
Citation: Qiu, M.L.; Iovoli, A.J.;

Khan, M.; Farrugia, M.K.; Ma, S.J.;

Singh, A.K. Prophylactic High-Dose

Gabapentin Reduces Opiate Use

during Radiation Therapy for Head

and Neck Squamous Cell Carcinoma.

Cancers 2023, 15, 2003. https://

doi.org/10.3390/cancers15072003

Academic Editor: Avraham Eisbruch

Received: 13 February 2023

Revised: 8 March 2023

Accepted: 26 March 2023

Published: 28 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

cancers

Communication

Prophylactic High-Dose Gabapentin Reduces Opiate Use during
Radiation Therapy for Head and Neck Squamous Cell Carcinoma
Michelle L. Qiu 1, Austin J. Iovoli 2 , Michael Khan 1, Mark K. Farrugia 1 , Sung Jun Ma 2

and Anurag K. Singh 2,*

1 Jacobs School of Medicine and Biomedical Sciences, University at Buffalo, 955 Main Street,
Buffalo, NY 14203, USA

2 Department of Radiation Medicine, Roswell Park Comprehensive Cancer Center, Elm and Carlton Streets,
Buffalo, NY 14203, USA

* Correspondence: anurag.singh@roswellpark.org; Tel.: +1-716-845-5715; Fax: +1-716-845-7616

Simple Summary: Patients undergoing radiotherapy for head and neck cancer often develop painful
mouth sores caused by inflammation called oral mucositis. The use of prophylactic gabapentin to
reduce pain and opioid use during treatment in this population is controversial. To investigate this
further, we evaluated 480 patients with head and neck cancer treated at our institution with high-dose
(3600 mg), moderate-dose (200 to 3200 mg), and no gabapentin and examined the rates of opioid use.
We found that patients given prophylactic high-dose gabapentin had reduced opioid use and did
not require opioids until later in treatment compared with patients taking a moderate dose or no
gabapentin. These findings support the use of prophylactic high-dose gabapentin for head and neck
cancer patients undergoing radiotherapy to reduce patients’ reliance on opioids for pain relief.

Abstract: Background: The role of prophylactic high-dose gabapentin for the management of oral
mucositis during radiation therapy for head and neck squamous cell carcinoma (HNSCC) remains
controversial. Methods: A retrospective cohort analysis was performed on primary HNSCC patients
treated at our institution. Kruskal–Wallis and Fisher’s exact tests were used to compare the patients’
baseline characteristics. Multivariate competing risk and logistic regressions were performed to
evaluate time to first opioid use and feeding tube placement. Results: In total, 480 consecutive
HNSCC patients were included. Within this cohort, 186 patients received 3600 mg gabapentin,
182 received 300 to 3200 mg gabapentin, and 112 received no gabapentin. The time to first opioid
use was greater in the 3600 mg group compared with the no gabapentin group (34.3 vs. 23.9 days,
p < 0.001) and to the 300 to 3200 mg group (28.0 days, p < 0.001). The proportion of patients requiring
opioids at any point during RT was lower in the 3600 mg gabapentin group compared with the no
gabapentin group (31.8% vs. 60.1%, p < 0.001) and with the 300 to 3200 mg group (63.8%, p < 0.001).
Conclusions: Prophylactic use of 3600 mg gabapentin was well tolerated, halved overall opioid use,
and delayed the time to first opioid use during radiation therapy.

Keywords: head and neck cancer; radiation therapy; gabapentin; oral mucositis

1. Introduction

Over 40% of patients treated with radiation therapy (RT) for head and neck squamous
cell carcinoma (HNSCC) require opioids to manage oral mucositis (OM) pain [1]. The use of
prophylactic gabapentin has been explored in recent studies as a way to manage OM pain
without the use of opiates. Gabapentin is a gamma-aminobutyric acid (GABA)-mimetic
compound originally developed as an anti-epileptic agent and subsequently found to be
effective in the treatment of chronic pain syndromes, particularly neuropathic pain. The
mechanism of gabapentin in treating neuropathic pain is not fully understood but evidence
suggests it is linked to antagonism of the N-methyl-D-aspartate (NMDA) receptor and
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calcium channel blockage [2]. Several studies have demonstrated the efficacy of gabapentin
in treating neuropathic pain syndromes, particularly in patients with cancer-induced
pain [3].

