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Abstract: Background and Objectives: As an adjunct to postoperative multimodal analgesic regimens,
pregabalin has been reported in reducing postoperative acute pain and opioid consumption. However,
there is only a small amount of evidence for preemptive pregabalin in patients undergoing cancer-
related surgery. This systematic review was conducted to integrate high-quality evidence to evaluate
the preemptive analgesic effects of pregabalin in cancer-related surgery. Materials and Methods: Seven
electronic databases were searched in a combination of subject terms and free words. Efficacy and
safety of preemptive pregabalin on postoperative pain for cancer-related surgery were evaluated
by assessing resting and dynamic pain scores postoperatively, cumulative morphine equivalent
consumption, time to first analgesic request, hemodynamic parameters, and the safety indicators.
Results: Thirteen trials were incorporated for quantitative synthesis. The pooled results showed
administration of pregabalin preoperatively is clinically significant for improving resting (weighted
mean difference (WMD), —1.53 cm; 95% CI, —2.30 to —0.77) and dynamic (WMD, —1.16 cm; 95%
CI, —2.22 to —0.11) pain severity scores at 2 h postoperatively and prolonging time to first analgesic
request (WMD, 2.28 h; 95% CI, 0.79 to 3.77) in cancer-related surgery. Preemptive pregabalin was also
statistically effective in some other pain indicators but would increase the risk of pregabalin-related
side effects after surgery. Conclusions: Our findings do not support the administration of pregabalin
in doses larger than 300 mg when put in cancer-related surgery. Taken together, more high-quality
research particularly focused on the optimal dosages and timing of pregabalin in cancer-related
surgery is needed in the future to establish stronger evidence for therapeutic effects.

Keywords: preemptive; pregabalin; cancer-related surgery; meta-analysis

1. Introduction

Surgical resection of primary tumors is a building block for cancer treatment that
provides tremendous benefits to survival [1]. However, postoperative acute pain caused
by a wide range of surgical incisions and tissue and neural damage is a challenging issue
in patients undergoing cancer-related surgery. Early, acute, and persistent postoperative
pain is considered to be the most common chief complaint in patients presenting for cancer
surgery and leads to an increased risk of chronic pain and a reduction in quality of life [2—4].

Opioids, such as morphine, are the most widely used prescription analgesics for
acute moderate to severe postoperative pain in cancer-related surgery [5,6]. However,
when high doses of opioids are used, in addition to the risks of respiratory depression,
tolerance, nausea, and vomiting (PONV) [7], they can also increase the risks of metastasis
and recurrence [8]. Opioid has potential tumorigenic effects by p-signaling pathways and
sympathetic nervous system (SNS) and hypothalamic-pituitary-adrenal (HPA) axis in vitro
and in vivo tests. However, there is conflicting evidence from current clinical studies [9-11].
Regardless, it is essential to use opioids with a degree of caution and seek alternative
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measures, such as multimodal and preemptive analgesia protocols, to improve acute pain
management in cancer-related surgery.

Postoperative pain arises through multiple physiological and pathological mech-
anisms, including nociceptive inputs resulting from incision and peripheral and cen-
tral sensitization via nerve growth factor, cytokines, and a-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid receptor [12]. On the other hand, surgical insult and nerve
damage caused by surgical removal is the basis of postoperative acute pain [13]. Thus,
anticonvulsants characterized as anti-hyperalgesic, such as the gabapentin class of drugs
(gabapentin and pregabalin), were introduced as an adjunct to perioperative multimodal
analgesic regimens [14]. Compared with gabapentin, pregabalin has better pharmacokinetic
characteristics, fast absorption, high bioavailability, and low inter-subject variability [15].
These added advantages in analgesia make pregabalin a more attractive option. In addi-
tion, pregabalin is thought to be more effective in preventing neuropathic components of
surgical acute nociceptive pain, producing more opioid retention effects, and improving
perioperative anxiety [16].

Previous studies and systematic reviews have reported the effect of pregabalin as a
perioperative adjuvant analgesic in reducing postoperative acute pain and adverse effects
by reducing the opioid dose and pain scores [17-19]. However, there is only a small amount
of evidence for preemptive pregabalin in patients undergoing cancer-related surgery. Given
the above information, it was decided to integrate high-quality evidence to evaluate and
analyze the preemptive analgesic effects and safety of pregabalin in cancer-related surgery.

2. Materials and Methods
2.1. Search Strategy

Our meta-analysis was prepared and reported strictly in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), Assessing the
Methodological Quality of Systematic Reviews (AMSTAR), and the Cochrane Collabora-
tion [20,21]. Analyses were conducted according to a predesigned protocol that had been
registered with the International Prospective Register of Systematic Reviews (PROSPERO)
(CRD42021251250, https:/ /www.crd.york.ac.uk/prospero/display_record.php?RecordID=
251250, accessed on 24 May 2021). We carried out a systematic search strategy from the
following seven electronic databases: PubMed, Embase, Web of Science, the Cochrane
Library, Google Scholar, China National Knowledge Infrastructure (CNKI), and the Wan-
Fang database. In addition, two trial registries were searched in search of suitable studies
(https:/ /www.ClinicalTrials.gov and the International Clinical Trial Registry Platform).
The last retrieval date was 8 May 2022.

An information specialist (QLW) with extensive experience in systematic reviews
and meta-analysis assisted with the search process. To avoid omission, subject terms and
free words were included as part of the structured search strategy such as ‘Pregabalin’,
‘Neoplasms’, ‘General Surgery’, ‘Surgical Procedures, Operative’, and ‘random’. It was
not restricted in terms of language, publication year, journal, or geographical location. A
detailed description of the retrieval strategy is provided in the Supplementary Materials
(Methods S1-S5).

2.2. Eligibility Criteria and Study Selection

Inclusion criteria:

Participants: Patients who underwent cancer-related surgery were included. In par-
ticular, patients who underwent radiofrequency ablation were excluded in order to re-
duce potential confounding variables. Study subjects were of both sexes, from the age of
18-80 years.

Interventions: Pregabalin was administered preoperatively.

Comparator: Control interventions consisted of placebos or no treatment.

Outcomes: We included studies that reported at least one of the following outcomes:
pain-related outcomes, hemodynamic parameters, and safety indicators.


https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=251250
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=251250
https://www.ClinicalTrials.gov
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Study design: Only articles reporting randomized controlled trials (RCTs) were in-
cluded in our review.

Exclusion criteria: (1) Studies in which pregabalin was outside the surgical setting
or not used for cancer-related surgery. (2) Studies that focused on the intraoperative
or postoperative use of pregabalin. (3) Studies presented as retrospective observational
studies, case reports, case series, review articles, or letters to the editor.

Two reviewers independently examined the titles and abstracts (QW and JD). After
that, the full texts of potentially eligible articles were screened and assessed by two re-
viewers individually (QW and JD). All disagreements between reviewers were resolved by
consensus or adjudication with a third arbitrator (XY).

