Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 August 2021

doi:10.20944/preprints202106.0200.v2

Review

Combination Therapy for Neuropathic Pain: A Review of Recent Evidence
Ancor Serrano Afonso, MD 1,*, Thiago Carnaval, MD 2 and Sebastià Videla Cés, MD, PhD 3
Department of Anesthesiology, Resuscitation and Pain Management. Hospital Universitari de Bellvitge.
Carrer Feixa Llarga sn. L’Hospitalet de Llobregat. 08907. Barcelona. Spain. a.serrano@bellvitgehostpial.cat
ORCID ID: 0000-0001-6099-6290
2 Department of Clinical Pharmacology. Hospital Universitari de Bellvitge. Carrer Feixa Llarga sn. L’Hospitalet de Llobregat. 08907. Barcelona. Spain. thiagocarnaval@gmail.com ORCID ID: 0000-0003-3353-5186
2 Sebastián Videla Ces, MD, PhD. Department of Clinical Pharmacology. Hospital Universitari de Bellvitge.
Carrer Feixa Llarga sn. L’Hospitalet de Llobregat. 08907. Barcelona. Spain. svidela@bellvitgehospital.cat
ORCID ID: 0000-0001-5049-1379
* Correspondence: Ancor Serrano Afonso (a.serrano@bellvitgehospital.cat)
1

Abstract: Pharmacological treatment is not very effective for neuropathic pain (NP). A progressive
decrease in the estimated effect of NP drugs has been reported, giving rise to an increase in the use
of the multimodal analgesic approach. We performed a new, independent review to assess whether
more evidence and of better-quality has become available since the last systematic review. We evaluated the efficacy, tolerability, and safety of double-blinded, randomized, controlled trials involving
only adult participants and comparing combination therapy (CT: ≥ 2 drugs) to a placebo and/or at
least one other comparator with an NP indication. The primary outcome assessed was the proportion of participants reporting ≥50% pain reductions from baseline. The secondary outcome assessed
was the proportion of drop-outs due to treatment-emergent adverse events. After removing duplicates, 2323 citations were screened, with 164 articles assessed for eligibility, from which 16 were
included for qualitative analysis. From the latter, only five lasted for at least 12 weeks and only six
complied with the required data for complete analysis. CT has been adopted for years without robust evidence. Efforts have been made to achieve better-quality evidence, but the quality has not
improved over the years. In this regard, guidelines for NP should attempt to make recommendations about CT research, prioritizing which combinations to analyze.
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1. Introduction
Neuropathic pain (NP) occurs as a direct consequence of an injury or disease that
affects the somatosensory system [1]. The prevalence of NP in the population varies from
6.9% to 10%, depending on the tool used for its diagnosis [2], and it negatively affects
quality of life, impacting daily activities, such as sleeping and walking, and family and
social interactions. [3]. Patients with uncontrolled pain continuously suffer heavy individual and societal burdens, which could make them believe that chronic pain is inevitable
and untreatable, especially for those who are not responding to standard measures. A
considerable number of patients do not achieve a satisfactory pain relief or improvements
in their quality of life with currently available drugs [4]. Pharmacological therapy remains
an important component of NP management [5,6]. However, more than a decade has
passed since the market release of the last drug suggested for NP treatment, according to
international guidelines. Clinical guidelines recommend starting treatment with monotherapy and place combination treatment (CT) in a second tier, for patients who do not
respond to monotherapy or switching [7,8].
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The treatment of NP is effective in less than 50% of patients and is also associated
with significant adverse drug effects [9]. In addition, decreases in drug-effect have been
reported across all drug classes, with a progressive increase in the Number Needed to
Treat (NNT) on randomized control trials (RCTs) [10]. The reason for this increase in NNT
numbers is not well known. This is probably due to a combination of different causes:
more complex trial designs required by regulatory agencies, like the Federal Drug Agency
(FDA) or the European Medical Agency (EMA), with larger sample sizes, longer study
periods, better randomization and blinding reports, and intention-to-treat (ITT) analysis
[11-13]; more elaborated efficacy reports with an increased goal (i.e., the use of 30% to 50%
pain reduction as outcome measures) [10, 14]; and the contribution of other factors for
higher levels of placebo response in NP RCTs [15].
Therefore, CT is becoming more and more popular among clinicians [16-19], and its
rationale lies on two theories: (1) a phenotypic profile-guided treatment improves symptomatic control (i.e., different clinical signs and symptoms are suggested to reflect different underlying mechanisms), and offers the possibility for an individualized mechanismbased treatment approach for different somatosensory patterns [20-22]; (2) targeting more
than one NP mechanism simultaneously with CT could be a better approach than targeting a single mechanism with a single drug [23,24], since it may allow lower doses of individual drugs (due to a synergistic effect), and improve their safety/tolerability profile.
However, doubts continue to arise regarding which drug combination is effective or
which drugs to combine. For instance, some guidelines recommend adding an agent from
another class if pain control is inadequate [25]. Others state that the insufficient data do
not allow them to make any CT recommendations [17,26] or that the evidence for combinations is inconclusive [8], with some recent recommendations for certain combinations
having weak evidence [8,16]. The last Cochrane review carried out in 2012 already indicated that, somewhat surprisingly, they were able to identify only 107 relevant citations,
from which only 21 could be considered high-quality evidence on the matter [27].
Considering the decreasing estimates in drug effect in NP RCTs [10], the 9-year gap
since the last published Cochrane review (the previous one was published 7 years earlier,
in 2005, by Gilron et al [28]), and the absence of a consensus among clinicians regarding
when to start CT and which drugs to combine, we thought it was appropriate to perform
a new and independent systematic review.
Hence, we performed a new independent review, searching medical databases from
2012 onwards (due to the aforementioned changes on NNT values and on trials’ designs).
We aimed to assess the availability and quality of evidence regarding CT for NP. We also
made recommendations regarding CT options and proposed a treatment algorithm to
guide future therapeutic decisions.
2. Materials and Methods
Even though this is a new, independent review, we followed the previous systematic
review methods as closely as possible [27]. We evaluated the efficacy, tolerability, and
safety of various drug combinations for the treatment of NP. For that purpose, we identified only RCTs of various drug combinations for NP from different databases. We also
hand searched for citations within other reviews and trial registries. The most recent
search was performed on April 30th, 2021.
2.1 Criteria for study selection
We applied the following criteria when selecting studies for the qualitative analysis:
2.2 Types of studies
We sought out only double-blind RCTs for the treatment of NP that compared combinations of two or more drugs to a placebo and/or at least one other comparator with NP
indication.
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2.3 Participants
We only included studies involving adult participants 18 years and older with a diagnosis of NP.
2.4 Interventions
We included interventions involving a combination of two or more different drugs.
We did not include any studies performed with non-pharmacological treatments (even if
they were interventional), such as diets (including vitamin supplements) or physical
measures.
2.5 Outcomes
2.5.1 Primary outcomes
The primary outcome we assessed was the proportion of participants reporting ≥50%
pain reductions from baseline. When 50% pain reduction was not reported, we looked for
a decrease in pain by ≥30% from the baseline.
2.5.2 Secondary outcomes
We looked for i) the proportion of drop-outs due to treatment-emergent adverse effects and ii) the proportion of participants reporting each specific adverse effect (i.e., sedation and dizziness) with moderate or greater severity.
2.6 Search methods
We searched the following databases, timelines, and restrictions:













PubMed®. Search keywords: [“neuropathic pain” AND “combination”]. The timeline was limited to articles published from 01/01/2012 to 03/03/2021. Language filter:
English. The last search was performed on 03/03/2021.
Google Scholar. Search keywords: [“neuropathic pain” AND “combination therapy”]. The timeline was limited to articles published from 2012 to 2021. Language
filter: English. The last search was performed on 03/15/2021.
Web Of Science. Search keywords: [“neuropathic pain” AND “combination therapy”]. The search was performed on “All Databases” except for the zoological one.
The timeline was limited to articles published from 2012 to 2021. Filters were applied
to exclude review articles, case report, editorial material, books, meeting, and letters
and corrections. Language filter: English. The last search was performed on
04/30/2021.
SCOPUS. Search keywords: [“neuropathic pain” AND combination] in the title, abstract, or keywords. The timeline was limited to publication years after 2011. Filters:
document type “articles” and only English language. The last search was performed
on 04/30/2021.
We further searched the clinical trials.gov. Keywords: [“neuropathic pain” AND
“combination therapy”]. No filters were used. The last search was performed on
03/03/2021.
We searched within the reference list of all the included studies.
Finally, we also checked for relevant citations within other reviews and meta-analyses published between 2012 and 2021.

2.7 Data collection and analysis
All citations were screened by title and, when not directly excluded, by abstract to be
assessed for eligibility by the corresponding author (ASA). From those assessed for eligibility, ASA and SV performed a second thorough selection for qualitative analysis. All
selected studies were checked independently by the three authors for criteria fulfillment
for qualitative analysis, and a triple cross-check was performed afterwards. Data extraction from selected studies was performed by SV an TC and, again, cross-checked afterwards.
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2.7.1 Data extraction
From each selected study, using the aforementioned criteria, we extracted the following data:

The proportion of participants with 50% pain relief (primary outcome);

The proportion of participants with 30% pain relief (whenever 50% was not reported
and even if 50% was reported);

The proportion of drop-outs due to treatment-emergent adverse events (secondary
outcome);

The proportion of dropouts for any other reason (secondary outcome);

The proportion of participants reporting each specific adverse effect (i.e., sedation
and dizziness) with moderate or greater severity; and

The study drug(s), including the name(s), doses, routes of administration, and treatment durations.
2.7.2 Risk of bias
We searched for the following types of bias in all of the studies included for qualitative analysis: random sequence generation and allocation concealment (selection bias),
blinding, incomplete outcome data, selective reporting, and other potential sources of
bias. We graded all selected studies for quality per the Cochrane’s ‘Risk of Bias’s tool [29].
2.7.3 Measures of effect
We sought for comparative effects between CT study drugs and their comparators,
which could be either a placebo or the individual drugs that comprise the CT.
2.7.4 Unit of analysis
For those studies with more than one active treatment group we divided the control
group among the active treatment arms to allow comparison between them.
2.7.5 Missing data
We analyzed the data based on ITT. We considered all randomized patients in the
ITT population who received assigned treatments that provided at least 50% of the required outcome data.
2.7.6 Heterogeneity
To avoid heterogeneity, we did not assess any study that did not have similar conditions for analysis.
2.7.7 Groups and subgroups
We looked for any subgroup that could produce a different combination of study
results (i.e., phenotyping). Finally, for the discussion, even if grouping was not possible,
we categorized studies according to the drug classes used for CT (i.e., opioids, antidepressants, anticonvulsants, etc.).
3. Results
3.1 Description of Studies
The steps taken during this research are summarized on Figure 1. We identified a
total of 3808 citations, including records from databases and additional records from other
sources, ending the search on April 30th, 2021. After removing duplicate citations, we
ended up with 2323 individual citations to screen. After thorough screening, we assessed
a total of 164 articles for eligibility, out of which 16 were included for qualitative analysis.
Only six of them complied with the requirements of data (primary outcome) for complete
analysis. No data could be added up or combined for quantitative analysis. Hence, no
meta-analysis could be conducted.
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Figure 1. Prisma flow diagram.