In the treatment of HNSCC, Ma et al. prospectively showed that escalating doses
of gabapentin (900, 2700, and 3600 mg) were well tolerated, effective in reducing opiate
use during RT, and did not worsen the need for a feeding tube (FT) [4]. In contrast, other
prospective trials have found that patients could not escalate gabapentin beyond 900 mg [5],
there was no pain benefit with 1800 mg of gabapentin, and patients on gabapentin had
a significantly higher rate of FT placement [6]. Consequently, the tolerability, benefits,
and feeding tube rate of dose-escalated gabapentin remain controversial. To address this
knowledge gap, we performed an extensive observational cohort analysis to evaluate the
prophylactic use of 3600 mg daily of gabapentin for OM management.

2. Methods

Our institutional review board approved this single-institution retrospective study of
HNSCC patients diagnosed and treated with RT between 2015 and 2022. Eligible patients
were (1) 18 years or older, (2) diagnosed with pathologically proven Stage II–IV (American
Joint Committee on Cancer 7th edition) HNSCC undergoing definitive or adjuvant intent
radiation, (3) completed radiation, and (4) survived at least 3 months upon completion of
radiation. This study followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guidelines.

2.1. Treatment

All patients completed a staging workup with computed tomography (CT) of the
head and neck with contrast and/or positron emission tomography-computed tomography
(PET/CT). All patients who underwent definitive radiation therapy were treated with
intensity-modulated radiation therapy (IMRT; 70 Gy/35 fractions to the primary tumor,
56 Gy/35 fractions to elective lymph nodes) with or without concurrent chemotherapy, as
previously described [7]. All patients who underwent adjuvant radiation therapy were
treated with IMRT with the dose depending on pathologic risk factors (60–66 Gy/30–33 frac-
tions to the post-operative bed, 54 Gy/30–33 fractions to the elective lymph nodes).

Prior to and during treatment, all patients received educational materials and were
encouraged regarding oral hygiene, hydration, and nutrition. Patients were encouraged to
gargle with a saline/baking soda mouthwash rinse as many times as possible per day (e.g.,
20 times) and use a compounded elixir of diphenhydramine, xylocaine, and antacid in a
1:1:1 ratio 4 times per day for pain. Further details of our institutional management of OM
have been previously described [8].

The institutional standard for prescribing and escalating all HNSCC patients to
3600 mg daily of gabapentin began on 1 July 2018. All patients on gabapentin before
this time point were enrolled on a prospective clinical trial involving gabapentin or man-
aged by a pain clinic. All patients received oral gabapentin, starting at 300 mg daily on Day
1 and gradually escalated by adding 300 mg to the total daily dose (e.g., 300 mg twice a
day on Day 2, 300 mg three times a day on Day 3). Gabapentin was titrated up to 1200 mg
three times a day over the course of a minimum of 12 days. Prior to the prescription of
gabapentin, all patients completed a comprehensive metabolic panel to assess them for
adequate renal and hepatic function. For patients with impaired renal function during
radiation therapy, their gabapentin doses were adjusted accordingly [9]. Reassessment of
renal and hepatic function was performed when indicated based on clinical symptoms.
Patients continued on gabapentin for the total duration of RT and were tapered off it
once the OM symptoms resolved. Patients were prescribed methadone or hydrocodone
as needed for breakthrough pain. After shared decision-making between patients and
clinicians, gabapentin was tapered off prior to the completion of RT among patients who
reported being unable to tolerate it due to significant side effects or symptom burden.
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All study data were collected and managed using Research Electronic Data Capture
(REDCap), hosted at Roswell Park Comprehensive Cancer Center [10,11]. Baseline patient
demographics and tumor characteristics were collected. As a part of routine institutional
practice, patients were evaluated weekly while undergoing RT by the radiation clinical
team through a physical exam and patient-reported responses to a modified oral mucositis
weekly questionnaire – head and neck cancer (OMWQ-HN) survey [12]. The OMWQ-HN
is a valid and reliable survey assessing patients’ well-being and function. The development
of severe OM was defined as “quite a lot” or “extreme” reported for the mouth and throat
soreness item based on the highest reported OM score during RT. The physical exam
included an assessment of the extent of OM, weight changes, and feeding tube usage.
During RT, the time to opioid prescription and feeding tube (FT) status were prospectively
maintained. Feeding tube placement was performed with a multidisciplinary evaluation
of factors including evaluations of the patients’ nutritional and functional status, speech,
and swallowing, and shared discussions among patients, family members, caregivers,
and physicians. Of note, many patients who received RT prior to 2017 had a FT placed
prophylactically due to a previous institutional standard. Thereafter, FTs were no longer
placed prophylactically but placed only when needed to maintain nutrition.