2.3. Data Extraction

Two reviewers extracted demographic information and postoperative outcomes with
a standardized data extraction form in Excel (Microsoft Excel 2019, Microsoft, Redmond,
USA) (QW and JD). The extracted data included the following: the name of the first
author, year of publication, types of cancer, surgical approach, anesthesia methods, sample
size, intervention details, comparison group, age, number of interventions, methods of
postoperative rescue analgesia, and outcomes. The final tables were reviewed by all authors.
Data that were provided only in graphs were extracted with the software GetData Graph
Digitizer version 2.26 (http://getdata-graph-digitizer.com/, accessed on 14 March 2022).
In the case of missing information, we consulted the corresponding authors. We attempted
to contact the authors of Salah 2018 for unclear baseline information, but no response was
obtained [22].

2.4. Assessment of Methodological Quality and Risk of Bias

Two reviewers independently evaluated the risk of bias assessment of the included
studies with the criteria outlined in the modified Cochrane Collaboration tool (ROB2) (QW
and JD) [23]. Studies were categorized as having a high risk of bias, low risk of bias, or
some concerns in the following six domains: (i) randomization process, (ii) deviations from
the intended interventions, (iii) missing outcome data, (iv) measurement of the outcome,
(v) selection of the reported result, and (vi) overall bias. Full details were shown in the
Supplemental Material (Table S1).

Furthermore, quality assessment was executed according to the Grades of Recommen-
dation, Assessment, Development, and Evaluation Profiler software (GRADEpro, version
3.6.1, McMaster University, Hamilton, ON, Canada). Evidence strength levels were as-
sessed as high (D®®®), moderate (BDDO), low (EHOO) or very low (BOOO) based
on the risk of bias, imprecision, heterogeneity, indirectness, and publication bias [24-26].
Specific details could be found in the Supplemental Material (Table S2).

Two reviewers independently conducted the quality assessments of the included RCTs
(QW and JD). In the case of discrepancies between two reviewers, an independent reviewer
resolved them (YFR).

2.5. Primary and Secondary Outcomes

The co-primary outcomes included the following: (1) resting pain scores postopera-
tively at 24 h (cm); (2) dynamic pain scores postoperatively at 24 h (cm). As a result of its
frequent reporting, we chose this time point [22,27-36].

The secondary outcomes included the following: (1) resting pain scores postopera-
tively at other time points (cm); (2) dynamic pain scores postoperatively at other time points
(cm); (3) cumulative morphine equivalent consumption within 12, 24, and 48 h postopera-
tively (mg); (4) time to first analgesic request (hours); and (5) hemodynamic parameters
included heart rate (beat/min), systolic blood pressure (SBP) (mm/Hg) as well as diastolic
blood pressure (DBP) (mm/Hg) at 2, 6, 12, and 24 h. We chose hemodynamic parameters
as the secondary outcomes for 2 reasons. First, the release of cortisol and catecholamines
mediated by pain results in heart rate and blood pressure increase, hence hemodynamic
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parameters were chosen as indirect physiological changes of pain [37]. Second, the time
points selected were based on its frequent reporting in included studies.

The safety indicators included: (1) pregabalin-related side effects (such as dizziness,
visual disturbance, pruritus, headache, and sedation); (2) opioid-related side effects (such
as nausea and vomiting).

2.6. Analysis of Outcome Data

We converted all pain scores to a straight line of 0-10 cm in length (score range:
0 [no pain] to 10 [maximum pain]). In addition, the opioid consumption data were trans-
formed into intravenous morphine equivalents (intravenous fentanyl 0.1 mg = intravenous
tramadol 100 mg = intravenous morphine 10 mg) [38,39].

2.7. Statistical Analysis

The mean =+ standard deviation (SD) is used for continuous variables (such as pain
scores, cumulative morphine equivalent consumption, time to first analgesic request, hemo-
dynamic parameters, and sedation score). All median, range, and/or interquartile ranges
were converted to mean and SD according to instructions from Luo et al. [40]. As for cate-
gorical variables, we described them using counts and proportions. Pain scores, cumulative
morphine equivalent consumption, time to first analgesic request, heart rate, SBP, DBP,
and sedation score were represented as mean =+ SD. The occurrence of dizziness, visual
disturbance, pruritus, headache, and PONV were represented as counts and proportions.

2.8. Meta-Analysis

Meta-analysis was performed with Review Manager software (version 5.4, The Cochrane
Collaboration, UK) and Stata software V. 16.0 (StataCorp, College Station, TX, USA). We
used the Mantel-Haenszel method to conduct the dichotomous variables, and estimates for
continuous variables were calculated using the inverse variance method [41]. We compiled
the available data from included RCTs and the weighted mean difference (WMD) with 97.5%
confidence intervals (CI) was calculated for co-primary outcomes to adjust for multiple
comparisons [42]. Differences are considered significant for p < 0.025. Additionally, for
dichotomous outcomes and other continuous data, we calculated the risk ratio (RR) with 95%
CI or the WMD with 95% CI (two-sided p < 0.05 was considered significant).

We performed quantitative analysis when two or more RCTs reported similar mea-
surable parameters. In our qualitative analysis, study characteristics and postoperative
outcomes were described.

2.9. Interpretation of Outcome Results

We estimated differences between pregabalin and the control group for pain scores
and intravenous morphine equivalent consumption using the minimal clinically important
difference (MCID). According to previous literature, a decrease of 1.1 cm and 10 mg, as
well as a prolonged period of 1 h was considered as MCIDs for the pain scores, intravenous
morphine equivalent consumption, and time to first analgesic request [43—45].

2.10. Heterogeneity, Subgroup, and Sensitivity Analyses

We assessed the statistical heterogeneity in accordance with the Cochrane Handbook
for Systematic Reviews of Interventions. The statistical heterogeneity was quantified by
the Chi-squared (Chi?) test and I-square (I?) and was classified as low (I? of 0% to 40%),
moderate (I? of 30% to 60%), substantial (I? of 50% to 90%), or considerable (I2 of 75% to
100%) [21]. We chose the appropriate statistical method according to the value of I?: A
fixed-effects model was used when heterogeneity was low (I? < 50%), and a random-effects
model was used when heterogeneity was high (I> > 50%). Meta-regression analysis with
a random-effects model was conducted for co-primary outcomes to explore sources of
heterogeneity. We used the coefficient of determination (R?) (range, 0 to 1) to account
for the relationship between the covariates and heterogeneity. For subgroup analyses, it
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was performed only when a covariate was significant in the meta-regression. Predefined
covariates were as follows: (1) Types of cancer (breast cancer vs. no breast cancer); (2) The
dose of pregabalin (low dose (<300 mg) vs. high dose (>300 mg)); (3) Types of surgery
(radical surgical resection vs. non-radical surgical resection); (4) Methods of postoperative
rescue analgesia (PCA (Patient controlled analgesia) vs. IV (Intravenous injection) vs.
IM (Intramuscular injection)). Post hoc subgroup analyses were conducted as follows:
(1) surgical site (head vs. thorax vs. abdomen); (2) postoperative multimodal analgesia (yes
vs. no). Additional subgroup analyses about the dose of pregabalin were performed for
safety outcomes to explore associations between dose and side effects.