3.1.1 Study selection
We identified 16 studies that fulfilled the inclusion criteria for this review: RCTs,
double-blinded, and a comparison of combinations of two or more drugs to a placebo
and/or at least one other comparator for the treatment of NP [30-45]. Among them, only
six provided data on the primary outcome (proportion of participants reporting ≥50% or
≥30% pain reductions from baseline), either by direct reporting or by deduction through
study figures or graphs (data from such studies can be seen in Table 1). In total, 1243 participants were included in the study drugs groups vs. 928 were included in the control
groups: one RCT evaluated the combination of cannabinoids delta-9-tetrahydrocannabinol (THC)/cannabidiol (CBD) oromucosal spray and the existing treatment regimen for
central neuropathic pain (CNP) in patients with multiple sclerosis [43]; a different drug
combination (opioid plus pregabalin (PGB) plus duloxetine (DXT) was tested in one RCT
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in NP in cancer patients [32,40]; one tested a combination of DXT and PGB against both
of them on monotherapy in painful diabetic neuropathy (PDN) [42]; another compared a
drug combination of dextromethorphan and quinidine against a placebo, again in PDN
[45]; and capsaicin 8% dermal patch (CP8) in combination with systemic NP medications
was evaluated in another RCT in postherpetic neuralgia (PHN) [44]. Likewise, these studies also provided data on the secondary outcomes: i) the proportion of participants dropping out of the study due to treatment-emergent adverse effects and ii) the proportion of
participants reporting each specific adverse effect (i.e., sedation and dizziness) with moderate or greater severity.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 August 2021

doi:10.20944/preprints202106.0200.v2

Table 1. Data from the selected studies.
Pain condition

Langford,
2013

43

RCT

Central neuropathic pain

DB; PARAL-

in patients with multiple

LEL

Treatment

Diabetic neuropathic

DB; PARAL-

2012 45

pain

LEL

Irving,

Postherpetic neuralgia

DB; PARAL-

2012

Tesfaye,

Diabetic neuropathic

DB; PARAL-

2013 42

pain in patients who are

LEL

Route

Sample

Control

Target ceiling

Route

Sample

size

dose or MTD

size

(weeks)

per day

RD [CS]

per day

RD [CS]

14

13

12

LEL

44

Target ceiling
dose or MTD

sclerosis
Shaibani,

Combination

duration

8

THC/CBD + concomi-

32.4/30 mg

oromuco-

167 [141]

Placebo

oromuco-

172
[156]

tant analgesic medi-

sal (spay)

sal (spray)

cation

+ oral

+ oral

DMQ

Capsaicin + concomi-

90/60 mg

oral

131 [79]

60/60 mg

oral

125 [74]

topical

597 [544]

oral

topical

530

(skin) +

(skin) +

[480]

medication

oral

oral

60 + 300 mg

oral

170 [141]

Placebo

123 [89]

tant neuropathic

Duloxetine + Pregab-

640 µg/cm2

Placebo

Duloxetine

120 mg

oral

74 [?]

Pregabalin

600 mg

oral

99 [?]

oral

19 [18] -

alin

non-responders to duloxetine or pregabalin
Holbech,

Painful polyneuropathy

2015 38

DB; CROSSO-

5

VER

Imipramine + Pregab-

75 + 300 mg

oral

alin

18 [15] -

Placebo

16 [15] -

16 [15] -

15 [12] -

15 [13] -

16 [14]

12 [11]
Imipramine

75 mg

oral

18 [17] 17 [14] 14 [14] 12 [12]

Pregabalin

300 mg;

oral

18 [15] 16 [14] 14 [14] 13 [13]

Matsuoka,

Neuropathic pain in can-

DB; PARAL-

1,5

Duloxetine + Opioid-

40 mg + ?-300

2019 32

cer patients who are non-

LEL

(10 days)

Pregabalin

mg

responders to opioid-

oral

35 [34]

Placebo +

?- 300 mg

oral

35 [33]

OpioidPregabalin

pregabalin

MTD: maximum tolerated dose; RD [CS]: randomized [completed study]; DB: double-blind; THC/CBD: tetrahydrocannabinol/cannabidiol; DMQ:
dextromethorphan + quinidine; ?: data not available.
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3.1.2 Study design
Among the selected RCTs, twelve studies [30, 32-33, 34-36, 39-40, 42-45] used a parallel design and four [31, 37-38,41] used a cross-over design. None of the cross-over trials
conducted analyses involving only first period data, likely due to inadequate statistical
power.
Among the six RCTs that provided data on the primary outcome, three compared
the combination of interest to the placebo alone [43-45]; one compared a combination of
two drugs against monotherapy of each drug and the placebo [38]; another one compared
CT only against high-dose monotherapy of each, with no placebo control [42]; and the last
one compared the combination of three painkiller drugs to the combination of only two
of these painkiller drugs in cancer patients with NP [32]. It is noteworthy that only three
of them had a treatment period of at least 12 weeks, excluding the titration period [43-45].
3.1.3 Outcomes
Five studies reported the number of patients with a ≥50% pain reduction [38,42-45],
and in other studies, this number was deduced from the figures [32]. Most of these studies
also reported the number of patients with ≥30% pain reduction, except for two studies
[38,43]. One study described the proportion of patients reporting ≥50% pain reductions
and ≥30% pain reductions, but these proportions were assessed using a secondary analysis producing the overall percentage from all treatment groups on a three-branch crossover study. The number of participants could not be calculated from this percentage and
from the diagram of participants included and withdrawn from the study [37]. Other outcomes such as adverse effects and the patient’s overall impression of the change in pain
relief are shown in a table in the Supplementary Materials (Table S1).
According to the guideline on the clinical development of medicinal products intended for the treatment of pain [46], a sustained therapeutic effect in chronic pain should,
in general, be demonstrated in pivotal efficacy trials with a treatment period of at least 12
weeks [47]. Five out of sixteen selected RCTs provided data on a period of at least 12
weeks [30,34,43-45], all with a parallel design.
3.1.4 Pain conditions
PDN was explored in three studies [30,42,45], PHN was explored in one study [44],
neuropathic cancer pain (N-CP) was explored in three studies [32-33,40], lumbar spinal
stenosis (spinal cord injury (SCI) pain) or low back pain were explored in two studies [3536], CNP was explored in two studies [39,43], other different neuropathic conditions were
evaluated in four RCTs [34,37-38,41] and one condition was evaluated in long-standing
NP [31].
3.1.5 Excluded studies
For the purpose of this review, we did not include any other intervention that was
not about drug CT for NP. Thus, independent of whether they were RCTs or not, all studies that used other comparators such as diet, vitamins, non-medical therapy (i.e., physical
therapy), and any kind of interventional therapy (i.e., neuraxial, nerve blocks, etc.) were
not included for analysis. We also excluded studies that compared CT for NP but were
not RCTs (i.e., observational analysis, cohort studies, retrospective analysis, open label,
etc.). Post hoc analyses of other RCTs were excluded too.
Of the 16 selected RCTs that fulfilled the inclusion criteria of this review, 10 were
excluded because they did not provide data on the primary outcome [30-31,3337,39,41,45]. Even if a RCT reported other pain assessments such as Patient Global Impression of Change (PGIC), Brief Pain Inventory (BPI), or both, but not the primary endpoint (≥50% reductions in pain from baseline), when it was not reported, then that RCT
did not meet the criteria to be included in the full analysis. The data on theese non-selected
studies are shown in Table 2. Therefore, this review focuses only on six studies [32,40,4245], from which only three RCTs provided data from a period of at least 12 weeks [43-45].
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Table 2. Data from the non-selected studies.
Name

Singh,
2021

Pain condition

Diabetic neuropathic pain

30

RCT

Treatment

Combination

Target ceiling

Route

Sample

Control

Target ceiling

duration

dose or MTD

size

dose or MTD

(weeks)

per day

RD [CS]

per day

DB; PARAL-

24

LEL

(6 months)

Epalrestat +

Route

Sample size
RD [CS]

100 + 150 mg

oral

50? [?]

Pregabalin

150 mg

Oral

50? [?]

100 + 60 mg

oral

50? [?]

Duloxetine

60 mg

oral

50? [?]

9 + 90 mg

oral

14 [13]

Methadone

9 mg

oral

14 [13]

Ketamine

90 mg

oral

14 [11]

oral

7 [7]

pregabalin
Epalrestat + duloxetine

Rigo, 2017

Neuropathic pain in patients

DB; PARAL-

13

Methadone +

34

whose responses to neuropathic

LEL

(3 months)

ketamine

medication are poor
Turcotte,

Central neuropathic pain in pa-

DB; PARAL-

2015 39

tients with multiple sclerosis

LEL

9

Nabilone +

2 + 1800 mg

oral

8 [7]

gabapentin

Placebo +
gabapentin

1800 mg

oral

and treated with gabapentin
Kim, 2016

Lumbar spinal stenosis

DB; DD; PAR-

8

ALLEL

35

Baron,

Low back pain (with a neuro-

DB; PARAL-

2014 36

pathic component) in patients

LEL

Limaprost +

15 µg + 225 mg

oral

61 [43]

pregabalin
8

Tapentadol PR +

300 + 300 mg

oral

159 [133]

pregabalin

Limaprost

15 µg

oral

61 [40]

Pregabalin

225 mg

oral

60 [43]

Tapen-

500 mg

oral

154 [126]

100 mg

oral

tadol PR

treated with tapentadol PR
Gilron,

Neuropathic pain

2015 37

DB; CROSSO-

6 (period)

VER

Nortriptyline +

100 + 100 mg

oral

Morphine

15 [13] -11

Nortriptyline

[9] - 18
[15]

13 [13] -16
[14] - 16 [16]

Morphine

100 mg

oral

17 [14] -14
[10] - 16 [14]

Pickering,

Neuropathic pain (long-standing

DB; CROSSO-

2020 31

refractory)

VER

Harrison,

HIV-associated polyneuropathy

DB; CROSSO-

2013 41

VER

5 (period)

Ketamine +

0.5 mg/kg + 3g

i.v.

20 [20]

magnesium
4 (period)

Duloxetine +
methadone

Placebo
Ketamine

60 + 30 mg

oral

4 [3] -3

0.5 mg/kg

Placebo

i.v.

20 [20]

i.v.

20 [20]

oral

[3]? - 3 [3]
-4 [3]?

4 [4]? -4 [3]?
- 2 [2]? -4 [3]

Duloxetine

60 mg

oral

Methadone

30 mg

oral

4 [4] -3 [3]? 3 [2] -4 [4]?
4 [4] - 4 [2] 2 [2]? -3 [3]?
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Garassino,

Neuropathic pain in cancer pa-

2013 40

tients

PARALLEL

2

Pregabalin ↑ +

300+20 mg

oral

38 [32]

50+20 mg?

oral

37 [35]

300 + ≥180 mg

oral

20 [?] - 20

Placebo +

[?]

morphine PR

oxycodone fix
Pregabalin fix +
oxycodone ↑

Dou, 2017

Neuropathic pain in cancer pa-

DB; CROSSO-

33

tients treated with morphine

VER

2 (period)

Pregabalin +
morphine PR

+ ≥ 180 mg

oral

20 [?] - 20 [?]