2.2. Statistics

The primary endpoints of this analysis were tolerance of 3600 mg gabapentin, time to
first opioid use, and feeding tube placement. Kruskal–Wallis and Fisher’s exact tests were
used to compare the baseline characteristics and the proportion of patients requiring opioids
during radiation therapy. With the 3600 mg cohort as a reference, multivariate competing
risk and logistic regressions were performed to evaluate the time to first opioid use and
feeding tube placement, respectively. Multivariate models were adjusted for baseline
characteristics, including age, sex, performance status, body mass index, pretreatment
feeding tube placement, primary disease site, staging, and unilateral versus bilateral
elective neck radiation. Associations between gabapentin dose and the development of
severe oral mucositis were examined with Fisher’s exact test.

Bonferroni correction was used for multiple comparisons (the 3600 mg cohort vs. the
no gabapentin cohort; the 3600 mg cohort vs. the 300–3200 mg cohort). All statistical tests
were two-sided, and p-values lower than 0.025 were considered statistically significant. All
analyses were performed using R (version 4.0.3, R Project for Statistical Computing, Vienna,
Austria).

3. Results

Among 480 consecutively treated patients, 186 patients received 3600 mg gabapentin,
182 received 300 to 3200 mg gabapentin (median dose: 1800 mg), and 112 received no
gabapentin. The average age was 62.5 (SD: 9.55), 370 patients were male (77.1%), and
435 patients were White (90.6%). Baseline characteristics were well-balanced (Table 1).

Table 1. Clinical characteristics of the overall cohort.

No. (%)

Characteristic Total Cohort Gabapentin, 0 mg Gabapentin, 300 to 3200 mg Gabapentin, 3600 mg p-Value

Total patients 480 112 182 186

Age, mean (SD), year 62.5 (9.6) 62.0 (8.6) 62.0 (9.3) 61.9 (8.6) 0.66

Sex

Male 370 (77.1) 82 (73.2) 145 (79.7) 143 (76.9)
1.00

Female 110 (22.9) 30 (26.8) 37 (20.3) 43 (23.1)
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Table 1. Cont.

No. (%)

Characteristic Total Cohort Gabapentin, 0 mg Gabapentin, 300 to 3200 mg Gabapentin, 3600 mg p-Value

Race

White 435 (90.6) 97 (86.6) 170 (93.4) 168 (90.3)
0.63

Other a 45 (9.4) 15 (13.4) 12 (6.6) 18 (9.7)

Karnofsky performance
status

≥80 415 (86.5) 91 (81.3) 162 (89.0) 155 (83.3)
0.01

<80 65 (13.5) 21 (18.8) 20 (11.0) 24 (12.9)

Tobacco status

Never 133 (28.0) 22 (19.6) 49 (26.9) 62 (33.3)

0.04Former 279 (58.1) 71 (63.4) 102 (56.0) 106 (57.0)

Current 68 (14.0) 19 (17.0) 31 (17.0) 18 (9.7)

T-stage

T0 21 (4.4) 4 (3.6) 12 (6.6) 5 (2.7)

