
Acupuncture-like Transcutaneous Electrical Nerve Stimulation 
versus Pilocarpine in Treating Radiation-Induced Xerostomia: 
Results of RTOG 0537 Phase 3 Study

Raimond K. W. Wong, M.B.B.S.1, Snehal Deshmukh, M.S.2, Gwen Wyatt, Ph.D., R.N.3, 
Stephen Sagar, M.D.1, Anurag K. Singh, M.D.4, Khalil Sultanem, M.D.5, Phuc F. Nguyen-
Tân, M.D.6, Sue S. Yom, M.D.7, Joseph Cardinale, M.D.8, Min Yao, M.D.,Ph.D9, Ian Hodson, 
M.D.1, Chance L. Matthiesen, M.D.10, John Suh, M.D.11, Harish Thakrar, M.D.12, Stephanie 
L. Pugh, Ph.D.2, and Lawrence Berk, M.D.13

1McMaster University, Juravinski Cancer Centre, Hamilton, ON, Canada

2NRG Oncology Statistics and Data Management Center, Philadelphia PA

3Michigan State University, East Lansing, MI

4Roswell Park Cancer Institute, Buffalo, NY

5McGill University, Montreal, QC, Canada

6Centre Hospitalier de l’Université de Montréal-Hôpital Notre-Dame, Montreal, QC, Canada

7University of California San Francisco, San Francisco, CA

8Yale-New Haven Hospital Saint Raphael Campus, New Haven, CT

9University Hospitals of Cleveland, Cleveland, OH

10University of Oklahoma Health Sciences Center, Oklahoma City, OK

11Cleveland Clinic Foundation, Cleveland, OH

12John H. Stroger, Jr. Hospital of Cook County MB-CCOP, Chicago, IL

13University of South Florida H. Lee Moffitt Cancer Center, Tampa, FL

© 2015 Published by Elsevier Inc.

Copy Correspondence to: Raimond K. W. Wong, M.D., Department of Radiation Oncology, McMaster University Juravinski Cancer 
Centre, 699 Concession Street, Hamilton, ON, Canada, L8V5C2, Tel: 905=387=9495, Fax: 905-575-6326, 
raimond.wong@jcc.hhsc.ca. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Presented at the 55th Annual Meeting of the American Society for Radiation Oncology, September 22nd to 25th, 2013 at Atlanta, 
U.S.A.

This contents of this manuscript are the sole responsibility of the authors and do not necessarily represent the official views of the 
National Cancer Institute.

The authors have no disclosure, financially and non-financially, relating to the products described in this manuscript and to the 
conduction of this study.

HHS Public Access
Author manuscript
Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2016 June 01.

Published in final edited form as:
Int J Radiat Oncol Biol Phys. 2015 June 1; 92(2): 220–227. doi:10.1016/j.ijrobp.2015.01.050.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Abstract

Purpose and Objectives—This report presents the analysis of the RTOG 0537 multi-center 

randomized study that compared acupuncture-like transcutaneous stimulation (ALTENS) to 

pilocarpine (PC) for relieving radiation-induced xerostomia (RIX).

Methods and Materials—Eligible patients were randomized to twice weekly 20 minute 

ALTENS sessions for 24 sessions over 12 weeks or PC (5mg, 3 times daily for 12 weeks). The 

primary endpoint was the change in the University of Michigan Xerostomia-Related Quality of 

Life Scale (XeQOLS) scores from baseline to 9 months from randomization (mfr). Secondary 

endpoints included basal and citric acid primed whole salivary production (WSP), ratios of 

positive responders (defined as patients with ≥ 20% reduction in overall RIX symptom burden), 

and the presence of adverse events based on CTCAE v.3. An intention-to-treat analysis was 

conducted.

Results—148 patients were randomized. Only 96 patients completed the required XeQOLS and 

were evaluable at 9 mfr (representing merely 68.6% statistical power). Seventy-six patients were 

evaluable at 15 mfr. The median change in the overall XeQOLS in ALTENS/PC groups at 9 and 

15 mfr were −0.53/−0.27 (P=0.45) and −0.6/−0.47 (P=0.21). The corresponding percentages of 

positive responders were 81%/72% (P=0.34) and 83%/63% (P=0.04). Changes in WSP were not 

significantly different between the groups. Grade 3 or less adverse events, mostly consisting of 

Grade 1, developed in 20.8% of patients in the ALTENS group and in 61.6% of the PC group.

Conclusions—The observed effect size was smaller than hypothesized and statistical power was 

limited, since only 96 of the recruited 148 patients were evaluable. The primary endpoint -- the 

change in RIX symptom burden at 9 mfr, was not significantly different between the ALTENS 

and PC groups. There was significantly less toxicity in patients receiving ALTENS.

INTRODUCTION

Current management for radiation-induced xerostomia is symptomatic relief and prevention 

of oral and dental problems. Cholinergic agonists provide minimal sustained benefit and can 

have significant adverse effects1-3.