To assess the robustness of our findings, sensitivity analyses were conducted only for
co-primary outcomes by excluding trials reported by Mansor et al. [32] in which patients
underwent general anesthesia plus local anesthesia.

2.11. Assessment of Publication Biases

Egger’s regression test was used to investigate publication bias in all outcomes accord-
ing to Stata software V. 16.0 (StataCorp, College Station, TX, USA). Publication bias was
considered significant if p < 0.05 [46].

3. Results

The preliminary literature search identified a total of 1674 records. After removing
176 duplicates, 1498 citations were evaluated based on titles and abstracts. Among the
1498 citations, we excluded 1422 citations because of irrelevant studies (n = 1133), unrelated
comparators (n = 9), or they were not designated as RCTs (n = 280). A total of 76 articles
were eligible for full-text review, and 63 articles were excluded from analysis due to
irrelevant intervention (n = 40), non-cancer-related surgery (n = 22), and the clinical protocol
(n = 1). Finally, 13 trials (from 30 to 111 patients) were incorporated for quantitative
synthesis [22,27-36,47,48]. The PRISMA flow diagram of this review was illustrated in
Figure 1.

3.1. Characteristics of Included Studies

The outcomes of interest and trial characteristics were summarized in Table 1. The
cancer type was breast cancer in eight out of the 13 included trials [27,29,31,32,35,36,47,48].
The other five trials that were not breast cancer included bladder cancer, supratentorial
tumor, gynecological malignancies, lung cancer, and pleural cancer [22,28,30,33,34]. Twelve
trials were carried out under general anesthesia [22,27-31,33-36,47,48] and one trial was
performed under general plus local anesthesia which was incisional infiltration consisting
of levobupivacaine [32]. The postoperative rescue analgesic was morphine in all stud-
ies [22,27-29,31,33-36,47 48], except for two studies that used fentanyl [30] or tramadol [32],
respectively. PCA was used in eight studies [22,27-31,33,48], IV was used in two stud-
ies [32,47], and IM was used in three studies [34-36]. Eight studies enrolled patients who
underwent radical surgery [27-29,31,33,35,36,47], whereas three studies enrolled those who
underwent non-radical surgery [30,32,48] and the remaining two studies did not specify
the type of surgery [22,34]. The dose of pregabalin ranged from 75 mg to 600 mg. Multiple
doses of pregabalin were administered only in one trial [28] while single-dose treatment
preoperatively was administered in other trials. The control group received a placebo in all
studies except one trial that had no intervention [28].
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Identification

Screening

Eligibility

Included

Articles identified through database
searching

- PubMed (2 = 48)

- Web of Science (n= 190)

- Embase (7 =1231)

+ Cochrane Library (n = 46)

Additional records identified
through other sources

" CNKI (n = 36)
" Wan-Fang database (n = 23)
* Google Scholar (n=100)

l

k.

Records after duplicates
removed (n=1498)

v Records excluded by title
and abstract (n= 1422)
Records screened :
(n=1498) - Unrelated studies (n = 1133)
+ Irrelevant comparator (n = 9)
+ Not an RCTs(n = 280)
v
Full-text articles excluded
Full-text articles assessed with reasons (# = 63)
for eligibility = L. .
(1 =176) - Multiple interventions(n = 40)
- Non-cancer related surgery(n = 22)
- Clinical protocol(n=1)
Y
Studies included in
quantitative
analysis (n=13)
Y

Studies included in
quantitative analysis
(meta-analysis)
(n=13)

Figure 1. The flowchart of study selection.
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Table 1. Characteristics of included studies.

Surgical Approach

) . Groups (N): Treatment R
Authors (Year) Cancer Types  Surgical Site (Anesthesia P Number. of A els cue. Outcomes
Intervention Control Interventions nalgesia
Methods)
(1) Resting and dynamic pain
MRM or severity scores
Earsakul (2017) mastectomy with Pregabalin (16): 75 mg Control (14): . Morphine (2) Cumulative morphine
[27] Breast cancer Thorax ALND PO placebo PO Single PCA equivalent consumption
(GA) (3) Postoperative adverse
effects and complications
(1) Resting and dynamic pain
. . severity scores
. Radlc.al cys.tectomy . Control (30): MorphinePCA (2) Time to first rescue analgesia
Ghoneim et al. with urinary Pregabalin (30): 75 mg . + . -
Bladder cancer Abdomen . . no Multiple (3) Cumulative morphine
(2013) [28] diversion PO . . Paracetamol . .
(GA) intervention v equivalent consumption
(4) Postoperative adverse
effects and complications
Pregabalin (28): 75 mg (1) Resting and dynamic pain
PO severity scores
Hetta et al. (2016) MRM Pregabalin (27): 150 mg  Control (30): . Morphine (2) Cumulative morphine
[29] Breast cancer Thorax (GA) PO placebo PO Single PCA equivalent consumption
Pregabalin (26): 300 mg (3) Postoperative adverse
PO effects and complications
. Pregabalin (18): 75 mg (1) Resting pain severity scores
. Supratentorial . (2) Cumulative fentanyl
Lamsal et al. Supratentorial Head craniotomy PO Control (18): Single Fentanyl equivalent consumption
(2019) [30] tumor (GA) Pregabahnp(é%: 150 mg  placebo PO PCA (3) Postoperative adverse
effects and complications
(1) Resting and dynamic pain
severity scores
Mahran et al. MRM Pregabalin (30): 150 mg  Control (30): . Morphine (2) Cumulative morphine
(2015) [31] Breast cancer Thorax (GA) PO placebo PO Single PCA equivalent consumption

(3) Postoperative adverse
effects and complications




Medicina 2023, 59, 280

8 of 23

Table 1. Cont.

Surgical Approach

) . Groups (N): Treatment R
Authors (Year) Cancer Types  Surgical Site (Anesthesia P Number. of A els Cue. Outcomes
Methods) Intervention Control Interventions halgesia
Tralrga;iol (1) Resting and dynamic pain
Mansor et al. Mastectomy Pregabalin (25): 150 mg  Control (24): . L severity scores
(2015) [32] Breast cancer Thorax (GA+LA) PO placebo PO Single Etoricoxib and (2) Postoperative adverse
Paracetamol .
effects and complications
PO
(1) Resting pain severity scores
et 15 300ms @ Cumuive morpin
Mohamed et al. Urinary Abdomen Radical cystectomy PO Control (15): Sinele Morphine (??) Time to first rescﬂe analeesia
(2016) [33] bladder cancer (GA) Pregabalin (15): 600 mg  placebo PO & PCA . &
PO (4) Hemodynamic parameters
(5) Postoperative adverse
effects and complications
(1) Resting and dynamic pain
. severity scores
h sﬁe?gg?r?ain d Pregabalin (30): 150 mg (2) Time to first rescue analgesia
Patel et al. (2016)  Gynecological oy Y PO Control (30): . Morphine (3) Cumulative morphine
. . Abdomen  Dbilateral salphyngo— . Single . .
[34] malignancies Pregabalin (30): 300 mg  placebo PO ™M equivalent consumption
oophorectomy !
(GA) PO (4) Hemodynamic parameters
(5) Postoperative adverse
effects and complications
(1) Resting pain severity scores
SK et al. (2016) Breast cancer Thorax MRM Pregabalin (40): 150 mg  Control (40): Sinele Morphine (ez)u(ij‘lllar?elrlllf zgrfsr;lriri?(;ge
[47] (GA) PO placebo PO & v q P

(3) Postoperative adverse
effects and complications
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Table 1. Cont.

