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Purpose: Recent studies have suggested that acupuncture may improve radiation-induced xerostomia with
an increase in the median salivary flow rate and sustained symptom relief. An acupuncture-like transcu-
taneous nerve stimulation method (Codetron) without invasive needles was developed to mimic acupuncture
treatment. This Phase I–II study examined the effectiveness of Codetron in treating radiation-induced
xerostomia.
Methods and Materials: Patients with symptomatic xerostomia after radical radiotherapy for head-and-neck
cancer but with evidence of residual salivary function were recruited into the study. Two 6-week courses of
Codetron treatment of acupuncture points preselected according to traditional Chinese medicine principles were
given with a 2-week break between each course. Basal and citric acid-primed whole saliva production were
measured at baseline and up to 1 year after treatment completion. Xerostomia symptoms were assessed by a
five-item xerostomia symptom questionnaire with a visual analog scale and quality of life was evaluated using the
Head and Neck Radiotherapy Questionnaire.
Results: We enrolled 46 patients in the study. All patients had received radiotherapy doses of>50 Gy to bilateral
head-and-neck fields, including the parotid glands. Of the 46 patients, 37 completed the follow-up assessments at
3 and 6 months after treatment completion. No Codetron treatment-related complications occurred. Improve-
ment in xerostomia symptoms was noted, with a mean increase in the visual analog scale score of 86 (p < 0.0005)
and 77 (p < 0.0001) at 3 and 6 months after treatment completion, respectively. For all patients, the increase in
the mean basal and citric acid-primed whole saliva production at 3 and 6 months after treatment completion was
also statistically significant (p < 0.001 andp < 0.0001, respectively). No statistically significant change in the
quality-of-life evaluation compared with baseline was observed.
Conclusion: The results suggest that Codetron treatment improves whole saliva production and related symp-
toms in patients with radiation-induced xerostomia. The treatment effects were sustained for at least 6 months
after Codetron treatment completion. A prospective randomized Phase III trial with appropriate controls is
being planned. © 2003 Elsevier Inc.
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INTRODUCTION

Xerostomia or dry mouth is a very common complication in
patients treated with radical radiotherapy (RT) for head-
and-neck cancer and represents a significant source of mor-
bidity for the patient population. The condition is caused by
radiation damage to the salivary glands. It has been shown

that the reduction in salivary flow depends on the radiation
dose delivered and the volume of salivary glands irradiated.
Even a low dose of radiation can cause a change in the
quantity and quality of saliva, and up to 100% of patients
who undergo RT for head-and-neck cancer develop some
degree of xerostomia (1, 2). The symptoms of radiation-
induced xerostomia are often permanent and lead to diffi-
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culty in mastication, swallowing, and speaking (2). Other
consequences include stomatitis, taste dysfunction, and in-
creased susceptibility to dental caries (3).

Treatments with saliva substitutes and stimulation of
salivary flow by either mechanical or pharmacologic meth-
ods provide some symptomatic relief but no long-lasting
results when active treatment is stopped (3). Oral pilo-
carpine hydrochloride treatment has been the most exten-
sively studied and is commercially available for treating
xerostomia. Despite a modest effectiveness with overall
improvement in symptoms, adverse cholinergic effects,
such as sweating, nausea, rhinitis, and chills, limit pilo-
carpine use. In several studies, 15–25% of patients had to
withdraw from treatment because of intolerable side effects
(4–6).

Recently, acupuncture treatment in patients with xerosto-
mia has been demonstrated to be effective and associated
with long-lasting results (7). In patients with radiation-
induced xerostomia, acupuncture treatment has been shown
to improve salivary flow rates and, qualitatively, led to a
reduction in xerostomia-related symptoms with minimal
side effects (8–10). Moreover, long-term improvement in
the salivary flow rate for up to 6 months after the first course
of treatment, and up to 3 years with additional acupuncture
treatments, has also been shown in a recent study (11).