0.64

T1 69 (14.4) 14 (21.5) 25 (13.7) 30 (16.1)

T2 144 (30.0) 36 (32.1) 55 (30.2) 53 (28.5)

T3 155 (32.3) 32 (28.6) 64 (35.2) 59 (31.7)

T4 91 (19.0) 26 (23.2) 26 (14.3) 39 (21.0)

N-stage

N0 101 (21.0) 27 (24.1) 37 (20.3) 37 (19.9)

0.19
N1 134 (27.9) 26 (23.2) 38 (20.9) 70 (37.6)

N2 198 (41.3) 50 (44.6) 92 (50.5) 56 (30.1)

N3 47 (9.8) 9 (8.0) 15 (8.2) 23 (12.3)

HPV status

Negative 82 (17.1) 26 (23.2) 34 (18.7) 22 (11.8)

0.06Positive 232 (48.3) 50 (40.6) 88 (48.4) 94 (50.5)

Unknown 166 (34.6) 36 (32.1) 60 (33.0) 70 (36.1)

Disease site

Larynx 88 (18.3) 23 (20.5) 28 (15.4) 37 (19.9)

0.01

Oropharynx 245 (51.0) 53 (47.3) 98 (53.8) 94 (50.5)

Nasopharynx 16 (3.3) 5 (4.5) 4 (2.2) 7 (3.8)

Hypopharynx 26 (5.4) 6 (5.4) 9 (4.9) 11 (5.9)

Lateral neck 22 (4.6) 5 (4.5) 4 (2.2) 13 (7.0)

Oral cavity 83 (17.3) 20 (17.9) 43 (23.6) 20 (10.8)

Treatment type

CCRT 292 (60.8) 56 (50.0) 128 (70.3) 108 (58.1)

0.50

Surgery + RT 49 (10.2) 16 (14.3) 16 (8.8) 17 (9.1)

ICT + CCRT 32 (6.7) 7 (6.3) 14 (7.7) 11 (5.9)

RT only 29 (6.0) 11 (9.8) 7 (3.8) 11 (5.9)

Surgery + CCRT 78 (16.3) 22 (19.6) 17 (9.3) 39 (20.1)

Type of chemotherapy

Cisplatin 325 (67.7) 70 (62.5) 124 (68.1) 131 (70.4)
0.31

Other 155 (32.3) 42 (37.5) 58 (31.9) 55 (29.6)
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Table 1. Cont.

No. (%)

Characteristic Total Cohort Gabapentin, 0 mg Gabapentin, 300 to 3200 mg Gabapentin, 3600 mg p-Value

Type of RT

Definitive 358 (74.6) 76 (67.9) 148 (81.3) 134 (72.0)
0.28

Post-operative 122 (25.4) 36 (32.1) 34 (18.7) 52 (28.0)

Feeding tube used

Yes 165 (34.4) 52 (46.4) 63 (34.6) 50 (26.9)
<0.01

No 315 (65.6) 60 (53.6) 119 (65.4) 136 (73.1)

Hospitalized during RT

Yes 108 (22.5) 21 (18.8) 45 (24.7) 42 (22.6)
0.43

No 372 (77.5) 91 (81.3) 137 (75.3) 144 (77.4)

Abbreviations: No.: number; SD: standard deviation; KPS: Karnofsky performance status; CCRT: concurrent
chemoradiation; RT: radiation therapy; ICT: induction chemotherapy. a Other in the Race category included Asian
or Pacific Islander, Black or African-American, and unreported/unknown (patients declined to report their race).

There were 223 patients (46.5%) who were eligible for escalation to 3600 mg gabapentin.
Moreover, 221 (86.0%) of ineligible patients were treated prior to 1 July 2018. Other reasons
included performance status (3.5%), renal function (1.9%), or external pain management
(8.6%). Of the eligible patients, 192 patients (86.1%) tolerated 3600 mg gabapentin through
to the completion of RT. Reasons for discontinuation included dizziness/weakness (35.5%),
hallucinations/confusion (12.9%), somnolence (12.9%), hospitalization (9.7%), or other
reasons (29.0%). Side effects attributed to gabapentin resolved upon its discontinuation.
No patients developed renal or hepatic impairment as a result of taking gabapentin.