Surgical Approach Groups (N): Treatment
Authors (Year) Cancer Types  Surgical Site (Anesthesia P Number. of Rescue. Outcomes
Intervention Control Interventions Analgesia
Methods)
Morphine (1) Cumulative morphine
Pushkarna et al. Breast cancer Thorax BCCS Pregabalin (30): 75 mg Control (30): Sinele PCA + (ezq)lil{i‘;ileeig fci;);s;rsr;zz(;ial osia
(2022) [48] (GA) PO placebo PO & Diclofenac : &
v (3) Postoperative adverse
effects and complications
(1) Resting pain severity scores
Salah et al. (2018) Lung or Thoracic surgeries Pregabalin (30): 300 mg  Control (30): . Morphine ) (?umulatlve morphlne
Thorax Single equivalent consumption
[22] pleural cancer (GA) PO placebo PO PCA .
(3) Postoperative adverse
effects and complications
(1) Resting pain severity scores
Zhang et al. (2012) MRM Pregabalin (37): 150 mg  Control (38): . Morphine ) (;umulatlve morphme
Breast cancer Thorax Single equivalent consumption
[35] (GA) PO placebo PO ™M
(3) Postoperative adverse
p
effects and complications
(1) Dynamic pain severity
Zhang (2016) MRM Pregabalin (45): 150 mg  Control (45): . Morphine scores
[36] Breast cancer Thorax (GA) PO placebo PO Single ™M (2) Cumulative morphine

equivalent consumption

Abbreviation: N: number; SD: standard deviation; mg: milligram; GA: general anesthesia; LA: local anesthesia; RFA: radiofrequency ablation; MRM: modified radical mastectomy;
ALND: axillary lymph nodes dissection; BCCS: breast-conserving cancer surgery; PO: peroral administration; N/A: not applicable; PCA: patient-controlled analgesia; IV: intravenous
injection; IM: intramuscular injection.
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3.2. Risk of Bias

According to the tool of Cochrane Collaboration, seven trials demonstrated
low [27,29,31-33,47,48] and five trials [22,30,34-36] demonstrated some concerns, respec-
tively, and one trial demonstrated high bias risk (Figure S1 and 2) [28]. The results and
details of the risk of bias assessments were presented in Table S1.

Risk of bias

HLow Some concerns ®High

100
3 | 7
2
=z
B
=
&80
=
u
=h
g
)
2
s
[
40
0
0
e & =] > & &
& & & S S
& s & o \;5‘6\ &
<& & & & & (‘Gb
B &
o & & &F & &
& & & & &
& ¥ & & e
¥ & o & 5
S & R & S
+ > & &
A & o
& S &
ol <
&
&
o
<o

Figure 2. Risk of bias graph: review authors’ judgments about each risk of bias item presented as
percentages across all included studies. Green for low risk of bias, yellow for unclear risk of bias, and
red for high risk of bias.

3.3. Primary Indicators
3.3.1. Resting Pain Scores at 24 h Postoperatively (cm)

Nine studies evaluated resting pain scores at 24 h after surgery (n = 580) (Table 2) [22,27-
29,31-35]. The pregabalin group was statistically different for this result compared to the
control group but did not reach the clinical threshold of 1.1 cm (WMD, —0.45 cm; 97.5%
CI, —0.68 to —0.21; p < 0.001; I? = 63.32%) (Table 2). Meta-regression analyses showed that
types of cancer (R? =0, p = 0.712), the dose of pregabalin (R? = 0, p = 0.800), types of surgery
(R? = 0, p = 0.654), methods of postoperative rescue analgesia (R? = 0.23, p = 0.056), surgical
site (R? = 0, p = 0.717), and postoperative multimodal analgesia (R? = 0.22, p = 0.202) were
not the possible sources of heterogeneity for resting pain scores at 24 h postoperatively
(Table S3). No subgroup analysis was performed because of the meaningless result of
meta-regression. The results of sensitivity analyses were not significantly different from
those of preliminary analyses, which indicated that the results were robust and reliable
(Table S4B).
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Table 2. Endpoint results.

Outcom Pregabalin, Control, WMD or RR ?oY;ltl;(tzis tical P Value for I? Test Quality of
utcome Studies Mean (SD) orn/N  Mean (SD) or n/N  (95% CI or 97.5% CI) Significance Heterogeneity = Forheterogeneity = Evidence (GRADE)

Primary indicators

Pain scores at 24 h postoperatively (cm)

e  resting pain 9 1.66 (1.23) 2.09 (1.15) —0.45 (—0.68 to —0.21) <0.001 0.005 63.32% OO0

e  dynamic pain 7 2,53 (1.71) 2.72 (1.58) —0.31 (—0.83 t0 0.22) 0.19 <0.001 93.62% DDOO

Secondary indicators

Resting pain scores postoperatively (cm)

e atlh 2 1.97 (1.96) 4.01 (1.45) —1.56 (—3.63 to 0.52) 0.14 <0.001 97% ODDO

e at2h 7 1.80 (1.39) 3.56 (4.53) —1.53 (=2.30 to —0.77) <0.001 <0.001 97% SeB0

e at4h 7 2.22 (1.39) 291 (1.16) —0.53 (—0.98 to —0.08) 0.02 <0.001 92% SB00

e at6h 7 2.54 (1.43) 3.44 (1.62) —0.87 (—1.58 to —0.16) 0.02 <0.001 95% SeD0O

e at8h 4 1.86 (1.17) 2.72 (1.03) —0.64 (—0.96 to —0.32) <0.001 0.08 57% SH00

e atlzh 8 2.76 (1.43) 3.16 (1.25) —0.59 (—1.06 to —0.12) 0.01 <0.001 88% Se00

e atleh 3 1.41 (1.08) 2.57 (1.27) —1.07 (—1.88 to —0.25) 0.01 <0.001 91% SHO0

e at20h 2 1.47 (1.05) 2.10 (0.82) —0.61 (—1.18 to —0.05) 0.03 0.03 78% OO0
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Table 2. Cont.