Acupuncture-like transcutaneous nerve stimulation (ALTENS) was suggested by a previous 

non-randomized phase 2 trial to be a potential treatment alternative for radiation-induced 

xerostomia4. Based on this trial, a multi-center randomized controlled phase 2/3 study 

comparing oral pilocarpine, the current standard treatment, with ALTENS was conducted by 

the Radiation Therapy Oncology Group (RTOG). The phase 2 results of this RTOG study 

demonstrated the feasibility in delivering ALTENS in a multi-center trial settings and a 

beneficial treatment response. ALTENS treatments were well tolerated by patients with few 

adverse effects5. This report presents the phase 3 results of this study.

METHODS

Objectives

The primary study objective was to determine whether ALTENS would reduce the overall 

radiation-induced xerostomia burden compared to oral pilocarpine. The primary endpoint 
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was the change in overall xerostomia burden, measured by the University of Michigan 

Xerostomia Related Quality of Life Scale (XeQOLS) at 9 months from randomization. The 

following secondary objectives were studied to compare the differences in:

• percentages of positive responder, defined as patient who had at least a 20% 

improvement from baseline XeQOLS

• stimulated (citric acid primed) and basal whole salivary production (WSP)

• percentages of adverse events according to the Common Terminology Criteria for 

Adverse Events (CTCAE) v3.0 criteria

• change in overall xerostomia burden and

• change in overall quality of life measured by the University of Washington Head 

and Neck Symptom Score (UWHNSS).

Patient Population

Eligible patients were at least 18 years old who had completed radiation (intensity 

modulated, IMRT or standard) with or without chemotherapy 3 months to 2 years before 

study entry and without evidence of recurrence. Patients who were disease free from other 

malignancies for at least 3 years prior to study entry were still eligible. Patients must have 

reported grade 1 or higher xerostomia (CTCAE v3.0) with a residual basal WSP > 0.1 ml 

per minute. Patients must have 0 to 2 Zubrod performance status. Patients who had received 

pilocarpine or cevimeline previously were strictly required to discontinue these medications 

at least 2 weeks prior to randomization. All patients provided study-specific consents. 

Patients with contraindications to pilocarpine or ALTENS were excluded. Specified 

contraindications include unstable cardiac disease, pacemaker in-situ, chronic obstructive 

pulmonary disease, respiratory illness requiring hospitalization, acute bacterial or fungal 

infection requiring intravenous treatments and pregnancy.

Study Design

A prospective randomized controlled design was utilized. Patients were stratified according 

to prior pilocarpine treatment and time after radiation therapy and/or chemotherapy. Zelen’s 

treatment allocation scheme was used to balance patient factors other than institutions6. 

Within each stratum, patients were randomized in a 1:1 ratio to either ALTENS or 

pilocarpine treatment.

Treatment Interventions—ALTENS were administered with a Codetron™ (model 902-

C, EHM Rehabilitation Technologies Ltd., Ontario, Canada) TENS units and Karaya 

electrode pads. Bilateral acupuncture points: SP6, ST36, LI4 using uncommon electrodes 

and CV24 using the common electrode were stimulated4,5. Sequences of 250 millisecond 

square pulses with a 4 Hz repetition rate were delivered. Each acupuncture point, except 

CV24, was stimulated for 10 seconds at a time. CV24, the site for the common electrode, 

was stimulated throughout the treatment session. Stimulation intensity (between level 3 to 6 

on the machine) was adjusted to produce a deep strong aching sensation at each acupuncture 

point. Random switching among electrodes enabled by the Codetron™ embedded random 

circuit was employed to prevent brain habituation to stimulation7. ALTENS was started 

Wong et al. Page 3

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



within 14 days after study enrollment. All patients were to receive 24 ALTENS sessions (20 

minutes each, two sessions per week), over 12 weeks. Two weeks without treatment were 

allowed and all outstanding sessions were administered in the remainder of the 12 week 

period, not to exceed three sessions per week. All treatments were delivered at RTOG 

participating academic and community-based institutions. Staff administering the ALTENS 

received training at RTOG meetings. Slides of training materials and a training video were 

posted on the RTOG website. For each patient, photographs of electrode pad positions on 

the acupuncture points were sent electronically to the principal investigator for rapid 

approval before the third treatment session.

Pilocarpine treatment started within 14 days of enrollment. Patients received 5 mg 

pilocarpine orally three times daily for 12 weeks and then stopped for the rest of the study. 

There was no make-up for missed dose. Dose modification was permitted due to pilocarpne 

intolerance. Patients completed drug diaries and returned all medications for counting to 

determine treatment compliance.

Study Endpoint Assessments—All endpoint assessments were conducted at baseline 

and at 4, 6, 9 and 15 months after the date of randomization.

The XeQOLS is a validated patient reported 15 items assessment scale with four domains — 

physical functioning, pain/discomfort, personal/psychological functioning and social 

functioning. The score is the average of all responses of all domains and could range from 0 

to 4.Higher scores indicate increased xerostomia burden. This scale has high reproducibility 

and sensitivity8-12.

