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Abstract: Background and Objectives: Among HIV infection symptoms, sensory neuropathy
(HIV-SN) remains a main cause of suffering, with incidence varying from 13–50%. So far,
numerous pharmacological and non-pharmacological treatments have been tested, although few
evidence-based analgesic options are available. We conducted an up-to-date systematic
review and meta-analysis of the literature in order to evaluate the efficacy and safety of
pharmacologic and non-pharmacologic treatments for pain control, in patients with HIV
neuropathy. Materials and Methods: We searched MEDLINE, EMBASE, Scopus/Elsevier, The Cochrane
Central Register of Controlled Trials (CENTRAL), USA Clinical Trials registry, and The
International Web of Science up to April 2019. All randomized controlled trials evaluating
efficacy and safety of non-pharmacologic and pharmacologic therapies were included. Efficacy was
defined as pain reduction during the study period. Safety was estimated from adverse
events. A meta-analysis was performed whenever possible. Results: 27 randomized controlled
trials (RCTs) were included for analysis (7 evaluating non pharmacologic interventions,
20 pharmacologic therapies). Non-pharmacologic studies (n = 742) involved seven different
therapeutic modalities. Only Acupuncture/Moxibustion showed pain reduction over placebo,
Gracely Pain Scale Mean (SD): Acu/Moxa 0.85 (0.12), placebo 1.10 (0.09), p = 0.05.
Pharmacologic studies, involving 2516 patients revealed efficacy for capsaicin 8% over placebo (mean
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difference −8.04 [95% CI: −14.92 −1.15], smoked cannabis (where pooling data for meta-analysis was
not possible) and recombinant Nerve Growth Factor. Conclusion: Despite various modalities for pain
control in HIV-SN, strongest evidence exists for capsaicin 8% and smoked cannabis, although of low
methodological quality. Among non-pharmacologic modalities, only Acu/Moxa gave a marginal
beneficial effect in one study, possibly limited by inherent methodological flaws.

Keywords: HIV; infectious disease; pain; neuropathy

1. Introduction

Among the broad spectrum of HIV infection symptoms, HIV sensory neuropathy (HIV-SN)
remains one of the main causes of suffering, having subsequent impact on quality of life of these
patients [1]. It has been estimated that up to one-third of HIV infected individuals suffer from
HIV-SN [2], with incidence varying from 13% to up to 50% [3,4], primarily due to different diagnostic
criteria [2,3]. HIV-SN is presented as distal symmetrical axonal, sensory polyneuropathy that primarily
affects the feet, but it may also affect more proximal sites as well as the hands. While some of
them are manifestations of the classic distal polyneuropathy, due to direct effect of HIV infection,
others are caused by neuropathy due to antiretroviral therapy (ART), especially nucleoside analogue
reverse-transcriptase inhibitors (NRTIs). Despite the fact that the two forms of neuropathy are
caused by different pathophysiologic mechanisms [4], they share common and often indistinguishable
clinical characteristics.

The main clinical characteristics of HIV associated polyneuropathy include pain, distal symmetrical
burning sensation, paraesthesias, cramping in legs, muscle weakness, and increased fatigue. This kind
of impairments may lead to psychological dysfunction, reduced quality of life and poor mobility.
According to the literature, several therapies have been tested for palliative care that include analgesics,
gabapentinoids, tricyclic antidepressants, membrane stabilizing factors, and non-pharmacological
therapies as well. As distal symmetrical polyneuropathy has a negative impact on patients’ quality
of life there is a great need to find effective pharmacological approaches to alleviate symptoms and
manage pain.

Data regarding the exact prevalence of painful neuropathy among HIV patients are also quite
variable in the literature. Evaluating pain syndrome in ambulatory AIDS patients, Hewitt et al. reported
a 28% incidence of pain due to polyneuropathy among participants [5] Another study conducted by
Tagliati et al. [6], found distal pain present in 38% among patients with distal polyneuropathy. In a more
recent study, Adoukonou et al. revealed the presence of pain in 23.4% of patients [7], while other
studies report painful symptoms in up to 75% of HIV-SN participants [8]. Pain is associated with
depression and poor quality of life [1,9–11]. Depression seems to be associated with greater pain
intensity [1,12].

Despite the high prevalence of painful neuropathy in patients living with HIV, pain is still
undertreated [12,13]. Numerous pharmacological and non-pharmacological treatments have been used
for alleviation of symptoms, although few evidence-based analgesic options for HIV-SN are available,
based on clinical data [14]. A systematic review and meta-analysis of pharmacologic treatments
conducted by Phillips et al. in 2010 showed evidence of efficacy only for capsaicin 8%, smoked cannabis
and recombinant human nerve growth factor (rhNGF) [15].

During the time period from 2010 till know new randomized trials have been published examining
the efficacy of various pharmacologic treatments [16,17] Furthermore studies on non-pharmacological
treatments for HIV painful neuropathy are often seen in the literature. From this perspective,
we conducted a systematic review and meta-analysis of the literature in order to evaluate the efficacy
and safety of various pharmacologic and non-pharmacologic treatments in the alleviation of painful
symptoms in patients with HIV neuropathy. The study included all published randomized studies
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comparing therapies with no therapies or with other therapies. This review examines the hypotheses
that 1. The use of pharmacologic and non-pharmacologic interventions is effective in neuropathic
pain alleviation, which characterize HIV-neuropathy. 2. Examined interventions are able to achieve
meaningful improvement of painful symptoms, as defined by IMMPACT recommendations for the
evaluation of reduction in pain [18] 3. The examined interventions are safe.

2. Methods

2.1. Protocol and Registration

Following the recommendations of the PRISMA statement for reporting Systematic Reviews
and Meta-analyses, we conduct this systematic review and meta-analysis for studies examining the
efficacy and safety of pharmacologic and non-pharmacologic treatments for painful HIV-sensory
neuropathy [19]. The reviewing process was followed a specific predetermined protocol. The protocol
can be accessed at PROSPERO, with registration number CRD42018084887 (https://www.crd.york.ac.
uk/prospero/#searchadvanced). (Figure 1.)
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2.2. Eligibility Criteria

Types of studies: Only randomized controlled trials (RCTs), studying pharmacologic and
non-pharmacologic treatments for the management of painful HIV-neuropathy, were considered
eligible for inclusion without any language or publication date restriction. Animal studies,
reviews, letters, abstract-only trials, open-label trials, and trials that were not randomized were
excluded from the study.

Types of participants: The study included patients >18 years old, infected with HIV virus and
suffering from painful neuropathy. The latter was confirmed by the presence of symmetrical pain,
burning, or dysesthesias in a stocking distribution with abnormal ankle reflexes or at least one abnormal
sensory sign (elevated vibratory thresholds, reduced pinprick or temperature sensation, or cutaneous
allodynia). Exclusion criteria were age < 18, pregnancy or breastfeeding, presence of renal or hepatic
impairment, presence of diabetes or Vitamin B12 deficiency, treatment with known neurotoxic drugs
and presence or other potential causes of neuropathy.

Types of interventions: RCTs examined pharmacologic or non-pharmacologic treatment for the
management of painful HIV-neuropathy was eligible for inclusion. Any dosing scheme, formulation
or route of administration was taken into consideration. Investigational intervention should has been
compared to no treatment, placebo or sham treatment or other “active control” (alternative treatment).

Types of outcomes measures: The efficacy and safety of pharmacologic or
non-pharmacologic treatments.

2.3. Primary Outcomes

Efficacy was confirmed by the reduction of pain measures in study population up to the end of
study period. Furthermore, co-primary outcomes included the clinical efficacy, defined as percentage
of patients with at least >30% pain reduction (IMMPACT recommendations for the evaluation of
reduction of pain [18]. Safety was defined by the reports of side effects, which were directly attributable
to the applied treatment.

2.4. Secondary Outcomes

Secondary efficacy outcomes included general improvement in clinical status, improvement in
functional status, mood or sleep. Secondary safety outcomes included deaths or severe damage from
the investigational intervention as well as number of discontinuation or withdrawal, possibly assigned
to study intervention.

2.5. Systematic Search

The literature search was conducted in MEDLINE, EMBASE, Scopus/Elsevier, The Cochrane
Central Register of Controlled Trials (CENTRAL), USA Clinical Trials registry (clinicaltrials.gov) and
The International Web of Science databases up to 22 October 2018. The search used a combination of
text words and MeSH, with no language restriction. Different searching strategy was followed for each
database. The search strategy for MEDLINE is outlined in Appendix A. Additional search for possible
recent literature was conducted in 10 April 2019. Also, the reference lists of the retrieved articles were
manually searched for further relevant studies.

Based on the search strategy, all titles and abstracts retrieved were independently scanned by two
authors (AA, ID). Each article retrieved was firstly assessed from the title or the abstract in order to
evaluate whether fulfills eligibility criteria set. If eligibility could not be ascertained, based only on the
title or the abstract, the full text of the study was retrieved and searched. The article was included for
review if eligibility criteria were met, as judged by both authors. In case of disagreements between the
two reviewers, a third author (PP) was responsible to resolve the disagreement and decide about the
eligibility of the article. Interrater agreement was measured using Cohen’s kappa statistic [20].

A data collection sheet was created and included articles were assessed for:

clinicaltrials.gov
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1. Study design
2. Total study duration
3. Risk of bias (randomization if any, sequence generation, allocation sequence concealment,

blinding of participants, personnel and outcome assessors, incomplete outcome data, selective
outcome reporting and other concerns about bias).

4. Total number of participants
5. Diagnostic criteria for neuropathy, clinical (pain, burning, or dysesthesias in a stocking distribution,

abnormal ankle reflexes or abnormal sensory signs) or electrophysiological
6. Age of participants.
7. Sex of participants.
8. Antiretroviral therapy.
9. Characteristics of interventions (treatment vs. placebo or treatment vs. other treatment).
10. Number of different intervention groups (Active treatment vs. placebo or other treatment).
11. Characteristics of treatment or intervention (dose, route of administration, duration).
12. Information about withdrawals.
13. Outcome measures (Pain, adverse events, discontinuation due to side effects).

2.6. Assessment of Risk of Bias

Internal validity of eligible studies was independently assessed by two review authors (AA and
ID). Any disagreements between review authors were resolved by discussion. If consensus between
authors could not be achieved, a third review author (PP) arbitrated to solve the disagreement.

Risk of bias assessment was conducted by using the ’Risk of bias tool’ of the Cochrane Handbook
for Systematic Reviews of Interventions” [21]. Eligible trials were evaluated on the quality domains
of random sequence generation, allocation concealment, blinding of participants and personnel,
blinding of outcome assessors, incomplete outcome data addressed, selective reporting and any other
source of bias as follows:

• Random sequence generation (selection bias): The method of allocation sequence generation was
assessed as: low risk of bias (random number table, computer random generator) and unclear risk
of bias (when the method is not clearly stated)

• Allocation concealment (selection bias): The procedure followed for avoidance of allocation
foresight or changing. We assessed methods as low risk of bias (telephone or central randomization,
consecutively numbered, sealed, opaque envelopes) or unclear risk of bias (when method is not
clearly stated).

• Blinding of participants and personnel (performance bias): Methods for blinding participants
and personnel were assessed and judged as low risk of bias (when study described in detail the
method of blinding) and unclear risk of bias (when study stated it was blinded but did not provide
adequate description of how this was achieved or didn’t report this domain).

• Blinding of outcome assessment (detection bias): we assessed the methods used to blind the
allocated interventions by outcome assessors. We assessed methods as low risk of bias (study
states blinding of outcome assessments ensured) or unclear risk of bias (when method is not
clearly stated) and high risk (no blinding of outcome assessment).

• Incomplete outcome data (attrition bias): we assessed the methods used to deal with incomplete
data as low risk of bias (when <10% of participants did not complete the study or if a “baseline
observation carried forward” was followed), unclear risk of bias (when a “last observation carried
forward” methodology was followed) or high risk of bias (when a per protocol analysis was
followed).

• Selective reporting (reporting bias): We assessed methods as low risk of bias (all of the study’s
pre-specified outcomes were reported and a protocol is available), unclear risk (insufficient
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information and no available protocol) or high risk (not all of the study’s pre-specified criteria
were reported).

We considered a trial as having a low risk of bias only if all examined domains were judged as
“low risk of bias”. Furthermore, we considered a study as having “high risk of bias” when one or more
domain has been judged as “high risk of bias”.

2.7. Measures of Treatment Effect

We reported the primary outcomes of included studies as either a continuous variable
(i.e., pain level reduction as estimated by validated numeric scales) or dichotomous variables (percent
of patients with >30% pain reduction).

2.8. Assessment of Heterogeneity

Methodological and clinical heterogeneity was assessed, based on the characteristics of included
studies (study design, parallel or cross-over, study population, inconsistency among interventions and
treatment outcomes reporting). Statistical heterogeneity of included studies was assessed by visual
inspection of the confidence intervals (CI) of forest plot results, estimations of p value and I2 statistic.
p < 0.05 for χ2 test and I2 statistic >50% were considered as indicators for significant heterogeneity.
The method of the random effects model was used for summarizing data in order to account for
significant heterogeneity.

2.9. Sensitivity Analysis

In cases of significant statistical heterogeneity, we performed sensitivity analyses using both the
fixed-effect and random-effects model. Furthermore, we intended to also perform sensitivity analysis
by excluding studies with high risk of bias, whether these fulfil the criteria for quantitative analysis.

2.10. Assessment of Reporting Biases

If sufficient studies (at least 10) were identified, we assessed potential Publication biases using
funnel plots asymmetry.

2.11. Data Synthesis

We based outcome data on intention-to-treat analysis results. We combined data from dichotomous
and continuous outcomes and performed meta-analysis using Review Manager 5 when data from
two or more RCTs were sufficient. For trials with multiple intervention groups, we combined groups
to create single pair-wise comparisons as outlined in Chapter 16.5.4 of the Cochrane Handbook for
Systematic Reviews of Interventions [21]. For dichotomous outcomes, we summed both the sample
sizes and the numbers of people with events across groups, and for continuous outcomes, we combined
means and standard deviations (SD) using the methods described in Section 7.7.3.8 of the Cochrane
Handbook for Systematic Reviews of Interventions [21]. We used odds ratio (OR) to measure the
treatment effect of dichotomous outcomes and the mean difference (MD) for continuous data using
the inverse variance method. We used random-effect model, in order to account for heterogeneity
among studies.

3. Results of the Search

Our initial search in MEDLINE, EMBASE, Scopus/Elsevier, The Cochrane Central Register of
Controlled Trials (CENTRAL), USA Clinical Trials registry (clinicaltrials.gov) and The International
Web of Science up to 22 October 2018 retrieved 100 potentially relevant articles after de-duplication.
Furthermore, manual searching across references of these potentially relevant abstracts led to another 21
potentially relevant articles (Figure 1). Articles were firstly scanned by title by two independent searchers
(AA and ID). From the 121 initially retrieved articles, 48 were excluded by title, leaving 73 possibly

clinicaltrials.gov
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relevant articles to be scanned by abstract. Of these, 42 were excluded by abstract and the remaining
31 articles were assessed as full texts for eligibility. Among them, 27 original articles were considered
as eligible, while 4 articles were excluded. Agreement between authors was quite substantial (Cohen’s
k: 0.7973).

3.1. Excluded Studies

We excluded 4 studies for this review (Brown Simpson et al. [22], Silver et al. [23],
Nazarbaghi et al. [24] and Penza et al. [25]) [22–25]. The study of Brown and Simpson was excluded
because it was a review of two earlier published original articles. The studies of Silver et al. [23],
Nazarbaghi et al. [24] and Penza et al. [25] were excluded because none of the patients received the
study interventions had HIV neuropathy.

