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Abstract

Background—Xerostomia (dry mouth) after head/neck radiation is a common problem among
cancer patients and available treatments are of little benefit. The objective of this trial was to
determine if acupuncture can prevent xerostomia among head/neck patients undergoing
radiotherapy.

Methods—A randomized, controlled trial among patients with nasopharyngeal carcinoma was
conducted comparing acupuncture to standard care. Participants were treated at Fudan University
Shanghai Cancer Center, Shanghai, China. Forty patients were randomized to acupuncture
treatment and 46 to standard care. Patients were treated 3 times/week on the same days they
received radiotherapy. Subjective measures included the Xerostomia Questionnaire (XQ) and MD
Anderson Symptom Inventory for Head/Neck (MDASI-HN). Objective measures were
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unstimulated and stimulated whole salivary flow rates (UWSFR; SSFR). Patients were followed
for 6 months after the end of radiotherapy.

Results—XQ scores for acupuncture were statistically significantly lower than controls starting
in week 3 through the 6-months(P=0.003 at week3, all other ~'s < 0.0001), with clinically
significant differences as follows: week 11- RR 0.63 [95% Cl, 0.45, 0.87]; 6 months - RR 0.38
[95% CI, 0.19, 0.76]. Similar findings were seen for MDASI-HN scores. Group differences
emerged as early as 3 weeks into treatment for saliva (UWSFR, £=0.0004), with greater saliva
flow in the acupuncture group at week 7 (UWSFR, < 0.0001; SSFR, £ =0.002) and 11
(UWSFR, P<0.02; SSFR, £<0.03) and at 6 months (SSFR, £< 0.003).

Conclusions—Acupuncture given concurrently with radiotherapy significantly reduced
xerostomia and improved QOL.
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Introduction

The majority of patients with head/neck cancer undergo radiotherapy and most develop
xerostomia (dry mouth). Xerostomia often severely impairs quality of life (QOL)! with
patients experiencing taste aberrations, dysphagia, odynophagia, difficulty sleeping and
speaking, and loss of appetite. Changes in salivary components can reduce the natural
inhibition of bacterial growth in the oral cavity, resulting in increases of caries-forming
microbes that can cause bone infection and irreversible nutritional deficits.? The pathology
and course of xerostomia are not well described, but symptoms rarely spontaneously
improve.

Salivary glands are particularly sensitive to radiation, and at doses higher than 50 Gy,
damage may be irreversible.3 Reduced salivary flow begins during the first few days of
radiotherapy with an 80% decrease by 6 weeks. Other changes include decreased salivary
pH, increased viscosity, and reduced levels of salivary constituents (i.e., immunoglobulins,
buffers, small organic molecules).* >

One approach used to help prevent xerostomia is intensity modulated radiation therapy
(IMRT). IMRT has the potential to reduce salivary radiation dose-volume intensity by
allowing the delivery of high dose radiation to tumor while minimizing the dose to
surrounding normal structures. 52 Its use, however, is limited by several factors. First,
IMRT only partly spares the parotid glands and minor salivary glands within the oral cavity;
thus, the development of xerostomia remains high. 19-14 Additional potential disadvantages
of IMRT as compared with conventional RT include increased homogeneity of the dose
distribution, increased total body dose, increased planning time, increased cost, increased
difficulty in interpretation of treatment verification films, and most importantly, potentially
increased risk of a marginal miss.” Although IMRT has been shown to reduce the incidence
of late grade 2 xerostomia,® 16 not all patients receive IMRT, and it is not commonly
available in many areas of China. In a pilot trial at MD Anderson investigating the use of
acupuncture to treat radiation-induced xerostomia, 17 most participants had received IMRT,
yet these patients still benefited from the acupuncture treatment.

Treatment for radiation-induced xerostomia is primarily palliative. Several approaches
including saliva substitutes, chewing gum, sialogogue lozenges, and pilocarpine, have been
attempted with limited benefit.18-27 Amifostine has been approved by the Food and Drug
Administration (FDA) to reduce the incidence and severity of radiation-induced xerostomia,
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but it requires parenteral administration, has potential side-effects, and is not universally
available.2 Electrical stimulation of the tongue and palate?8: 29 and hyperbaric oxygen
therapy3C have also been tried with little benefit.