Positive treatment responders were defined as patients who had at least a 20% improvement 

from the baseline XeQOLS scores, similar to that reported in previous randomized trials 

involving pilocarpine13-15.

The UWHNSS is a patient reported questionnaire designed specifically to address problems 

incurred by head and neck cancer patients16.The results will be reported in another 

manuscript.

Whole salivary production (WSP) was measured by the expectoration weight. One gram of 

saliva produced was considered as 1 ml of saliva.

For basal WSP, before each assessment, patients were required to refrain from eating, 

drinking, and smoking for at least one and a half hours. Patients then expectorated 

continuously into a pre-weighted dry container for five minutes without swallowing. The 

collected saliva with the container was weighted (total weight) immediately after each 

collection. The difference between the total weight and the container weight was considered 

equal to the volume of saliva produced. WSP was expressed in ml/min calculated by 

dividing the measured volume by 5.

For stimulated WSP, patients were given 5 ml of 2% citric acid solution to rinse in the 

mouth for 15 seconds and then completely expectorated the citric acid followed by the 

measurement procedure as described above.
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Statistics—No data were available to hypothesize the difference in the mean change of 

XeQOLS scores at 9 months from randomization, the primary endpoint, between the two 

treatment groups. An effect size of 0.50 was chosen for sample size calculation since the 

study team thought that a positive study with such magnitude of change would be more 

persuasive to implement the use of ALTENS. Based on a two-sided t-test with alpha=0.05 

and one interim analysis, 130 patients were required for 80% statistical power. Adjusting by 

10% for lost to follow-up and retrospective ineligibility of recruited subjects yielded a 

sample size of 144 patients. Intention-to-treat analysis was conducted. Missing scores were 

imputed by taking the average score of completed items and extending it across all items.For 

all alive patients at 9 months, missing baseline and 9 month assessments were imputed using 

Markov chain Monte Carlo multiple imputation. Treatment was tested using analysis of 

covariance along with the stratification variables and the baseline XeQOLS scores. 

Treatment groups were compared by Wilcoxon rank-sum test due to the non-normality of 

the data. Differences between groups in adverse events were tested using a Chi-Square test. 

The effects of pre-treatment characteristics, treatment group and stratification factors on the 

overall XeQOLS score across time were examined using a general linear model.

RESULTS

148 patients (73 in pilocarpine group and 75 in ALTENS group) were enrolled from August, 

2010 to December, 2011. In the ALTENS group, two patients were ineligible for either 

having the physical examination/history conducted or prior chemotherapy completed outside 

the required 8-week period before enrolment. The pre-treatment characteristics are shown in 

Table 1. There were no significant differences between the two groups. Using a general 

linear model, apart from prior usage of chemotherapy ( estimate = −0.35, SE = 0.18, 

p<0.05), there were no pre-treatment characteristics that significantly correlated with the 

overall XeQOLS scores across all time points.

In the ALTENS group 93% of patients completed greater than 85% of the protocol-specified 

treatments compared to 73% in the pilocarpine group. Patient refusal (16%) was the main 

reason for non-compliance in the pilocarpine group.

For the endpoints analysis, there were only 96 and 76 patients evaluable with all items 

completed at 9 and 15 months from randomization, respectively. This represents 68.6% 

statistical power for detecting an effect size of 0.50 or larger in the primary endpoint 

between the two groups. All time points saw a higher compliance rate in completing the 

assessments in the ALTENS group. The largest factor contributing to patient non-

compliance was consent withdrawal. At 9 months from randomization, 15 patients withdrew 

their consent including 11 in the pilocarpine group. Sixteen patients either did not complete 

the baseline form (5) or the XeQOLS before treatment (11). Nineteen patients, 13 in the 

pilocarpine group, failed to complete XeQOLS or completed the scale outside the planned 

time frame. These alive patients were included in the imputation analysis for the primary 

endpoint.

In these 96 evaluable patients, the mean baseline overall XeQOLS scores of the pilocarpine 

group (1.7) was slightly higher, indicating a poorer baseline quality of life, than that of the 
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ALTENS group (1.5), p=0.047. Patients previously treated with pilocarpine had a 0.46 

loweroverall mean score, suggesting less baseline xerostomia burden, compared to patients 

not previously treated with pilocarpine (p=0.014). White patients experienced an overall 

mean score that was 0.61 higher than non-white patients, indicating worse xerostomia 

burden (p=0.002).

The baseline scores were subtracted from the follow-up scores and so a negative change 

score indicated an improvement of the xerostomia burden. Table 2 shows the results of the 

change in overall XeQOLS scores for the 96 evaluable patients. There was no statistical 

significance between the two groups for the primary endpoint at 9 months from 

randomization (p=0.45). For all follow-up time points, the median change scores in the 

ALTENS group were consistently improved compared to that of the pilocarpine group, but 

none reached statistical significance. The median change in overall XeQOLS scores in 

ALTENS/pilocarpine groups were −0.47/−0.27 (P=0.11), −0.4/−0.33 (P=0.31), −0.53/−0.27 

(P=0.45), −0.6/−0.47 (P=0.21) at 4, 6, 9, 15 months from randomization. There were also no 

statistical significant differences in the change in XeQOLS domain scores.