3.2. Included Studies

A total of 27 randomized controlled trials, examining pharmacologic and non-pharmacologic
intervention for pain management in HIV neuropathy, were included for analysis. Among these
studies, 6 were evaluated non-pharmacologic techniques for HIV neuropathy pain (Sandoval et al. [26],
Paice et al. [27], Mkandla et al. [28], Maharaj et al. [29], Evans et al. [30], Anastasi et al. [31]),
one examined a combination of pharmacologic and non-pharmacologic intervention (Shlay et al. [32]).
20 up to 27 studies examined pharmacologic administration in HIV neuropathy (Simpson et al. [33],
Simpson et al. [34], Abrams et al. [35], Ellis et al. [36], Clifford et al. [37], Simpson et al. [38],
Paice et al. [39], Simpson et al. [40], Simpson et al. [41], Dinat et al. [42], Kieburtz et al. [43],
Kemper et al. [44], Hanh et al. [45], McArthur et al. [46], Youle et al. [47], Estanislao et al. [48],
Simpson et al. [49], Evans et al. [50], Shiffito et al. [51], Harrison et al. [16]).

Non-Pharmacologic Studies

The seven included RCTs, evaluating non-pharmacologic techniques for HIV-neuropathy, involved
a total of 742 participants. All non-pharmacologic studies followed a parallel design. A sham
intervention was used as a control in all studies. One study (Shlay et al. [32]) followed 3 different
enrolment modalities, a 2 × 2 factorial design (Acupuncture/Amitriptyline vs. Sham/Placebo),
Acupuncture vs. Sham Acupuncture or Amitriptyline vs. placebo. One study (Maharaj et al. [29]),
investigated two active interventions in comparison to sham intervention, while all the remained
studies included one experimental arm. Characteristics of the included studies are shown in Tables 1–3.

Table 1. Included studies.

Adverse events No data No data 16/23 of the LES group:
discomfort

Data

NRS 0–10 at 12 weeks
Median (IQR): AE = 1.0

(1.0), PRE = 1.0 (1.0),
control = 3.0 (1.0). AE vs.
control, p < 0.001, effect

size, r = 0.75.
PRE vs. control p < 0.001,

effect size r = 0.83

QOL state of Health: F
ratio = 4.24 SE = 0.05,
CI:00–0.12 (p = 0.04),

Pain scale 0–100:
Splint: −32.89 (23.23%),

Sham: −14.52% (39.74%),
p = 935 Pain reduction >
30% Splint 11/18 Liner

5/19

Outcome measures
Per protocol analysis

Pain intensity and
distress NRS 0–10

HR-QOL: ED-5D
mobility, EQ-5D self-care,

EQ-5D usual activity,
EQ-5D pain or

Discomfort, EQ-5D
anxiety/depression,

EQ-5D state of health
level

Neuropathic Pain Scale
0–100

The Pittsburgh Sleep
Quality Index
(PSQI) 0–21
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Table 1. Cont.

Intervention

Aerobic exercise (AE) vs.
Progressive resisted
exercises (PRE) vs.

control. Sessions of 30
min, 3 times/week for 12

weeks

Progressive resisted
exercises (PRE) vs.

control. Sessions of 30
min, 2 times/week for 12

wee

Walkabout splints or
sham (liners only)
during night sleep

ARV therapy >6 six months

cART control/PRE:
6–12 months

32/26,
13–24 months

11/9,
>25 months

37/45

Splints:20/23
Sham: 20/22

Sex
F/M

AE = 27/18, PRE = 23/21,
Control = 27/24

PRE: 57/23
Control: 56/24

Splints: 9/14
Sham: 10/12

Age
AE:38.29 (8.06)
PRE:35.98 (8.53)

Control: 36.13 (8.10)
42.2 (8.5) Splints: 50.65 (8.04)

Sham: 46.09 (8.13)

Diagnostic criteria Referred as diagnosed
with HIVDSN

Referred as diagnosed
with HIVDSN

Referred as diagnosed
with HIVDSN

Duration 12 weeks 12 weeks 6 weeks
Design RCT parallel design RCT parallel design RCT parallel design

Participants
randomized
(completed)

154 (136) 160 (64) 46 (35)

Reference Maharaj et al. 2018 [30] Mkandla et al. 2016 [29] Sandoval et al. 2016 [7]
Abbreviations: HIVDSN = HIV distal sensory neuropathy, AE = Aerobic exercise, PRE = Progressive resiste exercise,
QOL = Quality of life; randomized controlled trials (RCTs).

Table 2. Included studies.

Adverse events Mild bruising No data No data

Data

Acu/moxa: 0.85 (SE =
0.12)

Sham/control
1.10 (SE = 0.09)

p = 0.05

BPI average pain
intensity

Cognitive: −2.6 (3.2)
Supportive

psychotherapy: −1.3(2.1)
(p > 0.05)

Vibration therapy:
−67.3% (33.4%)
Sham therapy:

−55% (32%), p = 0.92

Outcome measures

Daily symptom diary
(SD) that incorporated

the GPS (0–1.77)
Subjective Peripheral
Neuropathy Screen

(SPNS)

BPI average pain
intensity

The Brief Symptom
Inventory

Self-report Beck
Depression Inventory
Hamilton Depression

Rating
Scale

The Karnofsky
Performance Scale

Current-pain item in the
Brief Pain

Inventory 0 = 10

Intervention Acu/Moxa
vs Sham/control

Cognitive behavioural
intervention or

supportive
psychotherapy once

weekly

Vibration therapy for 45
min vs. sham therapy for

45 min
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Table 2. Cont.

ARV therapy Stable regimen for >8
weeks No data No data

Sex
F/M

Acu/Moxa:
5/20

Sham/Con:
6/19

13/48 12/28

Age

Acu/Moxa:
47.8 (7.2)

Sham/control:
47.6 (7.5)

46.5 (7.9) 41.0 (6.0)

Diagnostic criteria Referred as diagnosed
with HIVDSN

Referred as diagnosed
with HIVDSN

Symmetrical numbness,
paraesthesia, or burning,
pain ‘now’ score of 4 or

greater on BPI 0–10
Duration 15 weeks 6 weeks 45 min
Design RCT Parallel design RCT Parallel design RCT Parallel design

Participants
randomized
(completed)

50 (50) 61 (33) 40 (40)

Reference Anastasi 2013 et al. [32] Evans et al. 2003 [31] Paice et al. 2000a [28]
Abbreviations: HIVDSN = HIV-distal sensory neuropathy, BPI = Brief Pain Inventory.

Table 3. Characteristics of included studies.

Adverse events 35% of patients stopped drug treatment

Data

GPS mean change (14 weeks): SAR (n = 105 −0.29. control
(n = 82), −0.19, mean difference −0.08 (CI: −0.21 to 0.06), p = 0.26
Amitriptyline (n = 49) −0.26, placebo (n = 52) −30, mean
difference 0.00 (CI −0.18–0.19) p = 0.99

Outcome measures
Primary: Change in GPS between baseline and end of 14 weeks.
Secondary: A neurologic summary score, 39-item, qual-ity-of-life
assessment tool.

Intervention

SAR or control points twice weekly during a 6-week induction
phase, followed by weekly treatment during an 8-week
maintenance phase.
For the amitriptyline comparison, the patients,14-week course of
either amitriptyline or placebo capsules 25–75 mg daily

ARV therapy Antiretroviral therapy was allowed

Sex
F/M

SAR:15/106
Control: 10/108
Amitriptyline 5/66
Placebo
8/57

Age

Mean (SD):
SAR 40.9 (6.8)
Control points 41.7 (8.3)
Amitriptyline 40.1 (7.1)
Placebo 39.9 (5.9)

Diagnostic criteria HIV-related lower extremity peripheral neuropathy, diagnosed by
a physician based on history and clinical examination

Duration 14 weeks
Design 2 × 2 factorial design plus 2 groups active-placebo parallel design

Participants randomized (completed)

Factorial Option
N = 125
Acupuncture Option N = 114
Amitriptyline Option N = 11

Reference Shlay et al. 1998 [33]
Abbreviations: SAR = standard Acupuncture regimen, GPS = Gracely Pain Scale.
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3.3. Participants

Focusing on participants characteristics, 459/742 were men and 283/742 were women. Diagnosis of
HIV neuropathy was clinical in all studies. Maharaj et al. [29] used the Brief Peripheral neuropathy
screening tool for participants’ evaluation. No antiretroviral therapy or stable antiretroviral therapy as
an entry criterion was considered in three studies (Maharaj 2018, Mkandla 2016, Anastasi 2013) [28,29,52],
while two more studies provided antiretroviral therapy details of their participants in their results
(Sandoval 2016, Evans 2003) [26,30]. The use of analgesics was liberal in all but Anastasi study,
where a stable scheme for at least 8 weeks was considered for inclusion [52]. Data regarding baseline
pain measurements couldn’t be pooled due to different measurement tools. A predefined baseline
pain intensity level was used as a cut-off for enrolment only in Anastasi 2013 [52] and Evans 2003 [30]
studies, with at least moderate level of pain as a prerequisite for inclusion.

3.4. Interventions

Among eligible studies, two examined Aerobic Exercise (AE) and Progressive Resisted
Exercises (PRE) (Maharaj 2018, Mkandla 2016) [28,29], one studied Lower Extremity Splinting
(LES) (Sandoval et al. [26]), one studied the combination of Acupuncture/Moxibustion (Acu/Moxa)
(Anastasi et al. [31]), one studied Acupuncture plus Amitriptyline (Shlay et al. [32]), one study
evaluated Cognitive Behaviour Therapy (CBT) versus Supportive Psychotherapy (SP) (Evans et al. [30]),
while one trial studied Vibratory Stimulus (VS, Paice et al. [27]) Control interventions included HIV talks,
video presentations, and counselling (Maharaj et al. [29]), usual care (Mkandla 2016, Evans 2003) [28,30]
or sham intervention (Sandoval et al. [26], Anastasi et al. [31], Shlay et al. [32], Paice et al. [32]).

3.5. Outcomes

All studies, except for Mkandla et al. [28] (where Quality of life was the primary outcome),
included pain measurement as a primary efficacy outcome. Different tools were used for pain
measurement. Two studies used Numerical Rating Scale (NRS) 0–10 (Maharaj et al. [29]) and
Neuropathy Pain Scale (NPS) 0–100 (Sandoval et al. [26]) for pain intensity estimation. Another two
studies (Evans et al. [30], Paice et al. [27]) applied Brief Pain Inventory (BPI) while Anastasi et al. [52]
and Shlay et al. [32] estimated primary outcome via Gracely Pain Scale (GPS). Data extraction and
primary and secondary measures were made only for the longest follow-up period reported by the
article. Three studies (Maharaj et al. [29], Mkdala et al. [28], Anastasi et al. [52]) followed patients for
a period of 12 weeks and one study (Shlay et al. [32]) followed patients for 14 weeks. Another two
studies restricted follow up period to six weeks (Sandoval et al. [26], Evans et al. [30]).

Regarding safety outcome, the studies of Maharaj et al. [29] and Mkdala et al. [28] didn’t report
any side effect from the intervention, while the study of Anastasi 2013 [52] stated that side effects
were mild. Sandoval reported 16/23 participants of the LES group suffering from discomfort with
immobilization during the first 2 weeks of the trial, resolved by week 3, with no comfort-related issues
reported by any of the participants in the liner group [27]. The study of Shlay et al. [32] reported side
effects only in the arm received amitriptyline. Neither CBT nor SP lead to any side effect mentioned
(Evans et al.) [30].

3.6. Risk of Bias of Included Non-Pharmacologic Studies

The authors’ judgments regarding all examined domains as well as graphical representation of
overall results are shown in Figures 2 and 3.
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The risk of bias assessments identified that sequence generation and allocation concealment
were often inadequately reported. Among the seven included studies, only four described the
blinding protocol in detail (Maharaj et al. [29], Anastasi et al. [31], Shlay et al. [32], Paice et al. [27]).
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Regarding incomplete outcome data, the study of Maharaj et al. [29] followed per protocol analysis
and not an intention to treat, despite the large proportion of dropouts (up to 10% dropouts without
any data about differences in these patients, compared to patients that completed the protocol).
Mkandla et al. [28], Evans et al. [30] and Sandoval et al. [26] trials are also characterised by a high
dropout rate, raising the possibility of attrition bias. Finally, regarding possible selective reporting,
participants, interventions and outcomes were possible to be compared with previously published
protocols in cases of Anastasi et al. [31], Mkandla et al. [28] and Sandoval et al. [26] trials, without
any violation from the published protocol, while for remained studies, data could not be retrieved.
Consequently, only one study (Anastasi et al. [31]) was judged as of high quality (low risk of bias),
while four studies (Maharaj et al. [29], Mkandla et al. [28], Sandoval et al. [26], Evans et al. [30]) were
considered as carrying high risk of bias.

3.7. Aerobic Exercise (AE) and Progressive Resisted Exercises (PRE)

Two studies examined (AE) and (PRE). The study of Maharaj et al. [29] randomized patients to
three groups to undergo AE, PRE or control intervention, while Mkandla et al. [28] examined PRE
intervention compared to control intervention.

The trial undertaken by Maharaj et al. [29] examined the role of AE sessions or PRE sessions,
provided 3 times a week for 12 weeks. The interventions were compared to a control intervention,
including HIV talks, video presentations, and counselling. Pain intensity and distress were assessed
with numeric pain rating scale from 0–10. Analysis regarding pain showed significant differences
between groups at 12 weeks after intervention. Mkadla et al. [28] study followed a similar program
of PRE exercises, with twice a week exercises for a study period of 12 weeks. In this study, control
group just continued usual daily activities. While the primary outcome measure was quality of
life, evaluated using The Shona version of the Euro Quality of Life-5 (Five) Dimensions (EQ-5D)
state of health questionnaire, data about pain was possible to be extracted using pain/discomfort
EQ-5D dimension. However, authors showed no statistically significant differences between PRE and
control group in pain dimension except for the dimension of state of health (p = 0.04) and not pain.
Pooled analysis of these two studies was not possible due to significant methodological heterogeneity,
attributed to different outcomes and different pain estimation tools.

3.8. Acupuncture/Moxibustion (Acu/Moxa)

Anastasi 2013 randomized 50 HIV patients to receive either true Acupuncture/Moxibustion or
sham Acupuncture/Placebo Moxibustion for 12 twice weekly session and a total follow up period of
15 weeks [32] The assessment of lower-limb pain was made using the GPS, as a primary outcome and
the Subjective Peripheral Neuropathy Screen (SPNS). Acu/Moxa group showed significantly reduced
pain rates at the end of 15 weeks, compared to baseline (Baseline Means (SE): 1.21 (0.04), follow up
week 15: 0.85 (0.12), p < 0.05). Sham/placebo group also showed significant reduction in pain at week
15, compared to placebo (Mean (SE): Baseline 1.30 (0.04), follow up week 15: 1.10 (0.09), p < 0.05).
Between groups comparisons showed significantly reduced pain scores for Acu/Moxa group compared
to placebo at week 15 (p < 0.01).

Shlay 1998 evaluated the effect of Acupuncture (Standard Acupuncture regimen, SAR) plus
Amitriptyline vs. sham/placebo, as well as the effect of either intervention (SAR or Amitriptyline) vs.
their matching sham/placebo treatment [32] SAR/Sham arm, 114 randomized patients underwent twice
weekly sessions of either SAR or sham treatment for a total of 14 weeks. GPS changes from baseline
didn’t demonstrate any significant differences between groups (mean difference CI: −0.08 (CI: −0.21 to
0.06), p = 0.26.