Published reports indicate acupuncture can stimulate saliva flow in patients experiencing
xerostomia after the end of radiotherapy. Several studies conducted by different
investigators have shown positive results.31-43 Some have demonstrated relief of symptoms
in as few as 5 treatments3! with benefits lasting up to 3 years.32 Previous randomized trials,
however, have not explored whether acupuncture can prevent xerostomia when given
concurrently with radiotherapy.

We report results from a randomized trial designed to determine if acupuncture delivered
during radiotherapy, relative to standard care, could prevent the development of xerostomia
among cancer patients undergoing radiotherapy to the head/neck. Secondarily, we evaluated
if acupuncture could reduce xerostomia severity and improve aspects of quality of life. In
planning for a subsequent multi-center, phase 111 trial, a second smaller trial was conducted
to examine the same acupuncture procedures compared to a placebo control group for
patients undergoing IMRT for head and neck cancer. Results from that study are reported
elsewhere.

MATERIALS AND METHODS

Patients

Procedures

This study was approved by Institutional Review Boards at MD Anderson Cancer Center
and Shanghai University Cancer Center. Participants were identified by faculty in the
Department of Radiation Oncology at Fudan and referred for assessment of eligibility and to
obtain informed consent. All patients were treated at Fudan. The trial was registered at
ClinicalTrials.gov: NCT00430378. Patients were recruited between March, 2007 and
December, 2008.

Inclusion criteria were: age greater than 18 years; nasopharyngeal carcinoma (NPC);
anatomically intact parotid and submandibular glands; and Zubrod performance status of 0,
1, or 2. Patients were excluded if they had a history of xerostomia; planned intensity-
modulated radiation therapy (IMRT); suspected or confirmed physical closure of salivary
gland ducts on either side; known bleeding disorders and taking heparin or warfarin;
contraindications for the use of acupuncture at any acupoints; history of cerebrovascular
accident or spinal cord injury; or if they had taken any drug or herbal medicine in the past 30
days that could affect salivary function or were planning to or ended up taking such a
substance during the study.

After collecting baseline measures, patients were randomly assigned to one of two groups
using a random number table: the acupuncture group (G1) and the standard care control
group (G2). Patients assigned to G1 received acupuncture on the same day but prior to
radiation 3 days/week during a 7-week course of radiotherapy. Patients in G2 did not receive
acupuncture or any special education to prevent xerostomia except standard oral hygiene.
Self-report questionnaires and sialometry were collected at baseline, weekly during the
course of radiotherapy, and 1 and 6 months after the end of radiotherapy.

Acupuncture Treatment—All treatments were given by a hospital credentialed

acupuncturist with over 35 years of experience. Patients were treated in a comfortable sitting
position. Standardized techniques for point location were used,** 4> and needle insertion
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endpoints were standard recommended depth of insertion**: 45 or achievement of De Qi
sensation.

Points were selected based on: (1) previously published reports,31-42 (2) point indications
according to traditional Chinese medicine (TCM) theory,** 4% and (3) current understanding
of anatomy and neurovascular tissues associated with each point.6 Although many
combinations could be used, we attempted to identify those that integrate TCM theory and
biomedicine, with a focus on using a minimal number of needles. Body points included Ren
24, Lung 7 (LU 7), and Kidney 6 (K 6), and ear points were Shenmen, Point Zero, Salivary
Gland 2-prime (SG 2”), and Larynx. Except for Ren 24 located in the midline, all points
were treated bilaterally. Needles remained in place for 20 minutes.

The Xerostomia Questionnaire (XQ) is an 8-item survey previously validated in several
cohorts. 9 12 The item scores are added and the sum is transformed linearly to produce a
final summary score between 0 and 100. Higher scores represent more xerostomia. Clinical
relevance of the XQ has been suggested by Eisbruch2 and Pacholke,® with XQ scores < 30
corresponding to mild to no symptoms of xerostomia.