Analysis of data including imputed item scores revealed, contrary to the results of the 

complete data, no significant difference in overall baseline XeQOLS score (p=0.12) between 

the two study groups. The only significant difference was seen in the change in the overall 

score at 4 months in favor of the ALTENS group (median change score for ALTENS/

pilocarpine: −0.47/−0.26, (p=0.037). There were, however, no other significant differences 

between the two groups in the change in overall score or the change in domain scores.

Treatment response rates between the two study groups are shown in Table 3. There were 

consistently more positive responders in the ALTENS groups at each time point. At 4, 6, 9 

and 15 months from randomization, the percentages of positive responders in the ALTENS 

and pilocarpine groups, were 65.4% versus 48.8%, 66% versus 57.8%, 81.1% versus 72.1% 

and 83% versus 62.8%, respectively. The response rate was significant at 15 months from 

randomization (p=0.035) but was not significant at the other time points.

Adverse events are shown in Table 4. There were two grade 3 events in the pilocarpine 

group (dry mouth and blurred vision) and one in the ALTENS group (headache). Overall, 

61.6% of patients in the pilocarpine group, had grade 3 or less non-hematologic adverse 

events compared to 20.9% in the ALTENS group. There were no significant differences 

between the groups with respect to the highest grade of adverse events related to treatment 

and/or those with any relation to treatment at 9 months from randomization (p=0.51 and 

0.67 respectively).

Basal and stimulated whole salivary production data are shown in table 5 and 6 respectively. 

There were no significant differences in the change in whole salivary production between 

the two groups at any of the time points.

DISCUSSION

This study compared ALTENS, a non-invasive treatment with a low toxicity profile, to the 

current treatment standard, oral pilocarpine which often has side effects that decrease 
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tolerability. This study showed no statistically significant difference in the pre-defined study 

endpoint—the change of XeOOLS scores at 9 months from randomization. However, in the 

ALTENS group, there was a consistent trend towards greater improvement in XeQOLS 

scores at all follow-up time points and a statistically significant higher response rate at 15 

months from randomization.

The large percentage of patients, particularly in the pilocarpine group, who failed to 

complete the planned assessments and baseline information was unexpected. We suspected 

that it was the failure of the research team in some participating centers to ensure completion 

of assessments. This lost of evaluable patients could not be adequately compensated by the 

10% adjustment, adopted based on a previous pilocarpine trial, in calculating the study 

sample size15. Only 96 out of the 146 eligible patients recruited were evaluable for the 

primary endpoint, reducing the study statistical power to 68.6% in detecting the pre-defined 

effect size of 0.5 or greater between the groups. This limits the generalizability of this trial. 

Given that the mean (but not the median) changes in the XeQOLS scores were the same in 

both treatment groups for the primary endpoint, the observed difference in effect size was 

actually zero implying that ALTENS is not superior or inferior to oral pilocarpine in the 

primary treatment outcome.

Unfortunately, we did not collect data regarding the reasons for consent withdrawals. In this 

type of trial involving new treatment approach, we postulated that the main reason for 

consent withdrawals was that patients weren’t randomized to the arm they wanted. This was 

reflected in the higher proportion of consent withdrawals in the pilocarpine arm than the 

ALTENS arm.

The higher baseline xerostomia burden in the pilocarpine group could perhaps have affected 

the observed pilocarpine treatment outcome. However, there was no correlation of baseline 

xerostomia burden with the efficacy of pilocarpine treatment. Analysis using the general 

linear model also failed to show, apart from prior chemotherapy, any pre-treatment 

characteristics that significantly correlated with the overall XeQOLS scores across all time 

points. Moreover, analysis of the data including the imputed items failed to show any 

difference in the baseline xerostomia burden between the pilocarpine and ALTENs groups. 

This implies that analysis of a more complete data set will likely show insignificant 

difference between the two groups.

A major drawback in our study design was that radiation treatment details were not 

collected. We presumed that well-defined eligibility criteria would provide adequate patient 

screening of patients; that parotid sparing IMRT would be the standard radiation technique 

for head and neck cancers during the study period and that randomization would balance the 

patient characteristics in both groups. However, these assumptions are unlikely to 

adequately account for all the factors, for example, mean doses to parotid, submandibular 

glands and oral mucosa; primary tumor anatomical sub-sites and radiation techniques, that 

are known to be predictive of long-term xerostomia. This drawback can make interpretation 

of the study findings difficult.
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The choice to examine ALTENS was mainly supported by the observed positive treatment 

response for radiation-induced xerostomia in a non-randomized phase 2 trial4.Its low 

toxicity profile shown in other trials also makes it an attractive non-invasive treatment 

option17. In addition, the high treatment compliance rate, the ease of applying and 

standardizing ALTENS treatment ensure its feasibility in existing clinical settings and in 

multi-center trials5. However, because ALTENS requires the induction of tolerable dull 

aching sensation in patients, placebo controlled trial with sham ALTENS will be 

impractical.