3.9. Lower Extremity Splinting (LES)

One study (Sandoval et al. [26]), enrolled 46 patients, examining the effect of Walkabout splints
(LES), compared to sham splints (Liner only) in HIV neuropathy. Patients wore the splints or liners
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during night sleep for 6 weeks. At the end of follow up period, pain and sleep were evaluated
through Neuropathic Pain Scale 0–100 The Pittsburgh Sleep Quality Index (PSQI) 0–21 questionnaires.
Analysis of results revealed that while both interventions improve pain and sleep over time, neither
was superior in the domains of pain reduction and sleep improvement (p > 0.05). [26].

3.10. Cognitive Behaviour Therapy (CBT) vs. Supportive Psychotherapy (SP)

The study (Evans et al. [30]) recruited 61 patients to undergo week sessions of CBT or SP
for 6 weeks. The examined parameters included pain (BPI average pain intensity), depression,
generalized anxiety, phobic anxiety, somatization, hostility, and interpersonal sensitivity (Brief Symptom
Inventory), interference with functioning, Distress (Beck Depression Inventory, Hamilton Depression
Rating Scale) and function (Karnofsky Performance Scale). Regarding primary outcome measures,
both the CBT group and the SP groups showed significant reductions in measures of pain intensity.
However, these differences were not statistically significant.

3.11. Vibratory Stimulus (VS)

The study conducted by Paice et al. [27] was the only one that examined the immediate analgesic
effect of applied vibratory stimulus. After a session of 45 min, patients didn’t show immediate
improvement in pain intensity, compared to sham intervention.

4. Pharmacologic Interventions

Systematic searching identified twenty RCT, examining different pharmacologic regimen for HIV
DSN [27,34–48,50,51,53], plus one study (Shlay et al. [32]), evaluating Acupuncture plus Amitriptyline
effect. The follow up period varied from 5 days to 18 weeks. Among 20 included pharmacologic studies,
five followed a cross-over design (Estanislao et al. [48], Ellis et al., Dinat et al. [42], Kemper et al. [44]
and Harrison et al. [16]) and the remaining a parallel design. Despite the fact that review attempted
to include only ITT patients’ data, it wasn’t always possible for these data to be retrieved. This was
particularly the case for cross-over studies with multiple comparisons and dropouts between arms.
Consequently, cross-over studies underwent only qualitative and not quantitative analysis, in order
to avoid methodological pitfalls when pooling with parallel design studies. Characteristics of the
included studies are shown in Tables 4–12.

Table 4. Pregabalin treatment and treatment-related serious AEs occurred.

Adverse events

Discontinuation due to AEs: Pregabalin
dizziness (4 subjects), somnolence (2
subjects), confusion state (2 subjects),

disorientation (2 subjects).
Placebo hypoesthesia (1 subject), bladder
pain (1 subject), nausea and vomiting (1

subject),
pain (1 subject)

Total AE:
Pregabalin = 323, Placebo = 255

Serious AE:
Pregabalin = 7, Placebo = 7

Severe AE:
Pregabalin = 11, Placebo = 8

Incidence of any AE: Dizziness,
Pregabalin = 25 Placebo = 10,

Headache Pregabalin = 25, Placebo = 26,
Somnolence,

Pregabalin = 13, Placebo = 4

Data

Pregabalin: −2.88, Placebo: −2.63
(difference −0.25, p = 0.3914)

50% responder rate: Pregabalin 38.9%,
Placebo 42.8% (p = 0.50)

30% responder rate: Pregabalin 56.3%,
Placebo 55.9% (p = 0.90)

Primary: Change from baseline in LS
mean (SE) NRS pain score, Pregabalin:

−2.04 (0.15),
Placebo: −2.11

(0.15), MD = 0.07 [95% CI = −0.30 to
0.45], p = 0.709.

Number of patients with >30% response:
Pregabalin: 88/183 (48.1%), Placebo:

98/192 (51.0%) OR = 0.84, [95% CI = 0.52
to 1.36],

p = 0.490
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Table 4. Cont.

Outcome
measures

Primary: Pain reduction, NRS 0−10.
Number of patients with >30% and 50%

pain reduction.
Secondary: Anxiety, Depression, PGIC

Primary: Pain reduction, NRS 0−10.
Number of patients with >30% pain

reduction
Secondary: PGIC/CGIC, BPI-sf, NPSI.

NRS-Sleep scale, MOS Daytime activity
and sleep parameters.

WPAI-SHP, and SF-36, Hospital Anxiety
and Depression Scale HADS

Intervention
Pregabalin started at 150 mg/daily,

titrated up to 600 mg daily at 2 weeks,
stable for next 12 weeks

Pregabalin starting at 150/day, titrated
up to 600 mg/day (tolerance and

efficacy), during 4 weeks titration period,
then maintenance doses for 12 weeks

follow up period

ARV therapy Stable doses for >3 months before entry Stable ARV treatment >8 weeks before
the study

Sex
F/M 57/245

Pregabalin:
121/62

Placebo 116/76

Age Mean (SD) Placebo: 46.8 (7.5)
Pregabalin: 48.2 (8.1)

Mean (SD)
Pregabalin: 41.2 (9.0) Placebo: 42.3 (8.4)

Diagnostic criteria clinical

2 of the 3 following signs: reduced or
absent Achilles tendon reflexes,

superficial and vibratory sensation in the
lower extremities, daily pain (>40 mm

on the VAS [range 0–100] scale
Duration 14 weeks 16 weeks

Design Randomized parallel
group

Randomized parallel
group

Participants randomized
(completed) 302 (299) 377 (375)

Reference Simpson et al. 2010 [34] Simpson et al. 2014 [35]
Abbreviations: ARV = Antiretroviral therapy, (PGIC/CGIC) = Patient and Clinician Global Impression of Change, BPI
sf = Brief Pain Inventory short form, NPSI = Neuropathic Pain Symptom Inventory, MOS = Medical Outcomes Survey.

Table 5. Cannabis and treatment.

Adverse events

Cannabis: Severe dizziness: 1 episode
Anxiety: 1 episode

Placebo:
Anxiety: 1 episode.

Confusion, dizziness, nausea
significantly more frequent in cannabis

group (p < 0.01).
No withdrawals due to adverse events

Greater frequency of concentration
difficulties, fatigue,

sleepiness or sedation, increased
duration of sleep, reduced salivation,

and thirst in cannabis week than placebo
week

Data

Primary outcome 1. >30% pain change
Cannabis, 13/25 patients, placebo: 6/25
patients (52% vs. 24%, difference 28%,

95% CI 2%–54%,
2. Median change in pain (VAS):

Cannabis −34% (IQR −71, −16) placebo
−17% (IQR −29, +8) dif 18%, p = 0.03.

Secondary:
Painful area brush and von Frey hair

stimuli: Cannabis median −34%, −52%
vs. Placebo −11%, +3% respectively p =

0.05

Primary: Median difference in pain
reduction = 3.3 favouring cannabis,

Effect size = 0.60, p = 0.020 (ITT). First
week: DDS Median change: cannabis

−4.1, placebo +0.1 p = 0.029.
Proportion of patients with >30 DDS

pain reduction:
cannabis week 0.46 (95%CI 0.28,0.65),

placebo week 0.18 (0.03, 0.32), p = 0.043
VAS median change (range)

Cannabis −17 (−58, 52) placebo −4 (−56,
28), (p < 0.001)
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Table 5. Cont.

Outcome
measures

Primary: 1. Proportion of patients with
>30% reduction in pain from baseline to

end of treatment
2. The percent change in
pain from baseline (VAS)

Secondary: 1. Percent change after 1st
and last cigarette in pain, and secondary

hyperalgesia
2. Change

in total mood disturbance (Profile of
Mood States)

Primary: 1. Change in self-reported pain
magnitude assessed by the DDS (0- to

20-point scale).
2. Change in VAS scale (0–10)

Secondary: Disability, mood, and quality
of life (Sickness Impact Profile (SIP),

Profile of Mood States (POMS) the Brief
Symptom Inventory (BSI)

Intervention

Cannabis cigarettes smoking (3.56%
delta-9-THC) or placebo cannabis

cigarettes (0% delta-9-THC), 3 times
daily for 5 consecutive days

4 smoking sessions/day for 5 consecutive
days with active (∆-9 THC 1–8%, titrated
to effect) or matching placebo cigarettes,
2 weeks washout followed by another 4
smoking sessions/day for another 5 days

(placebo or active)

ARV therapy

Stable regimen for at least 8 weeks prior
to randomization:

Cannabis:
18/27

Placebo:
26/28

Prescribed:
93%

Exposed to potentially neurotoxic
dideoxy-

nucleoside reverse transcriptase
inhibitors:

72%

Sex
F/M

Cannabis
5/22

Placebo 2/26
0/34

Age

Mean (SD)
Cannabis

50 (6)
Placebo:

47 (7)

48.8 (6.8)

Diagnostic criteria

Symmetric distal pain or dysesthesias >
2 weeks, absent or depressed ankle

reflexes, or pin, vibration, touch,
temperature sensory loss

Reduced distal tendon reflexes, distal
sensory loss or electro-physiological

abnormalities (distal leg sensory nerve
conduction studies), plus symptoms of

pain and paraesthesias

Duration 5 days
5 days,

2 weeks washout cross over to another 5
days

Design Randomized parallel group Single group, double-blind,
placebo-controlled crossover

Participants randomized
(completed) 55 (50) 34 (28)

Reference Abrams et al. 2007 [36] Ellis et al. 2009 [37]
Abbreviations: THC = tetrahydrocannabinol, VAS = visual analog scale.

Table 6. Primary effective outcome.

Adverse events

NGX-4010: 161/225
control: 45/82 Dropouts
due to adverse events:

NGX-4010, n = 2; control,
n = 1.

% of patients with >1 AE:
93% NGX-4010, 83%

control group.

Drop out:
Capsaicin cream n = 5

(burning)
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Table 6. Cont.

Data

NRPS scores from
baseline to week 12,

Mean (SD): NGX 4080
−22.8% (30.6), control
−10.7% (30.8), p = 0.0026

>30% change in pain:
NGX 4080 76/225, control

15/82

Change from baseline to
weeks 2–12, mean (SE):

NGX 4010 −1.8 (0.1)
Control, −1.4 (0.2), p >

0.05. >30% pain
reduction: NGX-4010

43/332, control 36/162 p >
0.05

BPI at study endpoint
Mean (SD); capsaicin

5.50 (2.68) Control 3.10
(2.12), p = 0.042

Outcome
measures

Primary: % change in the
pain NPRS score, from

baseline to weeks 2 to 12.
Secondary: Change from
baseline pain for weeks
2–4 and 2–8; proportion
of patients with a >30%
mean decrease “average

pain; percent change
from baseline in the

“worst pain for the past
24 h” and “pain now”.

Change from baseline to
week 12 assessed with

GPS sf McGill, BPI, PGIC
and CGIC

Primary: percent change
in NPRS scores from

baseline during weeks
2–12, patients with a
>30% average pain

reduction, the percentage
of patients improved on
PGIC and CGIC, changes

from screening in
sfMcGill Pain

Questionnaire and
SF-36v2

Change in BPI, Quality
of Life Index (QLI),

Profile of Mood States
(POMS), Sickness Impact

Profile (SIP)

Intervention

NGX-4010 (capsaicin 640
mcg/cm2, 8% w/w) Patch
or control patch (patch

(3.2 mcg/cm2, 0.04% w/w)
applied for 30, 60, or 90

min, up to 4 patches each

NGX-4010 (capsaicin 640
mg/cm2, 8% w/w; or

control capsaicin (3.2
mg/cm2, 0.04% w/w)

patch, for 30 or 60 min to
both feet (up to 1120

cm2)

Topical capsaicin
(0.075%) plus usual

therapy, or placebo plus
usual therapy, 4 times

daily for 4 weeks

ARV therapy No ART or on stable
doses for >8 weeks

Exposure
NGX-4010: 25/332,

control: 8/162

No use of didenine or
didectosine

Sex
F/M

NGX 4010: 18/207
Control 3/79

NGX 4010: 42/332
Control 20/162 1/25

Age
Mean (SD): NGX-4010
47.7 (8.4) Control 48.4

(7.6)

Mean (SD)
NGX-4010 49.7 (8.5)

Control 49.7 (8.7)

Mean (SD):
40.3
(6.0)

Diagnostic criteria

Pain, burning,
dysesthetic discomfort in

both feet, diminished
ankle reflexes, and

diminution of vibration,
pain, or temperature
sensation in the distal

legs

Diagnosed with
HIV-DSP for >2 months
and an average baseline
numeric pain rating scale

(NPRS) score of 3–9

Diagnosed HIV-related
DSPN

Duration 12 weeks 12 weeks 4 weeks

Design Randomized-controlled
parallel group

Randomized-controlled
parallel group

Randomized-controlled
parallel group

Participants
randomized
(completed)

307 (274 completed, 302
analysed) 494(234) 26 (14)

Reference Simpson et al., 2008 [39] Clifford et al., 2012 [38] Paice 2000b
Abbreviations: DSP = distal sensory polyneuropathy, ART = antiretroviral therapy, NPRS = Numerical Pain
rating scale.
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Table 7. Lamotrigine outcome.

Adverse events Drop out: Lamotrigine, rash n = 5,
gastrointestinal infection n = 1

Rash: Lamotrigine 21/150
Control 9/77

Infection 17/150, control 7/77,
Nausea: Lamotrigine 17/150, control 8/77

Diarrhea Lamotrigine: 16/150, control
7/77

Headache:
Lamotrigine 16/150, control 8/77

Data

Mean
difference (SE) pain scores between

baseline
and week 14: Lamotrigine −0.55 (0.14),

control −0.18
(0.09), p = 0.03.
No difference

in global pain score
(p = 0.37), worst pain

score (p = 0.17), or change in use of
concomitant

analgesics (p = 0.99) at week 14 between
the two groups

Neurotoxic striatum, mean change:
Lamotrigine: −0.03, control −0.007, p <

0.05
Non neurotoxic striatum, mean change:
Lamotrigine −0.022, control −0.0025, p >

0.05

Outcome
measures

Primary: Pain reduction measured by
GPS.

Safety and Tolerability
Secondary:

The slope of change of weekly mean
pain scores over

course of trial.
Patient-rated global pain relief, change

in worst pain, use
of concomitant analgesic medications

Primary efficacy measure: the mean
change in average

pain (GPS up to the
maintenance phase (PP analysis)

Secondary efficacy endpoints: analysis
of slope of weekly average GPS, the

mean
change in pain (VAS,

McGill Pain Questionnaire),
the percentage of patients with >30%

VAS change

Intervention
Lamotrigine or patching placebo titrated

up to 150 mg × 2 up to 7 weeks, then
stable for 7 more weeks

Lamotrigine or matching placebo
titrated up to 600 mg daily for 7 weeks,

then stable dose for 4 weeks

ARV therapy

No neurotoxic
antiretroviral therapy for >8 weeks

before randomization
or a history of a stable dose for at least 8

weeks before randomization

No
prior exposure to ddX ART, stop them

>8 weeks or at stable
dose for >8 weeks before randomization.

Sex
F/M

Lamotrigine: 1/8.
Control 4/16 (completers)

Lamotrigine 15/150
Control 11/77

Age
Lamotrigine 44.6 (8.4)

Control 44.4 (10.6)
(completers)

Mean (range)
Neurotoxic stratum:

Lamotrigine 44 (32–65), placebo 42
(29–67)

No neurotoxic striatum:
Lamotrigine45 (26–63), placebo 46

(33–64)

Diagnostic criteria

Symptoms of burning or dysesthetic
pain in both feet for at

least 2 weeks, rated on the GPS as at least
“mild” all of the time or moderate” for a

total of at least 2
hours a day, and either absent or

diminished ankle reflexes
or distal diminution of

either vibration sensation or pain and
temperature sensation

Symptoms of neuropathic pain in both
distal lower

extremities plus either diminished
reflexes at the ankles distal diminution

of sensations of vibration, pain, or
temperature in the legs.