Pregabalin, Control, WMD or RR p Value p Value for I? Test Quality of

Outcome for Statistical .
Studies Mean (SD) orn/N  Mean (SD) orn/N  (95% CI or 97.5% CI) Significance Heterogeneity = Forheterogeneity = Evidence (GRADE)

e at48h 2 0.73 (0.89) 0.87 (0.57) —0.13 (—0.42 to 0.15) 0.36 0.22 33% SOBO

Dynamic pain scores postoperatively (cm)

e at2h 5 2.94 (1.76) 4.41 (1.90) —~1.16 (—2.22 to —0.11) 0.03 <0.001 98% OOBO

e at4h 4 3.04 (1.87) 3.89 (1.83) —0.53 (—0.97 to —0.10) 0.02 <0.001 85% Glclele)

e at6h 5 3.37 (2.02) 4.31 (2.04) —1.03 (—1.83 to —0.23) 0.01 <0.001 95% OOBO

e at8h 2 2.54 (1.19) 3.19 (1.06) —0.36 (—0.78 to 0.06) 0.10 0.12 59% Gllele)

e atl2h 5 3.68 (2.07) 4.82 (1.57) —0.85 (—1.49 to —0.21) 0.01 <0.001 90% Gllele)

e atléh 2 247 (1.16) 2.97 (0.92) —0.26 (—0.54 to 0.02) 0.07 0.37 0% SOBO

e at48h 2 1.63 (1.31) 1.98 (1.34) —0.31 (—1.17 to 0.54) 0.47 0.13 57% Glslele)

Cumulative morphine equivalent consumption (mg)

e within12h 2 8.46 (3.48) 11.36 (4.64) —1.77 (—6.77 to 3.24) 0.49 0.001 90% DDDO

e within24h 10 14.14 (12.71) 23.69 (22.17) —7.45 (—9.30 to —5.60) <0.001 <0.001 96% ®O00

e withind8h 2 23.01 (20.73) 63.70 (48.14) —29.93 (—81.99 t022.13)  0.26 <0.001 97% ®O00
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Table 2. Cont.

Outcome N of Pregabalin, Control, WMD or RR fo:']asltl:t!is tical p Value for I? Test Quality of
Studies Mean (SD) orn/N  Mean (SD) orn/N  (95% CI or 97.5% CI) Significance Heterogeneity = Forheterogeneity = Evidence (GRADE)
Time to first analgesic request (hours)
e  Time to first
analgesic request 4 5.02 (3.68) 1.97 (1.50) 2.28 (0.79 to 3.77) 0.003 <0.001 100% GO00
Hemodynamic parameters
Heart rate (beat/min)
e at2h 2 84.05 (11.98) 87.02 (14.80) —2.81 (—7.71 t0 2.08) 0.26 0.79 0% CODD
e at6h 2 83.25 (11.08) 86.06 (15.79) —2.53 (—7.59 t0 2.53) 0.33 0.64 0% SDDD
e atl2h 2 83.20 (10.34) 87.37 (15.00) —3.83 (—8.59 t0 0.92) 0.11 0.56 0% CODD
e at24h 2 82.70 (11.24) 85.62 (14.45) —2.73 (—7.44 t0 1.98) 0.26 0.74 0% CODD
SBP (mm/Hg)
e at2h 2 105.62 (25.56) 116.33 (24.64) —9.14 (—19.88 t0 1.59) 0.10 0.15 51% DDHDO
e at6h 2 122.31 (12.56) 123.96 (12.74) —1.79 (—6.31 t0 2.72) 0.44 0.65 0% DODD
e atl2h 2 127.13 (15.10) 122.98 (12.46) 3.31 (—5.59 to 12.22) 0.47 0.09 66% Glalle)
e at24h 2 114.70 (15.68) 114.50 (14.23) 0.25 (—4.59 to 5.08) 0.92 0.52 0% SODD
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Table 2. Cont.

Outcome N of Pregabalin, Control, WMD or RR fo:']asltl:t!is tical p Value for I? Test Quality of
Studies Mean (SD) orn/N  Mean (SD) orn/N  (95% CI or 97.5% CI) Significance Heterogeneity = Forheterogeneity = Evidence (GRADE)

DBP (mm/Hg)

e at2h 2 76.03 (10.58) 76.33 (11.22) —0.13 (—4.06 to 3.81) 0.95 0.29 9% DOOD

e at6h 2 78.51 (10.85) 80.82 (9.93) —2.26 (—5.45 t0 0.93) 0.16 0.73 0% OOOD

e atl2h 2 82.70 (12.09) 79.18 (10.32) 1.99 (—8.60 to 12.58) 0.71 0.004 88% BBBO

e at24h 2 73.93 (10.34) 74.59 (9.78) —1.55 (—6.59 to 3.50) 0.55 0.13 57% DOOO

The safety indicators

e  Pregabalin-related side effects

Dizziness 7 70/293 18/197 2.81 (1.75 to 4.53) <0.001 0.47 0% SBDO

Visual disturbance 6 43/256 6/159 3.04 (1.37 to 6.73) 0.006 0.64 0% DDDO

Pruritus 4 0/127 4/93 0.14 (0.02 to 1.02) 0.05 0.49 0% DDDO

Headache 4 33/196 11/99 1.71 (0.88 to 3.31) 0.25 0.11 26% DOOD

Sedation score at 12 h 3 1.35 (1.00) 1.18 (0.87) 0.35 (0.15 to 0.55) <0.001 N/A N/A SeISPISPISS)

Sedation score at 24 h 3 1.21 (1.07) 0.99 (0.92) 0.50 (0.15 to 0.86) 0.006 0.13 57% SBDO

e  Opioid-related side effects

PONV 10 86/393 103/277 0.59 (0.39 to 0.87) 0.008 0.01 60% Se00

DODP, high-quality evidence; @B B O, moderate-quality evidence; D00, low-quality evidence, @OOO, very-low-quality evidence. Abbreviations: SD: standard deviation; WMD:
weighted mean difference; RR: risk ratio; CI: confidence interval; GRADE: Grades of Recommendation, Assessment, Development, and Evaluation; cm: centimeter; mg: milligrams; N/A:
not applicable; I2: I-square; SBP: systolic blood pressure; DBP: diastolic blood pressure; PONV: postoperative nausea and vomiting.
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According to the GRADE criteria, the quality of evidence was rated as ‘low” for this
outcome because of heterogeneity and risk of bias (Table S2). There was no publication bias
in this outcome (p = 0.87).

3.3.2. Dynamic Pain Scores at 24 h Postoperatively (cm)

A total of seven studies assessed dynamic pain scores at 24 h after surgery (n = 490)
(Table 2) [27-29,31,32,34,36]. There was no significant difference in this outcome (p = 0.19)
between the pregabalin group and the control group. Meta-regression analyses showed that
methods of postoperative rescue analgesia (R? = 0.54, p = 0.047) were the possible sources
of heterogeneity for this result (Table S3). Although, types of cancer (R? = 0, p = 0.847), the
dose of pregabalin (R? = 0, p = 0.587), types of surgery (R? = 0, p = 0.890), surgical site
(R? =0, p = 0.846), and postoperative multimodal analgesia (R? = 0.437, p = 0.290) were
not the possible sources of heterogeneity for this result. Subgroup analyses showed that
pregabalin had a significant effect on this outcome in the IM cohort (WMD, —0.87 cm;
97.5% CI, —1.42 to —0.33; p = 0.01; 2= 86.11%), whereas there was no significant effect in
the PCA (p = 0.39) and IV cohorts (p = N/A) compared to the control group (Table S4A).
Pre-planned sensitivity analyses indicated no statistically significant differences between
the two groups (p = 0.11) (Table S4B).