The average OMWQ-HN mouth and throat soreness ratings (scored out of 10) during
the last week of RT for the 3600 mg gabapentin group, the 300–3200 mg group, and the 0 mg
group were 5.38 (95% CI: 5.01–5.75), 5.31 (95% CI: 4.88–5.74), and 5.78 (95% CI: 5.27–6.29),
respectively. According to Fisher’s exact test there was no difference among the groups
regarding the development of severe OM (p = 0.61).

Patients on opioids prior to the start of RT (93 patients, 19.4%) were excluded from the
analysis of opioid use during RT and time to first opioid use. The multivariate competing
risk model was adjusted for sex, race, age, performance status, smoking status, primary
disease site, cancer stage, HPV status, treatment type, and chemotherapy type. The time
to first opioid use was greater in the 3600 mg gabapentin group compared with the no
gabapentin group (34.3 vs. 23.9 days; p < 0.001) and compared with the 300–3200 mg
group (34.3 vs. 28.0 days; p < 0.001; Figure 1). The adjusted hazard ratio was 3.17 (95%
CI: 2.08–4.83; p < 0.001) for the 0 mg cohort compared with the 3600 mg cohort and 2.65
(95% CI: 1.89–3.72; p < 0.001) for the 300 to 3200 mg cohort compared with the 3600 mg
cohort. The proportion of patients requiring opioids at any point during RT was lower in
the 3600 mg gabapentin group compared with the no gabapentin group (31.8% vs. 60.1%;
p < 0.001) and compared with the 300–3200 mg group (31.8% vs. 63.8%; p < 0.001).

An analysis of the FT insertion rate was performed on all definitive RT patients
who received RT from 2017 to 2022 (n = 263). Multivariate logistic regression analysis
demonstrated the 3600 mg gabapentin group did not have significantly reduced odds of FT
placement compared with the no gabapentin group (14.3% vs. 25.0%, adjusted OR: 1.38;
95% CI: 0.39–4.45; p = 0.60), nor was it significant for the 300 to 3200 mg group compared
with the no gabapentin group (23.5% vs. 25.0%, adjusted OR: 1.42; 95% CI: 0.63–3.22;
p = 0.39).
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4. Discussion

Prophylactic use of 3600 mg gabapentin was well tolerated, halved the overall opioid
use, and significantly delayed the time to first opioid use for OM pain management
during RT while maintaining similar patient-reported OM soreness scores. Consistent
with our study, Smith et al. found that gabapentin decreased pain during RT; however,
they were unable to escalate most patients beyond 900 mg, while 86% of patients without
contraindications for gabapentin tolerated escalation to 3600 mg in our study [5]. A
prospective randomized trial examining the addition of venlafaxine to 3600 mg gabapentin
found no improvement in pain control or quality of life but similarly demonstrated that
more than 90% of patients in the trial tolerated high-dose gabapentin through to the
conclusion of treatment [13]. Our tolerability results are consistent with a large multicenter
study of 2216 patients that found that only 10.6% of patients prematurely discontinued
gabapentin due to adverse events [14].

Similar to our results, a previous retrospective study found that only 35% of HNSCC
patients required opioids for pain control during the last weeks of RT when a median dose
of 2700 mg gabapentin daily was given [15]. In a placebo-controlled randomized trial,
Cook et al. found no benefit to 1800 mg of gabapentin daily, and, surprisingly, patients
on gabapentin had a higher rate of FT placement (62.1% vs. 20.7%, p = 0.01) [6]. In our
study, 3600 mg gabapentin nominally reduced the FT rate compared with those not taking
gabapentin, but this was not statistically significant. Several other studies have found
gabapentin use to be associated with lower FT rates [16–18]. The cumulative incidence
of opioid use over time did not vary in the no gabapentin group versus the 300–3200 mg
gabapentin group, for which the median dose was 1800 mg, suggesting that 1800 mg of
gabapentin may not be a high enough dose to be efficacious.