In this study, the primary endpoint was assessed at 9 months from randomization, (6 months 

after completing the intervention). This time delay in endpoint assessment was to test the 

hypothesis that salivary gland tissue may regenerate after ALTENS treatment. This 

hypothesis was based on the demonstrated salivary gland tissue regeneration after electrical 

stimulation in an animal study and the sustained response after ALTENS (unpublished 

results from xxx University) or acupuncture seen in previous clinical trials18, 19. There is no 

evidence that pilocarpine can stimulate tissue regeneration. Another reason for the time 

delay in endpoint assessment was to minimize the possibility of losing patients to follow-up. 

The secondary time point at 15 months from randomization was established to capture a 

sustained response between the two groups. There was a trend consistently towards a greater 

favorable median change in XeQOLS scores in the ALTENS group. Nevertheless, 

xerostomia burden can gradually improve after radiation treatment, and the observed 

improvement in XeQOLS scores in both groups can also be explained by the natural history 

of parotid sparing IMRT. Salivary gland functional recovery has been observed for up to 36 

months after radiation treatment and mostly within the first 12 month follow-up20, 21. 

Inclusion of patients who still had residual salivary function and who were at 3 months to 2 

years after their radiation treatment was to capture the window of salivary gland recovery 

that may be augmented by the hypothesized salivary tissue regeneration by ALTENS.

To be consistent with previous studies that have utilized predefined response rate as primary 

endpoint, the percentage of positive treatment responders, defined as patients who had at 

least 20% improvement from baseline XeQOLS scores, was also evaluated14-16. 

Interestingly, there were higher percentages of positive responders in the ALTENS group at 

all time points. These group differences reached statistically significance at 15 months from 

randomization. However, this improvement may solely be due to attrition between 9 and 15 

months in the pilocarpine group.

There was no significant difference observed in whole salivary production between the two 

study groups despite a trend toward improvement in the XeQOLS scores existed in the 

ALTENS group. This discrepancy could be explained by the consistently observed weak 

correlation or lack of correlation of salivary flow and patient reported outcome assessment 

tools14, 22.

The study methodology demanded equal intervention periods in both two groups. 

Pilocarpine was used at a predefined dose for only 12 weeks and was discontinued. This 

treatment schedule is not standard clinical practice. Usually pilocarpine treatment is 

maintained until lack of efficacy or intolerance occurs. The observed better response rates in 
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the ALTENS group may not have been apparent if such maintenance pilocarpine treatment 

had been utilized. However, more patients in the pilocarpine group would have likely 

suffered from treatment intolerance. There were three times more patients in the pilocarpine 

group with grade 3 or less treatment related toxicities compared to the ALTENS group. The 

low toxicity profile of ALTENS observed was similar to that seen in the phase 2 portion of 

this study and other clinical studies using ALTENS5, 17. Conversely, a maintenance strategy 

with ALTENS may have resulted in significant xerostomia improvement in the ALTENS 

group with possibly less severe toxicity and better treatment tolerance.

This study has demonstrated that standardized ALTENS could be conducted in a 

randomized multi-center trial setting. Because of the insufficient number of evaluable 

patients, the insignificant differences in xerostomia burden detected between the two groups 

may have resulted from the substantial reduction in the study statistical power that led to a 

failure to detect the pre-defined degree of differences between the two groups. Thus, the 

study could not determine if the efficacy of ALTENS is inferior or superior compared to that 

of pilocarpine in reducing radiation-induced xerostomia. In view of the findings that there 

was a consistent trend of higher response rates in patients received ALTENS and that the 

response rate reached statistical significance at around a year after treatment completion, 

further studies, with ALTENS given for a longer treatment period and response rate 

assessments conducted with longer follow up, may be worthwhile to adequately explore the 

potential effectiveness of ALTENS in managing this debilitating condition.

CONCLUSIONS

The primary endpoint of the change of radiation-induced xerostomia symptom burden at 9 

months from randomization was not shown to be significantly different between the 

ALTENS and the pilocarpine groups. There was significantly less toxicity in patients 

receiving ALTENS. This trial was insufficient to determine the potential efficacy of 

ALTENS compared to that of pilocarpine.

Acknowledgments

This project was supported by grants U10CA21661, U10CA180868, U10CA180822, U10CA37422, 
U24CA180803 from the National Cancer Institute (NCI).