The quality of evidence was ‘low’ for the outcome as a result of heterogeneity and risk
of bias (Table S2). Egger’s regression test indicated no publication bias (p = 0.12).

3.4. Secondary Indicators
3.4.1. Resting Pain Scores at Individual Time Points Postoperatively (cm)

Resting pain scores were analyzed at a period of 1 h (two studies, n = 165) [34,35],
2 h (seven studies, n = 510) [29,31-35,47], 4 h (seven studies, n = 465) [22,28,29,31-33,47],
6 h (seven studies, n = 429) [27,31-35,47], 8 h (four studies, n = 311) [22,28,29,47], 12 h
(eight studies, n = 500) [22,27,28,31,33-35,47], 16 h (three studies, n = 246) [28,29,35], 20 h
(two studies, n = 135) [28,35], and 48 h (two studies, n = 90) (Table 2) [27,28]. The pooled
results varied over time, and integrative analyses showed that preoperative oral pregabalin
significantly reduced postoperative resting pain scores at 2 h (WMD, —1.53 cm; 95% CI,
—2.30 to —0.77; p < 0.001; I? = 97%), 4 h (WMD, —0.53 cm; 95% CI, —0.98 to —0.08; p = 0.02;
12 = 92%), 6 h (WMD, —0.87 cm; 95% CI, —1.58 to —0.16; p = 0.02; I? = 95%), 8 h (WMD,
—0.64 cm; 95% CI, —0.96 to —0.32; p < 0.001; I = 57%), 12 h (WMD, —0.59 cm; 95% CI,
—1.06 to —0.12; p = 0.01; I? = 88%), 16 h (WMD, —1.07 cm; 95% CI, —1.88 to —0.25; p = 0.01;
2= 91%), and 20 h (WMD, —0.61 cm; 95% CI, —1.18 to —0.05; p = 0.03; 2= 78%) relative
to the control group (Table 2). The star plot for the weighted mean of resting pain scores
within 48 h after cancer-related surgery at ten time points in pregabalin and control groups
was shown in Figure 3A. The difference for resting pain scores at 2 h postoperatively met
the clinical threshold of MCID (1.1 cm), whereas other results did not. Moreover, analyses
showed no significant difference in resting pain scores at 1 h (p = 0.14) and 48 h (p = 0.36)
(Table 2).

The quality of evidence for these outcomes was evaluated as ‘low’ or ‘moderate’ owing
to the risk of bias, heterogeneity, and inaccurate or publication bias (Table S2). Analyses
showed that these results did not exhibit publication bias (all p > 0.05) except resting pain
scores at 4 h (p = 0.03).
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A Star Plot for Rest Pain Scores postoperatively B Star Plot for Dynamic Pain Scores postoperatively
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Figure 3. (A) Star plot for weighted mean of resting pain scores within 48 h after cancer-related
surgery at ten time points in pregabalin and control groups; (B) star plot for weighted mean of
dynamic pain scores within 48 h after cancer-related surgery at eight time points in pregabalin and
control groups.

3.4.2. Dynamic Pain Scores at Individual Time Points Postoperatively (cm)

Dynamic pain scores were analyzed at a period of 2 h (five studies, n = 400) [29,31,32,
34,36], 4 h (four studies, n = 280) [28,29,31,32], 6 h (five studies, n = 319) [27,31,32,34,36], 8 h
(two studies, n = 171) [28,29], 12 h (five studies, n = 330) [27,28,31,34,36], 16 h (two studies,
n = 171) [28,29], and 48 h (two studies, n = 90) (Table 2) [27,28]. There was variation in
dynamic pain scores over time, and meta-analysis showed that preoperative oral pregabalin
significantly reduced dynamic pain scores at 2 h (WMD, —1.16 cm; 95% CI, —2.22 to —0.11;
p = 0.03; I> = 98%), 4 h (WMD, —0.53 cm; 95% CI, —0.97 to —0.10; p = 0.02; I* = 85%), 6 h
(WMD, —1.03 cm; 95% CI, —1.83 to —0.23; p = 0.01; I> = 95%), and 12 h (WMD, —0.85 cm;
95% CI, —1.49 to —0.21; p = 0.01; I? = 90%) relative to the control group. The star plot
for the weighted mean of dynamic pain scores within 48 h after cancer-related surgery at
eight time points in pregabalin and control groups was shown in Figure 3B. According to
the MCID (1.1 cm), differences were clinically meaningful for dynamic pain scores at 2 h,
whereas other results were not. Moreover, analyses showed no significant difference in
dynamic pain scores at 8 h (p = 0.10), 16 h (p = 0.07), and 48 h (p = 0.47) compared with the
control group (Table 2).

Considering the high risk of bias or high heterogeneity, the quality of evidence for
those results was evaluated as ‘low’ or ‘moderate’ (Table S2). Analyses showed that those
outcomes had no publication bias (all p > 0.05).

3.5. Cumulative 12 to 48 h Morphine Equivalent Consumption (mg)

Some studies reported cumulative morphine equivalent consumption within 12 h
(two studies, n = 110) [27,47], 24 h (10 studies, n = 646) [22,27-31,33,35,36,48], and 48 h (two
studies, n = 90) (Table 2) [27,28]. The findings showed no statistically significant difference
between pregabalin groups and control groups for morphine equivalent consumption
within 12 h (p = 0.49) and 48 h (p = 0.26), but a statistically significant difference for it within
24 h (WMD, —7.45 mg; 95% CI, —9.30 to —5.60; p < 0.001; I? = 96%) (Table 2).

The quality of evidence of these outcomes was ‘very low” or ‘moderate” due to the risk
of bias or high heterogeneity (Table S2). Egger’s regression test indicated the absence of
publication bias for morphine consumption within 12 h (p = 0.38), but cumulative morphine
equivalent consumption within 24 h (p < 0.001) and 48 h (p = 0.007) exhibited a risk of
publication bias.

3.6. Time to First Analgesic Request (Hours)

Four studies reported the time to first analgesic request (n = 255) (Table 2) [28,33,34,48].
Administration of pregabalin significantly prolonged the time-to-first analgesic request
compared with the control group (WMD, 2.28 h; 95% CI, 0.79 to 3.77, p = 0.003, I? = 100%)
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(Table 2). The quality of this outcome was ‘very low’ owing to inconsistency, imprecision,
and risk of bias (Table 52). Analyses showed there was significant publication bias for the
result (p < 0.001).