Duration 14 weeks 12 weeks
Design Randomized parallel group Randomized parallel group

Participants randomized
(completed) 42 (28) 227 (172)

Reference [40] and [41] Simpson et al. 2003
Abbreviations: GPS = Gracely Pain Scale, ddX: dideoxynucleoside analogue.
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Table 8. Amitryptiline and Mexiletine outcome.

Adverse events

Dry mouth: Amitript = 9,
placebo n = 1;
Drowsiness:

Amitriptyline n = 7,
placebo n = 1; Chest pain:

Placebo n = 1

Amitriptyline (sedation n = 10,
confusion n = 1, less common

events n = 4), Mexiletine
(nausea and vomiting n = 10,

urinary retention n = 3,
dizziness n = 1, other n = 8)
Placebo (confusion n = 21,

urinary retention n = 1, other
n = 3)

Drug stop: Mexiletine, 1
rush, 2 gastrointestinal

side effects. 1, ECG
changes

Data

Primary: ARV users:
amitriptyline: −2.7, SD
−3.3; placebo: −2.1, SD
−2.8; t(60) = −1.13, p =

0.26
ARV naïve:

amitriptyline: −2.8, SD
−3.3; placebo: −2.8, SD
−3.4; t(60) = 0.05, p = 0.96

Amitriptyline group (n = 39):
Mean −0.31 (SD 0.31).

Mexiletine group (n = 44):
Mean −0.23 (SD 0.41). Placebo
group (n = 43): −0.20 (SD 0.30),
p = 0.38. The mean reduction

in pain intensity with
Amitriptyline, relative to

placebo: −0.11

Mean pain scores (SD):
First Mexiletine 30.8

(16.1), then placebo: 34.0
(29.6) p = 0.78. First

placebo 54.2 (19.5) then
Mexiletine 45.7 (27.3), p =

0.45

Outcome
measures

Per protocol analysis
Primary: Likert [0–10]:

Difference in pain
intensity between

baseline and at six weeks.
Secondary: Dose

escalation and maximum
dosage of amitriptyline
Side effects and adverse
events. The use of rescue

medication

Primary: GPS [0–1.77]: Change
in mean pain intensity from
baseline to week 8. Safety:

clinical adverse events, and
laboratory test abnormalities,

dosage modification caused by
adverse events Secondary:

Changes in mood, quality of
life, requirement for additional

analgesic agents

Primary: Pain reduction,
VAS 0–100

Secondary: adverse
events

Intervention
Amitriptyline vs.
placebo (6 weeks,

median dose = 50 mg)

Amitriptyline + placebo
Mexiletine, placebo

Amitriptyline + Mexiletine,
placebo Amitriptyline +

placebo Mexiletine. 4 weeks
titration, 4 weeks stable dose,
up to 600 mg Mexiletine and

100 mg Amitriptyline

Mexiletine up to 600
mg/day vs. placebo for 6
weeks, 1 week washout

then Placebo vs.
Mexiletine

ARV therapy

Stable therapy for>6
months (ARV user

group), or therapy naïve
(ARV-naïve group).
ARV-naïve (n = 61)

ARV-user
(n = 61)

Current use: n = 49,
Discontinued 8-26 weeks prior

to study: n = 35, Never
used/discontinued > 26 weeks

prior to study: n = 61

No early use of ddI, ddC
within one year

Sex
F/M 87/35 6/139 2/20

Age Mean (SD) 38 (8.9)
Median:

Amitriptyline39
Mexiletine 40

Mean:35

Diagnostic criteria
Brief Peripheral

Neuropathy Screening
Tool

Symmetrical pain, burning or
tingling at least mild all the

time or moderate for >2 h/day
and diminished ankle reflexes

or distal diminution of
vibratory sense or diminished
pain and temperature sensation

Pain >4/10 in VAS,
decrease in pinprick or

vibratory sense, decrease
or absent ankle jerks

Duration 15 weeks 8 weeks
6 weeks, one week

washout then another 6
weeks

Design Randomized cross-over Randomized parallel Randomized cross-over
Participants
randomized
(completed)

124 (122) 145 (126) 22 (19)

Reference Dinat et al., 2015 [43] Kieburtz et al., 1998 [44] Kemper et al., 1998 [45]

Abbreviations: VAS = Visual Pain Scale, ddI = didanosine, ddC = zalcitabine.
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Table 9. Gabapentin and Recombinant human nerve growth factor (NGF).

Adverse events

GBP-group: 80% patients dizziness and
significantly more frequent than placebo

patients p < 0.05.
Dizziness, gait ataxia and nausea were

more frequent in the GBP-group, but not
statistically significant

compared with placebo patients

Side effects:
22 patients low dose NGF. 56 patients

NGF, 25 patients placebo group.
Most frequent injection site pain or

myalgias on all groups

Data

GBP: median baseline week VAS = 5.1,
median 4th week VAS = 2.85, −44.1%, p

< 0.05
Placebo: median baseline week VAS =

4.7, median 4th week VAS = 3.3, −29.8%,
p = 0.646).

Comparison of the changes between
GBP and placebo-group: no significant

differences for the pain or the sleep
interference score.

The mean adjusted change: Placebo,
−0.06 [range −0.14 to +0.01 log units]

0.1 µg/kg rhNGF: 0.18 (−0.25 to −0.1 log
units]

0.3 µg/kg rhNGF: 0.21 [−0.29 to −0.14log
units]

Outcome
measures

Primary outcome: Pain change (10-cm
VAS of SF-MPQ). Primary endpoint:

Difference in weekly median pain score
between the 4th week and the baseline

week. Secondary: median sleep
interference score, measured by VAS (0 =

excellent sleep, 10 cm = no sleep)

Primary endpoint: Change in pain
intensity (GPS)
from baseline

to week 18.
Secondary: Global assessments of

neuropathic pain

Intervention

Gabapentin dosage and matching
placebo titrated over 2 weeks up to 1200
mg/d. In the case of sufficient, effect the
dosage was increased up to 2400 mg/d

over further 2 weeks

0.1 mg/kg
rhNGF s.c. 2 times/week, 0.3

mg/kg rhNGF s.c. 2 times/week, placebo
s.c. 2 times/week

ARV therapy

7 patients with concomitant
antiretroviral treatment of d4T and/or
ddI (GBP n = 4; placebo n = 3) and 3

patients, who had had neurotoxic
antiretroviral drugs (d4T and/or ddI) in
the period of 3 months before he study

(GBP n = 2; placebo n = 1)

Subjects stratified regarding ddI, ddC, or
d4T use: current use, use stopped 8–26
weeks before randomization stopped

>26 weeks before randomization, never
used

Sex
F/M 6/20 8/262

Age

Median (range)
GBP: 46
(27–59)
Placebo:

44 (35–61)

Mean (SD):
44.0 (8.7)

Diagnostic criteria

Based on history, clinical and
neurophysiological examination

(paraesthesia, dysesthesia or pain),
abnormal sensory signs (elevated

vibratory threshold or pin hyperalgesia),
decreased or absent ankle reflexes.

Clinical, based on criteria set by the
American Academy of Neurology

Duration 4 weeks 18 weeks

Design Randomized, double blind, parallel
group

Randomized, double blind, parallel
group

Participants randomized
(completed) 26 (24) 270

(235)
Reference Hahn et al. 2004 [46] McArthur et al., 2002 [47]

Abbreviations: GBP = Gabapentine, d4T = stavudine, ddI = didanosine, ddC = zalcitabine, rhNGF = recombinant
Nerve Growth Factor, GPS = Gracely Pain Scale, GPB = Gabapentin, SF-MPQ = Short Form McGill Pain Questionnaire.
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Table 10. Acetyl L-carnitine and lidocaine.

Adverse events

23 patients with 1 or more AE;
ALCAR n = 1 (20.9%)

Placebo: n = 14 (29.8%)
Events related to study

medication ALCAR group: paraesthesia,
1 subject; pain, anorexia, dry

mouth and neuropathy, 1 patient.
Placebo group:4 patients diarrhoea,

nausea, pruritus and rash)

Lidocaine gel: local rash, blisters, and
dryness, n = 3

Data

Primary: VAS reduction Mean (SD)
ALCAR–1.32 (1.84)

Placebo–0.61
(1.55), p = 0.07

2. Secondary: TSS change Mean (SD):
ALCAR -1.32 (2.45)

Placebo −0.88 (1.90), p = 0.19
Proportion of patients with >30%

improvement in TSS: 30.2%
Placebo: 18.2%, p = 0.21

Primary outome: Pain scores at end of
phase A: Mean (SD)
Lidocaine 1.09 (0.24)

Placebo 1.15 (0.32), difference at end of
Phase A: Lidocaine 0.03 (0.23), placebo

0.08 (0.16), p = 0.314
Pain scores at end of phase B: Mean (SD)

Lidocaine 1.16 (0.33)
Placebo 1.10 (0.32), difference at end of
Phase B: Lidocaine 0.11 (0.23), placebo

0.00 (0.13), p = 0.744

Outcome
measures

Primary: Pain change (VAS) between
baseline and 14 days. Secondary: Total
Symptom Score (TSS), (CGI-C), MPQ,

need for rescue analgesics

Primary outcome: Difference in GPS
pain scores during the 2nd week of each

period. Secondary analyses:(1)
differential response of first treatment,

(2) global pain relief (3) effect of
exposure to nucleoside analogue on the

response to lidocaine gel

Intervention ALCAR 1000 mg/day
or placebo i.m., 2 times/day for 14 days

Active gel (5% lidocaine gel) or vehicle
placebo gel, applied once daily for 2

weeks. They were then crossed over to
the second 2-week treatment period on

the alternate drug

ARV therapy

Stable ATN
(onset within 6–12 months of
commencing NRTI therapy,

symptoms stable for 42 months, and no
other neuropathic

aetiological factors or DSP-associated
therapies)

Current stable use: 21
not used for the previous 8 weeks: 41

Sex
F/M 18/72 No data

Age 44.4 (9.8) 45

Diagnostic criteria Electrophysiological diagnosis

Presence of pain or paraesthesias in both
feet for at least 2 weeks, rated on the GPS
as at least mild all the time or moderate
for a > 2 h/day and diminished or absent
ankle reflexes, or pain, temperature, or

vibration sensation in the legs

Duration 14 days
6 weeks:

2 weeks Phase A, 2 weeks washout, 2
weeks Phase B

Design Randomized controlled parallel group Randomized controlled cross-over study
Participants randomized

(completed) 90 (87) 64 (56)

Reference Youle et al. 2007 [48] Estanislao et al. 2004 [49]
Abbreviations: ATN = antiretroviral toxic neuropathy, NRTI = Nucleoside reverse transcriptase inhibitors,
Acetyl-L-carnitine, TTS = Total Symptom Score, CGI-C = Clinical Global Impression of Change, MPQ = McGill
Pain Questionnaire.
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Table 11. Peptide T and Prosaptide.

Adverse events No differences between groups. One
patient in placebo group: mild epistaxis

PRO: 4 AE (cellulitis, altered mental
status, higella enteritis, pancreatitis)

PBO: 1 AE (Kaposi sarcoma)

Data

Primary (PP analysis):
Pain score differences between baseline

and week 12, Mean (SD):
Peptide T: −0.24 (0.45)

Placebo: −0.39 (0.54), p = 0.3

GPS changes mean (SD):
PRO 2 mg/day
−0.12(0.23)

PRO 4 mg/day
−0.24(0.35)

PRO 8 mg/day
−0.15(0.32)

PRO 16mg/day
−0.18(0.34)

PBO −0.18(0.32), p.0.05 between all
comparisons

Outcome
measures

Primary: Reduction in pain severity
(GPS) at week 12

Secondary: were neurologic
examination, nerve conduction studies,

global evaluation, electrophysiologic
measurements, cognitive function and

immunological function

Primary efficacy endpoint: change from
baseline to 6 week endpoint GPS weekly
average. Secondary endpoints: defined
as >0.35 units of pain improvement from
baseline on the GPS, change in HIV viral

load

Intervention Peptide T 6mg intranasally/
day or placebo intranasally for 12 weeks

2, 4, 8, or 16 mg/d PRO or PBO
administered via S.C. injection for 6

weeks

ARV therapy

No use of
use of zidovudine (ZDV, AZT) for less

than three months before entry, no use of
didanosine

(ddI) and/or zalcitabine (ddC) within
eight weeks

of entry
Current use of Zidovudine:

Peptide T, n = 28
Placebo, n = 35

Stable use or non-use of
dideoxynucleoside reverse transcriptase
inhibitors for >4 months. ddC, d4T, or

ddI use at Entry: 52/229

Sex
F/M

Peptide T:38/2
Placebo 39/2 19/210

Age
Median:

Peptide T = 40.4
Placebo = 40.9

Median, Q1, Q3: 47,43,53

Diagnostic criteria

(1) Distal pain, paraesthesia, or
numbness, of the lower extremities. (2)

Neurologic signs, (reduction in pain,
temperature, touch, or vibratory
sensation in a stocking and glove

distribution; absent or reduced ankle
reflexes. (3) Electrophysiologic signs of
generalized, distal, sensory and motor,

axonal polyneuropathy

Clinical criteria developed by the
American

Academy of Neurology (1991)

Duration 12 weeks 6 weeks

Design Randomized, placebo-controlled,
parallel design study

Randomized, placebo-controlled, 4 arm
parallel design study

Participants randomized
(completed) 81 (75) 237 (196)

Reference Simpson et al. 1996 [50] Evans et al. 2007 [51]
Abbreviations: ZDV, AZT = Zidovudine, ddI = didanosine, ddC = zalcitabine, PRO = Prosaptide, PP = Per protocol,
PBO = Placebo, GPS = Gracely pain scale.
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Table 12. Memantine, Duloxetine, Methadone.

Adverse events No differences between groups

Adverse events:
Duloxetine, n = 5

Methadone, n = 17
Conbination, n = 17

Placebo, n = 6 Severe adverse events:
Duloxetine nausea (n = 1), vomiting (n =

1), renal dysfunction (n = 1).
Severe adverse events on placebo: pain

(n = 1), fatigue (n = 1).

Data

Primary, Pain change Mean (SD)
Memantine = −1.82 (2.77)

Placebo = −2.36 (3.35), p = 0.87
Change of the paresthesia score, mean

(SD):
Memantine = −0.91 (3.58)

Placebo = −1.14 (3.35), p = 0.92

Primary: 4th week pain scores (median
Q1, Q3)

A. Dul/Placebo:7 (4, 8)
B. Placebo/Placebo: 6 (4, 8)
C. Placebo/Meth: 6.5 (5, 8)

D. Dul/Meth: 5.5 (4, 7). Comparisons A
vs. B, p = 1, C vs. B, p = 1, D vs. B, p =
0.25, D vs. A, p = 0.11, D vs. C, p = 0.06

Outcome
measures

Primary: change in pain and
paraesthesia indices on a 01–10 scale,

from baseline to week 16, between
memantine and placebo arms.

Primary outcome measure: mean 24 h
pain intensity (MPI) measured on 0–10

NRS.
Secondary Outcome: night-time pain

intensity

Intervention

Memantine starting at 10 mg/day,
titrated up to 40 mg in 4 weeks (or up to
the maximum tolerated dose, stable up

to week 16.

Patient assigned to one of 4 to one of
four treatment sequences, including

Duloxetine, Methadone,
Duloxetine-Methadone or placebo, 4
weeks each with one week washout.

Duloxetine/matching placebo titrated to
60mg. Methadone/matching placebo

titrated to 10 mg t.i.d.