MTD: maximum tolerated dose; RD [CS]: randomized [completed study]; DB: double-blind; DD: double dummy; DMQ: dextromethorphan/quinidine; PR: prolonged or sustained release; ?: data not available.
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3.2 Risk of bias
The risk of bias is shown in Table 3. Judgements about each item in the assessment
of risk of bias presented as percentages across studies can be found in the Supplementary
Materials (Figures S1 and S2).
Table 3. Risk of bias.
Study
Langford, 2013

Bias arising from the

Bias due to deviations

Bias due to

Bias in the meas-

Bias in the selec-

Other poten-

randomization pro-

from intended interven-

missing out-

urement of the out-

tion of the re-

tial sources of

cess

tions

come data

come

ported result

Bias

+

?

?

+

+

+

Irving, 2012 44

+

+

+

?

?

?

Shaibani, 2012 45

+

+

+

+

+

+

Tesfaye, 2013 42

+

+

+

+

?

-

Holbech, 2015

+

+

+

+

?

-

+

+

+

+

?

-

43

38

Matsuoka, 2019 32
Singh, 2021

?

-

-

+

?

-

Rigo, 2017 34

+

+

+

+

?

.

Kim, 2016

30

+

+

+

+

?

-

36

?

+

+

+

?

-

Gilron,2015 37

+

+

+

+

?

-

Pickering, 2020 31

+

+

+

+

?

-

Turcotte, 2015

39

+

-

+

+

+

-

Harrison, 2013 41

+

-

+

+

?

-

Dou, 2017 33

+

+

+

+

?

-

-

+

?

?

-

35

Baron, 2014

Garassino, 2013

40

?

This table reproduces our judgements about each risk of bias item for each study. + with a green
background stands for a low risk of bias. ? with a yellow background stands for unclear risk of
bias. – with a red background stands for a high risk of bias.