References

1. Vergeer MR, Doornaert PA, Rietveld DH, Leemans CR, Slotman BJ, Langendijk JA. Intensity-
modulated radiotherapy reduces radiation-induced morbidity and improves health-related quality of 
life: Results of a nonrandomized prospective study using a standardized follow-up program. Int J 
Radiat Oncol Biol Phys. 2009; 74(1):1–8. [PubMed: 19111400] 

2. Greenspan D. Xerostomia: Diagnosis and management. Oncology (Williston Park). 1996; 10(3 
Suppl):7–11. [PubMed: 8723427] 

3. Scarantino C, LeVeque F, Swann RS, et al. Effect of pilocarpine during radiation therapy: Results of 
RTOG 97-09, a phase III randomized study in head and neck cancer patients. J Support Oncol. 
2006; 4(5):252–258. [PubMed: 16724649] 

4. Wong RK, Jones GW, Sagar SM, Babjak AF, Whelan T. A Phase I-II study in the use of 
acupuncture-like transcutaneous nerve stimulation in the treatment of radiation-induced xerostomia 

Wong et al. Page 9

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in head-and-neck cancer patients treated with radical radiotherapy. Int J Radiat Oncol Biol Phys. 
Oct 1; 2003 57(2):472–80. [PubMed: 12957259] 

5. Wong RK, James JL, Sagar S, et al. Phase 2 results from radiation therapy oncology group study 
0537: A phase 2/3 study comparing acupuncture-like transcutaneous electrical nerve stimulation 
versus pilocarpine in treating early radiation-induced xerostomia. Cancer. 2012; 118(17):4244–
4252. [PubMed: 22252927] 

6. Zelen M. The randomization and stratification of patients to clinical trials. J Chronic Dis. 1974; 
27(7-8):365–375. [PubMed: 4612056] 

7. Pomeranz B, Niznik G. Codetron, a new electrotherapy device overcomes the habituation problems 
of conventional TENS devices. Amer J Electromedicine. 1987; (First Quarter):22–26.

8. Ship JA, Eisbruch A, D’Hondt E, Jones RE. Parotid sparing study in head and neck cancer patients 
receiving bilateral radiation therapy: One-year results. J Dent Res. 1997; 76(3):807–813. [PubMed: 
9109831] 

9. Eisbruch A, Marsh LH, Martel MK, et al. Comprehensive irradiation of head and neck cancer using 
conformal multisegmental fields: Assessment of target coverage and noninvolved tissue sparing. Int 
J Radiat Oncol Biol Phys. 1998; 41(3):559–568. [PubMed: 9635702] 

10. Eisbruch A, Ship JA, Martel MK, et al. Parotid gland sparing in patients undergoing bilateral head 
and neck irradiation: Techniques and early results. Int J Radiat Oncol Biol Phys. 1996; 36(2):469–
480. [PubMed: 8892473] 

11. Eisbruch A, Ten Haken RK, Kim HM, Marsh LH, Ship JA. Dose, volume, and function 
relationships in parotid salivary glands following conformal and intensity-modulated irradiation of 
head and neck cancer. Int J Radiat Oncol Biol Phys. 1999; 45(3):577–587. [PubMed: 10524409] 

12. Henson BS, Eisbruch A, D’Hondt E, Ship JA. Two-year longitudinal study of parotid salivary flow 
rates in head and neck cancer patients receiving unilateral neck parotid-sparing radiotherapy 
treatment. Oral Oncol. 1999; 35(3):234–241. [PubMed: 10621842] 

13. LeVeque FG, Montgomery M, Potter D, et al. A multicenter, randomized, double-blind, placebo-
controlled, dose-titration study of oral pilocarpine for treatment of radiation-induced xerostomia in 
head and neck cancer patients. J Clin Oncol. 1993; 11(6):1124–1131. [PubMed: 8501499] 

14. Johnson JT, Ferretti GA, Nethery WJ, et al. Oral pilocarpine for post-irradiation xerostomia in 
patients with head and neck cancer. N Engl J Med. 1993; 329(6):390–395. [PubMed: 8326972] 

15. Taweechaisupapong S, Pesee M, Aromdee C, Laopaiboon M, Khunkitti W. Efficacy of pilocarpine 
lozenge for post-radiation xerostomia in patients with head and neck cancer. Aust Dent J. 2006; 
51(4):333–337. [PubMed: 17256309] 

16. Hassan SJ, Weymuller EA Jr. Assessment of quality of life in head and neck cancer patients. Head 
Neck. 1993; 15(6):485–496. [PubMed: 8253555] 

17. Gadsby JG, Flowerdew MW. Transcutaneous electrical nerve stimulation and acupuncture-like 
transcutaneous electrical nerve stimulation for chronic low back pain. Cochrane Database Syst 
Rev. 2000; 2:CD000210. [PubMed: 10796326] 

18. Johnstone PA, Niemtzow RC, Riffenburgh RH. Acupuncture for xerostomia: Clinical update. 
Cancer. 2002; 94(4):1151–1156. [PubMed: 11920486] 