ARV therapy Memantine: 2/24
Placebo 20/21

Stable use or non-use of antiretrovirals
for 30 days prior to entry

Sex
F/M

Memantine2/22
Placebo:

4/17
2/13

Age

Median (min, max):
Memantine group:

44 (33, 63)
Placebo group:

46 (31, 59)

13/15 over 50 years

Diagnostic criteria

Presence of symmetric loss or reduction
of vibratory, pinprick, or temperature

sensation in a stocking and glove
distribution and predominantly
symmetric pain or paraesthesia

Presence of symmetrical pain, burning,
or dysesthesias in a stocking distribution

for at least 6 months with abnormal
ankle reflexes or at least one abnormal

sensory sign (elevated vibratory
thresholds, stocking loss of pinprick or
temperature, or cutaneous allodynia)

Duration 16 weeks 20 weeks

Design Randomized, double blind,
placebo-controlled, parallel study

Randomized, double blind,
placebo-controlled, four-period

crossover study
Participants randomized

(completed) 45 15 (8)

Reference Shiffito et al. 2006 [52] Harrison et al. 2013 [53]
Abbreviations: Dul = Duloxetine, Meth = Metadone.

4.1. Participants

The 20 eligible pharmacologic studies enrolled 2516 patients). The vast majority of patients were
male (The study of Estanislao et al. [48] didn’t report data about subjects’ sex). The majority of studies
included subjects with either no current use of ART or stable dose of ART for at least 4 weeks before
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enrolment. The studies performed by Ellis et al. [36] and Shiffito et al. [51] didn’t include ART therapy
status in the inclusion criteria. Regarding missing data management only one study followed a baseline
observation carried forward practice (Simpson et al. [54]), while last observation carried forward
method was used in 9 studies (Clifford et al. [37], Simpson et al. [33], Simpson et al. [38], Evans et al. [50],
Youle et al. [47], Simpson et al. [40], McArthur et al. [46], Kieburtz et al. [43], Simpson et al. [49]) and
a per protocol analysis in 5 (Dinat et al. [42], Harrison et al. [16], Abrams et al. [35], Simpson et al. [41],
Kemper et al. [44]).

4.2. Interventions

Fifteen different drugs were evaluated for efficacy and safety, including Amitriptyline
(Dinat et al. [42], Shlay et al. [32], Kieburtz et al. [43]), Pregabalin (Simpson et al. [54],
Simpson et al. [53]), Duloxetine and Methadone (Harrison et al. [16]), Capsaicin (Clifford et al. [37],
Simpson et al. [38], Paice et al. [27,39]), Smoked cannabis (Ellis et al. [36], Abrams et al. [35]),
Prosaptide (Evans et al. [50]), L-Carnitine (Youle et al. [47]), Memantine (Shiffito et al. [51]),
Lidocaine gel (Estanislao et al. [48]) Gabapentin (Hanh et al. [45]), Lamotrigine (Simpson et al. [40],
Simpson et al. [41]), NGF (McArthur et al. [46]), Mexiletine (Kieburtz et al. [43], Kemper et al. [44])
and Peptide T (Simpson et al. [49]). All studies, except for Harrison et al. [16] and Kieburtz et al. [43],
used a placebo group for comparison. Cross-over studies included a washout period between
study arms.

4.3. Outcomes

All studies included pain as a primary efficacy outcome. Thirteen studies (Hahn et al. [45],
Youle et al. [47], Simpson et al. [53], Simpson et al. [34], Abrams et al. [35], Ellis et al. [36], Dinat et al. [42],
Kemper et al., Shiffito et al. [51], Harrison et al. [16], Simpson et al. [38], Clifford et al. [37],
and Paice et al. [35,39]) evaluated pain using some type of a Likert 0–10 scale. Eight studies
(McArthur et al. [46], Estanislao et al. [48], Evans et al. [50], Simpson et al. [49], Kieburtz et al. [43],
Simpson et al. [40], Simpson et al. [41], Shlay et al. [32]) measured efficacy regarding pain change with
the Gracely Pain Scale (GPS) tool. One study (Ellis et al. [36]) also applied Descriptor Differential Scale
(DDS) measurement in the primary outcome measures, apart from Likert 0-10 scale.

The outcome of percentage of patients with at least >30% pain reduction was reported in 6 trials
(Abrams et al. [35], Simpson et al. [53], Simpson et al. [34], Evans et al. [50], Simpson et al. [38],
Clifford et al. [37]).

Secondary measures include Patient/Clinical Global Impression of Change (P/CGIC,
Youle et al. [47], Simpson et al., Simpson et al. [34], Simpson et al. [38], Clifford et al. [37]),
sleep (Hahn et al. [45], Simpson et al. [53], Simpson et al. [34]) and mood (Abrams et al. [35],
Ellis et al. [36], Kieburtz et al. [43], Paice et al. [39]).

5. Risk of Bias in Included Studies

We assessed the risk of bias in included studies (Figure 4: review authors’ judgements about each
risk of bias item for each included study and Figure 5, (risk of bias graph: risk of bias items presented
as percentages across all included studies).
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6. Allocation (Selection Bias)

Twelve out of 20 studies reported a reliable technique for randomization (Abrams et al. [35],
Clifford et al. [37], Dinat et al. [42], Ellis et al. [36], Evans et al. [50], Hahn et al. [45], Harrison et al. [16],
Kieburtz et al., Simpson et al. [40], Simpson et al. [33,44], Simpson et al. [34], Youle et al. [47]) and judged
as low risk of bias for randomization. The remaining didn’t describe the method of randomization and
are judged as unclear risk of bias. No study described a non-acceptable technique of randomization.

7. Allocation Concealment (Selection Bias)

Only nine studies described in detail the method of allocation concealment of participants
and are judged as low risk of bias for the specific domain (Abrams et al. [35], Dinat et al. [42],
Ellis et al. [36], Evans et al. [50], Hahn et al. [45], McArthur et al. [46], Simpson et al. [38],
Simpson et al. [53], and Simpson et al. [34]). The remained eleven studies gave no information about
allocation concealment (Unclear risk of bias).

8. Blinding of Participants and Personnel (Performance Bias and Detection Bias)

Five studies (Dinat et al. [42], Ellis et al. [36], Evans et al. [50], Simpson et al. [53],
and Simpson et al. [34,43]) described in detail the method of blinding and assessed as low risk
of bias. In one study (McArthur et al. [46]) blinding was unmasked due to active treatment side effects
(High risk of bias). The remained 14 studies gave no information about allocation concealment (Unclear
risk of bias).

9. Blinding of Outcome Assessment (Detection Bias)

Four studies (Dinat et al. [42], Evans et al. [50], Simpson et al. [33], and Simpson et al. [34]) reported
the method of blinding of outcome assessors (Low risk of bias), while the remained 16 studies didn’t
report this domain in detail (unclear risk of bias).

10. Incomplete Outcome Data (Attrition Bias)

Only two studies (Evans et al. [50], Simpson et al. [54]) followed an Intent to treat analysis
with a “baseline observation carried forward” approach for missing data and judged as low risk of
bias. On the other hand, Abrams et al. [35], Dinat et al. [36,42], Hahn et al. [45], Harrison et al. [16],
Simpson et al. [41] trials managed missing data by following a “per protocol analysis” (high risk of
data). The remained 13 studies followed an “intent to treat” analysis, with a “last observation carried
forward” methodology for missing data (unclear risk of bias).
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11. Selective Reporting (Reporting Bias)

A predefined protocol was available and available to access in four trials (Clifford et al. [37],
Evans et al. [50], Simpson et al. [53], and Simpson et al. [34]), where predefined criteria and outcomes
were reported in the final article (low risk of bias). In all other cases. Selective reporting biases were
judged as unclear, due to no published trial protocol. However, all outcomes described in the methods
section were fully reported in results.

Based on the above assessment, only two studies were considered as having low risk of bias
(Evans et al. [50], Simpson et al. [34]), while six studies were considered as having high risk of
bias (Abrams et al. [35], Dinat et al. [42], Hahn et al. [45], Harrison et al. [16], Kemper et al. [44],
Simpson et al. [55]).

12. Pregabalin

Two studies (Simpson et al. [53], Simpson et al. [34]) [34,35] examined the role of Pregabalin in
HIV-SN pain, including 679 patients, randomized to Pregabalin or matching placebo administration.
The two studies followed similar methodology, with Pregabalin doses titrated to 600 mg in 2 and
4 weeks respectively and maintained for 12 weeks thereafter. Primary efficacy outcomes were the
change in pain, measured with NRS (0–10), at the end of follow-up period and the responder rates of
patients with >30% and 50% pain reduction. Regarding secondary efficacy outcomes, both studies
examined Patient and Clinician Global Impression of Change (PGIC/CGIC), pain change using Brief
Pain inventory short form (BPI sf) and Neuropathic Pain Symptom Inventory (NPSI), pain-related
sleep interference and overall sleep disturbance with the NRS-Sleep scale and the Medical Outcomes
Survey (MOS) sleep scale. Mood and anxiety symptoms were evaluated using the Hospital Anxiety
and Depression Scale (HADS). Simpson et al. [33] also evaluated pain using Gracely Pain Scale
(GPS), while Simpson et al. [34] study examined the impact of symptoms on functional activity, work
productivity, and quality of life using the Work Productivity and Activity Impairment Specific Health
Problem Questionnaire (WPAI-SHP), and the Short-Form 36 Health Survey (SF-36).

12.1. Primary Efficacy Outcomes

The analysis of pooled data in 332 Pregabalin and 343 placebo patients didn’t reveal superiority of
Pregabalin over placebo in NRS pain reduction between baseline and study endpoint: MD = −0.04
[95% CI:−0.38, 0.29], test for overall effect: Z = 0.24 (p = 0.81, Figure 6A).
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The Chi2 and I2 value reveal statistical homogeneity between studies. Heterogeneity: Tau2 = 0.00;
Chi2 = 0.79, df = 1 (p = 0.37); I2 = 0%. However, we proceeded to sensitivity analysis of the results,
by further applying fixed-effect model. Analysis of the results showed the same effect (MD = −0.04
[95% CI: −0.38, 0.29], Heterogeneity: Chi2 = 0.79, df = 1 (p = 0.37); I2 = 0%, Test for overall effect: Z =

0.24, p = 0.81).
Regarding primary outcome of proportion of patients with >30% pain reduction, pooled data from

332 Pregabalin and 342 placebo patients showed slight but not significant superiority of Pregabalin
over placebo, OR: 0.85 [95% CI:0.63, 1.16], Heterogeneity: Tau2 = 0.00; Chi2 = 0.98, df = 1 (p = 0.32);
I2 = 0%, Test for overall effect: Z = 1.02 (p = 0.31, Figure 6B).

Applying fixed-model the results were similar: Chi2 = 0.98, df = 1 (p = 0.32); I2 = 0%, Test for
overall effect: Z = 1.02 (p = 0.31).

Similarly, pooled data regarding proportion of patients with >50% pain reduction didn’t show
statistically significant superiority of Pregabalin over placebo: OR 0.79 [95% CI: 0.58, 1.09], Test for
overall effect: Z = 1.44 (p = 0.15), Figure 6C.

Using fixed-effect model also lead to similar results: Chi2 = 0.21, df = 1 (p = 0.65); I2 = 0%, Test for
overall effect: Z = 1.44 (p = 0.31).

12.2. Secondary Efficacy Outcomes

No significant differences were reported by either study, regarding the outcomes of PGIC/CGIC,
BPI sf, NPSI, NRS-Sleep scale, MOS sleep scale, HADS, GPS, WPAI-SHP or SF-36.

12.3. Safety

Both studies reported Pregabalin treatment as being generally well tolerated. The most commonly
reported AEs were somnolence, dizziness, euphoric mood, headache, and peripheral edema, while no
treatment-related serious AEs occurred (Table 4).

12.4. Smoked Cannabis

Two studies, involving 89 patients, compared cannabis cigarettes with inactive cigarettes,
containing 0% delta-9-THC (Abrams et al. [35], Ellis et al. [36]). Abrams et al. followed a double
blind parallel design, while Ellis et al. [36] conducted a placebo-controlled, crossover trial. The
concentration of active substance delta-9-THC was fixed in Abrams et al. [35] (delta-9-THC 3.56%),
while Ellis et al. [36] titrated smoked delta-9-THC concentrations to effect (delta-9-THC 1–8%). Patients
were followed up to the end of treatment arms (5 days) where primary and secondary endpoints were
obtained (Table 5).

12.5. Primary Efficacy Outcomes

Both studies examined change in pain magnitude between baseline measurements and end of
treatment period (5 days) measurements, as well as proportion of patients with >30% pain improvement.
Methodological heterogeneity (parallel vs. cross-over trial, different tools for pain measurement,
i.e., VAS vs. DDS), precluded proper pooling of data. However, both studies reported significantly
greater pain reduction with cannabis, compared to placebo, as well as greater proportion of patients
with >30% pain reduction in cannabis arm, compared to placebo arm (Table 5). However, both studies
are characterized by poor methodological quality (high and unclear risk of bias for Abrams et al. and
Ellis et al. [36] trials respectively).

12.6. Secondary Efficacy Outcomes

Additional variable estimated by both trials included the change in total mood disturbance (Profile
of Mood States, POMS). Ellis et al. [36] also evaluated Disability, mood, and quality of life using Sickness
Impact Profile (SIP) tool, the Brief Symptom Inventory (BSI) and a subjective Highness/Sedation Scale.
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Abrams measured immediate changes in chronic neuropathic pain VAS rating after 1st and last cigarette
and areas of secondary hyperalgesia produced by the heat/capsaicin sensitization model to brush and
von Frey hair stimuli. All secondary parameters examined didn’t reveal significant differences between
treatment groups except for immediate effect of first and last cigarette, where a reduction of chronic
pain ratings, compared to placebo (p < 0.001) were recorded. Active cannabis also marginally reduced
the area to both brush and von Frey hair stimuli compared to placebo (median −34% vs. −11%; p = 0.05
and −52% vs. +3%; p = 0.05).

12.7. Safety Outcomes

Confusion, dizziness, nausea, concentration difficulties, fatigue, sleepiness or sedation, increased
duration of sleep, reduced salivation, and thirst were significantly more frequent in cannabis group,
compared to placebo. However, Abrams et al. [35] study didn’t report any AE related dropouts,
possibly attributed to treatment. On the other hand, 2 patients withdrew from Ellis study, as presented
with psychosis and cough while being on cannabis arm (Table 5).

12.8. Capsaicin

Three studies (Clifford et al. [37], Simpson et al. [38], Paice et al. [39]), including 827 patients,
evaluated capsaicin versus placebo for HIV-SN pain. Among them, two (Simpson et al. [38],
Clifford et al. [37]) compared capsaicin 8% dermal patch capsaicin 640 µg/cm2, 8% w/w), as an active
treatment, vs. placebo patch, for a follow up period of 12 weeks. The other study Paice et al. [39])
compared topical capsaicin cream (0.075%), as an active drug to placebo cream, for a follow up period
up to 4 weeks.

13. Primary Efficacy Outcome

The studies of Simpson et al. [38] and Clifford et al. [37] involved a total of 557 patients in
experimental group and 244 patients in control group. The both used the primary outcome of NRS
change (0–100) in pain intensity from baseline to end of follow up (12 weeks). Methodological
and clinical heterogeneity was considered quite low, in order to proceed to quantitative analysis.
Pooled analysis of data showed that the Mean Difference in NRS pain change between baseline-12
weeks was −8.04 [95% CI: −14.92 −1.15] (Figure 7A).
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Secondary outcome was the percentage of patients achieving >30% pain reduction, as a cut-off

for clinical significance. Pooled data showed odds ratio of 1.08 [95% CI: 0.25, 4.59] and no significant
differences between groups (Test for overall effect: Z = 0.10, p = 0.92, Heterogeneity: Tau2 = 1.02;
Chi2 = 13.39, df = 1, p = 0.0003, I2 = 93%). Pooled results are shown in Figure 7B.