The major limitations of our study include its retrospective nature, particularly the
fact that most 3600 mg gabapentin patients were treated after July 2018. Patients in the
cohort taking 3600 mg of gabapentin were less likely to be current smokers and to have
an oral cavity primary, both of which are associated with the development of oral mucosi-
tis [19–21]. Multivariate analyses were performed to adjust for such potential confounders.
Additionally, it is important to acknowledge that gabapentin can cause adverse side effects
such as somnolence (15.2%), dizziness (10.9%), and asthenia (6.0%) [14]. Nevertheless,
prophylactic 3600 mg gabapentin was well tolerated and halved the proportion of patients
requiring opioid use at any time during RT while maintaining similar OM soreness scores.
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5. Conclusions

We report that in a large observational cohort, prophylactic use of 3600 mg gabapentin
was well tolerated, halved overall opioid use, and delayed the time to first opioid use during
radiation therapy. Multi-institutional prospective studies are warranted to investigate the
efficacy and tolerability of high-dose gabapentin in OM pain control.

Author Contributions: M.L.Q.: data curation, investigation, formal analysis, writing—original
draft. A.J.I.: data curation, supervision, writing—review and editing. M.K.: data curation. M.K.F.:
writing—review and editing. S.J.M.: conceptualization, methodology, investigation, supervision,
writing—review and editing. A.K.S.: conceptualization, validation, supervision, writing—review
and editing. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the National Cancer Institute Cancer Center Support Grant
(P30CA016056). This project was supported in part by funding from the National Cancer Institute of
the National Institutes of Health under Award number: R25CA181003. The funding sources had no
role in the preparation of this manuscript.

Institutional Review Board Statement: The authors are accountable for all aspects of the work
in ensuring that questions related to the accuracy or integrity of any part of the work have been
appropriately investigated and resolved. The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved by the institutional review board of Roswell
Park Comprehensive Cancer Center (EDR-103707).

Data Availability Statement: Research data are stored in an institutional repository and will be
shared upon request to the corresponding author.

Conflicts of Interest: All authors declare that they have no competing interests.

References
1. Zayed, S.; Lin, C.; Boldt, R.G.; Sathya, J.; Venkatesan, V.; Read, N.; Mendez, L.C.; Moulin, D.E.; Palma, D.A. Risk of Chronic

Opioid Use After Radiation for Head and Neck Cancer: A Systematic Review and Meta-Analysis. Adv. Radiat. Oncol. 2021, 6,
100583. [CrossRef] [PubMed]

2. Rose, M.A.; Kam, P.C. Gabapentin: Pharmacology and its use in pain management. Anaesthesia 2002, 57, 451–462. [CrossRef]
[PubMed]

3. Kukkar, A.; Bali, A.; Singh, N.; Jaggi, A.S. Implications and mechanism of action of gabapentin in neuropathic pain. Arch. Pharm.
Res. 2013, 36, 237–251. [CrossRef] [PubMed]

4. Ma, S.J.; Wang, K.; Iovoli, A.J.; Attwood, K.; Hermann, G.; Farrugia, M.; Singh, A.K. Association of Gabapentin Use With Pain
Control and Feeding Tube Placement Among Patients With Head and Neck Cancer Receiving Chemoradiotherapy. JAMA Netw.
Open 2022, 5, e2212900. [CrossRef]

5. Cook, A.; Modh, A.; Ali, H.; Sheqwara, J.; Chang, S.; Ghanem, T.; Momin, S.; Wu, V.; Tam, S.; Money, S.; et al. Randomized Phase
3, Double-Blind, Placebo-Controlled Study of Prophylactic Gabapentin for the Reduction of Oral Mucositis Pain During the
Treatment of Oropharyngeal Squamous Cell Carcinoma. Int. J. Radiat. Oncol. Biol. Phys. 2022, 112, 926–937. [CrossRef] [PubMed]