3.2.1 Random sequence generation and allocation concealment (selection bias)
Four of the six studies reported the method used to generate the random sequence
and to keep the allocation concealed [32,38,42,44]. The other two appropriately reported
only one or the other [43,45].
3.2.2 Blinding
Only one study [40] was not blinded. Among the other studies, although all of them
claimed to be blinded, 5 out of 15 studies [30,35,36,41,45] did not describe the blinding
procedure.
3.2.3 Incomplete outcome data
We qualified attrition bias as 'low risk' for studies where the dropout rate was below
20%. We qualified studies with higher dropout rates but included ITT analyses as 'unclear'
or 'high risk of bias'. All six studies provided information about trial dropouts.
3.2.4 Selective reporting
Although four out of the six selected studies [32,38,42,43] indicated pre-trial registration on a clinical trial registry, all six of them reported on at least one of the outcomes that
were considered to be clinically relevant.
3.2.5 Other potential sources of bias
We assessed the item other bias as being high risk in studies where the follow-up
was shorter than twelve weeks [32,38,42] and/or where the study had fewer than 50 participants per arm or period of treatment in parallel or cross-over studies, respectively
[32,38].
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3.3 Effect of interventions
When combining THC/CBD oromucosal spray as an add-on with a pre-existing regimen for central neuropathic pain, the number of responders (≥ 50% pain reduction from
baseline) at week 10 totaled 30% in the THC/CBD spray group compared to 28% in the
placebo group (p-value: 0.714). Therefore, there was no difference between treatment
groups, mostly due to a similar (high) number of placebo responders [43].
For a 12-week period, in patients who used systemic pain medication, CP8 as an addon therapy reduced NP on PHN. The number of responders (≥ 50% pain reduction from
baseline) was of 29% in the CP8 group and 17% in the placebo group (p-value: 0.048).
Likewise, CP8 reduced NP on PHN in patients who did not use systemic medication (36%
for CP8 group, 25% for placebo group, p-value: 0.004) [44]. We could not differentiate
between concomitant medications. No data in this regard were given.
A combination of dextromethorphan and quinidine was effective, with an acceptable
safety profile, for the treatment of PDN pain. The proportion of patients who achieved a
50% rating scale score reduction was 66% (DMQ 45/30 mg b.i.d) and 54% (DMQ 30/30 mg
b.i.d), compared with the placebo group (p-value: 0.001 and 0.006, respectively) [45].
A combination of PGB+DXT showed no significant differences in pain reduction in
patients with PDN, when compared to either PGB or DXT at high-dose monotherapy. The
number of responders (≥ 50% pain reduction from baseline) was 52% in the “60 mg DLX
+ 300 mg PGB” group, 51% in the “300 mg PGB + 60 mg DLX” group, 29% in the “60 mg
DLX + 60 mg DLX” group and 47% in the “300 mg PGB + 300 mg PGB” group (p-value:
0.068) [42].
A combination of moderate doses of the tricyclic antidepressant (ATC) imipramine
and PGB could be considered an alternative to high-dosage monotherapy for painful polyneuropathy. The percentage of patients who had at least 50% relief respect to baseline
was: placebo 6%, PGB 12%, imipramine 20% and CT 28% [38].
Adding DXT to opioid–PGB therapy might have clinical benefits in alleviating refractory N-CP. The proportion of patients who achieved 30% or more pain reduction were
37.5% in patients eventually receiving PGB and DXT, 60% in those receiving DXT only,
23.1% in those receiving PGB only, and 0.00% (90% CI 0.00 – 40,96) in those receiving
placebo only [32]. However, this effect was assessed only for 10-day therapy. No information is presented for a longer period of treatment.
4. Discussion
In this review we tried to identify new RCTs that could bring new evidence on CT
for NP published after the last Cochrane’s systematic review in 2012 [27]. After a thorough
data search from various databases, we could only find 16 RCTs, of which only five directly reported the primary outcome and, in one RCT, the primary outcome had to be
deduced from the figures. In addition, out of the 16, only 5 RCTs reported pain outcomes
after 12 weeks [30,34,43-45], as required by the standards. We were not able to perform a
quantitative analysis (meta-analysis). The main reasons were the small number of trials
included and the heterogeneity among them, not only on the drug types and combinations
used, but also on type of pain and type of study, which made accomplishing a meta-analysis impossible.
4.1 Main results
We can assume that adding THC/CBD to a pre-existing treatment for NP has no effect
and that no difference between a PGB–DXT combination exists against either drug on
high-dose monotherapy. However, a combination of an ATC such as imipramine and PGB
may be an alternative to high-dose monotherapy. Likewise, adding DXT to a previous
opioid–PGB therapy may be beneficial too, and topical CP8 for peripheral NP is effective
in reducing NP regardless of the concomitant therapy. Different unusual combinations
such as dextromethorphan and quinidine may be another useful treatment option.
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For the secondary outcomes, all the selected studies had safety reports, where they
differentiated adverse effects and drop-outs due to treatment-emergent adverse effects
(only one for the latter) [32]. However, the data on prescribed rescue medication were
either not available [42] or not analyzed [42-44]. Other pain ratings or sleep interferences
were evaluated in some studies. A PGIC was evaluated in three studies [42-44], and the
BPI was evaluated also in three studies [32,42-43]. Sleep interference was evaluated in four
studies [32,42-43,45]. On the other hand, NP symptoms or sensory testing was reported
only in one study [38], whereas the data were unclear in another two studies [42-43].
4.2 Quality of evidence
In this review, before obtaining any results, we initially intended to perform a systematic review and meta-analysis. At first, we doubted if we should include in our quantitative analysis the studies already previously reviewed. As the NNT has changed, stabilizing after 2010 [10], we thought that a new separate independent and analytical review
would be wiser. However, after the screening and selection, we found that a meta-analysis
would not be possible. Thus, the quality of evidence has not increased after all these years.
Nevertheless, some good-quality studies have demonstrated the superior efficacy of twodrug combinations against a placebo and against monotherapy.
Ten studies had very small treatment groups [31-35,37-41]. The impact of small numbers on the effect cannot really be calculated, and it can overestimate treatment effects
[48]. Half of the studies did not report the primary outcome (i.e., ≥50% or ≥30% pain reductions from baseline), more than half did not report a comparison with a period of experimental treatment versus the comparator for 12 weeks or longer, and the one study
[45] with a comparison period of 12 weeks or longer did not report the primary outcome.
It is noteworthy that a recommendation was already made in 2012: a sustained therapeutic
effect in chronic pain should be demonstrated in pivotal efficacy trials with a treatment
period of at least 12 weeks [47].
As we did not find several available studies with good-quality evidence for any one
specific combination, we could not conduct any quantitative analyses even if we added
the previous systematic review [27]. Therefore, we cannot make any recommendations on
any specific drug combination for neuropathic pain over another.
4.3 Data from the other unselected studies and articles assessed for eligibility
As we could not afford to perform a systematic review and quantitative analysis
from the selected studies, we took one step back and looked for evidence on the other 12
studies, and other relevant open-label or observational studies published within this period, which were assessed for eligibility but not included for the qualitative synthesis.
Even though the conclusions from those studies are not enough to make strong recommendations, they may be useful in guiding further studies.
4.3.1 Cannabinoids in combination
One of the results of this review is that adding THC/CBD to a pre-existing treatment
for NP did not show any benefits for these patients [43]. On the other hand, a recent review
on only nabiximol (THC/CBD) for NP found that it was superior to the placebo but with
a small effect size [49]. This small effect size alone may be the reason why it is not useful
in combination. Moreover,there may be a difference between whether the CT is used with
THC alone. Nabilone, a synthetic THC analogous, added to gabapentin (GBP) could be
beneficial [39], but again, the results were produced from a very small number of participants and the study was performed only for nine weeks. Findings indicating that GBP
synergistically enhances THC have also been reported [50]. Thus, THC, but not a combination of THC/CBD, may represent a potential adjuvant for NP medications.
4.3.2 Topical treatments in combination
Evidence for other topical treatments in CT is also controversial. Apart from the
RCTs selected in this review, where CP8 was demonstrated to reduce NP as an add-on
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therapy [44], we also found three other non-selected studies on a lidocaine 5% plaster [5153], one retrospective analysis on transdermal buprenorphine [54], and a very recent
study protocol of a study combining clonidine and pentoxifylline [55]. One of the lidocaine 5% plaster studies [51] and the transdermal buprenorphine study not only were retrospective but also had a low number of participants, with different pain conditions and
several concomitant therapies. Therefore, they were not suited for drawing any conclusions. Another retrospective study using a lidocaine 5% plaster as an off-label add-on
therapy for different localized NP syndromes and conducted with 130 patients found that
only 79 were still on the plaster after 3 months (44 after a year) [52]. Nevertheless, out of
the 130, 66 reported >30% pain relief, from which 39 reported >50%. Despite being retrospective, this study suggests that lidocaine 5% plaster as an add-on therapy could have
the same effect as CP8. Furthermore, an RCT for lidocaine 5% plaster against the placebo
did pinpoint some findings about its use [53]. Randomization was stratified by concomitant treatment status, and no significant differences were found among the study groups,
even though the treatment arm experienced better pain relief. A subgroup analysis
showed that the add-on therapy group behaved almost the same as the placebo group.
Hence, the results from the available literature on lidocaine 5% plaster are heterogeneous
and inconsistent and should be clarified in a proper RCT for CT.
4.3.3 Gabapentinoid and opioid combinations
The findings on the association of gabapentinoids with opioids are inconclusive. One
RCT with a small number of participants and carried out for only 14 days showed that
adding PGB to morphine in an N-CP was useful in reducing morphine dosage [33]. This
morphine dose reduction was also suggested in a retrospective analysis [56]. However,
the efficacy was the same between the CT and using morphine alone. An open-label study
with morphine and PGB against both drugs in monotherapy under different NP conditions showed that CT was similar to morphine and superior to PGB in monotherapy [57],
although this study, in addition to being open-labeled, had a very high drop-out rate on
both monotherapy arms. A similar finding was reported on an eight-week non-inferiority
RCT where tapentadol alone showed no difference when compared to a combination of
tapentadol plus PGB [36]. No comparisons were made for the PGB alone or with the placebo. Unfortunately, even though this RCT showed a decrease in mean changes in pain
intensity on both arms, the primary outcome for selection on this review was not shown,
and we could not deduce it from the figures or tables. On the contrary, two open-label
observational studies that added PGB to the pre-existing treatment [58,59] and another
that added oxycodone/naloxone to patients already taking gabapentinoids [60] reported
a decrease in pain. However, neither of them were actual RCTs (i.e., no placebo and no
randomization). As a result, we can say that little to no difference is found in efficacy when
combining gabapentinoids with opioids, whereas it may be a useful leverage for opioid
dose reduction.
4.3.4 Antidepressant and opioid combinations
The literature on antidepressants and opioids is limited too, but the results are more
consistent towards a benefit for CT. In fact, combining antidepressants, be they tricyclic
or otherwise, with opioids is a more frequent combination than combining antiepileptics
with opioids [61]. Whilst DXT and methadone reduce cancer-related pain when compared
to each drug alone (monotherapy) [62], adding DXT to an opioid–PGB therapy might have
clinical benefits in alleviating refractory N-CP [32], and a superior efficacy of a nortriptyline–morphine combination has also been reported over each of these drugs in monotherapy [37]. Another RCT with a DXT–methadone combination could not be completed due
to recruitment and retention issues [41]. Even though little evidence exists, the quality
seems better for CT with antidepressants plus opioids than the one with gabapentinoids
plus opioids.
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4.3.5 Gabapentinoids and antidepressants in combination
Another very frequently found combination is the one between gabapentinoids and
antidepressants [61,63]. In fact, combinations of PGB/GBP and DXT/TCAs have been previously recommended to be considered an alternative to increasing dosages in monotherapy for patients unresponsive to monotherapy with moderate dosages [8]. The American
Academy of Neurology (AAN) guidelines have recommended adding venlafaxine to GBP
in patients with inadequate pain relief on GBP monotherapy [64]. Recent evidence is contradictory, and recommendations may need to be reconsidered. A RCT selected in this
review demonstrated the superiority for CT with PGB and imipramine. [38]. This RCT,
though, had a low number of patients per arm, and the test lasted only for 5 weeks. The
period was too short to show a persistence of the effect. Even so, PGB and imipramine in
moderate doses was significantly superior to either drug in moderate-dose monotherapy.
In another cohort study, PGB superadded to a pre-existing amitriptyline regimen helped
to reduce pain [65]. However, though the authors claimed that the study was a randomized placebo-controlled study, the blinding and randomization procedures were not described properly. In addition, other recent contradictory results have been presented. In a
post hoc analysis of another previous non-inferiority trial for DXT against PGB, patients
treated with DXT plus GBP showed greater pain reduction than PGB monotherapy but
not to DXT monotherapy, which was even more effective in patients who previously did
not take any type of antidepressant [66]. Additionally, one of the other selected RCTs, the
COMBO-DN Study, did not find any statistically significant difference between the combination of DXT with PGB and high-dose monotherapy of either of them [42]. This RCT
had some biases that made the results difficult to interpret. The result only lasted 8 weeks
within the comparison period, no comparison for CT against low doses monotherapy was
made, and the drop-out rate was high for several reasons: 109 out of 804 (13,5%) of the
initial participants were drop-outs due to adverse effects, 10 dropped out due to a lack of
efficacy, 42 dropped out due to patient decision, 64 dropped out for other reasons (noteworthily, 12 of them were withdrawn despite presenting a “satisfactory response” just
before completion of the trial, and this issue, far from being odd, also appears in another
selected study [44]), whereas only 290 completed the study out of 804 initially randomized. Additionally, in another cohort study, a combination of anticonvulsants and antidepressants was not associated with improved pain control at 6 months compared to individual therapy [67]. After considering these heterogeneous results, we are not sure recent
evidence is strong enough to support recommendations on combining antidepressants
with gabapentinoids. If a need for such combinations exists, the evidence shows it may be
better to combine gabapentinoids with tricyclics.
Nevertheless, whether PGB should be added to the treatment of refractory, uncontrolled pain, with a broad pharmacological profile, remains to be answered. This was reported, with a relevant improvement in pain and treatment satisfaction, in two big observational studies [58,68], and neither TCAs nor opioids found to be predictive factors for
adverse events associated with PGB [69]. However, a re-analysis with pooled data from
several RCTs showed that the therapeutic response to PGB was unaffected by concurrent
NP medications and that the appearance of adverse events was unaffected too [70].
4.3.6 Other combinations
Finally, some interesting studies on other CTs have been performed, such as the combination of limaprost (prostaglandin E1 analog) with PGB, which did not provide additional relief in symptoms when compared to monotherapy with each of these drugs [35].
A combination of methadone and the N-methyl-D-aspartate (NMDA) antagonist ketamine was not better compared to methadone or ketamine alone [34], although the number
of participants was low (14 on each arm). Either way, in a recent RCT, both ketamine alone
and in combination with magnesium were found to not provide pain relief [31] despite a
short 5-week study period. DXT and PGB, again in monotherapy, were compared, also
recently, against a combination of either one with epalrestat (an aldose reductase inhibitor
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approved in some countries for the improvement of subjective neuropathy symptoms associated with diabetic peripheral neuropathy) [30]. That study demonstrated that PGB
and Epalrestat therapy had better effects on NP reduction than DXT and Epalrestat within
3- and 6-month periods, but we could not figure out whether a significant difference
against monotherapy was found. We also could not find information on the number of
responders or drop-outs. The other RCT included for qualitative analysis but not for complete analysis due to not meeting with the requirements compared two doses on a combination of dextromethorphan and quinidine [45]. A comparison against the placebo but not
against monotherapy was made. Nevertheless, these drugs in combination are not within
those recommended by clinical guidelines. Therefore, recommendations in this regard
must be made with caution.
4.4 Implications for clinical practice
The burden of NP seems to be related to the complexity of neuropathic symptoms,
poor outcomes, and difficult treatment decisions. Importantly, quality of life is impaired
in patients with NP owing to increased drug prescriptions and visits to healthcare providers [71]. Published guidelines up until now recommend starting treatment with monotherapy [7-8,25-26]. If the first treatment is ineffective, the recommendation most frequently given is to switch drugs for another first-line treatment. However, some controversies exist about what to do in case of poor efficacy. After reaching the maximum tolerated dose, in clinical practice, for the management of NP, a second and even a third drug
in combination regimens are frequently added [5-6,19]
Little evidence regarding CT exists. Despite the different treatment options available
for NP, many patients do not experience clinically significant pain relief. In addition, they
often experience adverse effects that make them unable to tolerate treatment [72]. Thus,
clinicians often resort to concurrent administration of more than one pharmacological
agent [58,73]. Combinations of analgesics used simultaneously in acute pain have been
demonstrated to provide additive pain relief [74-75], and combination analgesics are
among the most effective drugs in acute pain [76]. Given the evidence that a considerable
number of patients with NP receive two or more drugs [61,63], we were only able to identify 16 recent relevant citations for this review and only 6 high-quality NP RCTs that evaluated the strategy of CT. Even more surprisingly, almost 10 years after the last review was
published [27], these problems have not been addressed and clinicians still need to rely
on low-quality evidence and empirical knowledge when it comes to prescribing CT for
NP.
Nevertheless, with the current evidence, we try to suggest a flow diagram for those
in need of starting CT. This proposal is based on the results of this review and is only
intended to serve as a guide. Our aim with this review is not to make any recommendations. The flowchart begins for a patient who is already on antidepressants or on opioids
as concurrent medication (Figure 2). The option for those who are already on gabapentinoids or on duloxetine is not shown. Evidence in this regard is inconclusive and controversial.
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Figure 2. A guide presented as a flowchart for a strategy for combination therapy for neuropathic pain. This flowchart is a strategy proposal to
perform combination therapy for neuropathic pain that begins with a patient already on opioids or tricyclic antidepressants. The option for those
who are already on gabapentinoids or on duloxetine is not shown. Evidence in this regard is inconclusive and controversial. This flowchart is a
proposal drawn from the recent evidence presented in this review. Clinicians should consider that this guide may (and should) change as new
evidence is brought to light. # = While in this review we did not find published evidence on lidocaine patches, these should be considered where
appropriate by previously published evidence. * = Evidence on opioid combination therapy is controversial and inconclusive. From recent evidence, these seem to be the best available options. TCAs = Tricyclic antidepressants, NP = Neuropathic Pain, DLX = Duloxetine.