The MD Anderson Symptom Inventory-Head and Neck (MDASI-HN) measures, on a 0-10
numeric rating scale, both the severity of symptoms and interference with patients’ daily
activities. One of the head/neck questions is specific to dry mouth. This was removed in the
symptom total score in order to have a measure that assessed symptoms separate from
mouth dryness. The 13 core items evaluate symptoms common to cancer patients. It also
includes 9 head/neck-specific items. The instrument was validated in a cohort of more than
200 patients and found to be highly reliable.4”

Salivary flow was measured using both unstimulated whole salivary flow rates (UWSFR)
and stimulated salivary flow rates (SSFR). Sialometry procedures have been previously
reported.1’

Statistical Analyses

The primary outcome was the XQat end of radiotherapyand 1 month later. The FDA uses
subjective outcomes as the standard for drug approval in xerostomia treatment. Secondary
outcomes were the MDASI-HN and changes in salivary flow. We estimated 90% of patients
in the control group and 60% of patients in the acupuncture group would develop
xerostomia, based on the frequent occurrence of xerostomia in this population and the
estimated benefits of acupuncture. Given 38 patients per group, we estimated differences
could be detected statistically with a two-sided significance level of 0.05 and 80% power.
We increased this number to a maximum of 50 per group to allow up to a 24% drop out rate.
Recruitment was stopped after we randomized 86 patients as attrition by the end of
radiotherapy and 1 month later was less than 10%.

We used SAS PROC MIXED*® procedure to run linear mixed models with the longitudinal
data from week 1 to week 11. In these models, the intercept was random effect and
covariance was unstructured. Time effect (week) was treated as a continuous variable. We
examined the curvature of the outcomes over time by adding the quadratic term for time to
the model as necessary. We also tested the least square mean difference between groups by
week using the LSMEAN command In reply to: the PROC MIXED procedure. To explore
the long-term effect of acupuncture, we used the PROC GLM procedure in SAS to run
analysis of covariance for the same outcome variables collected 6 months after week 11,
using the baseline measurements as covariates. We also conducted sub-analyses of XQ
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scores >30 (signifying clinically significant levels of xerostomia) at 7 and 11 weeks and at
the 6-month follow-up using chi-square tests.

Of 127 eligible patients approached, 86 consented and were randomly assigned to G1 or G2
(68% acceptance rate, Figure 1a). As can be seen in Table 1, the groups were balanced on
medical and demographic characteristics. Compliance with acupuncture treatments (3/week
for 7 weeks of radiotherapy) among the 39 patients in G1 was very high (82%; N = 32), with
the remaining patients receiving 20, 19, 15, 10, 6, 5, or 4 treatments. Among the 86 patients
randomized, 62 finished the 6 month follow up. Five patients died prior to follow-up and 19
dropped out of the study due to not being able to come back to do follow up at Fudan
University Shanghai Cancer Center.

Patient Characteristics

Participant characteristics are shown in Table 1. There were no group differences in age,
sex, NPC stage, or mean tumor dose. Fifteen patients received only radiation, 32 patients
underwent induction chemotherapy prior to radiation, 19 patients underwent induction and
concurrent chemotherapy with radiation, and 20 patients underwent concurrent
chemotherapy with radiation. There were no group differences on chemotherapy regimen.
There were also no group differences for any of the outcomes measures at baseline.
Differences between the patients who provided data at the 6-month follow-up versus those
who did revealed there were fewer patients with stage 1V disease and fewer women
providing 6-month follow-up data. However, there were no differences on the questionnaire
or salivary outcomes at baseline and all other time points between those with and without
missing data.

Patient-Reported Outcomes

Xerostomia—Analyses of the XQ scores revealed a significant main effect of time
(P<0.001), a group by time interaction (P<0.0001), a quadratic time effect (P<0.0001), and a
group by quadratic time interaction effect (quadratic term; P=0.0005, see Figure 2). In the
post-hoc analysis, mean comparisons by week showed the control group had significantly
higher XQ scores starting in week 3 that remained through week 11. The absolute
differences between groups increased over time, with the greatest difference at week 7
(group difference = 10.3) (Figure 2a). In the analysis of covariance at the 6-month follow-
up, the control group continued to have significantly higher XQ scores than the acupuncture
group (acupuncture 21.9; control 34.0, P = 0.0006; group difference 12.1 [95% ClI, 5.4,
18.8]). Examination of XQ scores > 30 by group using chi-square analyses showed by week
7, the majority of patients in both groups had scores > 30, with no significant group
differences (acupuncture 89.7%; control 97.8%, P = 0.17; RR 0.92 [95% ClI, 0.82, 1.03]).
However, by week 11 and 6 months later, the acupuncture group had significantly fewer
patients with scores > 30 (week 11- acupuncture 54.3%; control 86.1%, P =0.0019; RR 0.63
[95% CI, 0.45, 0.87]; 6 months - acupuncture 24.14%; control 63.6%, P = 0.0018; RR 0.38
[95% Cl, 0.19, 0.76]).

