 weeks was −8.4 (−56.8%) versus
−0.1 (−0.8%) for Sham-group patients (p-value b 0.001). For patients
with “lesser” neuropathy (mean mTNS = 11.7), the mean change in
mTNS at eight weeks − 5.5 (− 47.2%) versus + 0.7 (+ 6.2%) for the
Sham-group (p-value b 0.001). These data suggest that patients with
more or less severe neuropathy symptoms experience signiﬁcant beneﬁt from treatment albeit not equally.

Evaluation of mTNS subscales demonstrates that beneﬁt did not accrue evenly across all measures (Fig. 3B–F). Sensory and reﬂex deﬁcits
were more impaired at baseline, while motor/strength was less impaired. Gross improvements were observed in the subjective and objective measures of sensation, accounting for a majority of the global mTNS
response seen. Negligible changes were seen in reﬂexes or motor symptoms, however modest and symmetric improvements were identiﬁed in
the motor/strength subscale suggesting that while motor impairment is
present at baseline it may be beneath a function-impairing threshold.
4. Discussion
Our data indicate that photobiomodulation is an effective, low-toxicity treatment for CIPN. Nearly 90% of patients experience signiﬁcant improvement in mTNS scores that begins within weeks of initiating
treatment and persists for at least 10 weeks after the conclusion of therapy. The beneﬁts appear to accrue similarly to patients with variable duration and intensity of neuropathy symptoms, as well as to patients with
variable chemotherapy exposures.
Our results compare favorably with current pharmacologic therapies. For example, ﬁve weeks of daily duloxetine, the most successful
drug to date, resulted in a 10% improvement in mean pain scores,
with b25% of patients reporting a 50% reduction in pain [7]. Using recommendations from the Initiative on Methods, Measurements and
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Fig. 3. Mean modiﬁed total neuropathy (mTNS) scores during and after treatment. a. Composite score for entire mTNS (scale 0–24). b. Mean score for mTNS-Motor/Strength
subscale (scale 0–4). c. Means score for mTNS-Sensory symptoms subscale (scale 0–4). d. Mean score for mTNS-Reﬂex subscale (scale 0–4). e. Mean score for mTNS-Motor
symptoms (scale 0–4). f. Mean score for mTNS-Neurologic subscale (combines vibratory and pinwheel scores, scale 0–8).
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Pain Assessment in Clinical Trials (IMMPACT) to assess magnitude of
beneﬁt, approximately one third of patients treated with duloxetine reported a ≥ 30% reduction in symptoms, corresponding to moderately
important improvement compared to approximately 18% of patients
on the placebo arm, yielding a number-needed-to-treat of approximately 6.7 [22]. By comparison, PBM-treated patients were more likely to experience a clinically meaningful response, with a number-needed-totreat that approaches 1.
PBM may improve neuropathy symptoms through a number of
plausible mechanisms including prevention of neural apoptosis and
enhancement of neurite outgrowth. Molecular level studies suggest
that energy from low-level laser is absorbed by mitochondrial transmembrane proteins leading to: improved cellular respiration, and
increased activation of oxidation-sensitive pathways including nuclear factor–ΚB and activator protein 1, which protect cells from apoptosis-promoting signals including tumor-necrosis factor-α, as
well the JNK and lysosomal pathways [23–30]. Zhang and colleagues
reported differential expression of 111 genes after exposing human
ﬁbroblasts to PBM with more than half involved in cellular proliferation or suppression of apoptosis [24]. In vitro study of human neural
progenitor cells suggests laser light supports neurite outgrowth and
whole animal studies of mice suggest signiﬁcant improvement of
functional recovery after nerve crush injury and platinum exposure
using similar PBM strategies [12,13,31].
Our study beneﬁts from multiple strengths. The prospective, randomized, and sham controlled design was essential for isolating the impact of the treatment and eliminating placebo effect. The balance of
known risks factors suggests that the randomization was effective,
and the relative stability of the mTNS scores in the Sham-group suggests
the sham treatment did not have unanticipated beneﬁts. The study patients were highly compliant with prescribed treatments, had a low
drop-out rate, and a higher-than expected participation in the crossover improving the statistical validity of our ﬁndings. The crossover
allowed us to use the Sham-group results both as an internal and external control, reducing the likelihood of spurious observations and
allowing assessment of PT as an adjunct therapy.
There are, however, multiple weaknesses that must be considered in
interpreting these data. With regard to inclusion, recruitment was
through a single gynecologic oncology center, and though external referrals were allowed, only women were enrolled. The impact of this imbalance is unclear, as the incidence rates of CIPN are typically reported
as similar between the sexes. There was also a relative paucity of racial
minorities. Though we are unable to identify any reports suggesting that
skin pigmentation adversely alters the efﬁcacy (or toxicity) of PBM,
there are few high-quality studies from which to draw inference.
During this study, treatment duration was standardized to prevent
inadvertently revealing a patient's group assignment. Whether treatment outcomes would have been altered with planned optimization
or use of the full Realief algorithm is unclear, however a recent metaanalysis demonstrated that PBM was effective at reducing pain across
a spectrum of wavelengths, albeit not equally, with sizes ranging from
Cohen's d-score of 0.6 to 2.44 (where a d score of 0.2, 0.5, and 0.8 indicate a small medium, and large effect of treatment respectively) suggesting that optimization is likely necessary to achieve the best results
[9,32–34].
Lastly, we did not assess the impact of potential concurrent therapies
such as acupuncture or other pharmacologic agents (such as selective
serotonin re-uptake inhibitors). Patients did however consent to maintaining their pre-study neuropathy regimen during the period of treatment and follow-up. As such, and because known standard treatments
was balance, it is hoped that the randomization process would balance
the contributions of unmeasured effects.
In summary, six weeks of three times weekly PBM was well tolerated and signiﬁcantly reduced the clinical manifestations of CIPN compared to sham therapy. Treatment effect lasts well beyond the period
of active treatment but diminishes over time, suggesting that further
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optimization of the treatment algorithm should be explored. The addition of PT to PBM did not improve results over PBM alone.
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