4.5 Implications for research
In order to properly identify specific CT that provides superior efficacy and/or safety,
we recommend that future NP studies of two-drug combinations include comparisons
with placebo and both single-agent components. When designing the study protocol, before calculating the sample size, researchers should consider that pain RCTs have a higher
placebo response [15] and that claims about an increase in drop-out numbers have been
made [38,41-42]. Moreover, a crossover trial takes longer than a parallel one, increasing
the chance of more dropouts.
In addition, we encourage NP guidelines to include recommendations of which NP
CT to study, so that better evidence can be reached and meta-analysis can be made afterwards. Reports of widespread clinical NP CT benefits provide an urge for additional future investigations. Regarding this matter, a demonstration of CT benefits by several studies in animals could also provide a rationale for studies in this and other directions [7786].
For instance, in non-clinical studies, the potentiation of morphine by GBP has been
validated in a chronic constriction injury model of NP [77-78]. Likewise, the combination
of GBP and tramadol in a partial sciatic nerve ligation model [79], peripheral neuropathy
induced by paclitaxel [80], and diabetic neuropathy [81] have been validated.
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Furthermore, no significant drug-to-drug interaction between PGB and tramadol has been
studied in healthy volunteers [87], and surprisingly, a recent proposal to make a compound tablet with tramadol and GBP was made [88], even though these combinations
have not yet been validated in proper RCTs.
Similarly, other combinations have been also tested on animal models. THC (with no
CBD) and GBP reduced mechanical and cold allodynia in a chronic constriction injury
model but without diminishing the THC-related side effects [82]. Another pan-cannabinoid receptor agonist, when administered together with morphine, reduced allodynia
in a synergistic manner but had only an additive effect on motor incoordination [83]. The
same agonist had supra-additive effects on cold allodynia in a post-operative model combined with a selective noradrenaline reuptake inhibitor [84].
Finally, researchers could also try different combinations. CT with two or more classes of antiepileptics is common in clinical practice for epileptic disorders. This combination has not been fully explored in NP. Regarding this matter, some results have been
found in a nerve ligation model, where carbamazepine and PGB synergistically ameliorated NP at higher doses [85]. In addition, NMDA receptor antagonists, together with
GBP, have also provided synergistic effects in the alleviation of NP while reducing side
effects in a SCI model [86].
Moreover, research on phenotypes responding to treatment may provide further
suggestions about CT for NP. Even among individuals with seemingly singular neuropathic conditions (e.g., PHN), substantial diversity exists with respect to various clinical
manifestations, sensory examination features, and presumably underlying pain mechanisms [21-22]. For instance, recently, Benavides et al. have found a functional polymorphism that could predict pharmacologic response to a combination of nortriptyline and
morphine in NP patients [89].
4.6 Potential biases and limitations
We tried to scope the results of this review in the most objective way possible. However, we had some difficulties finding data. First, some trials were found after the third or
even the fourth database search. Therefore, though unlikely, the possibility of missing
RCTs still exists. As we could not afford the fee to search EMBASE, we may have missed
information. Additionally, as the search was already very big, we did not include other
websites (controlled-trials.com and clinicalstudyresults.org). Thus, we may have missed
some RCTs. This can lead to a publication bias. However, we considered that, as the search
was conducted on four major databases, with over 2000 results, after duplicities, with over
1500 duplicated results, the probability of missing a trial was very low and the amount of
work and duplicates would increase even further. Another difficulty we found was looking for data within proper publications. Some were very accessible, but others needed to
be inferred via tables, figures, or even the discussion. Thus, even after a colleague (see the
Acknowledgments) reviewed our work, we may have made mistakes with the discernment of extracted data.
Another serious limitation was complying with all items for a systematic review. We
did not register the protocol for this review in a review registry (e.g., PROSPERO). This is
a critical flaw according to AMSTAR-2 [90]. Even so, we have tried to reflect, in the material and methods section, the entire search protocol, as it was carried out. For conducting
a proper systematic review, we are missing item 2 (protocol registration), whereas items
4 (literature search) and 7 (justification for excluding individual studies) are partially fulfilled. But it remains the issue for reviewing only those studies conducted only after 2012.
We could also have performed a thorough meta-analysis including all the RCTs published prior to 2012 [27]. By doing this, we may have achieved a systematic review and a
quantitative meta-analysis. Chaparro et al. performed one with only two RCTs. However,
given the changes in trial methodology and requirements by EMA and FDA and that the
NNT has increased (accompanied by a decrease in effect size), which stabilized after 2010
[10], we thought that not including those studies would be wise. Even though this may
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lead to a discussion about publication bias, mixing those trials could generate more bias
and confusion than benefits. Maybe we should have been more thorough and included
studies published after 2010. However, to try to make a complete meta-analysis based on
individual data, not by sizing up several RCTs but by shelling individual data from every
RCT and, only then, making the complete meta-analysis, would be wiser. This work is
very time-consuming simply regarding retrieving individual data on old records, and we
could not afford to do so. We recommend other researchers to follow this path for the
purpose of obtain better evidence on CT for NP.
Finally, we decided to keep the primary outcome strictly as the proportion of participants reporting ≥50% pain reductions from baseline (or ≥30% when 50% was not reported) and did not add other pain evaluations such as moderate or greater pain relief, or
moderate or greater overall improvement for the purpose of obtaining stronger evidence.
In fact, the latest review used these other options as primary outcomes [27]. If we had
added these criteria in the primary outcome, we could have gathered more studies. However, we find a study with measures of pain reduction as the primary outcome but not
reporting the number of participants with that pain reduction in their results to be awkward. Hence, not reporting these numbers would give these awkward studies the same
status as other studies that did report such endpoint. If regulatory agencies have raised
standards for conducting RCTs from ≥ 30% to ≥ 50% pain reductions from baseline, we
inferred that a systematic review should rise the primary endpoint too. Consequently, we
made the primary objective simple and highly selective. As said before, the risk of doing
so is, leaving some good studies out. But reporting the number of participants with a pain
reduction is an important issue in pain trials. Reporting the number of participants with
a reduction in other scores such as overall improvement or pain relief is also useful but
reporting the most important outcome should not be compromised.
4.7 Agreements or disagreements with other studies or reviews
We completely agree with Eisenberg and Suzan’s review. Even though several new
trials have used various drug combinations for NP, the results are still inconsistent due to
methodological problems [24]. We partially agree with the review by Finnerup et al. [8].
In recent years, no trials have been conducted on GBP CT. A combination of PGB with
TCAs may be one option, whereas its combination with DXT (or other selective serotonin
noradrenaline reuptake inhibitors) has yet to be elucidated.
In a review on topical treatments for localized neuropathic pain conducted by Casale
et al, the evidence to support systematic use as treatment options was still insufficient [91].
Now, after reviewing the selected and other recent non-selected studies, we think that
CP8 may be used systematically as an add-on therapy.
We do not agree completely with the conclusions of Guan et al. for anticonvulsants
or antidepressants, in which they claim that CT reduces NP [92]. Even though their systematic review and meta-analysis was conducted only for NP in cancer patients, only
three of the eight selected studies used drug combinations as experimental compounds.
We found that the evidence for this topic remains controversial.
Again, more than nine years from the last review, we continue to agree with the conclusions of the last systematic review [27]. For this period, the total number of citations
may have increased, but the number of high-quality NP RCTs that evaluated the strategy
of CT has not. Again, in our review, only one eligible study evaluated a combination of
the two most widely used classes of neuropathic pain drugs, i.e., antidepressants and anticonvulsants. Additionally, once again, the paucity of recent available studies for each
drug class combination studied from the last review until now precludes any wellfounded conclusions about most combinations. The search strategy for this review was
not designed to capture all studies available to date but only those published after 2012;
therefore, another review that includes all studies published to date may produce different conclusions. However, as mentioned before, we designed this review according to
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changes that may have influenced RCTs. Combining recent and older RCTs may also generate confusion.
5. Conclusions
Neuropathic pain treatment continues to be an unmet medical need, as patients keep
reporting inadequate pain relief. Clinicians continue to have problems dealing with how
to face pharmacological strategy when first-line treatment fails. CT has been a practice
adopted for many years for which evidence is not solid. Efforts have been made to achieve
better-quality evidence, but the quality has not improved over the years. Guidelines for
neuropathic pain should attempt to make recommendations about CT research, prioritizing which combinations to analyze over others, so that the search for better evidence can
take steps forward.
Supplementary Materials: Table S1: Secondary outcomes and other evaluations, Figure S1: Judgements about each risk of bias item presented as percentages across the six selected studies, Figure
S2: Judgements about each risk of bias item presented as percentages across the 10 unselected studies.
Author Contributions: Both ASA and SVC conducted all of the research, reviewed the papers,
worked on the analysis, and wrote the discussion. SV and TC participated in the data extraction and
in conducting the risk of bias study. TC also reviewed some papers and helped writing this manuscript.
Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.
Acknowledgments: We thank Antonio Montes, MD, PhD, and head of the Pain Clinic at Hospital
del Mar in Barcelona, and Victor Mayoral, MD and head of the Pain Clinic at Bellvitge Universitari
Hospital for giving the manuscript a second reading and for their valuable opinions on it. We thank
CERCA Programme/Generalitat de Catalunya for the Institutional support.
Conflicts of Interest: ASA has received speaker honorarium from Grünenthal pharma, ESTEVE
pharma, Pfizer, Neuraxpharm, and Kyowa Kirin. He has also been involved as a consultant and
expert witness for Grünenthal pharma. SV declares no conflicts of interest. TC declares no conflicts
of interest.

References
1.
2.

3.
4.
5.

6.
7.

Treede RD, Jensen TS, Campbell JN, Cruccu G, Dostrovsky JO, Griffin JW, Hansson P, Hughes R, Nurmikko T, Serra J. Neuropathic pain: redefinition and a grading system for clinical and research purposes. Neurology. 2008 Apr 29;70(18):1630-5. doi:
10.1212/01.wnl.0000282763.29778.59. Epub 2007 Nov 14. PMID: 18003941.
van Hecke O, Austin SK, Khan RA, Smith BH, Torrance N. Neuropathic pain in the general population: a systematic review of
epidemiological studies. Pain. 2014 Apr;155(4):654-662. doi: 10.1016/j.pain.2013.11.013. Epub 2013 Nov 26. Erratum in: Pain.
2014 Sep;155(9):1907. PMID: 24291734.
O’Brien, Tony and Breivik, Harald. "The impact of chronic pain—European patients’ perspective over 12 months" Scandinavian
Journal of Pain, vol. 3, no. 1, 2012, pp. 23-29. https://doi.org/10.1016/j.sjpain.2011.11.004
Binder A, Baron R. The Pharmacological Therapy of Chronic Neuropathic Pain. Dtsch Arztebl Int. 2016 Sep 16;113(37):616-625.
doi: 10.3238/arztebl.2016.0616. PMID: 27697147; PMCID: PMC5541246.
Bates D, Schultheis BC, Hanes MC, Jolly SM, Chakravarthy KV, Deer TR, Levy RM, Hunter CW. A Comprehensive Algorithm
for Management of Neuropathic Pain. Pain Med. 2019 Jun 1;20(Suppl 1):S2-S12. doi: 10.1093/pm/pnz075. PMID: 31152178;
PMCID: PMC6544553
Pickering G, Marcoux M, Chapiro S, David L, Rat P, Michel M, Bertrand I, Voute M, Wary B. An Algorithm for Neuropathic
Pain Management in Older People. Drugs Aging. 2016 Aug;33(8):575-83. doi: 10.1007/s40266-016-0389-7. PMID: 27510615;
PMCID: PMC5012149.
Cruccu G, Sommer C, Anand P, Attal N, Baron R, Garcia-Larrea L, Haanpaa M, Jensen TS, Serra J, Treede RD. EFNS guidelines
on neuropathic pain assessment: revised 2009. Eur J Neurol. 2010 Aug;17(8):1010-8. doi: 10.1111/j.1468-1331.2010.02969.x. Epub
2010 Mar 8. PMID: 20298428.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 August 2021

doi:10.20944/preprints202106.0200.v2

11 of 25

8.

9.

10.

11.

12.

13.

14.
15.

16.

17.
18.

19.
20.
21.
22.

23.
24.
25.