Due to significant statistical heterogeneity between studies, we performed sensitivity analyses
using both the fixed-effect and random-effects models. Fixed models reveal quite similar results with
random models, regarding both NPRS change (Mean difference −7.48 [95% CI: −12.08, −2.89], Test for
overall effect: Z = 3.19 (p = 0.001) and proportion of patients with >30% pain reduction (Odds ratio
0.97 [95% CI: 0.67, 1.41], Test for overall effect: Z = 0.15 (p = 0.88).

Regarding PGIC and CGIC, pooled data showed significantly more patients showing very much,
much or slight improvement, compared to control (odds ratio 2.74 [95% CI: 1.09, 6.93] for PGIC and
2.35 [95% CI: 1.29, 4.29] for CGIC (Figure 8).Medicina 2019, 55, 762 23 of 39 
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Safety: Clifford et al. [37] recorded a 93% of Capsaicin group patients and 83% of control group
patients having at least one AE. Respective percentages were 72% and 55% in Simpson et al. [38] study.
Most of them were related to application site conditions. No deaths were considered as related to
treatment (Table 6).

One trial of capsaicin cream was included in the review (Paice et al.). 26 participants,
diagnosed with HIV-SN by their physician, randomized to apply capsaicin cream 0.075% or inactive
cream, 4 times daily for 4 weeks. By using BPI as a primary measure of pain, capsaicin cream 0.075%
group showed slight inferiority, over inactive cream (Mean (SD): Capsaicin 5.50 (2.68), Control 3.10
(2.12)) only at the end of week 1. Other secondary outcomes measured (QLI, POMS, SIP, touch–pressure
sensation), didn’t reveal any differences between groups in any time point.

13.1. Lamotrigine

Two trials conducted by Simpson et al. (Simpson et al. [40] and Simpson et al. [41], Table 7)
examined the potential efficacy and safety of Lamotrigine (LTG) over placebo [41,42]. The first trial
(Simpson et al. [40]) included 42 patients (20 LTG group, 22 placebo group) who were randomly
assigned to receive LTG or matching placebo. The dosing regimen started at 25 mg/day, titrated
up to 150 mg twice per day after 7 weeks and maintained thereafter up to week 14. The second
study (Simpson et al. [41]) randomized 227 patients (150 LTG, 77 placebo) to receive LTG or placebo.
Here, the dosing regimen included a starting dose of 25 mg LTG or matching placebo every other
day or 25 mg daily, based on the co-administration of drugs, known to induce the metabolism of
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LTG. After a 7-week LTG (and placebo) dose escalation phase, patients entered a 4-week maintenance
phase, administered the target maintenance dose of LTG of 400 mg/day (for those not receiving
enzyme-inducing drugs) and 600 mg/day (for those receiving enzyme-inducing drugs).

Both studies shared primary efficacy measure, defined as the mean change in average pain
as measured by the Gracely Pain Scale (GPS) from baseline to the end of the maintenance phase.
Furthermore, both studies followed a subgroup analysis, based on the concomitant use of ARTs.
Regarding the first study (Simpson et al. [40]), per protocol analysis of primary outcome results showed
a superiority of LTG, over placebo in pain reduction from baseline to study endpoint (Mean Difference
(SE): Placebo −0.18 (0.09), LTG −0.55 (0.14), p = 0.03, which however, was not apparent when an intent
to treat analysis was conducted. Subgroup analysis showed a significant difference only on patients
not exposed to neurotoxin. However, the latter study conducted by the same team (Simpson et al. [41]),
enrolling a greater number of subjects, didn’t demonstrated superiority of LTG over placebo, in any of
the ART-expose subgroups. Despite the similar methodology and outcomes, pooling of data was not
possible, since authors in Simpson et al. [41] study didn’t report any measure of variation in their data
but only group mean values.

13.2. Amitryptiline and Mexiletine

One cross-over study examined the effect of Amitriptyline over placebo [42]. Authors randomized
124 HIV patients (62 ART naive patients and 62 ART users) to four subgroups to receive amitriptyline
first, then placebo or placebo first, then amitriptyline. Patients titrated up to 150 mg amitriptyline
(based on tolerance and effect) and matching placebo. Each treatment period consisted of 6 weeks
with a washout period of 3 weeks between treatment periods. Analysis of results regarding efficacy,
showed no significant differences in the absolute change in pain score over six weeks of treatment
with placebo or amitriptyline in the ARV-user group, the ARV-naïve, or all participants combined
(Table 8). However, the study revealed a significant period effect. When data from the ARV-user
and ARV-naïve groups were combined and taking into consideration only first period, there was
a significant decrease in pain intensity in both treatment groups over the six-week period, without
any between groups difference. Safety parameters revealed that amitriptyline was safe and caused no
resinous side effects. The most frequent side effects in both arms were drowsiness, dry mouth and
chest pain, which were common to the use of Amitriptyline and placebo, with dry mouth complain
more mentioned in Amitriptyline arm (p < 0.01).

The study of Shlay et al. [32] involved a pharmacologic arm, including 71 patients receiving
Amitriptyline 25–75 mg daily and 65 patients receiving placebo for a period of 14 weeks.
Primary endpoint of pain reduction was measured via GPS. Analysis showed that Amitriptyline
was not superior to placebo regarding pain reduction (mean difference 0.00, CI: −0.18 −0.19, p = 0.99).

Kieburtz et al. [43] randomized 145 patients to receive a combination to active amitriptyline/placebo
mexiletine, active mexiletine/placebo amitriptyline, or active control amitriptyline/placebo mexiletine.
Intervention lasted 8 weeks (4 titration phase, 4 stable dose) and maximum possible doses of 100 mg
amitryptiline and 300 mg of mexiletine. Therapeutic effect was measured using the Gracely Pain Scale
(GPS) 0–1.77. Authors concluded that were no significant changes in the measures of pain intensity
among the treatment groups (p = 0.38). Safety analysis showed that while no drug was related to
laboratory or ECG changes, amitriptyline was associated with sedation requiring dosage modification
in 10 subjects, and mexiletine was associated with nausea and vomiting, requiring dosage modification,
also in 10 patients (Table 8).

The study of Kemper et al. [44] compared the analgesic effect of mexiletine over placebo in
a randomized cross-over study, involving 22 HIV patients. Mexiletine or matching placebo was titrated
to up to 600 mg/day (or 300 mg/day if the higher dose was not tolerated). The duration of each treatment
arm was 6 weeks, with an interval washout period of 1 week, whereas the efficacy outcome was the
change in VAS score. Analysis of each group showed that either administration of mexiletine followed
by placebo or administration of placebo followed by mexiletine, lead to significant differences in VAS
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scores. Furthermore, analysis of mexiletine administration over placebo administration, irrespective of
the order administered, also didn’t show significant differences between arms (p = 0.76). 39% of
patients in mexiletine arm experienced side effects leading to dose reduction or discontinuation (rush,
1 patient, gastrointestinal side-effects, 2 patients).

13.3. Gabapentin (GBP)

A RCT conducted by Hahn et al. [45] evaluated the efficacy and safety of GBP in managing pain in
HIV-SN. 26 eligible patients randomized to receive GBP or matching placebo, titrated to 1200 mg/day
over 2 weeks, or up to 2400 mg/day if effect was considered insufficient, during the subsequent 2 weeks.
Patients were evaluated regarding efficacy with 0-10 VAS scale of SF-McGill, and sleep interference
score, measured by VAS (0 = excellent sleep, 10 cm = no sleep). Although both arms showed reduction
in pain between baseline measurements and 4 week measurements, the difference between groups was
not significant for either pain or sleep. However, GBP use was associated with more AE (dizziness,
gait ataxia, and nausea, Table 9).

13.4. Recombinant Human NGF (rhNGF)

Only one trial (McArthur et al. [46]), enrolling 270 patients, examined the effects of recombinant
human NGF (rhNGF). Investigators, evaluated the effects of 2 different dosing regimen 0.1 mg/kg rhNGF
s.c. 2 times/week or 0.3 mg/kg rhNGF, s.c. 2 times/week versus placebo s.c. 2 times/week, for a period
of 18 weeks. Study’s primary efficacy endpoint was the change in self-reported, average daily pain
intensity) measured with Gracely Pain Scale (GPS) from baseline to week 18. A significant difference
among treatment groups was noted for changes in average and maximum pain intensity from baseline
to week 18, favouring rhNGF (Table 9). Authors mentioned site pain was the most frequent adverse
event, resulting in violation of blinding in 39% of subjects, while severe transient myalgic pain occurred
in eight patients, usually from accidental overdosing.

13.5. Acetyl L-Carnitine

One RCT examined the potential symptomatic treatment of antiretroviral toxic neuropathy by
acetyl L-carnitine (ALCAR, Youle et al. [47]). 90 HIV patients, exposed to nonnucleoside reverse
transcriptase inhibitors (NNRTIs), nucleoside reverse transcriptase inhibitors (NRTIs) and protease
inhibitors (PIs), were randomized to receive acetyl L-carnitine (ALCAR) 1000 mg/day i.m., twice daily
for 14 days (double blind period), follow by an open phase period. Considering efficacy, patients were
estimated by VAS, Total Symptom Score (TSS), Clinical Global Impression of Change score (CGI-C) and
McGill. In the ITT population ALCAR group showed greater reduction in pain, compared to placebo,
measured by VAS, but this difference wasn’t statistical significant. Similarly, differences recorded
through TSS, CGIC and McGill were comparable between groups. Reports of AE included 20.9% of
ALCAR patients with at least one AE vs. 29.8% in the control arm (Table 10).

13.6. Lidocaine

Estanislao et al. [48] conducted a randomized, double blinded, cross over study to examine the
efficacy of lidocaine gel 5% in HIV-DSN. 64 patients were ramdomized to apply 5% lidocaine gel
or vehicle gel, once daily for 2 weeks (Phase A), followed by a 2 weeks washout period and then
entered a second 2 weeks’ intervention period (Phase B, vehicle gel or lidocaine 5% gel application).
The primary outcome was the difference in average pain scores, measured with Gracely pain scale
(GPS) between the 2 groups during the second week of each treatment period, while secondary
outcomes included differential effect of the first treatment, difference in global pain relief, and pain
response by neurotoxin exposure. Regarding primary efficacy outcome, analysis of changes in pain
scores between baseline and end of 2 weeks treatment phase didn’t show significant differences for
either lidocaine or placebo (p = 314 for Phase A and p = 0.714 for Phase B respectively).
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13.7. Peptide T

Simspon et al. [49] evaluated the efficacy of intranasally administered peptide T (6 mg per day),
compared to placebo, in a randomized, double blind, parallel group study. The study enrolled
81 patients, who receive the study or placebo intervention for a period of 12 weeks. The primary
measure of clinical efficacy was reduction in pain severity, measured by GPS at study end (week
12), while the secondary outcome measures assessed were neurologic examination, nerve conduction
studies, global evaluation, electrophysiologic measurements, cognitive function and immunological
function. Primary efficacy analysis (per protocol analysis) showed that there were no significant
differences In the reduction in mean pain score for either treatment group at week 12 compared to
baseline (p = 0.3). Furthermore, none of the secondary outcomes measured showed any differences
between the two groups examined. There was no significant difference in adverse events between
the two groups. The only event as possibly drug-related was a placebo recorded group patient mild
epistaxis in one patient in the placebo group (Table 11).

13.8. Prosaptide

One study (Evans et al. [50]) evaluated the efficacy and safety of Prosaptide (PRO) for the treatment
of painful HIV-associated sensory neuropathy. 229 patients were randomized to receive subcutaneously
(S.C.) either PRO 2 mg/day, PRO 4 mg/day, PRO 8 mg/day, PRO 16 mg/day or placebo (PBO) for 6 weeks.
The primary efficacy endpoint was the 6-week change from baseline in the weekly average of evaluable
daily random prompts measuring pain using the GPS. Secondary endpoints included “treatment
success”, defined as >0.35 units of pain improvement from baseline on the Gracely scale, and change
in HIV viral load. Safety endpoints included treatment emergent serious adverse events (SAEs), AEs,
and toxicities. Analysis of data showed that after 6 weeks of treatment, changes from baseline in GPS
ware comparable for all treatment PRO arms, compared to PBO. Moreover, treatment success rates
were also comparable (19%, 28%, 22%, 28% and 22% for 2, 4, 8, 16 PRO arms and PBO arm respectively).
Regarding possible adverse effects, 4 were observed in patients receiving PRO and were considered as
possibly unrelated to treatment (cellulitis, shigella enteritis, altered mental status, and pancreatitis).
Likewise, 1 side effect, possibly unrelated to treatment was recorded in PBO cohort (Table 11).

13.9. Memantine

A randomized, placebo controlled, parallel group, double blind study, conducted by Shiffito et al.,
examined the potential efficacy role of memantine in HIV-SN related pain. [51] 45 patients were
randomized to receive memantine or matched placebo. Dose regimen started at 10 mg/day, titrated up
to 40 mg, based on tolerance, and remained stable up to 16 weeks (primary study endpoint).
Efficacy analyses examined the change in pain and paresthesia indices on a 01-10 scale, from baseline
to week 16, between memantine and placebo arms. Neither pain nor paresthesia pain change
measurements showed significant differences between groups. Authors mentioned no difference in
adverse experiences between the two groups during the trial, without any other detail (Table 12).

13.10. Duloxetine, Methadone

A trial conducted by Harrison et al. [16] randomized 15 patients to a cross over design with
4 treatment sequence, containing the following arms: duloxetine/placebo, placebo/methadone,
duloxetine/methadone, placebo/placebo (Table 12). Each treatment arm was applied for 4 weeks,
with 1 week intervals between arms. The primary outcome measure was mean pain intensity at the
end of each arm, measured on a 0 = 10 Likert scale where 0 = “No pain” to 10 = “Pain as bad as you
can imagine”. Secondary outcome measure included night-time pain intensity. Authors concluded
that no differences in the fourth week mean pain scores were detected between any of the active
treatments and placebo, or between combination duloxetine-methadone and duloxetine or methadone
monotherapy. Significant pair-wise differences were not either detected in night-time MPI scores
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between treatments. Safety analysis revealed no deaths, life-threatening adverse events (AEs), or severe
laboratory abnormalities during the study. Overall, 4 patients reported 5 AEs while on duloxetine,
6 participants reported 17 grade AEs while on methadone, 5 patients reported 17 AEs while on
combination therapy and 5 participants reported 6 AEs while on placebo. Severe adverse events on
duloxetine included nausea (n = 1), vomiting (n = 1), renal dysfunction (n = 1). Severe adverse events
on placebo included pain (n = 1) and fatigue (n = 1).

14. Discussion

The analysis included 27 studies, involving six different non-pharmacologic interventions and
15 different drugs. Hence, most pharmacologic and non-pharmacologic interventions have been
examined by either one or very few studies, including small number of participants. Moreover, with few
exceptions, whenever more than one study examined a specific intervention, pooling of data was
impossible, primarily due to profound methodological and clinical heterogeneity. This is clearly
obvious, regarding the different tools and questionnaires used for pain assessment. Lack of conformity
in trials design, negatively contributes to revealing possible evidence for significant efficacy.

Among the non-pharmacologic studies, only two, examining Aerobic exercise (AE),
Progressive Resisted Exercises (PRE) (Maharaj et al. [29]) and Acupuncture/Moxibustion (Acu/Moxa)
(Anastasi et al. [52]) reported a small but statistically significant effect, regarding the primary efficacy
outcome of pain reduction. However, the reported beneficial effect should be interpreted with caution.
Despite the possible beneficial effect of Aerobic exercise (AE) and Progressive Resisted Exercises
(PRE) over sham intervention (Maharaj et al. [29]), the specific study is judged as having “high risk of
bias”, due to large number of dropouts and a “per protocol analysis’ of missing data. On the other
hand, the study of Anastasi 2013 was considered of higher methodologic quality, regarding risk of
bias. However, even this study suffers from other methodologic pitfalls as it has a small sample
size. Furthermore, the use of GPS for pain evaluation, without a concomitant VAS or NRP scale,
makes extremely difficult the interpretation of results, considering the clinical significance of this pain
reduction. Consequently, among non-pharmacologic studies, only (Acu/Moxa) intervention seemed to
be promising, necessitating the conduct of well-designed RCTs.