Although quite promising, the reluctance of patients to
undergo “needle therapy” (12) and the requirement for
expertise in performing the acupuncture treatment may
make this treatment modality difficult to offer to patients in
most conventional clinics. To overcome this shortfall, non-
invasive transcutaneous electrical nerve stimulation (TENS)
of acupuncture points has been used to replace the needles.
TENS has been shown to give comparable results to acu-
puncture treatment for musculoskeletal pain disorders (13,
14). Recently, a newer approach to transcutaneous nerve
stimulation, using Codetron machines, has been developed
to deliver stronger and less habituating stimulation to the
nerves using a lower frequency than conventional TENS
devices. This approach allows stimulation of the A� muscle
afferent neurons, resulting in an ache similar to the sensa-
tion that actual acupuncture treatment creates when cor-
rectly done, the so-called De Qi sensation (15, 16). In a
randomized study, it was shown that Codetron provided
comparable or better results than electroacupuncture in the
treatment of chronic musculoskeletal pain (17). Like con-
ventional TENS therapy, only minimal side effects occur
with the use of Codetron, consisting of mild ache and skin
irritation at site of stimulation (18, 19).

Given the evidence that TENS-like devices are effective
in treating disorders responsive to acupuncture, we hypoth-
esized that radiation-induced xerostomia may also be re-
sponsive to Codetron therapy. This is the report of our
prospective Phase I-II randomized trial conducted to eval-
uate the usefulness of Codetron treatment of radiation-
induced xerostomia.

METHODS AND MATERIALS

We enrolled 46 patients who had been treated for head-
and-neck cancer with radical RT who had symptoms of
xerostomia. No evidence of active cancer was found after 4
months of follow-up in all patients. All patients had had
both parotid glands irradiated but had some residual salivary
function, as evidenced by the presence of oral moisture on
physical examination. Patients who were taking medica-
tions that may induce xerostomia, who had unstable cardiac
disease, or who had a pacemaker in situ were excluded from
the study. Patients who were taking pilocarpine for ophthal-
mic or nonophthalmic indications were also excluded. Pa-
tients for whom oral pilocarpine treatment of radiation-
induced xerostomia had failed and who had stopped taking
the medication for more than 1 month were included.

After informed consent, the study patients were centrally
randomized into three groups (A, B, and C). Each of these
three groups was treated with a predetermined set of acu-
puncture points for Codetron stimulation. This randomiza-
tion progress was performed with the aim of determining
the optimal combination of acupuncture points for stimula-
tion. The sets of acupuncture points (named according to the
World Health Organization Standard Acupuncture Nomen-
clature [20]) were as follows:

Group A: Sp6, St36, LI4 (active electrodes) and CV24
(indifferent electrode)

Group B: Sp6, St36, P6 (active electrodes) and CV24 (in-
different electrode)

Group C: Sp6, St5 and 6, P6 (active electrodes) and CV24
(indifferent electrode)

The acupuncture points used in this study were selected
on the basis of the meridian principles described in tradi-
tional Chinese medicine (21). The combinations vary in the
relative contribution of local and distal points, as well as
potential sympathetic and parasympathetic stimulation (21,
22). These acupuncture points have also been used in pre-
vious xerostomia studies (7, 8).

Codetron treatment was given twice weekly for 6 weeks.
Nonpolarizing, balanced, biphasic, square electrical pulses of
250-ms duration were delivered in trains with a repetition rate
of 4 Hz (recurrence frequency, code III on the Codetron
machine). The intensity of stimulation of each acupuncture
point was adjusted to produce a deep, strong, with or without
mild aching, sensation at the attachment point of the electrodes.
Each acupuncture point was randomly stimulated for 10 s each
time. Each session of Codetron treatment lasted for a total of
20 min. This was followed by a 2-week break and then another
6-week course of treatment was repeated.