19. Schneyer CA, Humphreys-Beher MG, Hall HD, Jirakulsomchok D. Mitogenic activity of rat 
salivary glands after electrical stimulation of parasympathetic nerves. Am J Physiol. 1993; 264(5 
Pt 1):G935–8. [PubMed: 7684568] 

20. Hey J, Setz J, Gerlach R, et al. Parotid gland-recovery after radiotherapy in the head and neck 
region--36 months follow-up of a prospective clinical study. Radiat Oncol. Sep.2011 6:125. 
[PubMed: 21951317] 

21. Marzi S, Iaccarino G, Pasciuti k, et al. Analysis of salivary flow and dose-volume modeling of 
complication incidence in patients with head-and-neck cancer receiving intensity-modulated 
radiotherapy. Int. J Radiat Oncol Biol Phys. Mar 15; 2009 73(4):1252–1259. [PubMed: 19251097] 

22. Scrimger R, Kanji A, Parliament M, et al. Correlation between saliva production and quality of life 
measurements in head and neck cancer patients treated with intensity-modulated radiotherapy. Am 
J Clin Oncol. 2007; 30(3):271–277. [PubMed: 17551304] 

Wong et al. Page 10

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wong et al. Page 11

Table 1

Patients Pre-treatment Characteristics

Pilocarpine
(n=73)

ALTENS
(n=73) P-value§

Age (years)

 Median 59 58 0.83†

 Min - Max 29 - 78 42 - 83

 Q1 - Q3 53 - 63 53 - 65

Gender

 Male 63 ( 86.3%) 62 ( 84.9%) 0.81

 Female 10 ( 13.7%) 11 ( 15.1%)

Race

 American Indian
 or Alaska Native 1 ( 1.4%) 2 ( 2.7%) n/a

 Asian 5 ( 6.8%) 4 ( 5.5%)

 Black or African
 American 5 ( 6.8%) 2 ( 2.7%)

 Native Hawaiian
 or other Pacific
 Islander

1 ( 1.4%) 0 ( 0.0%)

 White 61 ( 83.6%) 65 ( 89.0%)

Ethnicity

 Hispanic or
 Latino 6 ( 8.2%) 2 ( 2.7%) n/a

 Not Hispanic or
 Latino 62 ( 84.9%) 69 ( 94.5%)

 Unknown 5 ( 6.8%) 2 ( 2.7%)

Zubrod
Performance
Status

 0 58 ( 79.5%) 60 ( 82.2%) n/a

 1 15 ( 20.5%) 12 ( 16.4%)

 2 0 ( 0.0%) 1 ( 1.4%)

Country of
Residence

 United States 51 ( 69.9%) 51 ( 69.9%) 0.99

 Canada 22 ( 30.1%) 22 ( 30.1%)

Prior
Chemotherapy

 No 16 ( 21.9%) 15 ( 20.5%) 0.84

 Yes 57 ( 78.1%) 58 ( 79.5%)

Time since RT +/−
Chemotherapy*

 3-6 months ago 19 ( 26.0%) 19 ( 26.0%) 0.93

 More than 6
 months to 1 year
 ago

28 ( 38.4%) 30 ( 41.1%)

 1-2 years ago 26 ( 35.6%) 24 ( 32.9%)
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Pilocarpine
(n=73)

ALTENS
(n=73) P-value§

Prior Use of
Pilocarpine*

 No 63 ( 86.3%) 62 ( 84.9%) 0.81

 Yes 10 ( 13.7%) 11 ( 15.1%)

Q1 = first quartile; Q3 = third quartile.

*
Stratification factor;

§
P-value from Chi-square test

†
P-value from two-sided Wilcoxon signed rank test with normal approximation
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Table 2

Changes in overall XeQOLS at 4, 6, 9 and 15 months from randomization

Pilocarpine ALTENS P-value§

Overall Score (4 months) (n=43) (n=52)

 Mean −0.30 −0.40 0.11

 Std. Dev. 0.60 0.70

 Median −0.27 −0.47

 Min - Max −2.3 to − 0.87 −2.3 to − 1.6

 Q1 - Q3 −0.60 to 0 −0.80 to −0.13

Overall Score (6 months) (n=45) (n=47)

 Mean −0.40 −0.50 0.31

 Std. Dev. 0.70 0.70

 Median −0.33 −0.40

 Min - Max −2.3 to −1.0 −2.2 to −1.1

 Q1 - Q3 −0.73 to −0.20 −0.87 to −0.14

Overall Score (9 months) (n=43) (n=53)

 Mean −0.50 −0.50 0.45

 Std. Dev. 0.80 0.70

 Median −0.27 −0.53

 Min - Max −2.6 to −0.80 −2.1 to −1.47

 Q1 - Q3 −1.1 to −0 −0.87 to −0.20

Overall Score (15 months) (n=35) (n=41)

 Mean −0.50 −0.60 0.21

 Std. Dev. 0.60 0.60

 Median −0.47 −0.60

 Min - Max −2.3 to − 1 −1.7to −1.3

 Q1 - Q3 −0.87 to 0.11 −1.0 to −0.20

Q1 = first quartile; Q3 = third quartile.