Similarly, among the twenty pharmacologic studies, only six revealed a statistical significant
effect attributed to smoked cannabis, lamotrigine, capsaicin (Abrams et al. [35], Ellis et al. [36],
Clifford et al. [37], Simpson et al. [38], Simpson et al. [40], McArthur et al. [46]). The beneficial
effect of capsaicin, and NGF (Clifford et al. [37], Simpson et al. [38], Abrams et al. [35],
Ellis et al. [36], McArthur et al. [46]) has been stated in the previous meta-analysis of Philips et al. [15].
Moreover, the beneficial effect of smoked cannabis also reported by Phillips meta-analysis, who, after
obtaining data from the authors, estimated the pooled RR for >30% pain reduction at 2.38 (95% CI:
1.38 to 4.10). Based on these data, emerging evidence for smoked cannabis efficacious effect in pain
reduction also complies with IMMPACT recommendations [18] regarding pain measurement and
clinical significance. However, apart from problems orienting from combining data from parallel and
cross-over trials, both studies lack long term follow up. The reported beneficial effect is demonstrated
for up to five days. HIV sensory neuropathy is a chronic condition. Under this point of view a follow
up period of such a short magnitude, poses considerable questions about the overall efficacy and safety
of this intervention to alleviate painful symptoms [56]. Despite these problems in study design, the
emerging interesting in medicinal cannabis, under the view of legalization of its use, makes urgent
the conduct of well-designed RCT, with special attention to its long term effects. Finally, one small
study (Simpson et al. [40]) demonstrated a positive effect for lamotrigine, over placebo. Nevertheless,
this positive effect was detected when patients completed the study period were analysed. Similar
results were not apparent when an intent to treat analysis, with a last observation carried forward
method was used. Furthermore, this study has a considerable small sample size, with no data about
power analysis. Taking all this data under consideration, the efficacious effect of lamotrigine should
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be considered rather questionable. The latter is supported by the absence of a positive effect in the
subsequent well-designed large study of Simpson et al. [41]

During the period 2010–2018, new RCTs were published, examining the potential efficacious
effects of various pharmacologic interventions. Among them, four (Dinat et al. [42], Clifford et al. [37],
Harrison et al. [16], Simpson et al. [34]) met the inclusion criteria to be analysed in this systematic
review and two of them (Clifford et al. [37], Simpson et al. [54]) underwent quantitative analysis for
the examined interventions, Capsaicin and Pregabalin respectively. The study of Clifford et al. [37]
followed a similar methodology with the older study of Simpson 2008. Pooling of data from these
two studies confirmed the efficacious action of Capsaicin 8% in a larger pool of patients. On the
other hand, the study of Simpson et al. [54] also followed a similar study design with the older study
of Simpson et al. [53]. Authors applied methodological refinements, leading to a study with low
risk of bias. Despite these refinements, the non-efficacious effect of Pregabalin also demonstrated
in this study and in the pooled analysis of both studies. The study of Dinat et al. [42] examined
the effect of Amitriptyline in a cross-over design study. Authors tried to overcome Shlay et al. [32]
design drawbacks (where 2x2 factorial design with acupuncture and amitriptyline interventions
complicated interpretation). However, Dinat et al. [42] also failed to reveal any positive effect over
placebo. Authors raised questions about the median dose of amitriptyline achieved in their study (50
mg per day) as meta-analyses of studies employing amitriptyline for the treatment of neuropathic pain
report that the average dose of amitriptyline being taken in trials where amitriptyline was deemed to
be superior to placebo was 90 mg per day [57]. Based on the pre-determined criteria for risk of biases,
the study was judged as high risk of bias, based on a per protocol analysis (Attrition bias). However,
the number of missing participants was too low (one missing subject per group) and probably didn’t
account for results inaccuracy.

The study of Harrison et al. [16] evaluated two drugs with quite different mechanisms of analgesic
action—duloxetine, and methadone—in a four-period crossover multi-center study. Authors failed to
reveal any efficacious effect of either duloxetine, methadone, or their combination, their study suffers
from very small sample size, due to premature termination. Based on the fact that both examined
pharmacologic agents are for the first time examined in a randomized controlled trial in HIV-SN
patients, it is wiser to consider that there are no conclusive data about their effectiveness and safety,
rather than definitely preclude any positive action.

In conclusion, although many pharmacologic and non-pharmacologic interventions have been
tested for HIV-SN pain, evidence for a positive effect remains rather limited. Most of the RCT
are of low quality, are underpowered, and use outcome measurements tool, factors that make it
difficult to demonstrate superiority of an intervention with clinical significance. Among different
non-pharmacologic interventions, the combination of Acupuncture with Moxibustion (pairing of
Acupuncture with moxibustion, the burning of mug wort leaf (Artemisia vulgaris), to stimulate
acupuncture points), demonstrated marginally significant pain reduction over placebo, which was
maintained after 9 weeks without further treatment in one, high quality RCT. On the other
hand, among pharmacologic interventions and after 9 years from Philips et al. [15] meta-analysis,
evidence for the positive effect of capsaicin % is supported by a newer study (Clifford et al. [37]).
Furthermore, the positive effect of smoked cannabis, already reported by Philips et al. [15] meta-analysis
should be underlined in the era of medicinal cannabis legalisation. Other studies (Dinat et al. [42],
Harrison et al. [16]) failed to demonstrate any efficacious action for either amitriptyline, methadone,
or duloxetine, although conclusive results are difficult to be obtained due to methodological pitfalls of
these trials. Finally, the results should be interpreted with caution due to small number of included
studies. Indeed, quantitative analysis, whenever was possible to be performed, included up to two
studies. During previous years, concerns have been raised regarding the inter-study variance when
random-effect model is applied. Inference in random-effects models requires a substantial number of
studies included in meta-analysis to guarantee reliable conclusions [58].
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Appendix A

Searching strategy for PUBMED

((((((hiv) OR human immunodeficiency virus) OR aids)) AND (((((pain) OR painful) OR analg*)
OR nocicept*) OR antinocicept)) AND (((neuropathy) OR polyneuropathy) OR neuropathic)) AND
(random*)

References

1. Pillay, P.; Wadley, A.L.; Cherry, C.L.; Karstaedt, A.S.; Kamerman, P.R. Psychological Factors Associated
With Painful Versus Non-Painful HIV-Associated Sensory Neuropathy. AIDS Behav. 2018, 22, 1584–1595.
[CrossRef] [PubMed]

2. Morgello, S.; Estanislao, L.; Simpson, D.; Geraci, A.; DiRocco, A.; Gerits, P.; Naseer, M. HIV-associated distal
sensory polyneuropathy in the era of highly active antiretroviral therapy: The Manhattan HIV Brain Bank.
Arch. Neurol. 2004, 61, 546–551. [CrossRef] [PubMed]

3. Lichtenstein, K.A.; Armon, C.; Baron, A.; Moorman, A.C.; Wood, K.C.; Holmberg, S.D. Modification of the
incidence of drug-associated symmetrical peripheral neuropathy by host and disease factors in the HIV
outpatient study cohort. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2005, 40, 148–157. [CrossRef]
[PubMed]

4. Kamerman, P.R.; Moss, P.J.; Weber, J.; Wallace, V.C.; Rice, A.S.; Huang, W. Pathogenesis of HIV-associated
sensory neuropathy: Evidence from in vivo and in vitro experimental models. J. Peripher. Nerv. Syst. JPNS
2012, 17, 19–31. [CrossRef] [PubMed]

5. Hewitt, D.J.; McDonald, M.; Portenoy, R.K.; Rosenfeld, B.; Passik, S.; Breitbart, W. Pain syndromes and
etiologies in ambulatory AIDS patients. Pain 1997, 70, 117–123. [CrossRef]

6. Tagliati, M.; Grinnell, J.; Godbold, J.; Simpson, D.M. Peripheral nerve function in HIV infection: Clinical,
electrophysiologic, and laboratory findings. Arch. Neurol. 1999, 56, 84–89. [CrossRef]

7. Adoukonou, T.A.; Kouna-Ndouongo, P.; Kpangon, A.; Gnonlonfoun, D.; Kpacha, B.; Dovonou, A.;
Houinato, D. Distal sensory polyneuropathy among HIV-infected patients at Parakou University Hospital,
Benin, 2011. Med. Sante Trop. 2017, 27, 190–194. [CrossRef]

8. Phillips, T.J.; Brown, M.; Ramirez, J.D.; Perkins, J.; Woldeamanuel, Y.W.; Williams, A.C.D.C.;
Maier, C. Sensory, psychological, and metabolic dysfunction in HIV-associated peripheral neuropathy:
A cross-sectional deep profiling study. Pain 2014, 155, 1846–1860. [CrossRef]

9. Merlin, J.S.; Cen, L.; Praestgaard, A.; Turner, M.; Obando, A.; Alpert, C.; Frank, I. Pain and physical and
psychological symptoms in ambulatory HIV patients in the current treatment era. J. Pain Symptom Manag.
2012, 43, 638–645. [CrossRef]

10. Keltner, J.R.; Vaida, F.; Ellis, R.J.; Moeller-Bertram, T.; Fitzsimmons, C.; Duarte, N.A.; Simpson, D.M.
Health-related quality of life ‘well-being’ in HIV distal neuropathic pain is more strongly associated with
depression severity than with pain intensity. Psychosomatics 2012, 53, 380–386. [CrossRef]

11. Uebelacker, L.A.; Weisberg, R.B.; Herman, D.S.; Bailey, G.L.; Pinkston-Camp, M.M.; Stein, M.D. Chronic Pain
in HIV-Infected Patients: Relationship to Depression, Substance Use, and Mental Health and Pain Treatment.
Pain Med. 2015, 16, 1870–1881. [CrossRef] [PubMed]

http://dx.doi.org/10.1007/s10461-017-1856-9
http://www.ncbi.nlm.nih.gov/pubmed/28710709
http://dx.doi.org/10.1001/archneur.61.4.546
http://www.ncbi.nlm.nih.gov/pubmed/15096404
http://dx.doi.org/10.1086/426076
http://www.ncbi.nlm.nih.gov/pubmed/15614705
http://dx.doi.org/10.1111/j.1529-8027.2012.00373.x
http://www.ncbi.nlm.nih.gov/pubmed/22462664
http://dx.doi.org/10.1016/S0304-3959(96)03281-2
http://dx.doi.org/10.1001/archneur.56.1.84
http://dx.doi.org/10.1684/mst.2017.0685
http://dx.doi.org/10.1016/j.pain.2014.06.014
http://dx.doi.org/10.1016/j.jpainsymman.2011.04.019
http://dx.doi.org/10.1016/j.psym.2012.05.002
http://dx.doi.org/10.1111/pme.12799
http://www.ncbi.nlm.nih.gov/pubmed/26119642


Medicina 2019, 55, 762 36 of 38

12. Parker, R.; Stein, D.J.; Jelsma, J. Pain in people living with HIV/AIDS: A systematic review. J. Int. AIDS Soc.
2014, 17, 18719. [CrossRef] [PubMed]

13. Gabbai, A.A.; Castelo, A.; Oliveira, A.S. HIV peripheral neuropathy. Handb. Clin. Neurol. 2013, 115, 515–529.
[PubMed]

14. Aziz-Donnelly, A.; Harrison, T.B. Update of HIV-Associated Sensory Neuropathies. Curr. Treat. Options Neurol.
2017, 19, 36. [CrossRef]

15. Phillips, T.J.; Cherry, C.L.; Cox, S.; Marshall, S.J.; Rice, A.S. Pharmacological treatment of painful
HIV-associated sensory neuropathy: A systematic review and meta-analysis of randomised controlled trials.
PLoS ONE 2010, 5, e14433. [CrossRef]

16. Harrison, T.; Miyahara, S.; Lee, A.; Evans, S.; Bastow, B.; Simpson, D.; Clifford, D.B. Experience and challenges
presented by a multicenter crossover study of combination analgesic therapy for the treatment of painful
HIV-associated polyneuropathies. Pain Med. 2013, 14, 1039–1047. [CrossRef]

17. Merlin, J.S.; Bulls, H.W.; Vucovich, L.A.; Edelman, E.J.; Starrels, J.L. Pharmacologic and non-pharmacologic
treatments for chronic pain in individuals with HIV: A systematic review. AIDS Care 2016, 28, 1506–1515.
[CrossRef]

18. Dworkin, R.H.; Turk, D.C.; Wyrwich, K.W.; Beaton, D.; Cleeland, C.S.; Farrar, J.T.; Brandenburg, N.
Interpreting the clinical importance of treatment outcomes in chronic pain clinical trials: IMMPACT
recommendations. J. Pain Off. J. Am. Pain Soc. 2008, 9, 105–121. [CrossRef]

19. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gotzsche, P.C.; Ioannidis, J.P.; Moher, D. The PRISMA
statement for reporting systematic reviews and meta-analyses of studies that evaluate health care
interventions: Explanation and elaboration. J. Clin. Epidemiol. 2009. [CrossRef]

20. Landis, J.R.; Koch, G.G. The measurement of observer agreement for categorical data. Biometrics 1977, 33,
159–174. [CrossRef]

21. Higgins, J.; Green, S. Version 5.1 Cochrane Handbook for Systematic Reviews 2011 [cited March 2011
20/3/2019]. Available online: https://handbook-5-1.cochrane.org/ (accessed on 22 November 2019).