The quantification of response was performed using a
five-item xerostomia symptom questionnaire with a visual
analog scale (VAS) used in previous trials (5, 6) (Fig. 1).
The VAS for each item was set up with the most negative
response (i.e., the worst symptom or zero score) as the left
anchor and the most positive response (i.e., the absence of
symptoms or score of 100) as the right anchor; thus, the
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higher the score, the better the symptom. The total VAS
scores for the five items combined could range from 0 to
500. Patients were asked to mark on the scale their response
relative to the two extremes. Standardized assessments of
whole saliva production (WSP) for 5 min for basal produc-
tion and citric acid-primed production were conducted.
WSP was measured by expectoration weight, assuming 1 g
of saliva produced equaled 1 mL of saliva. Patients were
asked to refrain from eating, drinking, and smoking at least
1 h before each measurement. For the basal WSP measure-
ment, patients were asked to expectorate continuously into
a preweighed dry plastic container during a 5-min period
without swallowing. The collected saliva with the plastic
container was weighed (total weight) immediately after
each collection. The total weight minus the weight of the

container was taken as the weight or volume of whole saliva
collected. For the citric acid-primed WSP measurement, the
above procedure was performed after the patient swished
with 1 mL of citric acid for 1 min (5, 6). The quality of life
was evaluated using the Head and Neck Radiotherapy Ques-
tionnaire (23). All assessments were performed at baseline
and 6, 8, and 12 weeks after treatment began and at 3, 6, and
12 months after treatment completion.

Repeated measures analysis of variance was conducted to
compare the results after treatment during follow-up with
those at baseline.

Ethics approval
The Research Ethics Board of the Henderson Hospital,

Hamilton Health Sciences Corporation, approved this study.

Fig. 1. VAS of xerostomia symptoms.
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RESULTS

Of the 46 patients enrolled in the study, 9 patients did not
complete it because of reasons unrelated to the treatment.
One patient had tumor recurrence, one had hemorrhage
from his prosthesis, one developed severe back pain, three
had unexpected heart events, and three could not come to be
treated two times weekly because of other personal com-
mitments. The remaining 37 patients (Group A, n � 13;
Group B, n � 10; Group C, n � 14) had all completed the
follow-up assessment at 6 months after treatment comple-
tion. Patient characteristics and their disease and treatment
profiles are listed in Tables 1 and 2.The mean patient age
was 59.2 years (range 30–85). The average duration of
xerostomia symptoms for the study patients ranged from 5
to 88 months (mean 27). All patients had received RT doses
of �50 Gy to bilateral head-and-neck fields, including the
parotid glands.

The mean total xerostomia symptom VAS score for all
patients increased from 144 (standard deviation [SD] 71) at

baseline to 230 (SD 107) at 3 months and 221 (SD 87) at 6
months after completing Codetron treatment. t tests for the
differences (mean increase in total VAS score of �86 [SD
124] and �77 [SD 104] at 3 and 6 months of follow-up,
respectively) were statistically significant (p � 0.0005 and
p � 0.0001, respectively), indicating significant improve-
ment in xerostomia symptoms. Patients reported improve-
ment in tongue dryness, speech, swallowing, and overall
comfort of the mouth (Fig. 2).

For all patients, the mean pretreatment 5-min basal and
citric acid-primed WSPs was 0.26 mL (SD 0.28, range
0–1.29) and 1.07 mL (SD 0.78, range 0.09–3.49), respec-
tively. At 3 months, the mean 5-min basal and citric acid-
primed WSPs had increased by 0.1–0.36 mL (SD 0.39,
range 0–1.49) and 0.26–1.33 mL (SD 0.81, range 1.1–
3.41), respectively. At 6 months of follow-up, the mean
5-min basal and citric acid-primed WSPs had increased
further to 0.37 mL (SD 0.35, range 0–1.44) and 1.61 mL
(SD 1.07, range 0.30–5.07), respectively (Fig. 3). The mean

Table 1. Patient profiles

Factor

Group

A B C

n 13 10 14
Age (y) 62.5 (49–85) 59.3 (45–77) 56.6 (30–77)
Male (n) 10 7 11
Female (n) 3 3 3
Present/past smoker (n) 2/7 2/5 2/8
Alcohol use (n) 7 6 7
Ethnic origin (n)

White 13 8 14
Native American 2

Education �high school (n) 12 8 12
Employed (n) 10 10 8

Numbers in parentheses are the range.

