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IMPORTANCE Oral mucositis causes substantial morbidity during head and neck radiotherapy.
In a randomized study, doxepin mouthwash was shown to reduce oral mucositis–related pain.
A common mouthwash comprising diphenhydramine-lidocaine-antacid is also widely used.

OBJECTIVE To evaluate the effect of doxepin mouthwash or diphenhydramine-lidocaine-
antacid mouthwash for the treatment of oral mucositis–related pain.

DESIGN, SETTING, AND PARTICIPANTS A phase 3 randomized trial was conducted from
November 1, 2014, to May 16, 2016, at 30 US institutions and included 275 patients who
underwent definitive head and neck radiotherapy, had an oral mucositis pain score of 4 points
or greater (scale, 0-10), and were followed up for a maximum of 28 days.

INTERVENTIONS Ninety-two patients were randomized to doxepin mouthwash (25 mg/5 mL
water); 91 patients to diphenhydramine-lidocaine-antacid; and 92 patients to placebo.

MAIN OUTCOME AND MEASURES The primary end point was total oral mucositis pain
reduction (defined by the area under the curve and adjusted for baseline pain score) during
the 4 hours after a single dose of doxepin mouthwash or diphenhydramine-lidocaine-antacid
mouthwash compared with a single dose of placebo. The minimal clinically important
difference was a 3.5-point change. The secondary end points included drowsiness,
unpleasant taste, and stinging or burning. All scales ranged from 0 (best) to 10 (worst).

RESULTS Among the 275 patients randomized (median age, 61 years; 58 [21%] women), 227
(83%) completed treatment per protocol. Mucositis pain during the first 4 hours decreased
by 11.6 points in the doxepin mouthwash group, by 11.7 points in the diphenhydramine-
lidocaine-antacid mouthwash group, and by 8.7 points in the placebo group. The
between-group difference was 2.9 points (95% CI, 0.2-6.0; P = .02) for doxepin mouthwash
vs placebo and 3.0 points (95% CI, 0.1-5.9; P = .004) for diphenhydramine-lidocaine-antacid
mouthwash vs placebo. More drowsiness was reported with doxepin mouthwash vs placebo
(by 1.5 points [95% CI, 0-4.0]; P = .03), unpleasant taste (by 1.5 points [95% CI, 0-3.0];
P = .002), and stinging or burning (by 4.0 points [95% CI, 2.5-5.0]; P < .001). Maximum grade
3 adverse events for the doxepin mouthwash occurred in 3 patients (4%); diphenhydramine-
lidocaine-antacid mouthwash, 3 (4%); and placebo, 2 (2%). Fatigue was reported by 5
patients (6%) in the doxepin mouthwash group and no patients in the diphenhydramine-
lidocaine-antacid mouthwash group.

CONCLUSIONS AND RELEVANCE Among patients undergoing head and neck radiotherapy, the
use of doxepin mouthwash or diphenhydramine-lidocaine-antacid mouthwash vs placebo
significantly reduced oral mucositis pain during the first 4 hours after administration;
however, the effect size was less than the minimal clinically important difference. Further
research is needed to assess longer-term efficacy and safety for both mouthwashes.
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P ain from radiotherapy- and chemoradiotherapy-
induced oral mucositis is a substantial adverse effect
of treatment for head and neck cancer. Symptoms can

be severe, and oral mucositis can lead to hospitalization and
requirement of a feeding tube. More than 80% of patients
develop oral mucositis during radiotherapy, and mouth-
washes and systemic analgesic agents are frequently used to
treat the condition.1

Few pharmacological agents or interventions have been
shown to effectively reduce the severity of radiotherapy-
related oral mucositis and its associated pain.2 However, in
single-group pilot studies, the tricyclic antidepressant dox-
epin (used in a mouthwash preparation) reduced radiotherapy-
induced oral mucositis pain.3-6 Previously, the Alliance for
Clinical Trials in Oncology conducted a multi-institutional ran-
domized clinical trial (North Central Cancer Treatment Group
N09C6 [Alliance]) that showed a doxepin mouthwash re-
duced the oral mucositis pain experienced by patients with can-
cer and was well tolerated.7

A number of commercially available combination mouth-
wash preparations have long existed for radiotherapy-related
oral mucositis pain.8,9 A common preparation with more than
50 variations contains the 3 active ingredients of diphenhydra-
mine, lidocaine, and antacid. Despite the popularity of a
diphenhydramine-lidocaine-antacid mouthwash, to our knowl-
edge, no randomized placebo-controlled trials or Cochrane re-
views exist to support the use of these preparations.9 The Ameri-
can Academy of Nursing recently advised against using these
mixed medications for oral mucositis induced by cancer
treatment.10 Therefore, randomized data were needed.

This randomized trial was designed to evaluate whether
a single dose of doxepin mouthwash or diphenhydramine-
lidocaine-antacid mouthwash was more effective than pla-
cebo in reducing oral mucositis pain for patients undergoing
radiotherapy to the oral cavity. The patients’ symptoms and
adverse event profiles were also assessed.

Methods
The approved versions of the protocol and statistical analysis
plans appear in Supplement 1. All local institutional review
boards and their ethics committees approved the full protocol
and methods for conducting this trial before entry of any pa-
tient into the study. Written informed consent was obtained for
every participant before administration of any study interven-
tion. The participants did not receive a monetary stipend.