§
P-value from Wilcoxon rank sum test using t approximation
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Table 3

Treatment Response Rates between the Pilocarpine and ALTENS group

Pilocarpine ALTENS P-value§

Response at 4 Months (n=43) (n=52)

 Non-Responder 22 (51.2%) 18 (34.6%) 0.14

 Responder 21 (48.8%) 34 (65.4%)

Response at 6 Months (n=45) (n=47)

 Non-Responder 19 (42.2%) 16 (34.0%) 0.52

 Responder 26 (57.8%) 31 (66.0%)

Response at 9 Months (n=43) (n=53)

 Non-Responder 12 (27.9%) 10 (18.9%) 0.34

 Responder 31 (72.1%) 43 (81.1%)

Response at 15 Months (n=35) (n=41)

 Non-Responder 16 (37.2%) 8 (17.0%) 0.04

 Responder 27 (62.8%) 39 (83.0%)

Responder:≥ 20% reduction (improvement) in XeQOLS score from baseline

§
P-value from Fisher’s Exact Test
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Table 4

Summary of worst non-hematological adverse events that were definitely, probably or possibly related to 

treatment in the pilocarpine and the ALTENS groups.

Grade
Pilocarpine

(n=73)
ALTENS

(n=72)

1 24 ( 32.9%) 12 ( 16.7%)

2 19 ( 26.0%) 2 ( 2.8%)

3 2 ( 2.7%) 1 ( 1.4%)

4 0 ( 0.0%) 0 ( 0.0%)

5 0 ( 0.0%) 0 ( 0.0%)
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Table 5

Basal Whole Salivary Production of Study Groups

Pilocarpine ALTENS P-value§

Baseline (n=70) (n=73)

 Mean 1.2 1.2 0.85

 Std. Dev. 1.0 0.7

 Median 1.0 1.0

 Min - Max 0.10 - 5.1 0.10 - 3.4

 Q1 - Q3 0.60 - 1.5 0.70 - 1.5

4 Months (n=49) (n=63)

 Mean 1.2 1.3 0.39

 Std. Dev. 1.1 1.0

 Median 1.0 1.0

 Min - Max 0 - 5.5 0 - 4.1

 Q1 - Q3 0.50 - 1.3 0.51 – 2.0

6 Months (n=47) (n=58)

 Mean 1.3 1.3 0.58

 Std. Dev. 1.2 1.3

 Median 1.0 1.1

 Min - Max 0 - 6.2 0 - 6.6

 Q1 - Q3 0.3 - 1.6 0.5 - 1.7

9 Months (n=46) (n=63)

 Mean 1.5 1.3 0.38

 Std. Dev. 1.1 1.1

 Median 1.3 1.1

 Min - Max 0 - 4.8 0.10 – 6.0

 Q1 - Q3 0.90 - 2.1 0.65 - 1.8

15 Months (n=49) (n=57)

 Mean 1.6 1.4 0.57

 Std. Dev. 1.5 1.2

 Median 1.23 1.1

 Min - Max 0 - 6.6 0 - 5.4

 Q1 - Q3 0.8 - 2.0 0.5 - 2.0

Q1 = first quartile; Q3 = third quartile

§
P-value from Wilcoxon rank sum test using the t approximation
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Table 6

Stimulated Whole Salivary Production of Study Groups

Pilocarpine ALTENS P-value§

Baseline (n=65) (n=68)

 Mean 2.3 2.4 0.82

 Std. Dev. 1.7 1.8

 Median 1.9 2.0

 Min - Max 0.20 - 10 003- 9.6

 Q1 - Q3 1.0 – 3.0 0.97 - 3.2

4 Month (n=47) (n=57)

 Mean 2.6 2.7 0.86

 Std. Dev. 1.8 1.9

 Median 2.2 2.4

 Min - Max 0 - 8.1 0 - 10

 Q1 - Q3 1.4 - 3.3 1.4 - 3.6

6 Month (n=44) (n=54)

 Mean 2.5 2.9 0.66

 Std. Dev. 1.7 2.4

 Median 2.2 2.1

 Min - Max 0.20 – 8.0 0 - 13

 Q1 - Q3 1.0 - 3.4 1.5 - 3.8

9 Month (n=44) (n=58)

 Mean 3.2 3.0 0.61

 Std. Dev. 1.9 2.0

 Median 3.0 2.8

 Min - Max 0.1 – 8.0 0.11 – 9.0

 Q1 - Q3 1.8 - 4.9 1.6 - 3.9

15 Month (n=47) (n=54) 0.95

 Mean 2.8 2.9

 Std. Dev. 2.1 2.5

 Median 2.6 2.2

 Min - Max 0 - 7.8 0 - 9

 Q1 - Q3 1 - 4.4 1.1 - 4.4

Q1 = first quartile; Q3 = third quartile.

§
P-value from Wilcoxon rank sum test using normal approximation
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