Finnerup NB, Attal N, Haroutounian S, McNicol E, Baron R, Dworkin RH, Gilron I, Haanpää M, Hansson P, Jensen TS, Kamerman PR, Lund K, Moore A, Raja SN, Rice AS, Rowbotham M, Sena E, Siddall P, Smith BH, Wallace M. Pharmacotherapy for
neuropathic pain in adults: a systematic review and meta-analysis. Lancet Neurol. 2015 Feb;14(2):162-73. doi: 10.1016/S14744422(14)70251-0. Epub 2015 Jan 7. PMID: 25575710; PMCID: PMC4493167.
Finnerup NB, Haroutounian S, Kamerman P, Baron R, Bennett DLH, Bouhassira D, Cruccu G, Freeman R, Hansson P, Nurmikko T, Raja SN, Rice ASC, Serra J, Smith BH, Treede RD, Jensen TS. Neuropathic pain: an updated grading system for research
and clinical practice. Pain. 2016 Aug;157(8):1599-1606. doi: 10.1097/j.pain.0000000000000492. PMID: 27115670; PMCID:
PMC4949003.
Finnerup NB, Haroutounian S, Baron R, Dworkin RH, Gilron I, Haanpaa M, Jensen TS, Kamerman PR, McNicol E, Moore A,
Raja SN, Andersen NT, Sena ES, Smith BH, Rice ASC, Attal N. Neuropathic pain clinical trials: factors associated with decreases
in estimated drug efficacy. Pain. 2018 Nov;159(11):2339-2346. doi: 10.1097/j.pain.0000000000001340. PMID: 30015707; PMCID:
PMC6193835.
U.S. Department of Health and Human Services Food and Drug Administration Center for Drug Evaluation and Research
(CDER) . Guidance for Industry Analgesic Indications: Developing Drug and Biological Products. DRAFT GUIDANCE. February 2014. 5150dft.doc. Available on: https://www.fdanews.com/ext/resources/files/02/02-05-14-Analgesic.pdf (last accessed
may/06/2021)
COMMITTEE FOR MEDICINAL PRODUCTS FOR HUMAN USE (CHMP). GUIDELINE ON CLINICAL MEDICINAL PRODUCTS INTENDED FOR THE TREATMENT OF NEUROPATHIC PAIN. London, 24 January 2007. Doc. Ref. CPMP/EWP/252/03
Rev. 1. Available on https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-medicinal-products-intended-treatment-neuropathic-pain_en.pdf (last accessed may/06/2021).
Committee for Medicinal Products for Human Use (CHMP). Guideline on the clinical development of medicinal products intended for the treatment of pain. 15 December 2016 EMA/CHMP/970057/201. Available on: https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-medicinal-products-intended-treatment-neuropathicpain_en.pdf (last accessed may/06/2021).
Gewandter, Jennifer S.a,*; McDermott, Michael P.b; Mbowe, Omarb; Edwards, Robert R.c; Katz, Nathaniel P.d,e; Turk, Dennis
C.f; Dworkin, Robert H.a Navigating trials of personalized pain treatments: we're going to need a bigger boat, PAIN: June 2019
- Volume 160 - Issue 6 - p 1235-1239. doi: 10.1097/j.pain.0000000000001504
Arakawa A, Kaneko M, Narukawa M. An investigation of factors contributing to higher levels of placebo response in clinical
trials in neuropathic pain: a systematic review and meta-analysis. Clin Drug Investig. 2015 Feb;35(2):67-81. doi: 10.1007/s40261014-0259-1. PMID: 25559268.
Moisset X, Bouhassira D, Avez Couturier J, Alchaar H, Conradi S, Delmotte MH, Lanteri-Minet M, Lefaucheur JP, Mick G, Piano
V, Pickering G, Piquet E, Regis C, Salvat E, Attal N. Pharmacological and non-pharmacological treatments for neuropathic pain:
Systematic review and French recommendations. Rev Neurol (Paris). 2020 May;176(5):325-352. doi: 10.1016/j.neurol.2020.01.361.
Epub 2020 Apr 7. PMID: 32276788.
Mu A, Weinberg E, Moulin DE, Clarke H. Pharmacologic management of chronic neuropathic pain: Review of the Canadian
Pain Society consensus statement. Can Fam Physician. 2017 Nov;63(11):844-852. PMID: 29138154; PMCID: PMC5685445.
Oliveira Rogério Adas Ayres de, Baptista Abrahão Fontes, Sá Katia Nunes, Barbosa Luciana Mendonça, Nascimento Osvaldo
José Moreira do, Listik Clarice et al. Pharmacological treatment of central neuropathic pain: consensus of the Brazilian Academy
of Neurology. Arq. Neuro-Psiquiatr. [Internet]. 2020 Nov [cited 2021 May 12]; 78(11): 741-752. Available from: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0004-282X2020001100741&lng=en.
Epub
Dec
14,
2020. http://dx.doi.org/10.1590/0004-282x20200166.
Holbech JV, Jung A, Jonsson T, Wanning M, Bredahl C, Bach FW. Combination treatment of neuropathic pain: Danish expert
recommendations based on a Delphi process. J Pain Res. 2017 Jun 26; 10:1467-1475. doi: 10.2147/JPR.S138099. PMID: 28721089;
PMCID: PMC5499948.
Gierthmühlen J, Baron R. Neuropathic Pain. Semin Neurol. 2016 Oct;36(5):462-468. doi: 10.1055/s-0036-1584950. Epub 2016 Sep
23. PMID: 27704502.
Forstenpointner J, Otto J, Baron R. Individualized neuropathic pain therapy based on phenotyping: are we there yet? Pain. 2018
Mar;159(3):569-575. doi: 10.1097/j.pain.0000000000001088. PMID: 29447136.
Baron R, Maier C, Attal N, Binder A, Bouhassira D, Cruccu G, Finnerup NB, Haanpää M, Hansson P, Hüllemann P, Jensen TS,
Freynhagen R, Kennedy JD, Magerl W, Mainka T, Reimer M, Rice ASC, Segerdahl M, Serra J, Sindrup S, Sommer C, Tölle T,
Vollert J, Treede RD; German Neuropathic Pain Research Network (DFNS), and the EUROPAIN, and NEUROPAIN consortia.
Peripheral neuropathic pain: a mechanism-related organizing principle based on sensory profiles. Pain. 2017 Feb;158(2):261272. doi: 10.1097/j.pain.0000000000000753. PMID: 27893485; PMCID: PMC5266425.
Gilron I, Jensen TS, Dickenson AH. Combination pharmacotherapy for management of chronic pain: from bench to bedside.
Lancet Neurol. 2013 Nov;12(11):1084-95. doi: 10.1016/S1474-4422(13)70193-5. Epub 2013 Sep 25. PMID: 24074723.
Eisenberg E, Suzan E. Drug combinations in the treatment of neuropathic pain. Curr Pain Headache Rep. 2014 Dec;18(12):463.
doi: 10.1007/s11916-014-0463-y. PMID: 25298046.
Tesfaye S, Vileikyte L, Rayman G, Sindrup SH, Perkins BA, Baconja M, Vinik AI, Boulton AJ; Toronto Expert Panel on Diabetic
Neuropathy. Painful diabetic peripheral neuropathy: consensus recommendations on diagnosis, assessment and management.
Diabetes Metab Res Rev. 2011 Oct;27(7):629-38. doi: 10.1002/dmrr.1225. PMID: 21695762.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 August 2021

doi:10.20944/preprints202106.0200.v2

12 of 25

26.
27.
28.
29.

30.
31.
32.

33.
34.
35.

36.

37.
38.

39.
40.

41.

42.

43.

Neuropathic pain in adults: pharmacological management in non-specialist settings. Clinical guideline [CG173] Published: 20
November 2013 Last updated: 22 September 2020. Available on: https://www.nice.org.uk/guidance/cg173 (last visited
05/10/2021)
Chaparro LE, Wiffen PJ, Moore RA, Gilron I. Combination pharmacotherapy for the treatment of neuropathic pain in adults.
Cochrane Database Syst Rev. 2012;7:CD008943
Gilron I, Max MB. Combination pharmacotherapy for neuropathic pain: current evidence and future directions. Expert Rev
Neurother. 2005 Nov;5(6):823-30. doi: 10.1586/14737175.5.6.823. PMID: 16274339.
Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, Cates CJ, Cheng H-Y, Corbett MS, Eldridge SM, Hernán
MA, Hopewell S, Hróbjartsson A, Junqueira DR, Jüni P, Kirkham JJ, Lasserson T, Li T, McAleenan A, Reeves BC, Shepperd S,
Shrier I, Stewart LA, Tilling K, White IR, Whiting PF, Higgins JPT. RoB 2: a revised tool for assessing risk of bias in randomised
trials. BMJ 2019; 366: l4898. Available at: https://sites.google.com/site/riskofbiastool/welcome/rob-2-0-tool (last visited May 12th,
2021).
Singh R, Rao HK, Singh TG. Comparison of safety and efficacy of pregabalin, duloxetine and their combination with epalrestat
in diabetic neuropathy: A prospective, doubleblind, randomized, controlled trial. J Appl Pharm Sci, 2021;11 (Supp 1):071–079.
Pickering G, Pereira B, Morel V, Corriger A, Giron F, Marcaillou F, Bidar-Beauvallot A, Chandeze E, Lambert C, Bernard L,
Delage N. Ketamine and Magnesium for Refractory Neuropathic Pain: A Randomized, Double-blind, Crossover Trial. Anesthesiology. 2020 Jul;133(1):154-164. doi: 10.1097/ALN.0000000000003345. PMID: 32384291.
Matsuoka H, Iwase S, Miyaji T, Kawaguchi T, Ariyoshi K, Oyamada S, Satomi E, Ishiki H, Hasuo H, Sakuma H, Tokoro A,
Shinomiya T, Otani H, Ohtake Y, Tsukuura H, Matsumoto Y, Hasegawa Y, Kataoka Y, Otsuka M, Sakai K, Matsuda Y, Morita
T, Koyama A, Yamaguchi T. Additive Duloxetine for Cancer-Related Neuropathic Pain Nonresponsive or Intolerant to OpioidPregabalin Therapy: A Randomized Controlled Trial (JORTC-PAL08). J Pain Symptom Manage. 2019 Oct;58(4):645-653. doi:
10.1016/j.jpainsymman.2019.06.020. Epub 2019 Jun 26. PMID: 31254640.
Dou Z, Jiang Z, Zhong J. Efficacy and safety of pregabalin in patients with neuropathic cancer pain undergoing morphine
therapy. Asia Pac J Clin Oncol. 2017 Apr;13(2):e57-e64. doi: 10.1111/ajco.12311. Epub 2014 Dec 22. PMID: 25530068.
Rigo FK, Trevisan G, Godoy MC, Rossato MF, Dalmolin GD, Silva MA, Menezes MS, Caumo W, Ferreira J. Management of
Neuropathic Chronic Pain with Methadone Combined with Ketamine: A Randomized, Double Blind, Active-Controlled Clinical Trial. Pain Physician. 2017 Mar;20(3):207-215. PMID: 28339433.
Kim HJ, Kim JH, Park YS, Suk KS, Lee JH, Park MS, Moon SH. Comparative study of the efficacy of limaprost and pregabalin
as single agents and in combination for the treatment of lumbar spinal stenosis: a prospective, double-blind, randomized controlled non-inferiority trial. Spine J. 2016 Jun;16(6):756-63. doi: 10.1016/j.spinee.2016.02.049. Epub 2016 Mar 29. PMID: 27045252.
Baron R, Martin-Mola E, Müller M, Dubois C, Falke D, Steigerwald I. Effectiveness and Safety of Tapentadol Prolonged Release
(PR) Versus a Combination of Tapentadol PR and Pregabalin for the Management of Severe, Chronic Low Back Pain With a
Neuropathic Component: A Randomized, Double-blind, Phase 3b Study. Pain Pract. 2015 Jun;15(5):455-70. doi:
10.1111/papr.12200. Epub 2014 Apr 17. PMID: 24738609.
Gilron I, Tu D, Holden RR, Jackson AC, DuMerton-Shore D. Combination of morphine with nortriptyline for neuropathic pain.
Pain. 2015 Aug;156(8):1440-1448. doi: 10.1097/j.pain.0000000000000149. PMID: 25749306.
Holbech JV, Bach FW, Finnerup NB, Brøsen K, Jensen TS, Sindrup SH. Imipramine and pregabalin combination for painful
polyneuropathy: a randomized controlled trial. Pain. 2015 May;156(5):958-966. doi: 10.1097/j.pain.0000000000000143. PMID:
25719617.
Turcotte D, Doupe M, Torabi M, Gomori A, Ethans K, Esfahani F, Galloway K, Namaka M. Nabilone as an adjunctive to
gabapentin for multiple sclerosis-induced neuropathic pain: a randomized controlled trial. Pain Med. 2015 Jan;16(1):149-59. doi:
10.1111/pme.12569. Epub 2014 Oct 7. PMID: 25288189.
Garassino MC, Piva S, La Verde N, Spagnoletti I, Iorno V, Carbone C, Febbraro A, Bianchi A, Bramati A, Moretti A, Ganzinelli
M, Marabese M, Gentili M, Torri V, Farina G. Randomised phase II trial (NCT00637975) evaluating activity and toxicity of two
different escalating strategies for pregabalin and oxycodone combination therapy for neuropathic pain in cancer patients. PLoS
One. 2013;8(4):e59981. doi: 10.1371/journal.pone.0059981. Epub 2013 Apr 5. PMID: 23577077; PMCID: PMC3618180.
Harrison T, Miyahara S, Lee A, Evans S, Bastow B, Simpson D, Gilron I, Dworkin R, Daar ES, Wieclaw L, Clifford DB; ACTG
A5252 Team. Experience and challenges presented by a multicenter crossover study of combination analgesic therapy for the
treatment of painful HIV-associated polyneuropathies. Pain Med. 2013 Jul;14(7):1039-47. doi: 10.1111/pme.12084. Epub 2013
Apr 8. PMID: 23565581; PMCID: PMC4207215.
Tesfaye S, Wilhelm S, Lledo A, Schacht A, Tölle T, Bouhassira D, Cruccu G, Skljarevski V, Freynhagen R. Duloxetine and
pregabalin: high-dose monotherapy or their combination? The "COMBO-DN study"--a multinational, randomized, doubleblind, parallel-group study in patients with diabetic peripheral neuropathic pain. Pain. 2013 Dec;154(12):2616-2625. doi:
10.1016/j.pain.2013.05.043. Epub 2013 May 31. PMID: 23732189.
Langford RM, Mares J, Novotna A, Vachova M, Novakova I, Notcutt W, Ratcliffe S. A double-blind, randomized, placebocontrolled, parallel-group study of THC/CBD oromucosal spray in combination with the existing treatment regimen, in the
relief of central neuropathic pain in patients with multiple sclerosis. J Neurol. 2013 Apr;260(4):984-97. doi: 10.1007/s00415-0126739-4. Epub 2012 Nov 21. PMID: 23180178.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 August 2021