Study Design and Participants
The study was designed as a 3-group, double-blind, placebo-
controlled phase 3 randomized trial (Figure 1). To be eligible
for the study, patients had to be aged 18 years or older; have
an Eastern Cooperative Oncology Group performance status
of 0, 1, or 2; have head and neck cancer and be undergoing de-
finitive radiotherapy (including parts of the oral cavity or oro-
pharyngeal area) to a dose of at least 45 Gy; and have had oral
mucositis pain rated as at least a 4 on a 0 to 10 scale (0 being
no pain; 10 being the worst imaginable pain).

Cancer had to be confirmed by histological findings and
patients had to undergo a physical examination that showed
radiotherapy-related oral mucositis. Patients had to be able to
complete multiple questionnaires. There was no planned post-
treatment evaluation for assessing change in oral mucositis.
Race and ethnicity were measured in this study in accor-
dance with the guidelines encouraging diversity of patients
with cancer participating in national clinical trials. Fixed cat-
egories were used and patients self-reported their racial and
ethnic identities.

Exclusion criteria were known allergy to diphenhydra-
mine, lidocaine, antacid, doxepin, or tricyclic antidepressants;
use of any antiarrhythmic medication; current diagnosis of un-
treated or unresolved oral candidiasis or oral herpes simplex vi-
rus infection; use of glutamine or sucralfate powders during
study registration; and use of cryotherapy for prophylactic mu-
cosal protection within 6 weeks prior to registration.

Randomization
Eligible patients were registered and randomized in a 1:1:1 ra-
tio to receive 1 of the 3 treatments: (1) doxepin mouthwash
(25 mg in 5-mL solution); (2) mouthwash composed of 1.7 mL
each (5.1-mL total solution) of diphenhydramine (12.5 mg in
5-mL alcohol-free solution), lidocaine (2% viscous solution),
and antacid (200 mg of aluminum hydroxide, 200 mg of mag-
nesium hydroxide, and 20 mg of simethicone in 355-mL
solution); or (3) placebo mouthwash (2.5 mL of Ora-Sweet SF
oral solution and 2.5 mL of water). A period of 14 days be-
tween randomization and treatment initiation was allowed.

The doxepin mouthwash and placebo mouthwash had
similar transparent appearances, whereas the mixed mouth-
wash had a thicker texture. However, patients were not told
what to expect regarding the consistency or texture of the treat-
ment. Patients were assigned to each treatment based on
a computer-generated randomization algorithm using the
Pocock and Simon dynamic allocation procedure. Use of this
procedure balanced the marginal distribution of the follow-
ing stratification factors: sex, use of concurrent chemo-
therapy, patient age (<60 vs ≥60 years), and Radiation Therapy

Key Points
Question Does doxepin mouthwash or diphenhydramine-
lidocaine-antacid mouthwash compared with placebo reduce oral
mucositis–related pain in patients undergoing radiotherapy for
head and neck cancer?

Findings In this randomized clinical trial that included 275
patients undergoing radiotherapy, the use of doxepin mouthwash
or diphenhydramine-lidocaine-antacid mouthwash reduced
mucositis pain (defined by the area under the curve and adjusted
for baseline pain score) during the first 4 hours after
administration by 11.6 and 11.7 points, respectively, compared with
8.7 points for placebo mouthwash; both comparisons with placebo
were statistically significant.

Meaning Doxepin mouthwash or diphenhydramine-lidocaine-
antacid mouthwash may be effective in reducing
radiotherapy-related mucositis pain, but further research is
needed to assess longer-term efficacy and safety.
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Oncology Group acute radiation morbidity criteria (1 vs 2
vs ≥3). In all 3 groups, patients were instructed to rinse for
1 minute and then spit it out.

Interventions
Patients began protocol treatment within 14 days of enroll-
ment. Protocol therapy consisted of 2 cycles: cycle 1 was
mandatory and double-blinded and consisted of a single-
dose treatment during 1 day. During cycle 1, coordination of
the timing of radiotherapy and administration of the study
mouthwashes was not required. Cycle 2 was an optional con-
tinuation phase, with a rinse administered every 4 hours for
up to 7 days.

Cycle 2 took place immediately after cycle 1 (within 7
days). In a blinded fashion, patients were encouraged to con-
tinue treatment with the same study agent for an additional
week. During the optional continuation phase, patients could
opt out at any time if or when they perceived that the treat-
ment was no longer beneficial. If the patient opted out, he or
she could then be unblinded to treatment and receive further
intervention for oral mucositis during the course of routine
clinical care.

Outcomes
A modified combination of 2 validated tools (the Oral
Mucositis Daily Questionnaire and the Oral Mucositis Weekly
Questionnaire–Head and Neck Cancer) was used to measure
pain, drowsiness, unpleasant taste, and stinging or burning.11,12

The questionnaires were administered in the clinic before ad-
ministration of the study intervention (baseline) and at 5, 15,
30, and 60 minutes after the rinse. Following discharge from
the clinic, patients completed 2 additional sets of question-
naires at 120 and 240 minutes after the rinse.