Symptom burden—QOutcomes were similar for the MDASI-HN questionnaire in weeks
1-11 for general cancer Symptom Severity, Interference, and the Head/Neck subscales
(Figure 3); there was a significant main effect of time (P<0.001 for all three subscales), a
group by time interaction (symptom severity: P=0.029; interference: P=0.003; head and
neck: P=0.0009), a quadratic time effect ( P<0.0001 for all three subscales), and a group by
quadratic time interaction effect (Symptom Severity: P=0.046; Interference: P=0.021; Head/
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Neck: P=0.0057). In the post-hoc analysis, mean comparisons by week showed the control
group had significantly higher Symptom Severity and Head/Neck scores starting in week 3
that remained through week 11 for head and neck scores and became non-significant for
Symptom Severity. Group differences for Interference emerged at week 4 and remained
through week 11. At the 6-month follow-up, there were significant group differences for
Interference and Head/Neck Symptoms: Interference: acupuncture 2.6; control 4.6, P < 0.02;
group difference 2.0 [95% Cl, 0.4, 3.7]; Head/Neck symptoms:acupuncture 7.0; control
10.6, P < 0.02; group difference 3.6 [95% ClI, 0.8, 6.5]; and marginally significant
differences for Symptom Severity scores: acupuncture 2.6; control 4.9, P = 0.07; group
difference 2.3 [95% Cl, -0.2, 4.8].

Sialometry Outcomes

Analyses of UWSFR data revealed a significant main effect of time (P<0.0001), a group by
time interaction (P=0.0425), a quadratic time effect (P<0.0001), and a marginally significant
group by quadratic time interaction effect (P=0.0559; see Figure 4). In the post-hoc analysis,
the two-by-two least square mean comparison by week showed the acupuncture group had
significantly higher saliva flow rates starting at week 3 that remained through week 11, with
the greatest group differences at week 7 (group difference = 0.3) (Figure 4). In the analysis
of covariance at the 6-month follow-up, groups were not significantly different (UWSFR
score: acupuncture 0.50; control 0.46, P = 0.60; group difference 0.04 [95% CI, —0.11,
0.19]).

Analyses of SSFR revealed a significant main effect of time (P<0.0001), a marginally
significant group by time interaction (P=0.0657), a quadratic timeeffect (P<0.0001), but the
group by quadratic time interaction effectwas not significant (P=0.16). In the post-hoc
analysis, the two-by-two least square mean comparison by week showed the acupuncture
group had significantly higher saliva flow rates starting at week 4 that remained through
week 11, with the greatest group differences at week 7 (group difference = 0.56) (Figure 4).
In the analysis of covariance at the 6-month follow-up, the acupuncture group continued to
have significantly higher SSFR than the control group (acupuncture 1.57; control 0.95, P <
0.003; group difference 0.62 [95% CI, 0.22, 1.01]).

DISCUSSION

This is the first randomized-controlled trial to demonstrate that acupuncture during a course
of radiotherapy can reduce the development and severity of xerostomia. For self-report
measures and sialometry, group differences emerged as early as week 3 and remained
significant at 1 and 6 months after the end of radiotherapy, even without additional
acupuncture. Less than one third of patients in the acupuncture group reported clinically
significant symptoms at 6 months versus more than two thirds in the control group. Other
cancer-related symptoms and whether symptoms interfered with QOL remained
significantly different between groups even 6 months after the end of radiotherapy and
undergoing acupuncture. Although not all patients provided 6-month follow-up data, there
were no differences between those who did and did not provide data based on QOL
outcomes or sialometry, suggesting that the data is missing at random.

In the United States, the FDA uses subjective outcomes as the standard for drug approval in
xerostomia treatment because both basal and stimulated salivary flow rates vary
significantly among individuals, and there is no minimum salivary flow rate associated with
xerostomia symptoms. Subjective sensations of oral dryness are not reliable indicators of
flow rate, and impaired salivary gland function can exist with or without the sensation of
oral dryness.13 Thus, it is noteworthy that objective results supported subjective results, and
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significant differences in saliva flow between the two groups emerged as early as 3 weeks
into treatment and remained 6-months later.