6. Fung-Kee-Fung, S.D.; Hackett, R.; Hales, L.; Warren, G.; Singh, A.K. A prospective trial of volumetric intensity-modulated arc
therapy vs conventional intensity modulated radiation therapy in advanced head and neck cancer. World J. Clin. Oncol. 2012, 3,
57–62. [CrossRef]

7. Judge, L.F.; Farrugia, M.K.; Singh, A.K. Narrative review of the management of oral mucositis during chemoradiation for head
and neck cancer. Ann. Transl. Med. 2021, 9, 916. [CrossRef]

8. Lal, R.; Sukbuntherng, J.; Luo, W.; Chen, D.; Blumenthal, R.; Ho, J.; Cundy, K.C. Clinical pharmacokinetics of gabapentin after
administration of gabapentin enacarbil extended-release tablets in patients with varying degrees of renal function using data
from an open-label, single-dose pharmacokinetic study. Clin. Ther. 2012, 34, 201–213. [CrossRef]

9. Harris, P.A.; Taylor, R.; Minor, B.L.; Elliott, V.; Fernandez, M.; O’Neal, L.; McLeod, L.; Delacqua, G.; Delacqua, F.; Kirby, J.; et al.
The REDCap consortium: Building an international community of software platform partners. J. Biomed. Inform. 2019, 95, 103208.
[CrossRef]

10. Harris, P.A.; Taylor, R.; Thielke, R.; Payne, J.; Gonzalez, N.; Conde, J.G. Research electronic data capture (REDCap)—A metadata-
driven methodology and workflow process for providing translational research informatics support. J. Biomed. Inform. 2009, 42,
377–381. [CrossRef]

11. Epstein, J.B.; Beaumont, J.L.; Gwede, C.K.; Murphy, B.; Garden, A.S.; Meredith, R.; Le, Q.T.; Brizel, D.; Isitt, J.; Cella, D. Longitu-
dinal evaluation of the oral mucositis weekly questionnaire-head and neck cancer, a patient-reported outcomes questionnaire.
Cancer 2007, 109, 1914–1922. [CrossRef] [PubMed]

http://doi.org/10.1016/j.adro.2020.09.023
http://www.ncbi.nlm.nih.gov/pubmed/33728386
http://doi.org/10.1046/j.0003-2409.2001.02399.x
http://www.ncbi.nlm.nih.gov/pubmed/11966555
http://doi.org/10.1007/s12272-013-0057-y
http://www.ncbi.nlm.nih.gov/pubmed/23435945
http://doi.org/10.1001/jamanetworkopen.2022.12900
http://doi.org/10.1016/j.ijrobp.2021.11.012
http://www.ncbi.nlm.nih.gov/pubmed/34808255
http://doi.org/10.5306/wjco.v3.i4.57
http://doi.org/10.21037/atm-20-3931
http://doi.org/10.1016/j.clinthera.2011.12.004
http://doi.org/10.1016/j.jbi.2019.103208
http://doi.org/10.1016/j.jbi.2008.08.010
http://doi.org/10.1002/cncr.22620
http://www.ncbi.nlm.nih.gov/pubmed/17377917


Cancers 2023, 15, 2003 8 of 8

12. Smith, D.K.; Cmelak, A.; Niermann, K.; Ghiam, M.; Lou, D.; Gilbert, J.; Gibson, M.K.; Hawkins, D.; Murphy, B.A. Preventive use
of gabapentin to decrease pain and systemic symptoms in patients with head and neck cancer undergoing chemoradiation. Head
Neck 2020, 42, 3497–3505. [CrossRef]

13. Ma, S.J.; Iovoli, A.J.; Wang, K.; Neimanis, D.; Smith, K.A.; Attwood, K.; Farrugia, M.; Hermann, G.; Singh, A.K. Efficacy of Prophy-
lactic High-Dose Gabapentin and Venlafaxine on Reducing Oral Mucositis Pain Among Patients Treated with Chemoradiation for
Head and Neck Cancer: A Single-Institution, Phase II, Randomized Clinical Trial. Int. J. Radiat. Oncol. Biol. Phys. 2023, accepted for
publication. [CrossRef] [PubMed]