Additional analgesic use was evaluated 60 minutes after
the patient received the study medication. Patients who
chose to continue with cycle 2 were given additional booklets
with 7 daily questionnaires to complete. All symptom ques-
tions in the questionnaires (including pain, drowsiness, taste,
and stinging or burning) used a scale from 0 to 10 with 0
being the least burdensome and 10 being the most burden-
some. Patients were monitored for adverse events using ver-
sion 4.0 of the Common Terminology Criteria for Adverse
Events (CTCAE). No other mouthwashes were allowed.
Patients could take other analgesic agents at least 1 hour
before or after the study treatment.

The primary outcome was pain. Secondary outcomes in-
cluded drowsiness; unpleasant taste; stinging or burning; use
of alternative analgesic agents; patient preference for contin-
ued therapy; and, during the optional continuation phase,
length of time, pain score, and alternative analgesic use.

Sample Size
The primary end point was change in total mouth and throat
pain that was measured using the numerical analog scale in
the questionnaires and taken at baseline and at 5, 15, 30, 60,
120, and 240 minutes after assigned treatment with doxepin

Figure 1. Recruitment, Randomization, and Patient Flow in a Study of Mouthwash to Treat Oral Mucositis Pain

5 Discontinued (mouth pain score
 <4 before treatment)

4 Discontinued
2 Mouth pain score <4 before treatment
1 Did not return questionnaire booklet
1 Inadvertent unblinding by study team

76 Included in the primary and
per-protocol analysis
75 Completed treatment per protocol

1 Withdrew 2-4 h after treatment

78 Included in the primary and
per-protocol analysis
78 Completed treatment per protocol

76 Included in the primary and
per-protocol analysis
74 Completed treatment per protocol

1 Received alternate therapy 2-4 h
after treatment

1 Ill and admitted to the hospital

43 Discontinued at end of chemotherapy cycle 1
35 Available for continuation phase analysis

28 Completed continuation phase
5 Withdrew or dropped out
2 Adverse events

38 Discontinued at end of chemotherapy cycle 1
38 Available for continuation phase analysis

31 Completed continuation phase
6 Withdrew or dropped out
1 Received alternate therapy

44 Discontinued at end of chemotherapy cycle 1
32 Available for continuation phase analysis

22 Completed continuation phase
8 Withdrew or dropped out
2 Received alternate therapy

91 Randomized to receive diphenhydramine-
lidocaine-antacid mouthwash
 80 Received diphenhydramine-lidocaine-

antacid mouthwash as randomized
 11 Did not receive diphenhydramine-

lidocaine-antacid mouthwash
as randomized
6 Treatment canceled
5 Mouth pain score <4 before

treatment

92 Randomized to receive doxepin mouthwash 
 83 Received doxepin mouthwash

as randomized
9 Did not receive doxepin mouthwash

as randomized
7 Treatment canceled
1 Ineligible
1 Mouth pain score <4 before

treatment

92 Randomized to receive placebo mouthwash 
 81 Received placebo mouthwash

as randomized
11 Did not receive placebo mouthwash

as randomized
10 Treatment canceled

1 Mouth pain score <4 before
treatment

275 Patients randomizeda

5 Discontinued (mouth pain score
 <4 before treatment)

a The number of patients approached and assessed for eligibility was not collected because it was not required per protocol.
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mouthwash, diphenhydramine-lidocaine-antacid mouth-
wash, or placebo mouthwash. The total pain reduction was
calculated by the area under the curve for the mean of mouth
and throat pain using a numerical scale. The area under the
curve was calculated by proration when there were terminal
missing data.

The proration was accomplished by calculating the area
under the curve from baseline to the last reported value and
dividing this area under the curve by the fraction of the total
expected time that was completed.13 If the missing data were
intermittent, simple imputation according to the trapezoidal
rule was applied to calculate the area under the curve. As per
protocol, the time points of 5, 15, 30, 60, 120, and 240 min-
utes were replaced with a numerical scale of 1, 2, 3, 4, 5, and 6
in the area under the curve calculation to properly weight the
more immediate pain scores after treatment. Next, the area un-
der the curve was calculated by subtracting the baseline score
from the score at each time point and by summing these dif-
ferences across the time points.

A study by Leenstra et al7 showed that doxepin mouth-
wash was associated with an area under the curve reduction
for pain of 4.4 points (common SD, 7.0) compared with pla-
cebo. In that study, an area under the curve reduction for pain
of 3.5 points (ie, half of the SD14) was considered clinically
meaningful. In the current trial, the primary analysis was to
compare the pain reduction from each of the treatment groups
(doxepin mouthwash or diphenhydramine-lidocaine-
antacid mouthwash) with the placebo mouthwash group.

A conservative Bonferroni approach was used to adjust for
the 2 treatment vs placebo comparisons. A sample size of 78
patients per group was estimated to provide at least 80% power
at a 2-sided type I error rate of 2.5% to detect a difference in
the area under the curve for pain reduction of 3.5 points (half
of the common SD of 7.0). The sample size was then inflated
by 15% to account for cancellations and ineligible patients, re-
sulting in a total sample size of 270 patients.

Statistical Analysis
The primary analysis included all patients who met the eligi-
bility criteria, did not cancel before receiving treatment, had
a pain score of 4 points or greater at baseline, and had no ma-
jor protocol violations. A major protocol violation was de-
fined as a severe deviation from treatment during cycle 1 of ini-
tial therapy such that the primary end point was not evaluable.
The mean pain scores were calculated, and the area under the
curve for pain reduction was adjusted for baseline scores and
calculated for each treatment group.