Table 2. Patient disease and treatments profiles

Factor

Group

A B C

Stage
TxN0-2 2 1 2
T1N0-2 6 1 3
T2N0-2 4 2 2
T3N0-2 1 6 3
T4N0-2 0 0 4

Bilateral parotid RT
Total 13 9 10
Subtotal 0 1 4

Average total dose (Gy)/fx 6550/32 6600/32 6282/31
Average field size (cm2) 165 177 181
Average duration of xerostomia (mo) 24 (7–88) 31 (5–68) 26 (7–74)
Radiation energy/type 6-MV photons 6-MV photons 6-MV photons

Abbreviation: RT � radiotherapy.
Numbers in parentheses are the range.
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increases in both basal and citric acid-primed WSPs at 3 and
6 months of follow-up were statistically significant com-
pared with the pretreatment levels (p � 0.001 and p �
0.0001, respectively) using repeated measures analysis of
variance. The mean increases remained statistically signif-
icant after covariate adjustments for concurrent tobacco and
alcohol use and intervals between the last fraction of radi-
ation and the start of Codetron treatment. The increases in
WSPs were sustained for 6 months after Codetron treat-
ment. The increase in citric acid-primed WSP was signifi-
cantly better than the increase in basal WSP at 6 months of
follow-up (analysis of variance, p � 0.05).

No statistically significant differences were found in the
increases in WSP or improvements in xerostomia symptoms
among groups A, B, and C at 3 and 6 months of follow-up
(Fig. 4). However, a trend was noted that patients in Group
A demonstrated the greatest improvement in their mean
total VAS scores in all xerostomia symptoms.

No overall statistically significant difference (p � 0.05)
was noted in most of the Head and Neck Radiotherapy
Questionnaire–based quality-of-life questions at 6 months
of follow-up compared with baseline for all patients. How-
ever, statistically significant improvements were reported in

taste (p � 0.004) and consistency (less thick) for both saliva
(p � 0.0001) and oral mucous (p � 0.04).

No adverse effects were caused by the Codetron treat-
ment. All patients stated that they could operate the ma-
chines and administer their own treatments in our study
survey.

DISCUSSION

In clinical studies, acupuncture treatment has been sug-
gested to be able to relieve xerostomia symptoms and im-
prove salivary production (7–10). The results of our study
suggest that Codetron may be useful in improving symp-
toms related to radiation-induced xerostomia and are similar
to the results obtained in studies using actual acupuncture
techniques.

The possible underlying mechanism is not clear. It has
been proposed that acupuncture treatment may specifically
stimulate the autonomic nervous system through selected
afferent neurones, causing increased activity of the para-
sympathetic nervous system, which enhances the release of
specific neuropeptides. The neuropeptides may have a num-
ber of trophic effects that include an increase in the local

Fig. 2. Mean VAS scores of xerostomia symptoms of all patients.
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blood flow of the salivary glands, causing an upward regu-
lation in the metabolism of salivary gland cells that results
in an increase in salivary production and, possibly, regen-
eration of tissue (24–29). Another possible mechanism may
involve the stimulation of minor salivary glands present in
nonirradiated buccal mucosa, leading to increased salivary
production and improved mucosal moisture.

The use of the transcutaneous nerve stimulator as an
alternative to actual acupuncture treatment has been studied.
Unlike conventional TENS, which typically uses high-fre-
quency, low-intensity stimulation, acupuncture-like TENS
(ALTENS) uses a high-intensity, low-frequency electrical
stimulus that preferentially stimulates the A� nerve fibers
that are stimulated by actual acupuncture treatment with the
typical “De Qi” response (15). In studies of chronic pain
conditions, ALTENS was demonstrated to provide better
pain relief than conventional TENS (30). With the addi-
tional property of random stimulation, Codetron can prevent
habituation of the brain to stimulation and may potentially
improve the results of ALTENS therapy (16).