22. Brown, S.; Simpson, D.M.; Moyle, G.; Brew, B.J.; Schifitto, G.; Larbalestier, N.; Tobias, J.K.
NGX-4010, a capsaicin 8% patch, for the treatment of painful HIV-associated distal sensory polyneuropathy:
Integrated analysis of two phase III, randomized, controlled trials. AIDS Res. Ther. 2013, 10, 5. [CrossRef]
[PubMed]

23. Silver, M.; Blum, D.; Grainger, J.; Hammer, A.E.; Quessy, S. Double-blind, placebo-controlled trial of
lamotrigine in combination with other medications for neuropathic pain. J. Pain Symptom Manag. 2007, 34,
446–454. [CrossRef]

24. Nazarbaghi, S.; Amiri-Nikpour, M.R.; Eghbal, A.F.; Valizadeh, R. Comparison of the effect of topiramate
versus gabapentin on neuropathic pain in patients with polyneuropathy: A randomized clinical trial.
Electron. Physician 2017, 9, 5617–5622. [CrossRef] [PubMed]

25. Penza, P.; Bricchi, M.; Scola, A.; Campanella, A.; Lauria, G. Electroacupuncture is not effective in chronic
painful neuropathies. Pain Med. 2011, 12, 1819–1823. [CrossRef]

26. Sandoval, R.; Roddey, T.; Giordano, T.P.; Mitchell, K.; Kelley, C. Randomized Trial of Lower Extremity
Splinting to Manage Neuropathic Pain and Sleep Disturbances in People Living with HIV/AIDS. J. Int. Assoc.
Provid. AIDS Care 2016, 15, 240–247. [CrossRef]

27. Paice, J.A.; Shott, S.; Oldenburg, F.P.; Zeller, J.; Swanson, B. Efficacy of a vibratory stimulus for the relief of
HIV-associated neuropathic pain. Pain 2000, 84, 291–296. [CrossRef]

28. Mkandla, K.; Myezwa, H.; Musenge, E. The effects of progressive-resisted exercises on muscle strength and
health-related quality of life in persons with HIV-related poly-neuropathy in Zimbabwe. AIDS Care 2016, 28,
639–643. [CrossRef]

29. Maharaj, S.S.; Yakasai, A.M. Does a Rehabilitation Program of Aerobic and Progressive Resisted Exercises
Influence HIV-Induced Distal Neuropathic Pain? Am. J. Phys. Med. Rehabil. 2018, 97, 364–369. [CrossRef]

30. Evans, S.; Fishman, B.; Spielman, L.; Haley, A. Randomized trial of cognitive behavior therapy versus
supportive psychotherapy for HIV-related peripheral neuropathic pain. Psychosomatics 2003, 44, 44–50.
[CrossRef]

31. Anastasi, J.K.; Capili, B.; McMahon, D.J.; Scully, C. Acu/Moxa for distal sensory peripheral neuropathy in
HIV: A randomized control pilot study. J. Assoc. Nurses AIDS Care JANAC 2013, 24, 268–275. [CrossRef]

http://dx.doi.org/10.7448/IAS.17.1.18719
http://www.ncbi.nlm.nih.gov/pubmed/24560338
http://www.ncbi.nlm.nih.gov/pubmed/23931799
http://dx.doi.org/10.1007/s11940-017-0472-3
http://dx.doi.org/10.1371/journal.pone.0014433
http://dx.doi.org/10.1111/pme.12084
http://dx.doi.org/10.1080/09540121.2016.1191612
http://dx.doi.org/10.1016/j.jpain.2007.09.005
http://dx.doi.org/10.1016/j.jclinepi.2009.06.006
http://dx.doi.org/10.2307/2529310
https://handbook-5-1.cochrane.org/
http://dx.doi.org/10.1186/1742-6405-10-5
http://www.ncbi.nlm.nih.gov/pubmed/23351618
http://dx.doi.org/10.1016/j.jpainsymman.2006.12.015
http://dx.doi.org/10.19082/5617
http://www.ncbi.nlm.nih.gov/pubmed/29238506
http://dx.doi.org/10.1111/j.1526-4637.2011.01230.x
http://dx.doi.org/10.1177/2325957413511112
http://dx.doi.org/10.1016/S0304-3959(99)00217-1
http://dx.doi.org/10.1080/09540121.2015.1125418
http://dx.doi.org/10.1097/PHM.0000000000000866
http://dx.doi.org/10.1176/appi.psy.44.1.44
http://dx.doi.org/10.1016/j.jana.2012.09.006


Medicina 2019, 55, 762 37 of 38

32. Shlay, J.C.; Chaloner, K.; Max, M.B.; Flaws, B.; Reichelderfer, P.; Wentworth, D. Acupuncture and amitriptyline
for pain due to HIV-related peripheral neuropathy: A randomized controlled trial. Terry Beirn Community
Programs for Clinical Research on AIDS. Jama 1998, 280, 1590–1595. [CrossRef] [PubMed]

33. Simpson, D.M.; Schifitto, G.; Clifford, D.B.; Murphy, T.K.; Durso-De Cruz, E.; Glue, P.; Freeman, R. Pregabalin
for painful HIV neuropathy: A randomized, double-blind, placebo-controlled trial. Neurology 2010, 74,
413–420. [CrossRef] [PubMed]

34. Simpson, D.M.; Rice, A.S.; Emir, B.; Landen, J.; Semel, D.; Chew, M.L.; Sporn, J. A randomized,
double-blind, placebo-controlled trial and open-label extension study to evaluate the efficacy and safety of
pregabalin in the treatment of neuropathic pain associated with human immunodeficiency virus neuropathy.
Pain 2014, 155, 1943–1954. [CrossRef] [PubMed]

35. Abrams, D.I.; Jay, C.A.; Shade, S.B.; Vizoso, H.; Reda, H.; Press, S.; Petersen, K.L. Cannabis in painful
HIV-associated sensory neuropathy: A randomized placebo-controlled trial. Neurology 2007, 68, 515–521.
[CrossRef] [PubMed]

36. Ellis, R.J.; Toperoff, W.; Vaida, F.; van den Brande, G.; Gonzales, J.; Gouaux, B.; Atkinson, J.H.
Smoked medicinal cannabis for neuropathic pain in HIV: A randomized, crossover clinical trial.
Neuropsychopharmacol. Off. Publ. Am. Coll. Neuropsychopharmacol. 2009, 34, 672–680. [CrossRef] [PubMed]

37. Clifford, D.B.; Simpson, D.M.; Brown, S.; Moyle, G.; Brew, B.J.; Conway, B. A randomized, double-blind,
controlled study of NGX-4010, a capsaicin 8% dermal patch, for the treatment of painful HIV-associated
distal sensory polyneuropathy. J. Acquir. Immune Defic. Syndr. 2012, 59, 126–133. [CrossRef] [PubMed]

38. Simpson, D.M.; Brown, S.; Tobias, J.; Group N-CS. Controlled trial of high-concentration capsaicin patch for
treatment of painful HIV neuropathy. Neurology 2008, 70, 2305–2313. [CrossRef]

39. Paice, J.A.; Ferrans, C.E.; Lashley, F.R.; Shott, S.; Vizgirda, V.; Pitrak, D. Topical capsaicin in the management
of HIV-associated peripheral neuropathy. J. Pain Symptom Manag. 2000, 19, 45–52. [CrossRef]

40. Simpson, D.M.; Olney, R.; McArthur, J.C.; Khan, A.; Godbold, J.; Ebel-Frommer, K. A placebo-controlled trial
of lamotrigine for painful HIV-associated neuropathy. Neurology 2000, 54, 2115–2119. [CrossRef]

41. Simpson, D.M.; McArthur, J.C.; Olney, R.; Clifford, D.; So, Y.; Ross, D. Lamotrigine for HIV-associated painful
sensory neuropathies: A placebo-controlled trial. Neurology 2003, 60, 1508–1514. [CrossRef]

42. Dinat, N.; Marinda, E.; Moch, S.; Rice, A.S.; Kamerman, P.R. Randomized, Double-Blind, Crossover Trial of
Amitriptyline for Analgesia in Painful HIV-Associated Sensory Neuropathy. PLoS ONE 2015, 10, e0126297.
[CrossRef] [PubMed]

43. Kieburtz, K.; Simpson, D.; Yiannoutsos, C.; Max, M.B.; Hall, C.D.; Ellis, R.J.; Clifford, D.B.; AIDS Clinical
Trial Group 242 Protocol Team. A randomized trial of amitriptyline and mexiletine for painful neuropathy in
HIV infection. Neurology 1998, 51, 1682–1688. [CrossRef] [PubMed]

44. Kemper, C.A.; Kent, G.; Burton, S.; Deresinski, S.C. Mexiletine for HIV-infected patients with painful
peripheral neuropathy: A double-blind, placebo-controlled, crossover treatment trial. J. Acquir. Immune
Defic. Syndr. Hum. Retrovirol. Off. Publ. Int. Retrovirol. Assoc. 1998, 19, 367–372. [CrossRef] [PubMed]

45. Hahn, K.; Arendt, G.; Braun, J.S.; von Giesen, H.J.; Husstedt, I.W.; Maschke, M. A placebo-controlled trial of
gabapentin for painful HIV-associated sensory neuropathies. J. Neurol. 2004, 251, 1260–1266. [CrossRef]

46. McArthur, J.C.; Yiannoutsos, C.; Simpson, D.M.; Adornato, B.T.; Singer, E.J.; Hollander, H.; Navia, B.A.;
AIDS Clinical Trials Group Team 291. A phase II trial of nerve growth factor for sensory neuropathy
associated with HIV infection. Neurology 2000, 54, 1080–1088. [CrossRef]

47. Youle, M.; Osio, M.; ALCAR Study Group. A double-blind, parallel-group, placebo-controlled, multicentre
study of acetyl L-carnitine in the symptomatic treatment of antiretroviral toxic neuropathy in patients with
HIV-1 infection. HIV Med. 2007, 8, 241–250. [CrossRef]

48. Estanislao, L.; Carter, K.; McArthur, J.; Olney, R.; Simpson, D.; Lidoderm HIVNG. A randomized controlled
trial of 5% lidocaine gel for HIV-associated distal symmetric polyneuropathy. J. Acquir. Immune Defic. Syndr.
2004, 37, 1584–1586. [CrossRef]

49. Simpson, D.M.; Dorfman, D.; Olney, R.K.; McKinley, G.; Dobkin, J.; So, Y.; Friedman, B.; The Peptide T
Neuropathy Study Group. Peptide T in the treatment of painful distal neuropathy associated with AIDS:
Results of a placebo-controlled trial. Neurology 1996, 47, 1254–1259. [CrossRef]

50. Evans, S.R.; Simpson, D.M.; Kitch, D.W.; King, A.; Clifford, D.B.; Cohen, B.A. A randomized trial evaluating
Prosaptide for HIV-associated sensory neuropathies: Use of an electronic diary to record neuropathic pain.
PLoS ONE 2007, 2, e551. [CrossRef]

http://dx.doi.org/10.1001/jama.280.18.1590
http://www.ncbi.nlm.nih.gov/pubmed/9820261
http://dx.doi.org/10.1212/WNL.0b013e3181ccc6ef
http://www.ncbi.nlm.nih.gov/pubmed/20124207
http://dx.doi.org/10.1016/j.pain.2014.05.027
http://www.ncbi.nlm.nih.gov/pubmed/24907403
http://dx.doi.org/10.1212/01.wnl.0000253187.66183.9c
http://www.ncbi.nlm.nih.gov/pubmed/17296917
http://dx.doi.org/10.1038/npp.2008.120
http://www.ncbi.nlm.nih.gov/pubmed/18688212
http://dx.doi.org/10.1097/QAI.0b013e31823e31f7
http://www.ncbi.nlm.nih.gov/pubmed/22067661
http://dx.doi.org/10.1212/01.wnl.0000314647.35825.9c
http://dx.doi.org/10.1016/S0885-3924(99)00139-6
http://dx.doi.org/10.1212/WNL.54.11.2115
http://dx.doi.org/10.1212/01.WNL.0000063304.88470.D9
http://dx.doi.org/10.1371/journal.pone.0126297
http://www.ncbi.nlm.nih.gov/pubmed/25974287
http://dx.doi.org/10.1212/WNL.51.6.1682
http://www.ncbi.nlm.nih.gov/pubmed/9855523
http://dx.doi.org/10.1097/00042560-199812010-00007
http://www.ncbi.nlm.nih.gov/pubmed/9833745
http://dx.doi.org/10.1007/s00415-004-0529-6
http://dx.doi.org/10.1212/WNL.54.5.1080
http://dx.doi.org/10.1111/j.1468-1293.2007.00467.x
http://dx.doi.org/10.1097/00126334-200412150-00010
http://dx.doi.org/10.1212/WNL.47.5.1254
http://dx.doi.org/10.1371/journal.pone.0000551


Medicina 2019, 55, 762 38 of 38

51. Schifitto, G.; Yiannoutsos, C.T.; Simpson, D.M.; Marra, C.M.; Singer, E.J.; Kolson, D.L. A placebo-controlled
study of memantine for the treatment of human immunodeficiency virus-associated sensory neuropathy.
J. Neurovirol. 2006, 12, 328–331. [CrossRef]

52. Anastasi, J.K.; Capili, B.; Chang, M. HIV peripheral neuropathy and foot care management: A review of
assessment and relevant guidelines. Am. J. Nurs. 2013, 113, 34–40. [CrossRef] [PubMed]

53. Simpson, D.M.; Gazda, S.; Brown, S.; Webster, L.R.; Lu, S.P.; Tobias, J.K. Long-term safety of NGX-4010,
a high-concentration capsaicin patch, in patients with peripheral neuropathic pain. J. Pain Symptom Manag.
2010, 39, 1053–1064. [CrossRef] [PubMed]

54. Simpson, D.M.; Brown, S.; Tobias, J.K.; Vanhove, G.F.; Group N-CS. NGX-4010, a capsaicin 8% dermal patch,
for the treatment of painful HIV-associated distal sensory polyneuropathy: Results of a 52-week open-label
study. Clin. J. Pain 2014, 30, 134–142. [CrossRef] [PubMed]

55. Sommer, A.P. Peripheral neuropathy and light-preliminary report indicating prevalence of nanobacteria in
HIV. J. Proteome Res. 2003, 2, 665–666. [CrossRef]

56. Stockings, E.; Campbell, G.; Hall, W.D.; Nielsen, S.; Zagic, D.; Rahman, R.; Degenhardt, L. Cannabis and
cannabinoids for the treatment of people with chronic noncancer pain conditions: A systematic review and
meta-analysis of controlled and observational studies. Pain 2018, 159, 1932–1954. [CrossRef]

57. Moore, R.A.; Derry, S.; Aldington, D.; Cole, P.; Wiffen, P.J. Amitriptyline for neuropathic pain and fibromyalgia
in adults. Cochrane Database Syst. Rev. 2012. [CrossRef]

58. Guolo, A.; Varin, C. Random-effects meta-analysis: The number of studies matters. Stat Methods Med. Res.
2017, 26, 1500–1518. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1080/13550280600873835
http://dx.doi.org/10.1097/01.NAJ.0000438867.67777.69
http://www.ncbi.nlm.nih.gov/pubmed/24247663
http://dx.doi.org/10.1016/j.jpainsymman.2009.11.316
http://www.ncbi.nlm.nih.gov/pubmed/20538187
http://dx.doi.org/10.1097/AJP.0b013e318287a32f
http://www.ncbi.nlm.nih.gov/pubmed/23446088
http://dx.doi.org/10.1021/pr0340633
http://dx.doi.org/10.1097/j.pain.0000000000001293
http://dx.doi.org/10.1002/14651858.CD008242.pub2
http://dx.doi.org/10.1177/0962280215583568
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Protocol and Registration 
	Eligibility Criteria 
	Primary Outcomes 
	Secondary Outcomes 
	Systematic Search 
	Assessment of Risk of Bias 
	Measures of Treatment Effect 
	Assessment of Heterogeneity 
	Sensitivity Analysis 
	Assessment of Reporting Biases 
	Data Synthesis 

	Results of the Search 
	Excluded Studies 
	Included Studies 
	Participants 
	Interventions 
	Outcomes 
	Risk of Bias of Included Non-Pharmacologic Studies 
	Aerobic Exercise (AE) and Progressive Resisted Exercises (PRE) 
	Acupuncture/Moxibustion (Acu/Moxa) 
	Lower Extremity Splinting (LES) 
	Cognitive Behaviour Therapy (CBT) vs. Supportive Psychotherapy (SP) 
	Vibratory Stimulus (VS) 

	Pharmacologic Interventions 
	Participants 
	Interventions 
	Outcomes 

	Risk of Bias in Included Studies 
	Allocation (Selection Bias) 
	Allocation Concealment (Selection Bias) 
	Blinding of Participants and Personnel (Performance Bias and Detection Bias) 
	Blinding of Outcome Assessment (Detection Bias) 
	Incomplete Outcome Data (Attrition Bias) 
	Selective Reporting (Reporting Bias) 
	Pregabalin 
	Primary Efficacy Outcomes 
	Secondary Efficacy Outcomes 
	Safety 
	Smoked Cannabis 
	Primary Efficacy Outcomes 
	Secondary Efficacy Outcomes 
	Safety Outcomes 
	Capsaicin 

	Primary Efficacy Outcome 
	Lamotrigine 
	Amitryptiline and Mexiletine 
	Gabapentin (GBP) 
	Recombinant Human NGF (rhNGF) 
	Acetyl L-Carnitine 
	Lidocaine 
	Peptide T 
	Prosaptide 
	Memantine 
	Duloxetine, Methadone 

	Discussion 
	
	References