For each treatment group, mean pain scores over time were
plotted. Pain reduction was compared between 2 treatment
groups (doxepin mouthwash vs placebo mouthwash and di-
phenhydramine-lidocaine-antacid mouthwash vs placebo
mouthwash) using nonparametric Wilcoxon rank sum tests.15

In addition, longitudinal analyses of mouth and throat pain
were conducted using the linear mixed model to adjust for
baseline covariates.

Similar analyses were conducted for drowsiness, unpleas-
ant taste, and stinging or burning. The incidence of using an
additional analgesic agent between 1 and 4 hours after initial

mouth rinse, frequency of other adverse events from the oral
mouthwash, and helpfulness of the mouthwash for alleviat-
ing mouth or throat pain at any time during the previous 4
hours were compared using the χ2 test. The frequencies of pa-
tient preference for continued therapy were compared in the
same manner. The maximum grade of each adverse event
(using the CTCAE) reported at cycle 1 was similarly compared
between groups.

The post hoc analyses of the primary end point included
a responder analysis with a 3.5-point improvement in the area
under the curve as the definition of response using a χ2 test,
linear mixed models using site as a random effect, Hodges-
Lehmann location-shift estimators of the treatment effect and
confidence intervals,15 and comparisons of the change in peak
score from baseline and final score from baseline using Wil-
coxon rank sum tests. Sensitivity analyses using difference im-
putation methods for missing values and parallel line plots also
were evaluated.16

In addition, an exploratory analysis of the continuation
phase (cycle 2) was summarized by treatment group, and scores
between groups were compared using the Wilcoxon rank sum
test. Other end points, including daily use of additional anal-
gesic agents, frequency of other adverse events, and maxi-
mum grade of each adverse event using the CTCAE reported
at cycle 2, were similarly analyzed.

The distribution of daily study mouthwash was com-
pared between groups using the Fisher exact test. A post hoc
analysis to explore the differences between patients who chose
to continue treatment vs those who chose to discontinue treat-
ment was conducted using the Wilcoxon rank sum test for con-
tinuous variables and the χ2 test for categorical variables.

The primary end point was tested at a 2-sided signifi-
cance level of .025, whereas the secondary end points were
tested at a 2-sided significance level of .05. Because the study
was powered only for the primary end point comparison and
no adjustment was made for the significance threshold for the
secondary end points, all secondary analyses should be inter-
preted as exploratory.

Data collection and statistical analyses were conducted by
the Alliance Statistics and Data Center. SAS software version
9.4 (SAS Institute Inc) was used for the data analysis. Data qual-
ity was monitored and reviewed by the Alliance Statistics and
Data Center and by the study chairperson. All analyses were
based on the data in the study database with an end date of
August 21, 2017. The study was monitored by the Alliance data
and safety monitoring board, a National Cancer Institute–
approved functioning body.

Results
Accrual Period and Trial Participants
The study was opened on November 1, 2014, and closed to ac-
crual on May 16, 2016. The last patient follow-up was on June
1, 2016. The trial enrolled 275 patients (92 in the doxepin
mouthwash group, 91 in the diphenhydramine-lidocaine-
antacid mouthwash group, and 92 in the placebo mouthwash
group) from 30 US institutions (additional details appear in the
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eBox in Supplement 2). Forty-five patients (14 in the doxepin
mouthwash group, 15 in the diphenhydramine-lidocaine-
antacid mouthwash group, and 16 in the placebo mouthwash
group) were excluded from the primary analysis (Figure 1).

Thirty-one patients (11%) canceled or were found ineli-
gible before they started treatment and were excluded. Four-
teen patients (5%) were excluded because they had a base-
line mouth pain score of less than 4 points (5 patients in the
doxepin mouthwash group, 2 in the diphenhydramine-
lidocaine-antacid mouthwash group, and 5 in the placebo
mouthwash group), did not return the questionnaire book-
lets (1 patient in the diphenhydramine-lidocaine-antacid
mouthwash group), or had a randomization issue (1 patient in
the diphenhydramine-lidocaine-antacid mouthwash group).

The characteristics of the 45 excluded patients were simi-
lar to the rest of analyzed cohort. There were more men who
were excluded vs women (96% vs 76%, respectively; P = .001).
Of the 230 patients eligible for the primary analysis (78 in the
doxepin mouthwash group, 76 in the diphenhydramine-
lidocaine-antacid mouthwash group, and 76 in the placebo
mouthwash group), 227 patients (78 in the doxepin mouth-

wash group [100%], 75 in the diphenhydramine-lidocaine-
antacid mouthwash group [99%], and 74 in the placebo mouth-
wash group [97%]) completed treatment per protocol. Of the
227 patients who completed per-protocol treatment, 105 pa-
tients (46%) (35 in the doxepin mouthwash group, 38 in the
diphenhydramine-lidocaine-antacid mouthwash group, and
32 in the placebo mouthwash group) continued treatment dur-
ing the optional cycle 2. The baseline characteristics of the pa-
tients appear in Table 1.