doi:10.20944/preprints202106.0200.v2

13 of 25

44.
45.

46.

47.

48.
49.
50.
51.
52.

53.

54.
55.
56.

57.
58.
59.

60.

61.

62.
63.

Irving G, Backonja M, Rauck R, Webster LR, Tobias JK, Vanhove GF. NGX-4010, a capsaicin 8% dermal patch, administered
alone or in combination with systemic neuropathic pain medications, reduces pain in patients with postherpetic neuralgia. Clin
J Pain. 2012 Feb;28(2):101-7. doi: 10.1097/AJP.0b013e318227403d. PMID: 21753727.
Shaibani AI, Pope LE, Thisted R, Hepner A. Efficacy and safety of dextromethorphan/quinidine at two dosage levels for diabetic
neuropathic pain: a double-blind, placebo-controlled, multicenter study. Pain Med. 2012 Feb;13(2):243-54. doi: 10.1111/j.15264637.2011.01316.x. Epub 2012 Feb 7. PMID: 22314263.
Committee for Medicinal Products for Human Use (CHMP). Guideline on the clinical development of medicinal products intended for the treatment of pain. 15 December 2016 EMA/CHMP/970057/2011. Available on: https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-development-medicinal-products-intended-treatment-pain-firstversion_en.pdf (last accessed 23rd may 2021)
Dworkin RH, Turk DC, Peirce-Sandner S, Burke LB, Farrar JT, Gilron I, Jensen MP, Katz NP, Raja SN, Rappaport BA, Rowbotham MC, Backonja MM, Baron R, Bellamy N, Bhagwagar Z, Costello A, Cowan P, Fang WC, Hertz S, Jay GW, Junor R, Kerns
RD, Kerwin R, Kopecky EA, Lissin D, Malamut R, Markman JD, McDermott MP, Munera C, Porter L, Rauschkolb C, Rice ASC,
Sampaio C, Skljarevski V, Sommerville K, Stacey BR, Steigerwald I, Tobias J, Trentacosti AM, Wasan AD, Wells GA, Williams
J, Witter J, Ziegler D. Considerations for improving assay sensitivity in chronic pain clinical trials: IMMPACT recommendations.
Pain. 2012 Jun;153(6):1148-1158. doi: 10.1016/j.pain.2012.03.003. Epub 2012 Apr 9. PMID: 22494920.
Moore RA, Derry S, Wiffen PJ. Challenges in design and interpretation of chronic pain trials. Br J Anaesth. 2013 Jul;111(1):3845. doi: 10.1093/bja/aet126. PMID: 23794643.
Dykukha I, Malessa R, Essner U, Überall MA. Nabiximols in Chronic Neuropathic Pain: A Meta-Analysis of Randomized Placebo-Controlled Trials. Pain Med. 2021 Apr 20;22(4):861-874. doi: 10.1093/pm/pnab050. PMID: 33561282.
Atwal N, Casey SL, Mitchell VA, Vaughan CW. THC and gabapentin interactions in a mouse neuropathic pain model. Neuropharmacology. 2019 Jan; 144:115-121. doi: 10.1016/j.neuropharm.2018.10.006. Epub 2018 Oct 9. PMID: 30312630.
López Ramírez E. Treatment of acute and chronic focal neuropathic pain in cancer patients with lidocaine 5 % patches. A radiation and oncology department experience. Support Care Cancer. 2013 May;21(5):1329-34. doi: 10.1007/s00520-012-1670-x. Epub
2012 Dec 15. PMID: 23242387.
Martini A, Del Balzo G, Schweiger V, Zanzotti M, Picelli A, Parolini M, Chinellato E, Tamburin S, Polati E. Efficacy of lidocaine
5% medicated plaster (VERSATIS®) in patients with localized neuropathic pain poorly responsive to pharmacological therapy.
Minerva Med. 2018 Oct;109(5):344-351. doi: 10.23736/S0026-4806.18.05690-2. Epub 2018 May 31. PMID: 29856191.
Palladini M, Boesl I, Koenig S, Buchheister B, Attal N. Lidocaine medicated plaster, an additional potential treatment option for
localized post-surgical neuropathic pain: efficacy and safety results of a randomized, placebo-controlled trial. Curr Med Res
Opin. 2019 May;35(5):757-766. doi: 10.1080/03007995.2019.1565709. Epub 2019 Jan 21. PMID: 30614286.
Correa-Illanes G, Roa RG, B Piñeros JL, Ferrer FT, Adriasola VR. Retrospective analysis of 4 years of clinical experience with
transdermal buprenorphine (Transtec) in post-traumatic pain. Pain Manag. 2014 May;4(3):181-90. doi: 10.2217/pmt.14.9. Epub
2014 May 16. PMID: 24835268.
Fulas OA, Laferrière A, Ware DMA, Shir Y, Coderre TJ. The effect of a topical combination of clonidine and pentoxifylline on
post-traumatic neuropathic pain patients: study protocol for a randomized, double-blind placebo-controlled trial. Trials. 2021
Feb 17;22(1):149. doi: 10.1186/s13063-021-05088-w. PMID: 33596969; PMCID: PMC7890866.
Dai J, Teng L, Zhao L, Zou H. The combined analgesic effect of pregabalin and morphine in the treatment of pancreatic cancer
pain, a retrospective study. Cancer Med. 2021 Mar;10(5):1738-1744. doi: 10.1002/cam4.3779. Epub 2021 Feb 16. PMID: 33594813;
PMCID: PMC7940217.
Wang Y, Yang H, Shen C, Luo J. Morphine and pregabalin in the treatment of neuropathic pain. Exp Ther Med. 2017
Apr;13(4):1393-1397. doi: 10.3892/etm.2017.4102. Epub 2017 Feb 7. PMID: 28413483; PMCID: PMC5377382.
de la Calle JL, De Andres J, Pérez M, López V. Add-on treatment with pregabalin for patients with uncontrolled neuropathic
pain who have been referred to pain clinics. Clin Drug Investig. 2014 Dec;34(12):833-44. doi: 10.1007/s40261-014-0239-5. PMID:
25421816; PMCID: PMC4243007.
Jung JM, Chung CK, Kim CH, Yang SH, Choi Y. Comparison of the use of opioids only and pregabalin add-on for the treatment
of neuropathic pain in cervical myelopathy patients: a pilot trial. Sci Rep. 2020 May 15;10(1):8120. doi: 10.1038/s41598-020-651088. PMID: 32415211; PMCID: PMC7229110.
M. Lazzari, A. F. Sabato, C. Caldarulo, M. Casali, P. Gafforio, C. Marcassa & F. Leonardis (2014) Effectiveness and tolerability
of low-dose oral oxycodone/naloxone added to anticonvulsant therapy for noncancer neuropathic pain: an observational analysis, Current Medical Research and Opinion, 30:4, 555-564, DOI: 10.1185/03007995.2013.866545
Hall GC, Morant SV, Carroll D, Gabriel ZL, McQuay HJ. An observational descriptive study of the epidemiology and treatment
of neuropathic pain in a UK general population. BMC Fam Pract. 2013 Feb 26; 14:28. doi: 10.1186/1471-2296-14-28. PMID:
23442783; PMCID: PMC3599764.
Curry ZA, Dang MC, Sima AP, Abdullaziz S, Del Fabbro EG. Combination therapy with methadone and duloxetine for cancerrelated pain: a retrospective study. Ann Palliat Med. 2021 Mar;10(3):2505-2511. doi: 10.21037/apm-20-1455. Epub 2021 Jan 19.
PMID: 33474965.
Nayak MK, Kapadia JD, Desai CK, Desai MK, Shah BJ. An Evaluation of Efficacy and Safety of Commonly Prescribed Drugs
and Effect of These Drugs on Quality of Sleep in Patients Suffering From Zoster-Associated Pain. J Clin Pharmacol. 2018
Nov;58(11):1406-1417. doi: 10.1002/jcph.1255. Epub 2018 May 25. PMID: 29799622.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 August 2021

doi:10.20944/preprints202106.0200.v2

14 of 25

64.