3.7. Hemodynamic Parameters
3.7.1. Heart Rate at 2, 6, 12, and 24 h (beat/min)

Two studies (n = 135) reported heart rates at 2, 6, 12, and 24 h (Table 2) [33,34].
The meta-analyses showed that the effect of pregabalin on heart rate was not statistically
significantly different from the effect of placebo at2h (p = 0.26), 6 h (p =0.33), 12h (p = 0.11),
and 24 h (p = 0.26) (Table 2). The quality of evidence for these outcomes was ‘high” (Table
52). These outcomes showed that there was no significant publication bias (all p > 0.05).

3.7.2. SBP at 2, 6, 12, and 24 h (beat/min) (mm/Hg)

SBP was reported by two studies (n = 135) (Table 2) [33,34]. The merged results
revealed no statistically significant difference between pregabalin and control groups in
mean SBP at2h (p =0.10), 6 h (p = 0.44), 12 h (p = 0.47), and 24 h (p = 0.92) (Table 2). The
GRADE of evidence for SBP at 2 and 12 h was “‘moderate’ owing to inconsistency, whereas
SBP at 6 and 24 h were ‘high’ (Table S2). No publication bias was detected for those results
(all p > 0.05).

3.7.3. DBP at 2, 6, 12, and 24 h (beat/min) (mm/Hg)

Two studies reported DBP (n = 135) (Table 2) [33,34]. There was an insignificant
difference between pregabalin and control groups in mean DBP at 2 h (p = 0.95), 6 h
(p=0.16), 12 h (p = 0.71), and 24 h (p = 0.55) (Table 2). The quality of evidence for DBP
at 2 and 6 h was represented as ‘high’, whereas it was ‘moderate” at 12 and 24 h due
to inconsistency (Table S2). It was suggested that publication bias was not present (all
p > 0.05).

3.8. The Safety Indicators
3.8.1. Pregabalin-Related Side Effects

° Dizziness

Seven studies evaluated dizziness (1 = 490) (Table 2) [28,29,31-35]. Pregabalin likely
resulted in a certain increase in the incidence of dizziness (RR, 2.81; 95% CI, 1.75 to 4.53;
p < 0.001; I2 = 0%) (Table 2). In post-hoc subgroup analyses, statistical significance was
observed for dizziness postoperatively after using a low dose of pregabalin (RR, 2.20; 95%
CI, 1.38 to 3.48; p < 0.001; I? = 0%) and a high dose of pregabalin (RR, 9.25; 95% CI, 3.22 to
26.54; p < 0.001; I? = 9%) (Table S4A). Clearly, the RR of the high-dose group was higher than
that of the low-dose group. According to the GRADE approach, the quality of evidence for
dizziness was rated as ‘moderate” owing to the risk of bias (Table S2). The results indicated
no publication bias (p = 0.28).

e  Visual disturbance

Six studies reported visual disturbance (n = 415) (Table 2) [28,29,31-34]. Oral pre-
gabalin increased the risk of visual disturbance (RR, 3.04; 95% CI, 1.37 to 6.73; p = 0.006;
I? = 0%) compared with the control groups (Table 2). Subgroup analyses indicated that the
low (RR, 2.13; 95% CI, 1.02 to 4.47, p = 0.05; I> = 0%) and high (RR, 7.25; 95% CI, 2.75 to
19.07; p < 0.001; I? = 0%) dose of pregabalin could statistically increase the incidence of
visual disturbance (Table S4A). Additionally, in the high-dose group, the RR was higher
than in the low-dose group. The quality of evidence for the outcome was ‘moderate” owing
to the risk of bias (Table S2). There was no publication bias (p = 0.52).

° Pruritus

Four studies reported pruritus (n = 220) (Table 2) [28,30,33,48]. There was no signifi-
cant difference in pruritus between the pregabalin and control groups (p = 0.05) (Table 2).
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Subgroup analyses of the dose of pregabalin suggested that there was no statistical signifi-
cance in the two subgroups (both p > 0.05) (Table S4A). The quality of evidence for pruritus
was ‘moderate’ owing to the risk of bias (Table 52). No publication bias was determined
(p=0.31).

e Headache

Four studies assessed headaches (n = 295) (Table 2) [29,32-34]. Pregabalin had no
difference in the incidence of headaches compared to the control groups (p = 0.25) (Table 2).
The results for the incidence of pruritus in the low dose of pregabalin subgroup indicated
no statistical significance (p = 0.38), whereas the high dose of pregabalin subgroup indicated
statistical significance (RR, 5.11; 95% ClI, 1.70 to 15.36; p = 0.004; I? = 0%) (Table S4A). The
quality of evidence for this outcome was ‘high’ (Table S2). Results revealed no presence of
publication bias (p = 0.13).

e Sedation score at 12 h

Three studies evaluated sedation scores at 12 h (n = 230) (Table 2) [22,34,47]. The use
of pregabalin likely significantly increased the sedation score at 12 h compared with the
control groups (WMD, 0.35; 95% CI, 0.15, 0.55; p < 0.001; =N/ A) (Table 2). The results
for this outcome on the low dose of pregabalin subgroup indicated statistical significance
(WMD, 0.35; 95% (I, 0.15, 0.55; p < 0.001; I? =N/A) (Table S4A). The quality of evidence
for the sedation score at 12 h was ‘high’ (Table S2). Publication bias is inconclusive due to
less data (p = N/A).

e Sedation score at 24 h

Three studies evaluated this outcome (1 = 261) (Table 2) [22,29,34]. Pregabalin likely
resulted in a significant increase in sedation score at 24 h (WMD, 0.50; 95% CI, 0.15 to 0.86;
p = 0.006; I> = 57%) (Table 2). The results for this result on the low dose of pregabalin
subgroup indicated no statistical significance (p = 0.23), whereas the high dose of pregabalin
subgroup indicated statistical significance (WMD, 0.76; 95% CI, 0.55 to 0.88; p < 0.001;
I2 = 0%) (Table S4A). The quality of evidence for the outcome was ‘moderate’ owing to
inconsistency (Table S2). Publication bias has not been proven for less data (p = N/A).

3.8.2. Opioid-Related Side Effects
e PONV

PONV was reported in 10 studies (n = 670) (Table 2) [22,28-30,32-34,47,48]. The
difference in the incidence of PONV was statistically significant between the pregabalin
group and the control group (RR, 0.59; 95% CI, 0.39 to 0.87; p = 0.008; I? = 60%) (Table 2).
A significant statistical effect was observed for PONV postoperatively in a low dose of
pregabalin (RR, 0.70; 95% CI, 0.55 to 0.90, p = 0.005; I? = 24%) and a high dose of pregabalin
(RR, 0.32;95% CI, 0.19 to 0.52; p < 0.001; 2= 0%) (Table S4A). The quality of evidence for
POVN was ‘low’ due to the risk of bias and heterogeneity (Table S2), and the publication
bias was not significant (p = 0.11). This section may be divided into subheadings. It should
provide a concise and precise description of the experimental results, their interpretation,
as well as the experimental conclusions that can be drawn.