Primary Outcome
Total pain during the first 4 hours after treatment (using the
mean score as measured by the area under the curve and ad-
justed for the baseline pain score) decreased by 11.6 points in
the doxepin mouthwash group, by 11.7 points in the diphen-
hydramine-lidocaine-antacid mouthwash group, and by 8.7
points in the placebo mouthwash group (between-group dif-
ference for doxepin vs placebo, 2.9 points [95% CI, 0.2-6.0
points], P = .02; and between-group difference for diphenhy-
dramine-lidocaine-antacid vs placebo, 3.0 points [95% CI, 0.1-
5.9 points], P = .004).

Table 1. Baseline Characteristics

Characteristic

No. (%) of Patients

Doxepin
Mouthwash
(n = 78)

Diphenhydramine-
Lidocaine-Antacid
Mouthwash
(n = 76)

Placebo
Mouthwash
(n = 76)

Age, median (range), y 61.5 (26.0-87.0) 60.0 (23.0-82.0) 60.0 (31.0-94.0)

Race

White 75 (96) 67 (88) 71 (93)

Black 2 (3) 7 (9) 4 (5)

Asian 1 (1) 1 (1) 1 (1)

Not reported 0 1 (1) 0

Sex

Male 59 (76) 58 (76) 57 (75)

Female 19 (24) 18 (24) 19 (25)

Concurrent chemotherapy

Yes 62 (79) 62 (82) 64 (84)

No 16 (21) 14 (18) 12 (16)

Mucous membrane scorea

1 17 (22) 16 (21) 16 (21)

2 47 (60) 48 (63) 49 (64)

≥3 14 (18) 12 (16) 11 (15)

ECOG performance statusb

0 37 (47) 31 (41) 33 (43)

1 40 (51) 39 (51) 40 (53)

2 1 (1) 6 (8) 3 (4)

Oral pain score at registrationc

Mean (SD) 6.1 (1.8) 5.9 (1.6) 5.9 (1.8)

Median (range) 6.0 (4.0-10.0) 6.0 (4.0-10.0) 5.5 (4.0-10.0)

Current smoking, No./total (%)

Yes 12/78 (15) 10/75 (13) 10/74 (14)

No 66/78 (85) 65/75 (87) 64/74 (86)

Current alcohol use, No./total (%)

Yes 6/77 (8) 4/75 (5) 5/74 (7)

No 71/77 (92) 71/75 (95) 69/74 (93)

Abbreviation: ECOG, Eastern
Cooperative Oncology Group.
a Evaluated according to the

Radiation Therapy Oncology
Group acute radiation morbidity
scoring criteria: grade 0, no change
over baseline; grade 1, injection
or mild pain but not requiring
analgesics; grade 2, patchy
mucositis that may produce
inflammatory serosanguinous
discharge, moderate pain requiring
analgesia, or both; grade 3,
confluent fibrinous mucositis that
may include severe pain requiring
narcotics; and grade 4, ulceration,
hemorrhage, or necrosis.

b Evaluated as grade 0, fully active,
able to carry out all predisease
performance without restriction
(best); grade 1, restricted in
physically strenuous activity but
ambulatory and able to carry out
work of a light or sedentary nature;
grade 2, ambulatory, up and about
for more than 50% of waking hours,
and capable of all self-care but
unable to carry out any work
activities; grade 3, capable of only
limited self-care and confined to
bed or chair for more than 50% of
waking hours; and grade 4,
completely disabled, cannot carry
on any self-care, or totally confined
to bed or chair (worst).

c Range from 0 to 10; 0 indicates the
best; 10, the worst.
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Total pain reduction measured by the area under the curve
during the first 4 hours after treatment was higher in the dox-
epin mouthwash group (median, 10.4 points [interquartile
range {IQR}, 4.5-15.3 points]) vs the placebo mouthwash group
(median, 8.7 points [IQR, 2.0-13.0 points], P = .02) and higher
in the diphenhydramine-lidocaine-antacid mouthwash group
(median, 11.5 points [IQR, 5.4-17.0 points]) vs the placebo
mouthwash group (median, 8.7 points [IQR, 2.0-13.0 points],
P = .004). Pain scores at baseline and during the next 2 hours
after the study intervention appear in Figure 2.

Results from the linear mixed model (adjusted for sex, age,
concurrent use of chemotherapy, treatment site, and mucous
membrane score) showed an area under the curve improve-
ment in pain score of 3.27 points (95% CI, 0.91-5.62 points) in
the doxepin mouthwash group compared with the placebo
mouthwash group (P = .007) and an improvement of 3.04
points (95% CI, 0.67-5.41 points) in the diphenhydramine-
lidocaine-antacid mouthwash group compared with placebo
mouthwash group (P = .01).

Only 11 patients (3 in the doxepin mouthwash group, 4 in
the diphenhydramine-lidocaine-antacid mouthwash group,
and 4 in the placebo mouthwash group) had missing data
at any time point. Five of these patients were missing pain
scores at only 1 time point, and the other 6 were missing
pain scores at only 2 time points. Sensitivity analyses were
run imputing these missing values and using different
assumptions about the missing data. Because only 1% of all
possible pain scores were missing, the results of these sensi-
tivity analyses were almost identical to the original results.