In our study, the choice of acupuncture points for
ALTENS stimulation was largely empiric. These points
were selected by two of us who were certified in medical
acupuncture using the anatomic and classic traditional Chi-
nese medicine approaches. All the points used in the study
have either been described in acupuncture texts to have an
effect on xerostomia conditions or been observed to have
influences on the autonomic nervous systems (21, 22). The

design of the combinations was based on a local and distal
point approach commonly used in acupuncture practice.
CV24 was selected to be the point for the indifferent elec-
trode because the point has been used in most conditions of
xerostomia from various causes. These points have also
been used in the aforementioned studies of acupuncture
treatment of xerostomia (7, 8).

The treatment schedule was modeled on the classic ap-
proach in treating chronic conditions, with a protracted
course involving two to three acupuncture treatments
weekly for a few weeks followed by a short break period,
and another few weeks of active treatment.

A reduction in salivary production with associated xero-
stomia symptoms typically occurs during RT that involves
both parotid glands (1). In a prospective study that evaluated
the change in salivary production during and after RT for
various head-and-neck cancers, all 14 patients who had both
parotid glands irradiated were found to have a marked
reduction in salivary production during the first week of
treatment. A dose-dependent recovery of the salivary secre-
tion rate was also observed. Patients whose parotid glands
received �4500 cGy showed a mean recovery of 70% of
initial salivary secretion rate at 18 months after RT com-
pletion. A mean recovery of 60% of the initial salivary
secretion rate was seen in the 3 patients who received
4700–5200 cGy; only a 20% recovery rate was seen for
those who received �6500 cGy (2). However, no correla-
tion was found in patients’ reported dryness with the sali-

Fig. 3. Mean WSP of all 37 patients.
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vary secretion rate, and two-thirds of patients continued to
have a dry mouth at 18 months after RT. In our study, all
patients received a dose of �5000 cGy to both parotid
glands, and the duration of xerostomia symptoms ranged
from 5 to 88 months (mean 27). Only 6 patients had an
interval of �10 months (but �5 months) between the last
date of RT and the first day of Codetron therapy. The
observed improvements in whole salivary flow production
were thus not likely to have the result of a recovery process.

The observed early response in xerostomia symptoms
after the first half of Codetron treatment with a subsequent
slight decline in improvement may signify a psychological
reaction of well-being that might have occurred in some
patients, because they had been offered a possible useful
intervention that might help their debilitating symptoms.
However, the sustained response in xerostomia symptoms,
despite no active intervention, for at least 6 months after
completion of Codetron treatment is not likely to be a result
of a psychological reaction. This improvement in symptoms
may be explained by the small, but definite, sustained in-
crease in citric acid-primed WSP after Codetron treatment.
The basal WSP was also mildly improved after Codetron
treatment at 6 months. The significance of this is still
uncertain. In other clinical studies, no strict correlation was
found between patient reports of xerostomia symptoms and
saliva production (2, 5). It was found that electrical stimu-
lation of the parasympathetic nerve to the parotid and sub-
mandibular glands in rats causes a mitogenic response, as

indicated by an increase in tritiated thymidine uptake of the
glands (31). The question of whether these improvements in
citric acid-primed and basal WSP are due to salivary gland
tissue regeneration remains to be answered by future stud-
ies.

In our study, we failed to demonstrate any significant
improvement in the overall quality-of-life score for the
patients we studied, despite significant improvement in xe-
rostomia symptoms. Although a number of studies have
documented the impact of cancer- and treatment-related
complications on the quality of life in head-and-neck cancer
patients (32–34), no study has yet shown that an improve-
ment in established treatment-related complications will
enhance quality of life in head-and-neck cancer patients. In
a study comparing health-related quality of life in long-term
head-and-neck cancer survivors with that of the general
population, no clear correlation was found between reported
functional problems and general function and mental health,
reflected as no statistically significant change in quality-of-
life scores at 3 years after diagnosis (35).