4. Discussion

Thirteen RCTs (865 patients) were systematically reviewed and the role of preemptive
pregabalin on cancer-related surgery was evaluated in this meta-analysis. The present
study thoroughly summarized the current qualitative and quantitative evidence. The ad-
ministration of pregabalin preoperatively is clinically significant for improving resting and
dynamic pain severity scores at 2 h postoperatively (MCID: 1.1 cm) and prolonging time
to first analgesic request (MCID: 1 h) in cancer-related surgery. Statistically, preemptive
pregabalin was effective in resting and dynamic pain relief at most time points within
48 h postoperatively and opioid consumption within 24 h after surgery, but not clinically
significant. On the other hand, there was no difference in opioid consumption at any other
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period and hemodynamic parameters between pregabalin and the control group. As can
be seen from Table 2, non-significant results of hemodynamic parameters were in disagree-
ment with results that pain scores at 2 h showed significant differences. One reasonable
explanation is that although hemodynamic parameters could reflect the change of pain,
they are also considered susceptible to other factors such as analgesic medications (includ-
ing paracetamol, opioids, and non-steroidal anti-inflammatory drugs) [37,49-51]. Hence,
analgesic medications such as opioids inducing hypotension may mask hemodynamic
parameter changes induced by pain. Notably, compared with control groups, the risk of
postoperative drug-associated adverse effects (including dizziness, visual disturbance, and
sedation) was significantly increased with the use of pregabalin preoperatively. Due to the
lack of sufficient data, severe adverse reactions like delirium could not be assessed. Addi-
tionally, the gabapentin class of drugs, especially at higher doses, may affect the metastatic
progression of tumor cells through disruption of Ca2 + signaling in Mat-LyLu cells in
prostate cancer [52,53]. Even if the available data are largely controversial and inadequate
at present, the use of pregabalin warrants caution [53]. Consequently, the findings impaired
the plausibility of using preemptive pregabalin in cancer-related surgery. Collectively, it
may be prudent to seek additional evidence regarding the reasonableness of off-label usage
of pregabalin, especially in situations that require balancing efficacy and potential risks of
neurological complications and tumorigenic effects. In addition to drug analgesia, taking
into account multimodal perioperative management principles and acute pain manage-
ment requirements, basic anesthesia plus different analgesic techniques including regional
anesthesia (like nerve block), local anesthesia (like incisional infiltration), and some new
technologies (like sufentanil sublingual tablet system) could have potential in oncological
surgery [54-56]. In this study, the results of a meta-regression analysis and subgroup analy-
ses did not reveal any significant association between five covariates (including types of
cancer, the dose of pregabalin, types of surgery, surgical site, and postoperative multimodal
analgesia) and primary outcomes. Additionally, the exploratory subgroup analyses of the
dose side effects indicated that a high dose of pregabalin is associated with more severe side
effects (such as dizziness, visual disturbance, headache, and sedation). Another notable
finding of this review is the apparent decrease in the incidence of PONYV following low
versus high doses of pregabalin. Based on these results, our current recommendation is
not to use pregabalin in doses larger than 300 mg. Moreover, future research areas should
focus on the assessment of the optimal dosages and timing of pregabalin in cancer-related
surgery, to establish stronger evidence for therapeutic effects.

There has been considerable research on pregabalin in reducing pain intensity, mor-
phine consumption, and side effects after surgery [17,19,57-60]. We had similar results with
a recent review described by Chang et al. [61,62] for pain severity scores postoperatively
in breast cancer surgery when pregabalin was administrated. However, an opposite con-
clusion was obtained from our study, which is most likely explained by different methods
for the interpretation of results. Focusing on MCID allowed us to generate evidence with
clinical merits. Comparatively, the findings of Rai et al. [62] pooled from two trials demon-
strated that pregabalin did not reduce pain at 24 h undergoing breast cancer surgery, which
was partly consistent with the results of our systematic review. Its insufficient sample size
and low-quality evidence may lead to bias and limit external validity. One additional large
meta-analysis also showed there was no clinically significant reduction in postoperative
pain intensity with pregabalin in adult patients undergoing surgery [63].

Pharmacologically, the pregabalin binds potently to the alpha-2-delta subunit of
voltage-sensitive calcium channels to reduce depolarization-induced calcium influx at
nerve terminals and the release of several neurotransmitters (including glutamate and nore-
pinephrine) which were induced by nerve injury related to cancer resection [27,28,64,65].
Thus, it is no wonder that pregabalin can reduce postoperative pain. From a pharmacoki-
netics perspective, pregabalin has a plasma half-life of 6.5 h and takes approximately 1 h to
reach maximum concentration in circulation [66]. Moreover, preemptive analgesia-blocking
afferent nerve fibers before pain stimulation alters peripheral and central nervous system
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processing of harmful stimuli, reduces nociceptive inputs to the central nervous system,
and optimizes perioperative analgesia. This may explain why pregabalin only contributes
to clinical improvement in the early stage of postoperative pain (2 h after surgery).

There were some advantages to the present study. First, we conducted an a priori
register of the review at PROSPERO to minimize duplication of work and publication
bias. Second, we conducted a comprehensive literature search, including a thorough
search of trial registration platforms and the grey literature. Third, the clinical values
of pain intensity and morphine consumption were defined as cut-points for important
improvement using MCID. Fourth, corrections for multiple comparisons were conducted
for co-primary outcomes and the confidence interval was set at 97.5% to reduce the possi-
bility of a false positive association. Finally, an exploratory dose side effect analysis was
performed in order to examine the risk of adverse effects at different dosages and presents
some important findings.

There were some limitations to the study. First, the review included a small number of
RCTs with small sample sizes which could lead to concerns about bias. Second, moderate-
to-high heterogeneity was observed in some outcome measures and resulted in lowering
evidence grades. This may be attributed to methods of postoperative rescue analgesia
according to the subgroup analyses. Third, these results may not accurately reflect the
true picture of the dose side effect due to the limited data on safety indicators. Fourth, we
excluded the RCTs of radiofrequency ablation, which may impair the generalizability of
our findings. Fifth, limited data is not sufficient to draw conclusions about chronic pain.
Finally, we did not include the study from Lamsal et al. in the primary outcome because of
unadjusted or compatible data and we were not able to obtain the data from the authors.

5. Conclusions

Pooled evidence suggests that preemptive pregabalin in cancer-related surgery could
clinically significantly improve acute pain after surgery (only at 2 h) and time to first
analgesic request. In addition, pregabalin provides a marginally significant reduction for
resting and dynamic pain severity scores at most time points within 48 h postoperatively,
and opioid consumption within 24 h after surgery. It is worth noting that the high dose
of pregabalin is associated with more severe side effects. Our findings do not support the
administration of pregabalin in doses larger than 300 mg when put in cancer-related surgery.
Taken together, more high-quality research particularly focused on the optimal dosages and
timing of pregabalin in cancer-related surgery is needed in the future to establish stronger
evidence for therapeutic effects.
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