Secondary End Points
Total drowsiness during the first 4 hours after treatment
(adjusted for baseline scores as measured by the area under
the curve) was 1.5 points (95% CI, 0 to 4.0 points) higher
after the doxepin mouthwash was used compared with the
placebo mouthwash (P = .03; Table 2). There was no signifi-

cant difference in drowsiness between the use of the
diphenhydramine-lidocaine-antacid mouthwash and the
use of the placebo mouthwash (difference, 0 points [95% CI,
−3.0 to 0.5 points], P = .35).

Patients using the doxepin mouthwash reported higher
frequencies for unpleasant taste than patients in the pla-
cebo mouthwash group (between-group difference, 1.5
points [95% CI, 0-3.0 points], P = .002; Table 2). No signifi-
cant difference for unpleasant taste was observed between
the diphenhydramine-lidocaine-antacid mouthwash group
compared with the placebo mouthwash group (between-
group difference, 0 points [95% CI, 0-1.5 points], P = .12).

Patients reported higher frequencies for stinging or burn-
ing after use of the doxepin mouthwash compared with the pla-
cebo mouthwash (between-group difference, 4.0 points [95%
CI, 2.5-5.0 points], P < .001). No significant difference in sting-
ing or burning was reported between the diphenhydramine-
lidocaine-antacid mouthwash group compared with the pla-
cebo mouthwash group (between-group difference, 0 points
[95% CI, 0-0.5 points], P = .29; Table 2).

After the study intervention, 13 patients (17%) in the
doxepin mouthwash group and 14 patients (19%) in the
diphenhydramine-lidocaine-antacid mouthwash group
used additional analgesic agents compared with 21 patients
(29%) in the placebo mouthwash group. Additional analge-
sic use was not significantly different between the groups
(Table 2).

Forty-five patients (60%) in the doxepin mouthwash group,
46 patients (63%) in the diphenhydramine-lidocaine-antacid
mouthwash group, and 38 patients (54%) in the placebo mouth-
wash group reported a preference for continued therapy. These
differences were not statistically significant.

Adverse Events
Fatigue was the most commonly reported adverse event.
Five patients (6%) using the doxepin mouthwash reported

Figure 2. Pain Scores Over Time During Cycle 1 for Doxepin, Diphenhydramine-Lidocaine-Antacid, and Placebo Groups
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Pain was measured on a scale from 0 (least burdensome) to 10 (most
burdensome). Compared with placebo, both doxepin mouthwash and
diphenhydramine-lidocaine-antacid mouthwash resulted in a statistically
significant reduction in pain (P = .03 for doxepin mouthwash; P = .004 for
diphenhydramine-lidocaine-antacid mouthwash). Boxplots of the pain scores

for each group have been staggered at the time points so that they do not
overlap. In the boxplots, the solid lines in the middle of the box are the median
values, the top of the box is the 75th percentile, the bottom of the box is the
25th percentile, and the lines extending from the boxes extend out to the upper
and lower adjacent values. Outliers are represented by the black dots.
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fatigue during cycle 1, whereas no fatigue was reported in the
diphenhydramine-lidocaine-antacid mouthwash group or
the placebo mouthwash group.

Overall, 3 patients (4%) in the doxepin mouthwash group,
3 (4%) in the diphenhydramine-lidocaine-antacid mouth-
wash group, and 2 (2%) in the placebo mouthwash group re-
ported a maximum grade 3 adverse event. The other adverse
event grades and frequencies were all mild according to the
CTCAE and did not differ among groups.

Other End Points
Of the 227 patients who completed cycle 1 treatment, 105 (46%)
continued in a blinded fashion. The median length of cycle 2
treatment was 7 days (IQR, 5-7 days) in the doxepin mouth-
wash group, 6 days (IQR, 3-7 days) in the diphenhydramine-
lidocaine-antacid mouthwash group, and 5.5 days (IQR, 2 to
7 days) in the placebo mouthwash group. The median daily
mouth pain scores were not significantly different (Figure 3).

Patients reported more unpleasant taste on day 3
with the doxepin mouthwash (difference, 1.0 [95% CI,
0-2.0]) vs placebo mouthwash (P = .007), but not with
the diphenhydramine-lidocaine-antacid mouthwash vs the
placebo mouthwash. Patients using the doxepin mouthwash
daily reported more stinging or burning than those using the
placebo mouthwash daily over all days (P ≤ .02) including
day 3 (1.8 points [95% CI, 0.8-2.8 points], P < .001), day 4 (1.8
points [95% CI, 0.7-2.5 points], P = .002), day 5 (2.3 points
[95% CI, 1.3-3.3 points], P < .001), and day 7 (2.1 points [95%
CI, 0.7-3.5 points], P = .004) (eTable 1 in Supplement 2).Ta
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Figure 3. Mouth Pain Scores by Continuation Day During Cycle 2
for Doxepin, Diphenhydramine-Lidocaine-Antacid, and Placebo Groups
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Pain was measured on a scale from 0 (least burdensome) to 10 (most
burdensome). Boxplots of the pain scores for each group have been staggered
at the time points so that they do not overlap. In the boxplots, the solid lines in
the middle of the box are the median values, the top of the box is the 75th
percentile, the bottom of the box is the 25th percentile, the black dots are mean
values, and the lines extending from the boxes extend out to the upper and
lower adjacent values. Outliers, which appear above and below doxepin
mouthwash at continuation day 3, are represented by the black dots.