The finding of a sustained response in our study is also
compatible with the results of a recent long-term follow-up
study of patients with xerostomia treated with acupuncture.
In that study, significant increases in salivary flow rates at 6
months of follow-up (p � 0.01) were found after 24 acu-
puncture treatments. Patients who received additional acu-
puncture treatment in their follow-up period had consis-

Fig. 4. Mean total VAS scores of xerostomia symptoms for Groups A, B, and C.
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tently greater salivary flow rates at 3 years of follow-up
(36).

In our study, we attempted to determine the best combi-
nation of acupuncture points for Codetron treatment of
radiation-induced xerostomia by randomizing patients into
three groups treated with three slightly different combina-
tions of acupuncture points. We found no statistically sig-
nificant differences in the increases in WSP or improve-
ments in xerostomia symptoms among the three groups at 3
and 6 months of follow-up. This implied that the use of any
of the three combinations of acupuncture points used in this
study for Codetron treatment of radiation-induced xerosto-
mia can be similarly effective. However, in our study, a
trend was noted that the patients randomized to Group A
had the greatest improvement in xerostomia symptoms.
This suggests that the combination of acupuncture points
used in Group A be examined further in future trials. In
classic traditional Chinese medicine, single or multiple acu-
puncture points have been found useful in treating xerosto-
mia from a variety of etiologies. Within this paradigm of
practice, patients with identical symptoms may have differ-
ent individual constitutions requiring treatment with differ-
ent combinations of acupuncture points. This individualized
approach, based on patients’ constitutional patterns, has
been found to produce better treatment results (21). A
comparison of acupuncture point combinations, without de-
fining the constitutional subgroups, may be less likely to
demonstrate a statistically significant difference. The gen-
eralization of patients with radiation-induced xerostomia to
be treated with a single combination of acupuncture points
may limit treatment efficacy. However, in a clinical trial
setting, generalization is obviously more practical even if it
introduces simplistic standardization.

No adverse effects related to Codetron treatment oc-
curred, and this was expected on the basis of the experience
from studies using similar ALTENS and conventional
TENS therapies (19, 37). The medical conditions that oc-
curred in the 6 patients who discontinued treatment were
probably not caused by the treatment. That three patients did
not complete the treatment because they could not feasibly
come to the cancer center to be treated is clearly a practical
problem for any form of treatment that requires frequent

visits. Treatment compliance has been shown to be a sig-
nificant issue in disease management. Codetron, however,
can be self-administered by most patients. This will likely
improve compliance. In our study, all patients found it easy
to deliver the treatment with the machine and expressed
willingness to treat themselves at home. The noninvasive-
ness and ease of Codetron treatment also make it easier to
implement it into practice in most oncology or nononcology
settings. By following a simple protocol consisting of an
acupuncture point combination, accurate treatment can be
delivered without special acupuncture training on the part of
certified health providers such as physicians, nurses, or
physiotherapists. However, the legal prescription and use of
Codetron and other similar TENS machines is still governed
by local legislation.

Given the positive results obtained in this Phase I-II
study, it is appropriate to examine the usefulness of Code-
tron for the treatment of radiation-induced xerostomia in a
Phase III randomized controlled trial. Placebo treatment can
be available with the use of “sham” machines that have all
the identical electronic features of active machines but give
no or a small amount of electrical stimulation. A Phase III
trial of Codetron treatment of radiation-induced xerostomia
is being organized at the Hamilton Regional Cancer Centre
with a planned total accrual of 100 patients.

The role of pilocarpine in preventing radiation-induced
xerostomia has not been encouraging. In a well-designed
placebo-controlled trial of oral pilocarpine given concur-
rently and after RT, no statistically significant difference
was found between the control and experimental arms. The
prophylactic use of a radioprotector, amifostine, has also
been evaluated. In a Phase III study, the concurrent use of
amifostine during RT was shown to induce a statistically
significant reduction in radiation-induced xerostomia (38).
However, the relatively high side-effect profile, the high
cost, and the necessity of i.v. administration before each RT
session will likely continue to limit its widespread clinical
use. Given the positive result of our current study, we have
recently started a funded Phase II study of the concurrent
use of Codetron treatment during RT in the prevention of
radiation-induced xerostomia at the Hamilton Regional
Cancer Centre.
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