14. McLean, M.J.; Morrell, M.J.; Willmore, L.J.; Privitera, M.D.; Faught, R.E.; Holmes, G.L.; Magnus-Miller, L.; Bernstein, P.; Rose-
Legatt, A. Safety and tolerability of gabapentin as adjunctive therapy in a large, multicenter study. Epilepsia 1999, 40, 965–972.
[CrossRef] [PubMed]

15. Bar Ad, V.; Weinstein, G.; Dutta, P.R.; Chalian, A.; Both, S.; Quon, H. Gabapentin for the treatment of pain related to radiation-
induced mucositis in patients with head and neck tumors treated with intensity-modulated radiation therapy. Head Neck 2010, 32,
173–177. [CrossRef]

16. Starmer, H.M.; Yang, W.; Raval, R.; Gourin, C.G.; Richardson, M.; Kumar, R.; Jones, B.; McNutt, T.; Cheng, Z.; Quon, H. Effect of
gabapentin on swallowing during and after chemoradiation for oropharyngeal squamous cell cancer. Dysphagia 2014, 29, 396–402.
[CrossRef]

17. Yang, W.; McNutt, T.R.; Dudley, S.A.; Kumar, R.; Starmer, H.M.; Gourin, C.G.; Moore, J.A.; Evans, K.; Allen, M.; Agrawal, N.;
et al. Predictive Factors for Prophylactic Percutaneous Endoscopic Gastrostomy (PEG) Tube Placement and Use in Head and
Neck Patients Following Intensity-Modulated Radiation Therapy (IMRT) Treatment: Concordance, Discrepancies, and the Role of
Gabapentin. Dysphagia 2016, 31, 206–213. [CrossRef]

18. Mandia, J.J.; Wang, H.; Padmanabhan, R.; Ferguson, Z.; Chaurasia, A.R.; Brennan, A.K.; Solano, C.; Skoczylas, K.; Lee, P.; Deeken,
J. Prophylactic gabapentin results in dramatic reduction of narcotic utilization in head and neck cancer patients undergoing
radiotherapy. Int. J. Radiat. Oncol. Biol. Phys. 2020, 106, 1200. [CrossRef]

19. Elting, L.S.; Cooksley, C.D.; Chambers, M.S.; Garden, A.S. Risk, outcomes, and costs of radiation-induced oral mucositis among
patients with head-and-neck malignancies. Int. J. Radiat. Oncol. Biol. Phys. 2007, 68, 1110–1120. [CrossRef]

20. Chen, S.C.; Lai, Y.H.; Huang, B.S.; Lin, C.Y.; Fan, K.H.; Chang, J.T. Changes and predictors of radiation-induced oral mucositis in
patients with oral cavity cancer during active treatment. Eur. J. Oncol. Nurs. 2015, 19, 214–219. [CrossRef]

21. Luo, D.H.; Hong, M.H.; Guo, L.; Cao, K.J.; Deng, M.Q.; Mo, H.Y. Analysis of oral mucositis risk factors during radiotherapy for
nasopharyngeal carcinoma patients and establishment of a discriminant model. Ai Zheng 2005, 24, 850–854. [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1002/hed.26407
http://doi.org/10.1016/j.ijrobp.2023.01.047
http://www.ncbi.nlm.nih.gov/pubmed/36736633
http://doi.org/10.1111/j.1528-1157.1999.tb00804.x
http://www.ncbi.nlm.nih.gov/pubmed/10403221
http://doi.org/10.1002/hed.21165
http://doi.org/10.1007/s00455-014-9521-1
http://doi.org/10.1007/s00455-015-9679-1
http://doi.org/10.1016/j.ijrobp.2019.11.051
http://doi.org/10.1016/j.ijrobp.2007.01.053
http://doi.org/10.1016/j.ejon.2014.12.001
http://www.ncbi.nlm.nih.gov/pubmed/16004814

	Introduction 
	Methods 
	Treatment 
	Statistics 

	Results 
	Discussion 
	Conclusions 
	References