Doxepin Mouthwash or Diphenhydramine-Lidocaine-Antacid Mouthwash vs Placebo for Oral Mucositis Pain Original Investigation Research

jama.com (Reprinted) JAMA April 16, 2019 Volume 321, Number 15 1487

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.3504&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.3504
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.3504


The incidence of additional analgesic use during cycle 2
was not significantly different among groups. The types of
baseline analgesic medication use included nonsteroidal anti-
inflammatory drugs (NSAIDs), drugs that were not NSAIDs
(such as acetaminophen), and short-acting and long-acting
opioids. The incidence of use by type of medication did not
differ significantly among groups for both cycles 1 and 2
(eTable 2 in Supplement 2).

There was no significant difference in pain relief
between the doxepin mouthwash and the placebo mouth-
wash. More mouth or throat pain relief was noted for the
diphenhydramine-lidocaine-antacid mouthwash group
compared with the placebo mouthwash group on day 1 (97%
vs 80%, respectively; between-group difference, 17.3% [95%
CI, 2.6%-32.5%], P = .02) and on day 6 (100% vs 81%;
between-group difference, 18.8% [95% CI, 0%-38.9%],
P = .02). No patients using the doxepin mouthwash had
a grade 3 or worse adverse event. Three patients using
the diphenhydramine-lidocaine-antacid mouthwash and
2 using the placebo mouthwash experienced a grade 3
adverse event.

Post Hoc Analyses
The Hodges-Lehmann location-shift estimators of the me-
dian area under the curve for total pain reduction were higher
in the doxepin mouthwash group compared with the placebo
mouthwash group (between-group difference, 3.0 [95% CI, 0.5-
5.5]) and in the diphenhydramine-lidocaine-antacid mouth-
wash group compared with the placebo mouthwash group
(between-group difference, 3.8 [95% CI, 1.3-6.3]).

Post hoc exploratory responder analyses (with an area un-
der the curve reduction of ≥3.5 points defined as a response)
showed that 62 patients (79.5%) in the doxepin mouthwash
group, 65 patients (85.5%) in the diphenhydramine-lidocaine-
antacid mouthwash group, and 52 patients (68.4%) in the
placebo mouthwash group responded to treatment (P = .14
for doxepin vs placebo and P = .02 for diphenhydramine-
lidocaine-antacid vs placebo).

Additional post hoc analyses comparing pain reduction at
peak score from baseline showed an improvement of 0 points
(95% CI, 0 to 0.5 points) in the doxepin mouthwash group vs
the placebo mouthwash group (P = .44) and an improvement
of 0.5 points (95% CI, 0 to 1.0 points) in the diphenhydramine-
lidocaine-antacid mouthwash group vs the placebo mouth-
wash group (P = .01). Pain reduction at last time point from
baseline showed an improvement of 0.5 points (95% CI, 0 to
1.0 points) in the doxepin mouthwash group vs the placebo
mouthwash group (P = .03) and an improvement of 0 points
(95% CI, −0.5 to 0.5 points) in the diphenhydramine-lidocaine-
antacid mouthwash group vs the placebo mouthwash group
(P = .48) (eFigures 1 and 2 in Supplement 2).

Of the 30 participating sites, 25 enrolled fewer than 10 pa-
tients each. A post hoc linear mixed model (with site as a ran-
dom effect) was performed and the results were consistent with
the primary outcome. There was an area under the curve im-
provement of 3.27 points (95% CI, 0.91-5.62 points) in the dox-
epin mouthwash group vs the placebo mouthwash group
(P = .007) and of 3.04 points (95% CI, 0.67-5.41 points) in the

diphenhydramine-lidocaine-antacid mouthwash group vs the
placebo mouthwash group (P = .01).

The median pain score at the end of cycle 1 for patients
who chose to discontinue treatment during cycle 2 was
higher at 5 points compared with patients who chose to con-
tinue treatment at 4 points (difference, 0.5 points [95% CI,
0-1.5 points]; P = .23). There was no statistical difference in
other baseline characteristics.

Discussion
In this randomized clinical trial of patients who underwent
head and neck radiotherapy, use of either the doxepin mouth-
wash or the diphenhydramine-lidocaine-antacid mouth-
wash significantly reduced oral mucositis pain during the first
4 hours after administration compared with the placebo
mouthwash. However, the mean differences in pain reduc-
tion by the area under the curve for both treatment interven-
tion mouthwashes were less than the minimal clinically im-
portant difference of 3.5 points.

There is some suggestion in post hoc analyses that the
findings may have been clinically relevant for some patients.
For example, the responder analysis showed a significantly
better result compared with the placebo mouthwash for the
diphenhydramine-lidocaine-antacid mouthwash, but not for
the doxepin mouthwash. In addition, the 95% CIs for the pri-
mary outcome included the minimal clinically important dif-
ference. However, the overall clinical importance of the statis-
tically significant primary findings remains uncertain.

For the doxepin mouthwash, the current study reported
similar findings to those of a previous randomized study.7 For
the diphenhydramine-lidocaine-antacid mouthwash, the cur-
rent study provided the first evidence that the mouthwash ap-
peared to be effective for short-term oral mucositis–related pain
resulting from radiotherapy.