Putative biological mechanisms involved in the treatment of xerostomia with acupuncture
are not well understood, but in 1993, Blom and colleagues 34 showed that local blood flux
increased significantly in the skin overlying the parotid glands following acupuncture. Later
studies3®: 39 demonstrated that acupuncture caused increased concentrations of both
vasoactive intestinal polypeptide and calcitonin gene-related peptide in the saliva of
xerostomia sufferers. Involved neuronal substrates have also been investigated by functional
magnetic resonance imaging (FMRI).4° In a randomized, sham-controlled, cross-over,
neuroimaging trial of 20 healthy volunteers, Deng and colleagues found that acupuncture
stimulation of the point Large Intestine 2 (LI 2) was associated with bilateral activation of
areas of the brain where gustatory, olfactory, visual stimuli and signals from expectation/
suggestion are integrated and these areas were not activated during sham acupuncture. These
was also a positive correlation between the amount of saliva flow and changes in the brain
regions of interest.? Further exploration of these potential mechanisms is greatly needed.

Acupuncture is cost-effective, minimally invasive, and has a very low incidence of adverse
effects. No adverse effects related to the treatment, outside of mild discomfort from needle
insertion, were reported by participants. One limitation is that this was a single-center trial,
and although representative of patients seen at Fudan, the study population was somewhat

select. Thus, generalizability of findings is limited.

The current trial also did not use a placebo comparison arm. Placebo-controlled trials in
acupuncture remain controversial. Identifying an inert sham treatment that cannot be
distinguished from real acupuncture is difficult. The FDA uses subjective outcomes as the
standard for drug approval in xerostomia treatment, thus, comparison to a placebo group is
important. However, there were significant group differences on subjective outcomes of
saliva flow. After we completed the current trial, we designed a pilot trial utilizing a sham
procedure. Results from that trial are reported elsewhere (ref pending). It should be noted,
although patients in the initial trial were excluded if they had received IMRT,# in one of
our other previous studies patients did receive IMRT.1? Subset analyses did not show any
significant relationship between the amount of radiation received and response to
acupuncture with patients who underwent IMRT deriving similar benefit.

This trial demonstrated acupuncture can reduce the occurrence and severity of xerostomia as
early as 3 weeks into radiotherapy, with benefits remaining 6 months after the end of
treatment. Based on these findings, future large-scale, multi-center, randomized placebo-
controlled trials that follow patients out to 12 months and include exploration of putative
mechanisms are indicated.
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N=127 participants met initial eligibility criteria
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at 7-week follow-up

N=35 analyzed
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41 declined
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consented
N=86
participants
randomized
N=46
Control
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1 dropped due to
discomfort with
sialometry

N=45 analyzed
at 7-week follow-up

|

N=43 analyzed
at 11-week follow-up

N=29 analyzed for questionnaires at 6 months
N=24 analyzed for sialometry at 6 months

N=33 analyzed for questionnaires at 6 months

N=27 for sialometry at 6 months

Figure 1.

Patient flow diagram*

* Five patients died before the 6-month follow-up and the other 19 dropped out because they
could not return to the hospital for the assessments.
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Figure2.

Xerostomia Questionnaire mean scores over time. *

* Week 0 is baseline raw mean. Means at weeks 1 through 11 are the least square means
adjusted for baseline score. The perpendicular lines at each time point represent the standard
error.
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MD Anderson Symptom Inventory Head and Neck Questionnaire mean scores over time.*
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* Week 0 is baseline raw mean. Means at weeks 1 through 11 are the least square means

adjusted for baseline score. The perpendicular lines at each time point represent the standard
error.
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Figure4.

Acupuncture versus Control (standard of care) saliva flow outcomes over time.*

* Week 0 is baseline raw mean. Means at weeks 1 through 11 are the least square means
adjusted for baseline score. The perpendicular lines at each time point represent the standard
error.
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Table 1

Demographic and medical characteristics

Group

Characteristic  Acupuncture

Control p-value

Age in years
Mean (SD) 45.6 (10.8)
Gender n (%)

Male 30 (76.9)

Female 9(23.1)
Stage n (%)

1 4(10.2)

1l 12 (30.8)

n 12 (30.8)

v 11 (28.2)

Radiation tumor dose (Gy)

Mean (SD) 70.8 (1.9)

48.9(105)  0.16

29(64.4) 021
16 (35.6)

122 0.14
15 (33.3)
22 (48.9)

7(15.6)

70921 071
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