65.
66.
67.
68.

69.
70.

71.
72.
73.

74.
75.
76.
77.

78.

79.

80.
81.
82.
83.

V. Bril, J. England, G.M. Franklin, M. Backonja, J. Cohen, D. Del Toro, E. Feldman, D.J. Iverson, B. Perkins, J.W. Russell, D.
Zochodne. Evidence-based guideline: Treatment of painful diabetic neuropathy. Report of the American Academy of Neurology, the American Association of Neuromuscular and Electrodiagnostic Medicine, and the American Academy of Physical
Medicine and Rehabilitation. Neurology May 2011, 76 (20) 1758-1765; DOI: 10.1212/WNL.0b013e3182166ebe
Robertson KL, Marshman LA. Gabapentin Superadded to a Pre-Existent Regime Containing Amytriptyline for Chronic Sciatica.
Pain Med. 2016 Nov;17(11):2095-2099. doi: 10.1093/pm/pnw052. Epub 2016 Apr 3. PMID: 27040668.
Tanenberg RJ, Clemow DB, Giaconia JM, Risser RC. Duloxetine Compared with Pregabalin for Diabetic Peripheral Neuropathic
Pain Management in Patients with Suboptimal Pain Response to Gabapentin and Treated with or without Antidepressants: A
Post Hoc Analysis. Pain Pract. 2014 Sep;14(7):640-8. doi: 10.1111/papr.12121. Epub 2013 Oct 24. PMID: 24152185.
McKinley EC, Richardson EJ, McGwin G, Zhang J. Evaluating the effectiveness of antidepressant therapy adjuvant to gabapentin and pregabalin for treatment of SCI-related neuropathic pain. J Spinal Cord Med. 2018 Nov;41(6):637-644. doi:
10.1080/10790268.2017.1415246. Epub 2018 Jan 10. PMID: 29319453; PMCID: PMC6217509.
Blanco Tarrio E, Gálvez Mateos R, Zamorano Bayarri E, López Gómez V, Pérez Páramo M. Effectiveness of pregabalin as monotherapy or combination therapy for neuropathic pain in patients unresponsive to previous treatments in a Spanish primary
care setting. Clin Drug Investig. 2013 Sep;33(9):633-45. doi: 10.1007/s40261-013-0116-7. Erratum in: Clin Drug Investig. 2014
May;34(5):371. PMID: 23912474; PMCID: PMC3751224.
Kanbayashi Y, Onishi K, Hosokawa T. Factors predicting adverse events associated with pregabalin administered for neuropathic pain relief. Pain Res Manag. 2014 Nov-Dec;19(6):e164-7. doi: 10.1155/2014/280549. Epub 2014 Jun 19. PMID: 24945288;
PMCID: PMC4273715.
Schug SA, Parsons B, Almas M, Whalen E. Effect of Concomitant Pain Medications on Response to Pregabalin in Patients with
Postherpetic Neuralgia or Spinal Cord Injury-Related Neuropathic Pain. Pain Physician. 2017 Jan-Feb;20(1): E53-E63. PMID:
28072797.
Colloca L, Ludman T, Bouhassira D, Baron R, Dickenson AH, Yarnitsky D, Freeman R, Truini A, Attal N, Finnerup NB, Eccleston
C, Kalso E, Bennett DL, Dworkin RH, Raja SN. Neuropathic pain. Nat Rev Dis Primers. 2017 Feb 16; 3:17002. doi:
10.1038/nrdp.2017.2. PMID: 28205574; PMCID: PMC5371025.
Vranken JH. Elucidation of pathophysiology and treatment of neuropathic pain. Cent Nerv Syst Agents Med Chem. 2012
Dec;12(4):304-14. doi: 10.2174/187152412803760645. PMID: 23033930.
De Santis S, Borghesi C, Ricciardi S, Giovannoni D, Fulvi A, Migliorino MR, Marcassa C. Analgesic effectiveness and tolerability
of oral oxycodone/naloxone and pregabalin in patients with lung cancer and neuropathic pain: an observational analysis. Onco
Targets Ther. 2016 Jul 4; 9:4043-52. doi: 10.2147/OTT.S108144. PMID: 27445495; PMCID: PMC4938136.
Videla S. et al. Co-crystal of Tramadol-Celecoxib in Patients with Moderate to Severe Acute Post-Surgical Oral Pain: A DoseFinding, Randomised, Double-Blind, Placebo- and Active-Controlled, Multicentre, Phase II Trial. Drugs R&D 2018, 18, 137-148
Blondell RD, Azadfard M, Wisniewski AM. Pharmacologic therapy for acute pain. Am Fam Physician. 2013 Jun 1;87(11):76672. PMID: 23939498.
Moore RA, Derry S, Aldington D, Wiffen PJ. Single dose oral analgesics for acute postoperative pain in adults - an overview of
Cochrane reviews. Cochrane Database Syst Rev. 2015 Sep 28;2015(9):CD008659. doi: 10.1002/14651858.CD008659.pub3. PMID:
26414123; PMCID: PMC6485441.
Hamidi GA, Jafari-Sabet M, Abed A, Mesdaghinia A, Mahlooji M, Banafshe HR. Gabapentin enhances anti-nociceptive effects
of morphine on heat, cold, and mechanical hyperalgesia in a rat model of neuropathic pain. Iran J Basic Med Sci. 2014
Oct;17(10):753-9. PMID: 25729543; PMCID: PMC4340982.
Corona-Ramos JN, De la O-Arciniega M, Déciga-Campos M, Medina-López JR, Domínguez-Ramírez AM, Jaramillo-Morales
OA, Espinosa-Juárez JV, López-Muñoz FJ. The Antinociceptive Effects of Tramadol and/or Gabapentin on Rat Neuropathic
Pain Induced by a Chronic Constriction Injury. Drug Dev Res. 2016 Aug;77(5):217-26. doi: 10.1002/ddr.21313. Epub 2016 Jun 14.
PMID: 27300150.
Miranda HF, Noriega V, Prieto JC, Zanetta P, Castillo R, Aranda N, Sierralta F. Antinociceptive Interaction of Tramadol with
Gabapentin in Experimental Mononeuropathic Pain. Basic Clin Pharmacol Toxicol. 2016 Aug;119(2):210-4. doi:
10.1111/bcpt.12567. Epub 2016 Mar 15. PMID: 26867125.
Zbârcea CE, Ciotu IC, Bild V, ChiriŢă C, Tănase AM, Şeremet OC, Ştefănescu E, Arsene AL, Bastian AE, Ionică FE, Negreş S.
Therapeutic potential of certain drug combinations on paclitaxel-induced peripheral neuropathy in rats. Rom J Morphol Embryol. 2017;58(2):507-516. PMID: 28730237.
Miranda HF, Sierralta F, Aranda N, Poblete P, Noriega V, Prieto JC. Synergism between gabapentin-tramadol in experimental
diabetic neuropathic pain. Fundam Clin Pharmacol. 2018 Dec;32(6):581-588. doi: 10.1111/fcp.12400. Epub 2018 Aug 13. PMID:
30069908.
Atwal N, Casey SL, Mitchell VA, Vaughan CW. THC and gabapentin interactions in a mouse neuropathic pain model. Neuropharmacology. 2019 Jan; 144:115-121. doi: 10.1016/j.neuropharm.2018.10.006. Epub 2018 Oct 9. PMID: 30312630.
Kazantzis NP, Casey SL, Seow PW, Mitchell VA, Vaughan CW. Opioid and cannabinoid synergy in a mouse neuropathic pain
model. Br J Pharmacol. 2016 Aug;173(16):2521-31. doi: 10.1111/bph.13534. Epub 2016 Jul 13. PMID: 27278681; PMCID:
PMC4959956.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 August 2021

doi:10.20944/preprints202106.0200.v2

15 of 25

84.
85.
86.

87.
88.

89.

90.

91.
92.

Gunduz O, Topuz RD, Karadag CH, Ulugol A. Analysis of the anti-allodynic effects of combination of a synthetic cannabinoid
and a selective noradrenaline re-uptake inhibitor in nerve injury-induced neuropathic mice. Eur J Pain. 2016 Mar;20(3):465-71.
doi: 10.1002/ejp.752. Epub 2015 Jul 24. PMID: 26206340.
Hahm TS, Ahn HJ, Ryu S, Gwak MS, Choi SJ, Kim JK, Yu JM. Combined carbamazepine and pregabalin therapy in a rat model
of neuropathic pain. Br J Anaesth. 2012 Dec;109(6):968-74. doi: 10.1093/bja/aes306. Epub 2012 Aug 30. PMID: 22936823.
Shi T, Hao JX, Wiesenfeld-Hallin Z, Xu XJ. Gabapentin and NMDA receptor antagonists interacts synergistically to alleviate
allodynia in two rat models of neuropathic pain. Scand J Pain. 2018 Oct 25;18(4):687-693. doi: 10.1515/sjpain-2018-0083. PMID:
29975670.
Lee S, Kim Y, Lee JJS, Im G, Cho JY, Chung JY, Yoon S. A pharmacokinetic drug-drug interaction study between pregabalin
and tramadol in healthy volunteers. Eur J Clin Pharmacol. 2018 Dec;74(12):1605-1613. doi: 10.1007/s00228-018-2543-0. Epub 2018
Aug 22. PMID: 30136102.
Kamble S, Poul B, Udapurkar P. BILAYER TABLET OF TRAMADOL AND GABAPENTIN FOR COMBINATION PHARMACOTHERAPY OF NEUROPATHIC PAIN: DEVELOPMENT AND CHARACTERIZATION. Int J App Pharm [Internet].
2018May7 [cited 2021May11];10(3):100-7. Available from: https://innovareacademics.in/journals/index.php/ijap/article/view/25250
Benavides R, Vsevolozhskaya O, Cattaneo S, Zaykin D, Brenton A, Parisien M, Verma V, Khoury S, Gilron I, Diatchenko L. A
functional polymorphism in the ATP-Binding Cassette B1 transporter predicts pharmacologic response to combination of
nortriptyline and morphine in neuropathic pain patients. Pain. 2020 Mar;161(3):619-629. doi: 10.1097/j.pain.0000000000001750.
PMID: 31738228; PMCID: PMC7039325.
Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, Moher D, Tugwell P, Welch V, Kristjansson E, Henry DA. AMSTAR
2: a critical appraisal tool for systematic reviews that include randomised or non-randomised studies of healthcare interventions, or both. BMJ. 2017 Sep 21;358:j4008. doi: 10.1136/bmj.j4008. PMID: 28935701; PMCID: PMC5833365.
Casale R, Symeonidou Z, Bartolo M. Topical Treatments for Localized Neuropathic Pain. Curr Pain Headache Rep. 2017
Mar;21(3):15. doi: 10.1007/s11916-017-0615-y. PMID: 28271334; PMCID: PMC5340828.
Guan J, Tanaka S, Kawakami K. Anticonvulsivants in combination pharmacotherapy for treatment of neuropathic pain in cancer patients: a systematic review and meta-analysis. Clin J Pain. 2016; 32(8): 719-25.