However, the mean differences in pain reduction by the
area under the curve for both treatment intervention mouth-
washes were less than the minimal clinically important dif-
ference, which was predetermined as 3.5 points. Nonethe-
less, when the point estimates, 95% CIs, and skewness of the
pain scores were taken into consideration, the nonparamet-
ric treatment effects were higher with either the doxepin
mouthwash or the diphenhydramine-lidocaine-antacid mouth-
wash compared with the placebo mouthwash, and 3.5 points
was still well within the confidence limits. Although the re-
sults from additional post hoc analyses were consistent with
those of the primary analysis, which included exploratory re-
sponder analysis, pain reduction at peak score analysis, and
parallel line plotting, these analyses are exploratory by defi-
nition and should only be considered hypothesis generating.

In contrast to other topical analgesic agents with only lim-
ited local properties, doxepin has effects on both the central
and peripheral nervous systems. Although the mechanism of
doxepin-mediated pain relief is not completely clear, the an-
esthetic and analgesic effects of doxepin are probably related
to potent sodium channel blocking, which limits the trans-
mission of noxious stimuli in mucosal nociceptors.17
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Before this trial was completed, high-quality evidence
(placebo-controlled randomized studies) did not exist for
the efficacy of the diphenhydramine-lidocaine-antacid
mouthwash. Although this gap in knowledge was recog-
nized in multiple clinical practice guidelines,9,18,19 many
oncologists still recommended this type of mouthwash to
patients. A study by Dodd et al,20 and a small prospective
Canadian study by Kuk et al,21 attempted to address this
question; however, neither of these trials used a true
placebo-based control group and only 1 of the trials was spe-
cific to radiotherapy.21 Neither study addressed oral mucosi-
tis pain as a definitive end point.

Doxepin mouthwash is an option that can be used for the
treatment of radiotherapy-induced oral mucositis pain. The
current trial does not provide proof regarding the relative ef-
ficacy of doxepin mouthwash vs diphenhydramine-lidocaine-
antacid mouthwash because it was not designed to directly
compare these 2 agents.

Regarding the components of the diphenhydramine-
lidocaine-antacid mouthwash, diphenhydramine is used as an
antihistamine and is commonly prescribed for seasonal aller-
gies and pruritus. Lidocaine is an immediate-acting local an-
esthetic. The third component is an antacid. Therefore, the
combined action of these 3 medications is antihistaminic, an-
esthetic, analgesic, and antiacidic. The beneficial effect of dox-
epin mouthwash observed in the current trial is consistent with
a previous study.7

Additional analgesic use was common during the continu-
ation phase. Even though the diphenhydramine-lidocaine-
antacid mouthwash seemed to have a faster onset of pain re-
lief, the doxepin mouthwash may have a more long-lasting
effect on symptom control, which is consistent with the de-
creased need for analgesic use in the doxepin mouthwash
group but not in the diphenhydramine-lidocaine-antacid
mouthwash group.

Results of the current study suggest that the efficacy of the
doxepin mouthwash and the diphenhydramine-lidocaine-
antacid mouthwash may also be beneficial for oral mucositis
pain during the continuation phase; however, this was not
within the scope of the secondary analyses, which were lim-
ited and should be considered exploratory only.

Limitations
The study had several limitations. First, the trial was not de-
signed to compare doxepin mouthwash and diphenhydramine-
lidocaine-antacid mouthwash directly or to evaluate the

combined analgesic effect of both preparations together. At
the time of the trial’s conception, there was no randomized
placebo-controlled evidence for the diphenhydramine-
lidocaine-antacid mouthwash; therefore, it was determined
the 2 active mouthwashes should not be compared against
each other.

Second, there may have been other factors such as che-
motherapy choice, size of the radiotherapy field, and
primary site (oral cavity or oropharynx) that could have
affected the severity of mucositis pain. However, this study
was designed as a pragmatic trial for generalizable knowl-
edge regarding the efficacy and adverse event profiles for
these common mouthwashes.

Third, the study was limited to assessing pain control for
only up to 4 hours after mouthwash administration. Given the
potential for selection bias in the randomized groups, the
smaller percentage of patients entering the continuation phase
may not have provided reliable data. Although there was no
significant difference in the baseline characteristics and the
pain scores, it was noted in a post hoc analysis that patients
who chose to continue treatment tended to have lower pain
scores at the end of cycle 1 than patients who chose not to con-
tinue with cycle 2.

Fourth, the time course for pain after radiotherapy may per-
sist for hours and even days, and further studies are neces-
sary to evaluate the repeated use of these mouthwashes ev-
ery 4 hours as needed, which is now typical in clinical practice.

Fifth, future studies should look at the potential com-
bined effect of doxepin mouthwash and diphenhydramine-
based mouthwash in a dose-finding study because drowsi-
ness and fatigue are common adverse events with their use.
Evaluation of peak and end of treatment pain sensations should
be considered to fully capture the entire spectrum of pain per-
ception by the patient.

Conclusions
Among patients undergoing head and neck radiotherapy, the
use of doxepin mouthwash or diphenhydramine-lidocaine-
antacid mouthwash compared with placebo significantly
reduced oral mucositis pain during the first 4 hours after
administration; however, the effect size was less than the
minimal clinically important difference. Further research
is needed to assess longer-term efficacy and safety for
both mouthwashes.
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